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Abstract 

The incidence of Type 2 diabetes mellitus (T2DM) is on the rise, particularly among 

adults aged 18 years and older. Glycosylated hemoglobin (HbA1c) levels are commonly 

used by healthcare professionals to assess glucose variability; fluctuations are associated 

with an increased risk of adverse effects. The COVID-19 pandemic highlighted the 

importance of self-directed management of HbA1c levels through telehealth. The purpose 

of this retrospective quantitative study was to investigate the effectiveness of self-

directed management of HbA1c levels using telehealth among T2DM diagnosed adults at 

a community health service organization in the northeastern U.S. from December 2018 to 

2022. Using multivariate regression analysis, relationships between HbA1C levels 

(dependent variable) and the independent variables of telehealth consultation, clinical 

consultation, and participation in diabetes education, including covariates of gender, age, 

ethnicity, BMI, geographic location, and comorbidities, were explored. Key findings 

indicate that age, BMI, telehealth utilization, and occupation are statistically significant 

predictors of HbA1c levels, while gender, education, health insurance, geographical 

location, and comorbidities like retinopathy, nephropathy stages, and coronary heart 

disease are not. Telehealth consultations and neuropathy had a significant relationship 

with HbA1c levels but accounted for a small percentage of the variance. Implications for 

positive social change include the importance of diabetes educational programs focusing 

on lifestyle changes, diet, physical activity, screening, and medication adherence to 

improve health outcomes and self-management through community support and 

telehealth initiatives in vulnerable populations.  
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Chapter 1: Introduction to the Study 

Diabetes is a metabolic disease, remarkably leading to hyperglycemia and various 

complications. The primary diagnostic criterion for diabetes is an HbA1c level of 48 

mmol/mol (6.5%) or higher (American Diabetes Association [ADA], 2022). A deficiency 

of glycemic control and chronic hyperglycemia associated with diabetes can lead to 

increased mortality rates (Bajpeyi et al., 2022). In the United States, the National 

Statistics register that 34.2 million individuals are affected by type 2 diabetes mellitus 

(T2DM), with an annual economic cost of $327 billion (Centers for Disease Control and 

Prevention [CDC], 2020). Type 2 diabetes is a challenging health problem affecting 

people of all ages and is considerably related to lifestyle choices such as eating habits and 

sedentary lifestyles. This disease disproportionately affects minority populations, 

including Blacks and Latinos, experiencing health disparities linked with social and 

economic disadvantages and powerlessness (Hill-Briggs et al., 2020). The CDC Diabetes 

Surveillance System reported the incidence of diabetes as 11.9% in non-Hispanic White 

adults, 16.4% in non-Hispanic Black adults, and 14.7% in Hispanic adults (CDC, 2020). 

Furthermore, individuals with diabetes may have compromised immunity and be more 

vulnerable to severe SARS-CoV-2 infection during the COVID-19 pandemic (Bajpeyi et 

al., 2022). 

The primary objective of this quantitative study was to explore whether there was 

a correlation between telehealth usage and diabetic self-management outcomes, as 

assessed by the HbA1c levels, among diabetic patients between December 2018 and 

December 2022. This research intended to bridge the substantial gap in knowledge by 
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providing evidence that can inform policies on optimizing the utility of telehealth in 

diabetic care, mainly if it is found to have a positive impact on diabetic outcomes. This 

research involved an epidemiological assessment of the liaison between the HbA1c levels 

in T2DM patients and exposure to telemedicine to verify if there is a considerable 

enhancement in health outcomes. This study used a theoretical model of diabetes centers 

on social change, which improves patients' quality of life by increasing their willingness 

and responsibility to focus on behavior change and health literacy for optimal self-

management practices and compliance (Grauer et al., 2022).  

Background  

According to the American Diabetes Association, diabetes mellitus is a 

heterogenous metabolic disorder identified by hyperglycemia generated from a 

deficiency of insulin, with diagnosis relying on HbA1c levels of ≤ 6.5% (48 mmol/ml) 

(Thiruvengadam & Peter, 2022). T2DM is a significant and progressive disease in 

Western countries, with environmental and modifiable risk factors such as lifestyle 

contributing to the burden. Diabetes complications can have adverse socioeconomic 

effects on both individuals and society (WHO, 2020). Diabetes affects millions 

worldwide, particularly vulnerable populations. The CDC reported that over 130 million 

adults in the United States have diabetes. Among those, Alaska Native persons are at 

14.5%, non-Hispanic Black people at 12.1%, people of Hispanic origin at 11.8%, non-

Hispanic Asian people at 9.5%, and non-Hispanic White at 7.4%. Residents of 

impoverished communities with a household income below federal poverty often have 

reduced access to resources needed to support a healthy quality of life. These 
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communities have the highest prevalence with higher mortality and lower life expectancy 

(CDC, 2022).  

Van Baal et al. (2022) indicated a negative influence on the diabetic population 

with severe acute respiratory syndrome coronavirus (SAR-CoV-2), which might require 

intensive care in specialized units and have a poor prognosis and increased mortality risk. 

Higher HbA1c levels in diabetic patients may also increase the risk of mortality (Van 

Baal et al., 2022). Hispanics, who have a higher rate of diabetes, are the most significant 

minority in the United States, imposing a substantial cost to society (Hong et al., 2019). 

Diabetes disproportionately affects racial and ethnic minorities with low income and 

limited access to education and healthcare. Similarly, social determinants of health such 

as income, access to balanced diets, physical activity opportunities, lack of access to 

healthcare resources, safe housing, transportation, racism, discrimination, violence, 

language, and literacy skills, as well as genetic susceptibility to obesity and higher insulin 

resistance are crucial factors influencing disadvantaged communities (Fernandez, 2021). 

D'Onofrio et al. (2021) assisted in research to evaluate the effect of lockdowns on 

diabetes management in different countries. They assessed HbA1c levels and investigated 

factors affecting diabetes management during the pandemic, including worsened 

psychological reactions and adaptative difficulties related to the social determinants of 

health, such as employment status, education, type of treatment, self-management, 

physical activity, and healthy diet recommendations in people with diabetes. The study 

found that restrictive measures during lockdowns had a detrimental effect on diabetes 

management, causing psychological stress. However, clinical work planning suggested 
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that increased blood glucose monitoring progresses glycemic control, especially in 

T2DM retired insulin-treated patients, and provides a solid stimulus for enhanced self-

care, resulting in substantially improved HbA1c levels. During the weeks of lockdown, 

the negative impact of restrictive measurement in diabetes management affected 

glycemic control, particularly throughout the first lockdown period, affecting most 

underprivileged populations (D'Onofrio et al., 2021). 

Barrett et al. (2022) examined the link between diabetes and COVID-19. Diabetic 

populations were more prone to severe complications from COVID-19, possibly because 

of SARS-CoV-2 infection affecting organ systems and increasing diabetes risk. An 

observed body mass index (BMI) intensification throughout the pandemic may have 

contributed to a peril factor for severe COVID-19 illness and diabetes. The study also 

found that SARS-CoV-2 infection worsened diabetes symptoms and disproportionately 

affected racial/ethnic minority groups. Older individuals at risk of delayed medical care 

may also face ethnic disparities in managing COVID-19 and diabetes. Prevention 

measures are essential for all qualified populations, and disease prevention and therapy, 

such as vaccination, are established to prevent infectious diseases by stimulating the 

immune system to produce an immune response (Barret et al., 2022; Massetti, 2022). 

Hooker et al. (2022) investigated changes in primary care confronts and frequency 

of A1c testing rates throughout the initial nine months of the COVID-19 pandemic. Their 

research found that the need for adequate information systems in office practices was a 

significant barrier to research. The pandemic disrupted clinical treatment for diabetic 

patients, decreasing A1c tests throughout the pandemic. Additionally, ethnic minorities 
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were less likely than Whites to have an A1c test and meet the optimal guidelines. These 

studies highlighted the importance of increasing awareness about diabetes and 

encouraging diabetic patients to adopt lifestyle changes through education programs, 

utilizing the health belief model (HBM), and exploiting virtual clinics. 

Biamonte et al. (2021) studied the effects of COVID-19 lockdowns, which were 

responsible for the consumption of poor-quality diets and the abrupt interruption of 

physical activities, causing the inability to perform social gatherings in modification in 

the body composition and glycemic control in adult populations diagnosed with T2DM. 

The results indicated that lifestyle changes, altered eating and sleeping patterns, and 

weight gain during lockdown worsened glucose metabolic control, lead. This leads to a 

higher risk of elevated HbA1c levels and adverse effects in SARS-CoV-2 disease. The 

researchers also highlighted the direct association between weight gain, BMI, and 

increased HbA1c levels. Furthermore, limitations in attending diabetes clinics during 

lockdown have made it challenging for patients to retrieve self-monitoring blood glucose 

devices and optimize insulin dose response (Susilo et al., 2021). These findings 

emphasize the importance of developing a structured educational program for T2DM 

patients to promote reasonable metabolic control during challenging times such as 

COVID-19 lockdowns.  

Duan et al. (2022) employed the HBM to explore the conduct of diabetic 

individuals concerning COVID-19 vaccination. Patients who perceived the benefits of 

vaccination for the population were more likely to exhibit positive behavior towards it 

despite the potential adverse effects (Duan et al., 2022; Khosravizadeh et al., 2021).  
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Duan et al. (2022) used the HBM to examine the factors affecting COVID-19 vaccination 

behavior, including the population diagnosed with diabetes in China, with potential 

barriers. The study found that diabetic patients had lower rates of COVID-19 vaccination. 

These results can assist healthcare professionals in understanding the vaccination 

attitudes and causes influencing diabetic individuals by providing educational and 

behavioral interventions to raise awareness of COVID-19 vaccination among this 

population.  

Anthony and Campos-Castillo (2021) examined the expansion of remote visits 

throughout the COVID-19 pandemic and the disparities in access faced by patients from 

different ethnicities, mainly Black and Latino. They found that systemic racism harmed 

the health of racial and ethnic minorities, making them an easy target for being infected 

with COVID-19 and confronting severe burdens. As a result, this vulnerable population 

may require telehealth for chronic conditions. At the same time, Gujral et al. (2020) 

investigated telehealth services in diabetes care during the COVID-19 pandemic. 

Scholars discovered that telehealth is a valuable and employed mechanism to continue 

the communication between patients and healthcare providers throughout the pandemic. 

Its usage increased dramatically, providing a range of potential care interventions rather 

than specific treatments. Their findings indicate a lower probability of receiving primary 

care during the pandemic, and telehealth can effectively support patient-centered diabetes 

treatment (Choi et al., 2022). 

According to Gujral et al. (2020), pandemic data indicates that individual 

demographics, disease burden, and the odds of having any primary care visit decreased. 
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Service-connected and local care delivery systems significantly impact access to 

telehealth visits. Healthcare providers observed a significant decrease in HbA1c levels 

during the lockdowns. The acknowledgment of telehealthcare throughout the pandemic 

was linked to patient outcomes and self-management. In response to this crisis, it is 

crucial to enhance the lower cost of virtual care for high-risk populations and promote 

policies that can optimize the use of telehealth for all individuals with diabetes. Truong et 

al. (2022) suggested that the COVID-19 illness affected by the SARS-CoV-2 virus 

disproportionately affected the adult population and those with underlying conditions for 

more severe complications, such as diabetes mellitus. In this regard, diabetes mellitus 

was considered a significant threat to COVID-19 infection and worse outcomes. 

However, as measured by HbA1c levels, appropriate glycemic control may help reduce 

the seriousness of COVID-19 in diabetic individuals (D'Onofrio et al., 2021).  

Although telehealth has shown potential in self-management and monitoring other 

diseases, its impact on diabetic self-monitoring and management during the pandemic 

remains unclear, given the reduced clinic visits. The lack of access to medical care posed 

a significant challenge for older minority patients, particularly in monitoring their glucose 

and HbA1c levels. Fisher et al. (2020) proposed that the adoption of telehealth may 

enhance patient-centered and individualized diabetes care by promoting patient 

engagement and self-efficacy. However, the task of telemedicine in managing chronic 

diseases throughout the pandemic requires further investigation, and no studies have 

explored its effect on diabetic outcomes during the COVID-19 pandemic.  
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This investigation was crucial due to the prevalence of diabetes as a chronic 

ailment that mainly affects vulnerable individuals who must manage their condition 

independently. Among elderly patients with diabetes, testing blood glucose, adhering to 

dietary needs, acquiring relevant information, gaining motivation, and receiving support 

pose significant challenges. Self-care constitutes a fundamental aspect of treatment that 

establishes a bond between healthcare providers and patients. However, Baker et al. 

(2023) argued that the elderly diabetic population may not perceive the condition's 

severity and often disregards treatment recommendations, leading to difficulties in 

interpreting the results and resulting in negative self-care experiences. 

Problem Statement 

The primary research objective was to examine the efficacy of telemedicine as a 

means of self-monitoring Type 2 diabetes in older individuals throughout the COVID-19 

pandemic in the United States. Specifically, this research sought to determine the 

correlation between exposure to telemedicine and HbA1c levels in this population. While 

telehealth has demonstrated great potential in facilitating disease self-management and 

monitoring in various other medical conditions, older minority patients face significant 

challenges accessing medical care and monitoring their glucose and HbA1c levels. By 

addressing this knowledge gap, this research aimed to inform policies that can optimize 

the use of telehealth to enhance diabetes care and ultimately improve patients' quality of 

life. 
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Purpose of the Study 

This quantitative study explored the correlation between self-management 

effectiveness and diabetes outcomes. I examined the frequency of routine measurements 

in people with diabetes to monitor the HbA1c levels in the elderly population in the 

Ammonoosuc Community Health Services in northern New Hampshire between 

December 2018 and December 2022 and determine the number of diabetic patients who 

received virtual clinic support for self-managing their glucose levels. The dependent 

variable was HbA1c, a standard index used to assess blood glucose monitoring, and the 

independent variables included BMI, age, gender, and ethnicity. I aimed to examine their 

relationships with self-management of glycosylated hemoglobin levels during COVID-19 

lockdowns. I also evaluated the effectiveness of telehealth usage, an essential tool for 

guiding patients through virtual clinical visits during the pandemic. Furthermore, this 

investigation assessed the patients' educational background and how diabetes education 

was tailored to their level of comprehension. Lastly, the study examined the consequence 

of physical workouts on glucose levels in patients with T2DM and comorbidities. 

Research Questions and Hypotheses 

The following research questions and corresponding hypotheses guided this study: 

Research Question 1 (RQ1): Is there a relationship between HbA1c levels and the 

use of telehealth consultations between December 2018 and December 2022 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for patient's 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities)? 
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H01: There is no statistically significant relationship between HbA1c levels and 

the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient's 

demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and presence of other comorbidities). 

Ha1: There is a statistically significant relationship between HbA1c levels and the 

use of telehealth in patients with T2DM between December 2018 and December 

2022 in the United States controlling for patient demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

 RQ2: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and the number of clinical consultations during lockdowns with healthcare 

providers between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient's demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities)? 

H02: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of telehealth visits during 

lockdowns with healthcare providers between December 2018 and December 

2022 in northern New Hampshire, controlling for patient's demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 
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Ha2: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of telehealth visits during 

lockdowns with healthcare providers between December 2018 and December 

2022 in northern New Hampshire, controlling for patient's demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

 RQ3: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and participation in diabetes education programs and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient's demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities)? 

H03: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth between December 

2018 and December 2022 in northern New Hampshire, controlling for patient's 

demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and presence of other comorbidities). 

Ha3: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New 

Hampshire, controlling for patient's demographics and factors (gender, age, 
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ethnicity, occupation, education, health care insurance, BMI, geographic location, 

and presence of other comorbidities). 

 RQ4: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth for diabetes clinical consultations to provide 

diabetic patient care) between December 2018 and December 20221in northern New 

Hampshire, controlling for patient's demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities)? 

H04: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the type of healthcare provider (physician, 

nurse, community health worker, allied health professional) using telehealth to 

provide diabetic patient care) between December 2018 and December 2022 in 

northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities). 

Ha4: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the type of healthcare provider (physician, 

nurse, community health worker, allied health professional) using telehealth to 

provide diabetic patient care) between December 2018 and December 2022 in 

northern New Hampshire, controlling for the patient's demographics and factors 
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(gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities). 

Theoretical Foundation 

This study used the health belief model (HBM) and the theory of planned 

behavior (TPB).  

The Health Belief Model 

The HBM is a psychosomatic framework that explains and predicts health 

behaviors by examining peoples' beliefs and bearings toward health-related issues. The 

HBM was earliest developed in the 1950s by social psychologists in the U.S. Public 

Health Service, including Irwin, Rosenstock, Victor Stretcher, and Marshall H. Becker, 

responding to the need for a theoretical framework to justify the failure of why some 

individuals engage in it. However, others do not participate in preventive programs and 

healthy behaviors (Maiman & Becker, 1974). The HBM is grounded on the premise that 

individuals’ beliefs about their vulnerability to and the harshness of a health menace and 

the effectiveness of a recommended behavior change will determine their readiness to 

take action to prevent or manage the threat. These individuals believe that the benefits 

outweigh the costs and feel confident in their ability to act (Rosenstock, 1974). Since its 

development, the HBM has been broadly used in public health research and interventions 

to promote healthy behaviors and adapt and modify them to better fit specific populations 

and health issues (Becker, 1974). 

Duan et al. (2022) employed the HBM to examine the attitude of diabetic 

individuals toward COVID-19 vaccination. Patients who perceive the benefits of 
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vaccination for the population were more likely to exhibit positive behavior towards it 

despite the potential adverse effects (Duan et al., 2022; Khosraviz et al., 2021). The study 

by Duan et al. (2022) used the HBM to examine the factors affecting COVID-19 

vaccination behavior, including diabetic patients in China and potential barriers. The 

study found that diabetic patients had lower rates of COVID-19 vaccination. This study 

employed these behavioral approaches to explain their impact on adults with T2DM 

managing their disease, particularly in controlling their HbA1c levels throughout the 

COVID-19 lockdown. This study investigated the association between diet adherence, 

physical activity, self-monitoring of blood glucose, and HbA1c levels in patients with 

T2DM using telehealth.  

The HBM explains people's perceptions and beliefs about health problems, 

evaluates the advantages and hurdles to prophylactic behaviors, and promotes healthy 

behaviors to prevent and treat T2DM.  By increasing knowledge and self-management, 

patients may overcome obstacles to behavior change, such as low-income, uninsured 

patients facing poor-quality health care, cultural differences, and the social stigma of 

diabetes. Additionally, self-efficacy, health value, and social support determine behavioral 

intentions, and this theoretical model improves diabetes prevention behaviors. The HBM 

is an effective health education model that focuses on the importance of diabetes and its 

complications as a priority. Early prevention and treatment can reduce the risks 

associated with T2DM. Thus, patients must understand the seriousness of the disease and 

the need for a healthy lifestyle and protective health behaviors (Afrasiabi et al., 2022). 
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The HBM contains several constructs that predict why people act to prevent and 

control illness by determining people's likelihood of adopting a health-related behavior, 

with perceived susceptibility, severity, perceived benefits, and perceived barriers. For 

instance, diabetic individuals may increase physical activity and practice social 

distancing in response to a perceived health menace. In addition, the perceived barriers 

may direct the possible adverse facets of a particular health action. HBM guides an 

individual's belief about the potential obstacles and costs concerning adopting a specific 

health behavior. Self-management, involving health promotion or disease management 

behaviors, is crucial in reflecting the role of action and independence in health behavior 

change (Malky et al., 2021). According to the HBM, health behavior maintenance and 

preventive strategies lead to outcome behaviors that determine beliefs and perceptions 

based on the patient's experiences (Henriques et al., 2023; Malky et al., 2021). Hu et al. 

(2022) demonstrated the constructs as follows: 

• Perceived susceptibility. It denotes people’s belief about their likelihood of being 

affected by a singular health difficulty. Diabetic patients may believe that there is 

a possibility of facing a greater risk of diabetes complications. Individuals 

engaging in healthy behaviors are more likely to increase longevity positively and 

reduce the risk of losing morbidity and independence in later life. For this reason, 

people may adopt new behavior by engaging in physical activity and making 

healthy choices by changing eating habits to nutritious diets. 
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• Perceived severity. It is attributed to an individual’s belief about the gravity of a 

specific health concern—for example, concerns about diabetic patients 

contracting COVID-19 and the medical impacts. 

• Perceived benefits.  It implies an individual’s belief about the efficacy of specific 

health behavior in preventing or managing a health crisis. For example, diabetic 

individuals adopting optimal beliefs, accepting recommendations on becoming 

physically active, and eating healthy diets perceive the threat as potentially 

beneficial by reducing the danger. 

• Perceived barriers. For a long time, behavioral medicine has used perceived 

barriers, and it is associated with HBM. It is attributed to an individual’s belief 

regarding the possible impediments and expenses related to specific health 

behavior. Perceived barriers can impede recommended behaviors, implying 

individual judgment on their strength and obstacles as a cognitive process. These 

perceived barriers can lead to a minimum change in self-efficacy and the 

expectations of solving a problem. Diabetes self-management is a desirable way 

to reflect the role of self-determination involving health promotion or disease 

management behaviors (Hu et al., 2022) rather than just focusing on the 

healthcare provider. 

• Cues to action. It refers to internal or external triggers that motivate an individual 

to take action to prevent or manage a health problem. For example, readiness to 

act can influence other factors and cues to instigate action by diabetic patients 

adopting an active lifestyle (Moseley, 2021). 



17 

 

The Theory of Planned Behavior 

One of the most prominent approaches to studying health behaviors is the TPB 

(Ajzen, 1991). TPB is a social psychological theory that Icek Ajzen developed in the late 

1980s. The theory was known as the theory of reasoned action (TRA) (Ajzen & Fishbein, 

1980; Fishbein & Ajzen, 1975). This theory was advanced to better understand individual 

behavior and decision-making by considering the effect of beliefs, mindset, and social 

norms on attitudes (Ajzen, 1985). The TPB proposes behavioral points: Attitudes toward 

the behavior, subjective norms, and perceived behavioral control. Attitudes toward 

behavior: The person has a favorable attitude that generates positive motivation, whereas 

unfavorable expectations lead to avoidance of behavioral intentions. Subjective norms 

invoke social pressure that a person senses from others to fulfill a specific behavior 

(Wong et al., 2021). For example, diabetic patients are aware of the disease, and thus, 

they show their intentions, which can be explained by subjective norms (Ajzen, 1991). 

Perceived behavioral control indicates a person’s perception of the comfort or tribulation 

of executing a behavior (Ajzen, 1991). It includes internal elements such as skills and 

external factors such as resources and options. These three constructs can predict a 

person’s desire to participate in a particular behavior. 

TPB has been used in various human behaviors related to diabetes, including 

health behaviors, environmental behaviors, and consumer behaviors. It has also been used 

to understand the intentions and behaviors of individuals in organizational settings. The 

TPB is widely studied and has consistently demonstrated strong predictive power for 

various behaviors. Thus, this theory may have worked well in T2DM patients as 
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researchers have shown that the TPB can be used to design effective behavior change 

interventions (Bosnjack et al., 2020; Sussman & Gifford, 2019).  

In conclusion, the HBM and Ajzen's TPB theories are relevant for public health 

research to achieve optimal behavior change and target perceived barriers, self-efficacy, 

and threats to diabetes self-management in adults. Telemedicine mediation was used in 

primary healthcare to manage patients with T2DM during COVID-19 lockdowns (Ruiz-

Ruso et al., 2020). To this end, Mohamed et al. focused on applying the HBM to type 2 

diabetic patients' knowledge, self-care practices, and health beliefs, particularly during 

the COVID-19 pandemic lockdowns and their impact on diabetic adults. Telemedicine 

mediation was used in primary healthcare to manage patients with T2DM during 

COVID-19 lockdowns (Ruiz-Ruso et al., 2020). Telehealth approaches have enabled 

patients to self-manage their diabetes by adopting health-related behaviors such as 

sustaining a nutritious diet and becoming physically active to improve their quality of life 

and manage their glycemic levels effectively. Therefore, HBM and Ajzen's TPB were 

relevant to this study. 

Nature of the Study 

The study's dependent variable was the HbA1c values. In contrast, the 

independent variables included age, ethnicity, gender, BMI, diet, glycemic level, 

geographic location, educational level, telehealth visits with a health care provider, 

participation in academic programs, level of physical activity, health insurance, 

occupation, presence of other comorbidities such as neuropathy, retinopathy, nephropathy 

stages, and coronary heart disease. 
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A retrospective study design was used to evaluate the HbA1c levels in the older 

population diagnosed with T2DM during the COVID-19 pandemic utilizing telehealth. 

The study aimed to investigate the levels of glycosylated hemoglobin management of 

diabetic patients by age, gender, geographic location, race, and BMI. Data were collected 

from the Ammonoosuc Community Health Services (ACHS) medical records in Littleton, 

New Hampshire. This study used multivariate linear regression to analyze the 

relationship between the HbA1c levels with the predictable variables of telehealth 

consultations, clinical consultation, physical activity, and health care providers and to 

evaluate the independent variables of age, gender, ethnicity, education, occupation, health 

insurance, comorbidities such as neuropathy nephropathy, and coronary heart disease that 

help establish the relationship among diabetic patients. The problem statement, research 

gap, nature of the study, and research question were also evaluated. 

Definitions 

Body mass index (BMI): The BMI is an anthropometric estimate of body fat 

established on individuals' weight and height. It is defined as the weight in kilograms 

divided by the square of the height in meters (Kg/m2). BMI is widely utilized as a 

screening tool to identify individuals with health risks associated with obesity (WHO, 

2020). 

Coronavirus 2 (SARS-CoV-2): The virus denominated as severe acute respiratory 

syndrome coronavirus 2(SARS-CoV-2) is defined as the causal agent of Coronavirus 

Disease 2019 (COVID-19) (Ludwig & Zarbock, 2020). 
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Diabetes self-management education: Acquiring knowledge is vital to treatment 

for all diabetic patients to improve their health outcomes. This process includes (a) 

effective education for enlightening clinical results and quality of life; (b) identification 

of individual's self-management goals; (c) behavioral interventions, education, and 

ongoing support to empower patients to attain their goals;  and (d) evaluation of diabetic 

patients' accomplishment of identified self-management goals (Juarez et al., 2022). 

Glycosylated hemoglobin (HbA1c): The ADA defines HbA1c as a standard 

measure of chronic glycemia for managing diabetes using the criteria allowed utilization 

of HbA1c ≥ 6.5% for the diagnosis of diabetes (ADA, 2021). 

Health behavior: Health behaviors are the greatest hope for reducing the burden 

of stoppable disease and death by involving patients in regaining, maintaining, or 

preventing optimal health. The American Heart Association and the American College of 

Cardiology have emphasized that sedentary behavior and physical inactivity are major 

modifiable disease risk factors with an emphasis on health promotion (Lavie et al., 2019).  

Physical activity: Physical activity is an essential element of a healthy lifestyle. 

According to the CDC, vigorous physical activity lowers mortality from chronic diseases. 

People becoming active favors the body movements resulting from the tightening of 

skeletal muscles, leading to improved energy expenditure above a basal level (Jakobsson 

et al., 2021). The WHO recommends helping populations achieve the targets and uphold 

healthy levels of physical activity and establishing guidelines to acquire and enforce 

relevant national policies and programs to allow individuals of all ages and proficiency to 

be physically active and enhance their health (Bull et al., 2020). 
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Self-monitoring blood glucose (SMBG): Self-monitoring blood glucose levels is 

an essential feature of modern medicine for diabetes mellitus used by patients to consider 

their comeback to treatment and evaluate achieved glycemic targets (ADA, 2021). 

Telehealth: Telehealth describes the electronic usage of information and 

telecommunications to sustain the delivery of healthcare services from a distance, patient 

and medical provider health-related education, public health, and administration. It 

exchanges valid information for diagnosis, medicine, health-related education, and the 

advancement of public health and delivers strategic care that can be operated to improve 

remote health care (Nuari, 2022). 

Type 2 diabetes mellitus: Diabetes mellitus is a general health menace because it 

has reached alarming levels. The WHO refers to diabetes as a metabolic syndrome 

characterized by hyperglycemia. T2DM is a heterogeneous disorder described by a deficit 

in insulin secretion, impaired regulation of hepatic glucose production, central obesity, 

hypertension, and dyslipidemia, contributing to high morbidity and mortality (Verhulst et 

al., 2019). However, no standard criteria exist for metabolic syndrome, and clinical 

practices use several definitions. The diagnosis criteria are indicators of abnormal glucose 

metabolism or insulin resistance, obesity, hypertension, elevated triglycerides, 

cholesterol, and microalbuminuria, which are the diagnostic criteria for people with 

diabetes (Ganie & Malik, 2022). 

Assumptions 

The following assumptions related to participants' responses and the data 

collection used in the analysis portion of the research. The first assumption was that the 
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participants reported the correct glucose levels during the COVID-19 lockdowns. The 

second assumption was that the medical providers directly guided patients to diabetes 

care before and during the pandemic. The third assumption was that food availability 

during lockdowns may have influenced glucose levels, sedentary lifestyles, smoking, and 

alcohol abuse. Lastly, the effectiveness of telehealth in monitoring patients with T2DM 

self-management during the COVID-19 pandemic may have helped to control the blood 

glucose levels in diabetic patients. These assumptions offered invaluable insights into the 

study's essence and guided this study in the right direction to unravel the mysteries 

surrounding the phenomena under investigation. The assumptions are the foundation of a 

research project. 

Scope and Delimitations 

Every effort was made to obtain the data points of interest; however, databases 

may have had incomplete or inaccurate information, a standard limitation of secondary 

datasets. Statistical methods for addressing missing data and proxy measures were 

adopted if the data were missing or incomplete. The sample includes an older population, 

women and men diagnosed with T2DM able to communicate in English with a low 

socioeconomic background living in northern New Hampshire. Patients met the criteria 

of 6.5%, over the HbA1c allowable levels, and were affected by COVID-19. 

The study excluded patients diagnosed with type 1 diabetes mellitus and other 

chronic diseases. A G*Power software tool calculated sample size for various statistical 

tests and analyses. A sample size of 574 adult patients diagnosed with T2DM from the 
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Ammonoosuc Community Health Services in northern New Hampshire was used for this 

study.  

Limitations 

The findings of this study may need more generalizability due to the sample 

selection and the potential influence of the geographical area on the data points of 

interest. Moreover, demographic differences such as gender, age, and educational level 

may have impacted diabetes self-management and the experiences with healthcare 

providers during telehealth visits. However, access to these visits may have been limited 

by a patient's geographic location and internet access. The lack of diversity in study 

populations limited the generalizability of findings to other people. Additionally, a lack of 

racial and ethnic diversity in many studies could restrict the applicability of results to 

diverse populations (Rubino & Amiel, 2020). 

Database usage could result in incomplete or inaccurate information, a standard 

limitation of secondary datasets during data analysis. Statistical methods for addressing 

missing data and proxy measures were utilized when missing or incomplete data. It is 

important to note that diabetes self-management may differ from what the patients report, 

further contributing to the issue of missing values in health research. There was still 

limited data on the exact impact of COVID-19 on the diabetic population, making it 

difficult to conclude. Despite best efforts to prevent the omission of participants with 

missing data, missing values are common in health research, leading to a loss of 

statistical power and unrecognized bias. 
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The improper handling of missing data can also result in poor model performance 

and mislabeling of the model during external validation (Wu et al., 2021). Unlisted 

telephone numbers requiring internet or cell phone access for telehealth communication 

between patients and medical providers may have resulted in a small amount of 

noncoverage, potentially threatening validity. Bias can occur at any research phase, from 

sample selection to data collection and interpretation of scale values, resulting in 

misleading or inaccurate results (Lakens, 2022). Setting clear objectives and defining 

risks and outcomes before study implementation is crucial to address these limitations. 

Developing reliable tools and ensuring proper interpretation is essential for consistency in 

study results and outcomes. 

Significance of the Study 

The study's findings may guide policymakers in utilizing telemedicine for remote 

care to manage diabetes patients better during pandemics, given that many individuals 

encounter difficulties accessing healthcare, medications, healthy food, and physical 

activity due to the pandemic's constraints (Tourkmani et al., 2021). Public health 

organizations, practitioners, and responders in the United States could implement targeted 

policies and interventions that can amend the quality of life for individuals. By improving 

the use of telehealth during emergencies and involving policymakers and adult diabetic 

patients, practical guidance and an appropriate system can be provided. This study could 

fill the knowledge gap by describing the experiences of older patients diagnosed with 

T2DM in the United States and determining if uncontrolled diabetes was associated with 

self-care behaviors during the COVID-19 pandemic. Public health professionals can 
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better address diabetes management by converting the facts into action for this 

population. 

The outcomes of this study can grant essential evidence for clinical decision-

making and planning for adults diagnosed with T2DM. Additionally, it can justify the 

need for attention and resources to consider diabetes self-management with the 

acceptance of telemedicine, ultimately improving the overall health of the population in 

the United States. Finally, the findings of this investigation may inform public health 

initiatives and strategies to decrease morbidity, mortality, and disease burden of T2DM 

and improve the quality of life of the older population. 

Significance to Theory 

Understanding people's beliefs and attitudes about a particular disease or health 

behavior can inform strategies to alter their behavior. The HBM includes several belief 

constructs, such as perceived susceptibility to an illness, perceived disease severity, 

perceived health behavior benefits, perceived barriers to adopting the behavior, and self-

efficacy (Jiang & Becker, 2021). Studies have demonstrated the HBM's ability to explain 

the health behavior of diabetic patients engaging in self-management of their disease 

based on demographic profiles and knowledge (Jiang et al., 2021). 

Significance to Practice 

Delivering diabetes self-management education and support could enhance 

patients' health while offering telehealth access could reduce the expenses related to 

medical providers' services. Additionally, it could inform programs providing access to 
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programs for low-income families that might experience obstacles related to health 

insurance coverage, as telehealth interventions are less costly (Perry & Hodgins, 2021). 

Significance to Social Change 

The COVID-19 pandemic has highlighted a more significant threat of poorer 

outcomes for patients with T2DM, particularly those with higher BMI and HbA1c levels. 

The pandemic has exacerbated existing health disparities and limited access to care for 

these patients. Therefore, this research may lead to positive social change by providing 

essential information for decision-making and planning for diabetic patients in older 

populations. It is crucial to improve the overall health of this group and provide social 

support to promote behavior change, ultimately reducing morbidity and mortality (Sujan 

et al., 2021).  

Summary 

Millions of people worldwide, especially vulnerable populations, are affected by 

diabetes, a chronic disease. Thus, adopting preventive measures can help curtail the risk 

of complications associated with diabetes. Self-management of HbA1c levels is a 

practical approach to controlling the disease. While telehealth proved to be an effective 

means of delivering remote clinical care throughout the COVID-19 pandemic, its efficacy 

in diabetes management remains to be established. Chapter 2 presents a comprehensive 

review of the literature review and research supporting evidence on the research gaps or 

limitations, demonstrating the current state of knowledge. The chapter establishes the 

significance of the research, identifies the theories, and provides the basis for the research 

questions and hypothesis. 
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Chapter 2: Literature Review 

Diabetes is a chronic metabolic disorder characterized by hyperglycemia 

associated with several complications and pathological implications. The most evident 

sign for diabetes assessment and diagnosis is HbA1c of 48 mmol/mol (6.5%) and above 

(WHO, 2022). According to Bajpeyi et al. (2022), diabetes is a severe risk factor for great 

mortality rates due to inadequate glycemic control and chronic hyperglycemia. Over 34 

million adults in the United States have type 2 diabetes, with an annual economic cost of 

$327 billion (CDC, 2020). T2DM disproportionately affects racial and ethnic minority 

populations due to unequal social vulnerabilities (Hill-Briggs et al., 2020). The CDC 

Diabetes Surveillance System reported the prevalence of diabetes of 11.9% in Non-

Hispanic White adults, 16.4% in Non-Hispanic Black adults, and 14.7% in Hispanic 

adults (CDC, 2020).  

Due to their weakened immune systems, diabetic patients may be more 

susceptible to severe SARS-CoV-2 infection after contracting COVID-19. COVID-19 

can exacerbate the immune system dysfunction commonly experienced by diabetic 

patients (Bajpeyi et al., 2022). Amid COVID-19 restrictions and lockdowns, effective 

self-monitoring and behaviors were crucial for managing diabetes and achieving good 

health outcomes (Distaso et al., 2022). This research investigated the effective self-

monitoring of T2DM involving people living in northern New Hampshire. Specifically, 

the study explored the relationship between telemedicine exposure and HbA1c levels, the 

dependent variable. Independent variables included age, ethnicity, gender, BMI, diet, 

glycemic status, geographic location, educational level, telehealth visits with a healthcare 
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provider, participation in academic programs, level of physical activity, health insurance, 

occupation, and other comorbidities.  

This quantitative study explored the potential correlation between telehealth 

utilization and HbA1c levels, which measures diabetic self-management outcomes in 

patients between December 2018 and December 2022. Specifically, the study sought to 

examine the impact of telehealth on disease management during COVID-19. The study 

included diabetes self-management during lockdowns, remote clinic consultations, 

glucose and HbA1c self-management, physical activity, educational level, behavior 

change, and stress. By investigating these factors, this study aimed to address a gap in the 

literature and shed light on the influence of telehealth use on HbA1c management and 

predictors of T2DM. 

This chapter presents a comprehensive review of the relevant literature 

concerning the effect of telehealth on HbA1c self-management in T2DM throughout 

COVID-19, as well as the theoretical foundations for this study, namely, the HBM and 

TPB. It includes a discussion of the literature search strategy and keywords used to 

identify relevant articles. The literature review concludes with a summary of the critical 

findings and their significance for the study. It includes synthesizing articles pertinent to 

the study's concepts, methodology, and methods in line with its setting. This chapter 

presents an evidence-based problem analysis and lays the foundation for the study's 

empirical investigation.  
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Literature Search Strategy 

To conduct the literature review, I employed several strategies, including 

searching Walden’s Health and Science database and utilizing the following additional 

databases: Ammonoosuc Community Health Services, Inc., EBSCO, PubMed, 

MEDLINE with full text, Walden University Library's Thesis and Dissertations database, 

and Google Scholar. The search employed keywords included type 2 diabetes, diabetes 

mellitus in adults, diabetes self-management, diabetes and COVID-19, diabetes and 

telehealth, remote clinical care, physical activity, COVID-19, lockdowns, isolation, 

dietary behaviors, and telehealth. The literature review provides a comprehensive 

synthesis of peer-reviewed articles incorporated in this study from the past 5 years.  

Theoretical Foundation 

This study used the HBM and TPB theories to answer the research questions. The 

HBM is a theoretical framework for identifying and predicting health behaviors. Social 

psychologists Irwin M. Rosenstock, Godfrey M. Hochbaum, and Stephen Kegels 

developed this theory in the 1950s and 1960s (Maiman & Becker, 1974). The HBM 

initiated the concept that an individual’s health behaviors are determined by their beliefs 

about the severity of a health problem, the advantages of taking action to avert or treat the 

pain, and the roadblock to acting (Hochbaum et al., 1952). 

The Health Belief Model 

The HBM is a psychological model that reveals and predicts health-related 

behaviors and is extensively used in health promotion and disease prevention programs. 

The HBM suggests and establishes the relationship between beliefs and behaviors and 
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serves as a basis for explaining changes and maintaining health-related behaviors (Limbu 

et al., 2022). The HBM provides a guiding framework for health behavior intervention by 

emphasizing personality perceptions and beliefs, concern about health challenges, and 

evaluating the advantages and barriers to preventive behaviors. The model proposes that 

an individual’s belief in the personal threat of disease and the likelihood of adopting 

recommended health behaviors and their effectiveness influences their behavior 

concerning disease prevention strategies and medical treatments. For this study, the HBM 

was selected because of its focus on explaining the prevention of chronic diseases, 

specifically T2DM and its complications.   

The HBM, a theoretical model that guides health promotion and disease 

prevention programs, focuses on two essential mechanisms of health-related behavior: 

the disposition to prevent illness and the belief that a belief health action can control or 

detect it (Asril et al., 2020; Yu et al., 2020). These mechanisms are fundamental for 

achieving behavior change. According to the HBM, a person’s behavior depends on their 

sensitivity to the health behavior's benefits and barriers and the effort they are willing to 

put into it (Tazangi et al., 2022; Yu et al., 2020). The theory proposes six constructs to 

understand, predict, and promote individual behavioral changes. First, perceived 

susceptibility refers to a person's perception of their risk of developing a health condition 

or being harmed by not adopting a healthy behavior (Joiner et al., 2022; Yu et al., 2020). 

For example, older adults with T2DM, among those most at risk of developing diabetes 

complications, may continue to eat unhealthy diets. Second, perceived severity beliefs 

about the harshness of the disease involve a person's evaluation of the seriousness and 
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consequences of a specific condition. Third, perceived benefits, ideas about the valuable 

attributes of adopting a healthy behavior, and a person's belief in the effectiveness of a 

suggested behavior to minimize risk or harm. Fourth, perceived barriers hinder adopting a 

recommended health-related behavior (Khosravizadeh et al., 2021). Fifth, perceived self-

efficacy is the person's determination to achieve a behavior successfully, according to 

Bandura's social cognitive theory (Naji, 2022; Wang et al., 2022; Yu et al., 2020). Finally, 

cues to action refer to the motivation to initiate the administrative process to allow a 

recommended health action (Yang et al., 2022). 

A hopeful health belief about diabetes will enhance the patient’s promise to self-

manage the disease by following the appropriate treatment, taking the medication, and 

changing their behaviors. Lower health beliefs affect the process, making it difficult to 

manage (Khosravizadeh et al., 2021). The HBM is a unified theory for examining the 

research questions in this study, specifically related to diabetes self-care amid the 

COVID-19 pandemic. The theory's emphasis on the individual's perception of the 

advantages and barriers to preventive behaviors can shed light on how patients perceive 

self-management during a pandemic and the impact of psychological status during 

lockdowns (Henriques et al., 2023). For diabetic patients, managing their condition daily 

can be challenging under normal circumstances, and the pandemic's isolation and 

quarantine were additional stressors. Telehealth provides a means for medical providers 

to interact with patients and aid in self-management. Researchers have studied how 

lockdowns have impacted diabetic patients' behaviors, such as physical activity and 

healthy eating, and have highlighted the importance of sufficient support and intervention 
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to help patients overcome barriers to successful behavior modification. Minority 

populations may require additional approval to adhere to lockdown rules and effectively 

manage their condition.  

Furthermore, the HBM can be applied to the communication process to examine 

public health beliefs on social media and assess communication campaigns (Raamkumar 

et al., 2020). The HBM's constructs can help high-risk individuals perceive disease 

prevention behaviors better, emphasizing beliefs, attitudes, and behavior to promote self-

care and prevent type 2 diabetes, ultimately enhancing patients' quality of life.  

Using the (HBM) in this study was beneficial in exploring how telehealth 

facilitates diabetes self-management and the perceived advantages during the COVID-19 

pandemic. This model aided in predicting patients' attitudes towards self-management 

behaviors while considering the impact of their psychological state during lockdowns. It 

was essential to gather diabetic patients' perspectives to comprehend their emotional 

responses to managing their condition daily, especially under challenging circumstances 

such as isolation and quarantine (Jiang et al., 2019). Telehealth has emerged as a critical 

tool for interaction between medical providers and patients to support self-management 

during crucial times.  

Several researchers have studied the behavior of diabetic patients during the 

pandemic, which limited their physical activity, access to healthy food and medication, 

and reduced social support (Coetzee & Kagee, 2020). The authors have also highlighted 

the importance of providing sufficient support and intervention to help minority 

populations overcome structural barriers to adhering to lockdown rules. This is critical for 
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effective behavior modification among adult patients with type 2 diabetes. Alharbi et al. 

(2022) examined the effect of HBM constructs on implementing mobile health apps. The 

research provided an overview of how government and health organizations can adopt 

mobile health apps tailored to the characteristics and needs of the community. The 

authors suggested that mobile health apps with accessible features can make it simpler for 

individuals to access health services virtually, reducing the need to visit clinics or 

hospitals during the pandemic and limiting mobility. 

The study by Alharbi et al. (2022) analyzed the adoption of mobile health apps 

based on the HBM using two cognitive processes to help manage a person’s health 

behavior in response to a threat: the seriousness of the threat's implications and the 

efficiency and suitability of the protecting behavior. The perceived benefit and self-

efficiency constructs are the most significant factors influencing the behavioral purpose 

of the population in implementing mobile health apps during lockdowns. A study by Patel 

et al. (2022) utilized the HBM to investigate the impact of the pandemic on diabetic 

patients' motivation to increase physical activity and awareness of the risks associated 

with COVID-19. The study found that a better perception of vulnerability and seriousness 

of the disease could lead to healthier behaviors and better adherence to a healthy diet 

throughout the pandemic. Patients with higher revenues showed decreased A1c levels due 

to increased physical activity, medication, and self-management. At the same time, those 

with lower incomes experienced changes in behavior, such as delaying filling 

prescriptions and reduced physical activity, leading to increased diabetes distress (Patel et 

al., 2022). 
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Tadesse et al. (2020) also utilized the HBM, focusing on health motivation, to 

address behavioral issues related to health concerns, including healthy eating, physical 

activity, and basic hygiene principles. The authors found that self-efficacy, a component 

of the HBM referring to the confidence level in performing COVID-19 prevention 

mechanisms and diabetes self-management, contributed to an essential position in the 

success of behavioral change interventions. The study suggested that proposing models, 

such as the PRECEDE-PROCEDE, in conjunction with aggressive public health 

measures, could reduce the effect of the disease on the community (Tadesse et al., 2020). 

Tadesse et al. (2020) reviewed the literature and found that the HBM constructs 

significantly demanded different diabetes self-management behaviors during the 

pandemic. They stressed the importance of weight and glycemic control for diabetic 

patients by increasing health awareness and adopting healthy lifestyles, which can help 

reduce the overall risk of infection and make patients less vulnerable to future pandemics. 

The authors recommended using telemedicine and technology to maximize medical care 

during the pandemic and integrating online programs to raise awareness and motivate 

patients to change their behavior to manage their disease better. 

Similarly, Daud et al. (2020) applied the HBM to address glycemic control among 

people with diabetes and found that perceived behavior control, attitudes, and subjective 

norms highly predicted self-management behaviors. Participants with higher scores in 

these constructs had the highest intention of changing their lifestyles. Alharbi et al. 

(2022) discovered that social support, an optimistic outlook towards receiving 

encouragement from others, and a sense of control regarding healthy eating and disease 
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self-management were significant factors for vulnerable individuals with diabetes 

regarding diabetes self-care and social isolation. 

Figure 1 

The Health Belief Model 

 

Note. Adapted from “Health Belief Model” by I. Ajzen 1998. 

The Theory of Planned Behavior 

Icek Ajzen developed the TPB in the late 1980s to extend his earlier work on the 

theory of reasoned action (TRA). The TPB progressed to provide a more comprehensive 

understanding of human behavior and decision-making by considering the impact of 

beliefs, attitudes, and social norms on behaviors (Ajzen, 1985). The TPB has received 

broad attention in health sciences for its successful use in explaining and predicting 

behavior in many behavioral domains, from behavioral change, including adopting new 
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technology to protecting their privacy (Ajzen, 2020). The TPB postulates the level of 

ability where people can influence their behavior and skills to overcome difficulties and 

moderates the effect of intention on behavior (Bosnjak et al., 2020). The TPB specifies 

three factors to facilitate the implementation of the behavior for a given target: (a) 

attitude towards the behavior, (b) subjective norm, and (c) perceived behavioral control. 

According to the TPB, the attitude toward behavior depends on the individual's 

approachability of beliefs about the behavior to produce a particular outcome based on 

the attitude toward behavior and its supposition to accept beliefs despite the products that 

will lead to specific results. The behavioral perspective expects promising or adverse 

impacts of executing self-management behavior in the affected individuals—a bright 

attitude toward behaviors increases the individual's willingness to act. For example, 

eating a healthy diet, increasing physical activity, and self-monitoring blood glucose 

prevent developing diabetes complications (Pan et al., 2023). Subjective norms relate to a 

personality’s perception perceived by social pressure from others for an individual’s 

behaviors interacting with specific criteria, such as engaging in self-management 

behaviors with the importance of the individual norms. Perceived control relates to the 

belief in a person’s ability to exert control over events to make it possible or impede the 

execution of a behavior (Pan et al., 2023). The HBM and the TPB were relevant for this 

study because they helped examine people’s intention to work on various health 

prevention and management behaviors. 
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Figure 2 

Theory of Planned Behavior 

 

 Note. Adapted from “Theory of Planned Behavior” by I. Ajzen, 1991.          

Literature Review Related to Key Variables and Concepts 

The forthcoming sections define the chosen vital variables and concepts to 

establish any relationship between T2DM, diabetes self-management education, HBA1c, 

self-monitor blood glucose, BMI, health behavior, telehealth, and physical as they are 

essential components in the management activity to improve the conditions of diabetes 

and prevent the development of diabetes complications. 

Type 2 Diabetes Mellitus 

T2DM is a progressive metabolic dysfunction defined by deficits in insulin 

secretion and action by Salvio et al. (2022), leading to abnormal glucose metabolism, 

excessive or inappropriate glucagon secretion, hypertension, dyslipidemia, and obesity, 

with insulin resistance as the underlying pathogenesis that also increases cardiovascular 

morbidity and mortality. The WHO defines T2DM as a common metabolic disorder 
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characterized by chronic hyperglycemia associated with reduced life expectancy and a 

greater risk of heart disease, stroke, neuropathy, nephropathy, and retinopathy. Reports 

state that smoking, aging, sedentarism, and alcohol abuse are known as risk factors for 

metabolic syndrome. However, there is no standard definition for metabolic syndrome. 

Clinical practices use various criteria for diagnosis, including indicators of abnormal 

glucose metabolism or insulin resistance, obesity, hypertension, elevated triglycerides, 

cholesterol, and microalbuminuria (Salvio et al., 2022). T2DM is a prevalent condition 

that poses a growing worldwide public health challenge and is linked to obesity (Starzak 

et al., 2022).  

The International Diabetes Federation perceives T2DM as a well-recognized 

epidemic metabolic disorder with a significant burden of disease in individuals and a 

financial burden on communities. Based on this, there is a consensus among the 

American Heart Association that metabolic dysfunction is responsible for an increase in 

T2DM, and its complications, together with cardiovascular diseases are the biggest threat 

to morbidity and mortality in patients living with T2DM (Starzak et al., 2022). The latest 

statistics show a definite surge in the incidence of diabetes in adults with diabetes (20–

79), with over 460 million people worldwide affected, of which 6% have T2DM 

(Behrendt & Nordanstig, 2022). The rapid increase is leading to a significant risk of 

morbidity, mortality, and financial burden (Cummings et al., 2022). The rising incidence 

of diabetes is due to worsening obesity, an aging population, and an ethnic mix (Vajravelu 

et al., 2023). Impaired insulin secretion by the pancreas and insulin resistance lead to the 
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development of T2DM, resulting in significant deterioration in glucose tolerance (Singh 

et al., 2022).  

Individuals with T2DM are more vulnerable to developing diabetes 

complications, including blindness, kidney disease, dyslipidemia, hypertension, 

cardiovascular diseases, lower-limb amputations, and premature death (Liu et al., 2019). 

Risk factors for chronic diabetes complications include older age, duration of diabetes, 

ineffective glycemic control, smoking, alcohol abuse, hypertension, dyslipidemia, and 

cardiovascular diseases. In addition, genetic factors associated with impaired insulin lead 

to hyperglycemia, where the glucagon and hepatic glucose levels result from increased or 

decreased levels of insulin resistance (Halim & Halim, 2019). According to the Centers 

for Disease Control and Prevention, in the United States, the number of individuals living 

with diabetes is expected to rise more than triple from the current 26 million by the year 

2050. T2DM is mainly caused by lifestyle changes and obesity resulting from 

environmental factors like unhealthy diet, physical inactivity, and sedentary behavior 

(Kanaley et al., 2022).  

Genetic factors have also contributed to the clustering of T2DM in families, with 

up to 3.5 times higher risk for relatives than the general population. Researchers observed 

an increased risk of diabetes in family relatives of first-degree and between unrelated 

spouses, suggesting that environmental factors also affect diabetes risk substantially 

(Asamoah et al., 2020). Monitoring T2DM complications and mortality rates is crucial 

for assessing the impact of diabetes and the potential policy, program, and clinical 

interventions implemented worldwide (Rizzo et al., 2022). Epidemiological studies have 
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provided insight into the behavioral, lifestyle, and biological risk factors for T2DM 

(Lambrinou et al., 2019). Diabetic patients may have impaired exercise capacity and poor 

activity tolerance, hindering them from achieving their goals (Jayedi et al., 2022). Strict 

glycemic control, asses by glycosylated hemoglobin (HbA1c) measurement, is crucial for 

reducing the risks of macrovascular complications and represents an essential modifiable 

risk factor for decreasing the population burden of diabetes complications (Rizzo et al., 

2022). Previous literature findings support that constant training with ideal intensity is the 

practical lifestyle intervention to treat T2DM, which is strongly associated with the 

effective management of HbA1c (Liu et al., 2019). Kanaley et al. (2022) recommended a 

personalized action strategy that includes teaching, glycemic control, lifestyle 

interventions, and clinical consultations to minimize the risk of chronic complications by 

attaining ideal blood glucose and managing lipid and blood pressure levels to improve the 

quality of life of diabetic patients. 

Diabetes Self-Management Education 

To improve outcomes for diabetic patients, acquiring knowledge is crucial. This 

process involves providing practical education to enhance clinical outcomes and quality 

of life, identifying patients' individual self-management goals, offering behavioral 

interventions, education, and ongoing support to empower patients to achieve their goals, 

and evaluating their attainment (Lambrinou et al., 2019). However, during lockdown and 

isolation due to COVID-19, T2DM patients faced barriers to diabetes self-management. 

These barriers included inadequate knowledge and behavioral beliefs, limited access to 
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services, and lack of healthcare access, leading to worsened health of the population, 

negative emotions, and a lack of support. 

Understanding these obstacles can aid in developing strategies to strengthen well-

being and community support and promote patient self-management. Practical diabetes 

self-management plans require patients to engage in health behaviors, including self-

monitoring blood glucose levels, tracking HbA1c levels, medical treatment, a balanced 

diet, and physical activity. However, factors such as health literacy, education, financial 

constraints, and poverty often hinder self-management behaviors in diabetic patients 

(Cummings et al., 2022). The COVID-19 pandemic disrupted people's health behaviors 

due to social distancing measures and, as a result, led to financial stress and 

psychopathology barriers that negatively affected diabetes self-management. Studies have 

shown that metabolic control declined during the pandemic, highlighting the significance 

of support for diabetes self-management during crises (Cummings et al., 2022).  

The literature highlights the significance of self-management activities for 

diabetic patients during a crisis. Self-management plays a vital role in treating and 

preventing complications of diabetes. The consequences of delaying or detecting 

increases the evidence of disability and microvascular complications linked to 

neuropathy, nephropathy, retinopathy, and cardiovascular diseases associated with T2DM 

(Riyanti & Sutantri, 2022). It is crucial to understand that this process develops during a 

specified period of the type of illness affecting the population (Riyanti & Sutantri, 2022). 

The COVID-19 pandemic disrupted routine care for the diabetic population, leading to 

changes in eating a balanced diet and reducing physical activity, treatment, and self-
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management. In addition, the fear of contracting COVID-19 resulted in a new regular 

lifestyle pattern (Riyanti & Sutantri, 2022).  

Glycosylated Hemoglobin  

The ADA defines HbA1c as a standard measure of chronic glycemia for 

managing diabetes using the criteria allowed utilization of HbA1c ≥ 6.5% for the 

diagnosis of diabetes (ADA, 2022). Diabetes mellitus is being increasingly diagnosed 

with the measurement of HbA1c in the blood for over 2 or 3 months before diagnosed 

diabetes (Sane et al., 2020). T2DM is connected to various complications, such as 

microvascular, which includes nephropathy, neuropathy, and retinopathy. Macrovascular 

compromises myocardial infarction, stroke, and peripheral vascular disease. Nephropathy 

and cardiovascular complications are the most common causes of morbidity and 

mortality in diabetic patients (Sane et al., 2020). Sane et al. (2020) stated that HbA1c is 

the most critical parameter in T2DM as it reflects blood glucose control preceding 2 or 3 

months of glycemic history.  

Alternate therapies, physical activity, and weight loss can reduce HbA1c levels 

gradually (Sane et al., 2020). Many publications reported that older adults diagnosed with 

diabetes experienced a decrease in HbA1c testing during the periods of extreme 

restrictions (COVID-19 lockdown), resulting in more adverse health outcomes and a 

higher risk of developing more severe cases of COVID-19 with a higher degree of 

mortality rates (Palanca et al., 2020). However, disruption of diabetes care pathways, a 

delay of face-to-face outpatient visits, and decreased HbA1c testing in the older age 

groups have compromised diabetic patients’ health (Palanca et al., 2022). Imposed 
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restrictions applied to limit the increase in COVID-19 cases had adverse consequences 

for continuing diabetes treatment. 

A retrospective observational study by Palanca et al. (2020) described HbA1c 

testing, a gauge of diabetes control, the quality of glycemic control, the mean HbA1c 

during diverse restriction periods in 2019 and 2020 of COVID-19 lockdown among 

patients with HbA1c assessments, as well as a significant degree in the number of people 

having HbA1c resolutions during the lockdown (Palanca et al., 2020). Various studies 

revealed the medical efficiency of telemedicine in diabetes care and the applicable 

reduction in HbA1c. Nevertheless, there is no literature available that shows the cost-

effectiveness of telemedicine in diabetes care (Merrill et al., 2022). Researchers 

concluded that the HbA1c level benefited those who managed diabetes most through the 

telemedicine care model during the pandemic. 

Self-Monitoring Blood Glucose 

Self-monitoring blood glucose levels is a vital element considered a cornerstone 

of adequate diabetes management used by diabetic patients to evaluate their response to 

treatment and assess achieved glycemic targets (ADA, 2021). Diabetes self-management 

behaviors are critical to acquiring ideal glycemic control to minimize the risk of 

developing diabetes complications and to improve health outcomes and the quality of 

diabetic patients’ lives. However, diabetic patients may experience social and 

environmental challenges, such as health inequities and inadequate support strategies to 

meet their needs. Self-management counters barriers from an absence of communication 

among diabetic individuals and medical providers in managing blood glucose. Lower 
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understanding and limited access to diabetes education, limited access to healthcare, 

absence of family support, lack of motivation for change, sedentarism, and financial 

barriers are challenges facing patients with T2DM. 

Diabetic patients face challenges associated with poor self-care and other 

metabolic parameters. Evidence suggests that diabetes and its complications are 

associated with psychological and psychiatric problems such as depression, poor eating 

habits, and fear of hypoglycemia, impaired by changes in lifestyle and daily routines. 

Psychological issues that lead to depression and other disorders are associated with poor 

self-care behavior, such as lack of a balanced diet, exercise, insulin adjustments, 

emotions, stress, social relations, and working activities promoting weight gain, which 

has implications for insulin sensitivity and inadequate glycemic control (Ojo et al., 2022). 

Zafar et al. (2022) revealed that identifying and assisting patients with psychological 

problems early in diabetes may impact the ability to adjust responsibility for self-care. 

Addressing psychological needs may improve blood glucose monitoring and reduce 

comorbid disorders. Thus, it is necessary to provide awareness to inform the diabetic 

person about medication adjustments to maintain glucose within normal ranges and to 

modify their behavior (Zafar et al., 2022). Lin et al. (2020) used a longitudinal study to 

investigate the effects of self-care behaviors of diabetic patients on blood glucose 

monitoring. They reported that participants improved self-care behaviors with exercise 

progress and diet control. The study showed perceived behavioral power on self-care 

skills among people with diabetes, suggesting that medical providers may enhance health 

literacy to develop the behavioral intention of people with diabetes (Lin et al., 2020). 
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Self-monitoring blood glucose levels is an essential part of innovative therapy for 

diabetes mellitus used by affected individuals to evaluate their reaction to treatment to 

achieve glycemic targets (ElSayed et al., 2023). There are several reasons why 

monitoring blood glucose is essential for people with diabetes. First, it helps to identify 

and prevent hyperglycemia and hypoglycemia, which can both have serious 

consequences. Second, it enables people with diabetes to adjust their treatment plan as 

needed, such as adjusting medication doses or changing their diet and physical activity. 

Regular HbA1c tests should also be performed between 2 and 3 months to provide a 

more comprehensive picture of blood glucose control (ElSayed et al., 2023). New health 

technologies such as telehealth with practical mobile applications for diabetes monitoring 

glycemic control, enhanced diabetes knowledge, and improved lifestyle changes are 

effective methods of healthcare delivery (Yu et al., 2019). Yu et al. (2019) believed that 

telehealth use in diabetes management could benefit the care of both the patient and the 

clinicians, focusing on diabetic training, self-care, patient community, and honest 

communication. Diabetes education teaches patients to change to a new lifestyle habit 

through healthy eating and physical activity, interventions that help reduce their BMI and 

self-manage their diabetes by controlling the glycosylated hemoglobin levels (Yu et al., 

2019). 

Body Mass Index  

The BMI is an anthropometric assessment of individuals’ weight in kilograms 

amended for height in meters (Rubino et al., 2022). Fat in the abdominal region is 

associated with more significant health risks and is usually assessed in clinical practice 
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by the BMI (Piché et al., 2020). According to the National Heart, Lung, Blood Institute, 

National Institute of Diabetes, and Kidney Diseases (U.S.) (Huang et al., 2019), waist 

circumference is an anthropometric measurement for assessing patients’ abdominal fat 

content. BMI can be calculated based on weight and height: BMI = weight 

(pounds)/height squared (m2). BMI above 30 kg/m2 is associated with morbidity and 

mortality risk (Piché et al., 2020). Belly fat is particularly harmful and more likely to 

promote T2DM. Studies suggest that the distribution of fat may give researchers more 

clues about the risk conditions such as insulin resistance and high blood pressure when 

there is excess fat in the liver, muscle, and pancreas, broadly defining cardiovascular 

disease and overweight. Also, a decreased muscle mass may promote type 2 diabetes, 

develop muscle atrophy, and exhibit impaired glucose tolerance (Han et al., 2019). BMI 

has shown a stronger association with the progression of T2DM and other 

cardiometabolic disorders (Han et al., 2019). Han et al. (2019) stated that the correlation 

between obesity and T2DM explains the high prevalence of T2DM, a significant factor in 

cardiovascular disease associated with BMI. In combating cardiovascular disease, obesity 

remains the modifiable risk factor for cardiovascular disease that has not been adequately 

tackled by lifestyle or pharmacotherapy as opposed to diabetes Mellitus (Piché et al., 

2020) 

Health Behavior 

Health behaviors are the greatest hope for reducing the burden of preventable 

disease and death by involving patients in regaining, maintaining, or preventing optimal 

health (Loewen et al., 2019). Populations and individuals' well-being are influenced by 
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health behaviors recognized as multidimensional and in healthy lifestyles, reflecting 

modification or prevention with consequent benefits to public health (Ferreira et al., 

2023; Lee et al., 2021). Lifestyles of individual behaviors are the locus of accountability 

and the intention of medical and community intervention, which individuals, care 

providers, and policymakers consider imperative in the event of a framework for 

determinants of health. These behaviors include physical activity, nutrition, sleep habits, 

stress management, and substance use (Lee et al., 2021). 

 Research has shown that adopting healthy behaviors can benefit an individual’s 

physical, mental, and emotional health. For example, findings have shown that weight 

bias foresees physiological dysregulation involving a suite of developments such as blood 

pressure, inflammation, cholesterol, and even mortality affecting the most vulnerable 

populations. Weight stigma impacts several health behaviors, generating a poorer 

outcome. Scholars have proposed that weight stigma and discrimination toward obese 

individuals have multiple psychological and physical health consequences. However, it 

may change to a positive role in motivating individuals to engage in health behaviors that 

could lead to weight loss and improve their health (Lee et al., 2021). 

Acquiring knowledge of the associations among various categories that influence 

health and health policy may focus on providing health care and interventions to improve 

the health or behaviors of individuals impacted by their families, social networks, and 

communities (Phillips & Hine, 2021). Phillips and Hine (2021) believed that healthy 

lifestyles benefit health over a longer time, so socioeconomic differences regarding life 

span may interfere with motivation and attitudes to maintain lifestyles. Researchers 
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demonstrated that unhealthy behaviors and attitudes were more prevalent in less affluent 

classes, indicating solid beliefs associated with many factors such as infantile 

background, training, and community integration (Phillips & Hine, 2021). 

Factors that exert effects through determinants of health benefits, self-efficacy, 

and perceived barriers to healthy choices correlate with individuals' health behaviors. 

Individuals with self-motivation can engage in more physical activities and promote a 

more active life course, positively enhancing their quality of life. Prior studies found that 

specific disease management strategies related to sound control of general and self-

efficacy in diabetic patients had positive outcomes in improving their quality of life. 

Health-promoting behaviors in older individuals and interventions are necessary to 

evaluate health literacy and encourage and promote physical and health behavior to 

increase sensitive-informative support from family and other resources (Lee et al., 2020). 

As the elderly population grows, a high priority for health support in this age range is 

imminent to target health promotion interventions to decrease morbidity and mortality 

resulting from established comorbidities and injuries due to falls (Lee et al., 2020).  

Telehealth 

Telehealth is an innovative technology that provides digital information and 

telecommunications to deliver healthcare services from a distance and manage the 

patient's healthcare through a healthcare provider's public health-related education and 

administration. It exchanges authorized information for diagnosis, treatment, education, 

and the advancement of public health (Myers et al., 2021). The digitalization of 

healthcare, especially self-management diabetes, has benefited virtual patient care even 
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before the pandemic in supporting those with chronic conditions (Wong et al., 2021). 

Studies have shown that diabetic patients suffered greater severity with coronavirus, 

which posed significant challenges to healthcare delivery. Ceccato et al. (2021) 

emphasized telehealth consultations to aid diabetic patients in self-managing their disease 

and to minimize face-to-face consultations at hospitals throughout the COVID-19 

pandemic to maintain social distancing and reduce the spread of the virus.  

However, the downside of telehealth is that it cannot be more optimal for physical 

examinations. This model cannot be performed to obtain a good report and can 

complicate the use of a telephone or a videoconference, becoming a challenge in 

servicing populations with diverse backgrounds who need to be proficient in English. 

However, mobile applications (apps) help support diabetes self-care, providing 

educational support, blood glucose management, and encouraging involvement in 

motivational support groups. There is a need for mobile apps appropriately designed to 

meet the requirements of the diabetic population to adequately deliver continuing self-

management education and support, covering medical outcomes, the familiarity of 

diabetes, medication adherence, perceived capability to self-managing, and quality of life 

to improve assistances and incentive for the management of this chronic disease. It is 

possible to leverage technologies with the advances and innovation in computer 

programming and the pervasiveness of mobile communications devices to empower 

patients on daily self-monitoring and disease management programs that can provide 

persuasive features to change users’ attitudes or behaviors in a predetermined way, 

providing ongoing self-management support and education. Telehealth poses flexibility to 
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deprived populations who may struggle to access conventional healthcare services. 

Remote care may reduce the cost of disease burden and hospitalizations while increasing 

convenience and access to care (Meyers et al., 2021). Researchers explained that despite 

the successes of telehealth, demonstrated efficiency, and investments into the advances of 

apps for diabetes, self-management issues arise that have limited the success of adopting 

apps as self-management, indicating a low level of acceptance, which attributed to a 

continuous consideration of users' perception of its usability requirements. Besides, self-

management, a crucial component of diabetes care, is an under-represented feature in 

most diabetes mobile apps. In addition, some challenges include equipment cost, 

connectivity issues, privacy concerns, lack of perceived patient benefit, and 

depersonalization of the experience. 

Physical Activity  

The CDC recommends vigorous physical activity as it reduces mortality from 

chronic diseases by increasing energy expenditure above a basal level through skeletal 

muscle contraction. Most physiological systems benefit from physical activity that can 

improve mental health, help people lose weight and prevent exposure to disease, 

reinforce bones and muscles, and refine their ability to do everyday activities to prevent 

and reduce the risk of infections and disease complications (Anderson & Durstine, 2019). 

The literature supports that by incorporating daily physical activity and becoming 

physically active, the individuals’ quality of life will change to a positive lifestyle, thus 

reducing the risk for chronic diseases and mortality and increasing longevity. T2DM is 

more prevalent among older adults and may affect their mobility and functional 
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performance, necessitating measuring available capacity through physical exercise 

modalities (Kanaley et al., 2022).  

Structured exercise training is a common strategy to improve health, glycemic 

management, and body weight and mass index in diabetic patients. Regular exercise also 

reduces subcutaneous and visceral fat, prevents weight gain, and remains essential in 

managing T2DM. Adults with T2DM need to apply these modifications based on their 

abilities to be active to help enhance joint flexibility and improve overall body balance to 

prevent falls because they have an increased risk of falls (Kanaley et al., 2022). In 

general, exercise and diet are among the first management strategies that are advised to 

adults diagnosed with T2DM. Exercise is an essential component recommended for 

optimal glycemic and health outcomes, as well as to prevent diabetes complications. 

However, Vilafranca et al. (2022) believed that structured life interventions should 

include a minimum of 150 min per week of physical exercise to prevent risk factors of 

diabetes aggravation and boost the quality of life and mental health status. Studies show 

that long-term weight loss, a healthy diet, and physical recommendations in adults are 

ineffective as motivation and barriers prevent this practice. To overcome these obstacles, 

it is necessary to make a constant commitment that emphasizes the positive role of 

patients while ensuring a treatment suggested by a health professional, their vulnerability, 

and perceived severity in a desire to live with T2DM and have a better and healthier life 

(Vilafranca et al., 2022). 

Many studies have concentrated on the diagnosis of diabetes rather than the long-

term management of the disease, including diet and physical exercise recommendations. 
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However, it is crucial to develop strategies to manage T2DM by identifying the 

underlying conditions contributing to the disease, which can aid in understanding 

patients' experiences. Educating patients on self-care, including the complexity and 

prognosis of diabetes, and adapting to people’s cultural awareness and needs can be 

beneficial. Replacing sedentary behavior with moderate activities can lead to more 

substantial health improvements and better metabolic health.  

Summary and Conclusions 

Coronavirus disease 2019 was linked to T2DM as it spreads through severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), and diabetic patients were at a 

higher risk of infection than non-diabetic individuals due to their underlying health 

conditions (Tadesse et al., 2020). An unhealthy lifestyle, coupled with a dearth of insulin 

in the body instead of the generated glucose, can worsen T2DM and cause other diabetic 

complications if not controlled. The COVID-19 pandemic also distressed people's mental 

health, especially those infected by the virus, experiencing lockdowns and isolated from 

loved ones. For diabetic patients, this can increase their anxiety about their condition and 

lead to unbalanced glycemic control (Patel et al., 2022). To ensure proper care during a 

pandemic, diabetic patients should take self-measures and seek appropriate consultations 

through telehealth to coordinate with medical providers closely (Raamkumar et al., 

2020). The literature review suggested that despite online self-management programs, 

people with diabetes faced challenges managing their condition. Diabetic patients must 

monitor their blood glucose levels to prevent complications and to manage glucose to 

protect themselves against COVID-19 infection (Mukona & Zvinavashe, 2020). Several 
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nations presented strategies for self-management for diabetic individuals, particularly 

older patients, who could not visit healthcare providers during the pandemic.  

This chapter has discussed the impact of telehealth on the self-management of 

HbA1c during COVID-19 for T2DM. It also discussed the theoretical foundation for this 

research, which includes the HBM and TPB. These theories are relevant for public health 

research to achieve optimal behavior change and target perceived barriers, self-efficacy, 

and threats to diabetes self-management in adults. Telemedicine mediation utilized in 

primary healthcare assisted in managing patients with T2DM during COVID-19 

lockdowns (Ruiz-Roso et al., 2020). The literature search approach and keywords used to 

trace relevant articles were explained, and the chapter presented an in-depth review of the 

factors affecting T2DM and COVID-19. The literature review disclosed that the 

pandemic of the coronavirus disease 2019 (COVID-19) caused challenges in preparing 

care for diabetic patients. The preexisting disorder burden may worsen, leading to 

gradually worse outcomes because of ineffective outpatient follow-up. In such a setting, 

the telehealth model may suggest a valuable solution to apply interventions on HbA1c 

management and the levels of predictors of T2DM, which still require individualized, 

tailored, and intense interventions with an empathetic relationship with a trusted health 

coach.  

However, diabetic patients suffering from chronic conditions and vulnerable 

populations living in rural and remote areas may experience inequalities in internet 

access, affecting the telehealth model’s implementation (Piotie et al., 2022). This study 

addressed this gap in the literature and contributed to the existing knowledge in this area. 
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Furthermore, lifestyle interventions and recommendations must be examined concerning 

data quality and risk accuracy. Chapter 3 describes the research methodology, including 

the research strategy, research method, research approach, data collection method, sample 

selection, research process, data analysis, and ethical considerations. 
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Chapter 3: Research Method 

This research aimed to investigate the effectiveness of diabetes self-management 

and its outcomes. A logistic regression model was employed to assess the impact of 

virtual clinic support on diabetic individuals’ ability to manage their glucose levels. This 

chapter provides a detailed account of the research design and methodology, the 

researcher's performance, participant selection, data management and analysis, 

trustworthiness issues, and ethical considerations. 

Research Design and Rationale 

This quantitative study employed a secondary research approach utilizing a 

reliable source and conducting a multivariable regression analysis to predict the outcome 

variables. The analysis examined the association between the duration of lockdown and 

glycemic targets and diabetes self-management. The logistic regression model considered 

demographic variables, prognosis, clinical factors, and other potential confounders that 

may influence the relationship between the primary predictor, HbA1c, and categorical 

variables. The HbA1c was the dependent variable under consideration. To assess its 

independence from various factors, including age, gender, ethnicity, BMI, treatment type, 

geographic location, telehealth usage, number of telehealth visits, kind of telehealth 

provider, diet, healthcare insurance, education level, telehealth visits with primary care 

physician, participation in educational programs, physical activity level, and comorbid 

conditions, analyses of these factors was conducted. Age was divided into two categories. 

BMI was calculated using weight in kilograms divided by the square of height in meters 

(Kg/m2), and the ADA's guidelines used a value of more than 30 Kg/m2. Treatment type 
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was categorized, and the impact of telehealth use for clinical consultations was assessed, 

as well as physical activity levels, self-monitoring glucose levels, and diabetes 

management. The research questions that directed this study were: 

RQ1: Is there a relationship between HbA1c levels and the use of telehealth for 

diabetes clinical consultations between December 2018 and December 2022 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for patient’s 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities)? 

RQ2: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and several telehealth consultations during lockdowns with healthcare providers 

between December 2018 and December 2022 in northern New Hampshire, controlling for 

patient’s demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and presence of other comorbidities)? 

RQ3: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and participation in diabetes education programs and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient’s demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities)? 

RQ4: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth for diabetes clinical consultations to provide 
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diabetic patient care) between December 2018 and  December 2021 in northern New 

Hampshire, controlling for patient’s demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities)? 

The HbA1c was the dependent variable under study to determine whether adults 

with type 2 diabetes had higher levels of HbA1c between December 2018 and December 

2022. The study aimed to assess whether this relationship was independent of various 

factors such as age, gender, ethnicity, BMI, treatment type, geographic location, 

telehealth use, number of telehealth visits, kind of telehealth provider, diet, healthcare 

insurance, education level, telehealth visits with primary care physician, participation in 

educational programs, physical activity level, and comorbid conditions. The analysis 

included a multiple regression analysis that estimated the odds ratio and 95% confidence 

intervals. The data were adjusted for age, gender, ethnicity, occupation, education, 

healthcare insurance, BMI, geographic location, and other comorbidities.  

Methodology 

Population 

 The population was adults aged 18 and older diagnosed with T2DM from the 

Ammonoosuc Community Health Service living in northern New Hampshire. 

The Sample Size 

For this study, the G*Power software tool was used to calculate a sample size of 

599 adult patients diagnosed with T2DM from the Ammonoosuc Community Health 

Services in Littleton living in northern New Hampshire. The alpha level was set at 0.05 
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or 5%, determining the probability that the examined difference was due to odds. A null 

hypothesis is rejected when the p-value is equal to or less than the alpha level. There are 

two types of errors: Type I error and false positive, testing the relationship between 

variables. A Type I error occurs when the null hypothesis is incorrectly rejected. Type I 

error is equal to or less than a significant threshold level. Type II, or false negative, 

occurs when the null hypothesis is incorrectly accepted. 

This study thus focused on the adult population in northern New Hampshire who 

had been diagnosed with T2DM. The estimated sample size was 599, with a confidence 

level of 95%, a margin of error of 5%, and a population proportion of 50%. A stratified 

sampling strategy was employed to test the hypothesis regarding HbA1c self-

management during a crisis. The population was divided into subgroups based on similar 

characteristics, which included age, gender, race/ethnicity, BMI, geographic location, 

lockdowns, telehealth, education, occupation, health insurance, and comorbidities. An 

equal sample size was taken from each stratum to enhance the accuracy, as indicated in  
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Table 1 

Variable Coding to Test Hypothesis 

Indirect variable Category 

Age 18–39 

40–64 
65 and older 

Gender Female 

Male 
Race White 

Non-White 
Other 

BMI 30–34 

35–39 
40 and up 

Geographic location Urban 
Rural 

Lockdowns Full 

Partial 
None 

Telehealth consultations Weekly 
Monthly 
None 

Education Elementary 
High school 
College 

None 
Occupation Full-time 

Part-time 
Unemployed 

Health insurance Private 

Public 
None 

Comorbidities Retinopathy 
Nephropathy 
Neuropathy 

Coronary Heart Disease 

 

Variable coding for gender, ethnicity, and BMI was considered during the 

analysis stage. The sample included women and men who were part of the adult 

population living in northern New Hampshire and had been diagnosed with T2DM. Only 
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those who communicated in English and had a BMI >30 kg/m2 were included. Diabetic 

patients who have been affected by COVID-19 and meet the criteria of having 

glycosylated hemoglobin levels (HbA1c) of 6.5% or more were included. Adult 

populations 18 and older diagnosed with T2DM are included. However, the sample 

excluded patients with type 1 diabetes, under 18 years of age, and those with other 

comorbidities or serious diseases.  

Secondary Data 

This study utilized medical records from Ammonoosuc Community Health 

Services, Inc. The data was retrieved from 599 diabetic patients aged 18 and older. 

Previous studies have used similar data sources and obtained credible statistical 

inferences, implying the appropriateness of the data for statistical analysis. The main 

drive of this study was to explore the association between the dependent variable, 

glycosylated hemoglobin (HbA1c) levels, and various exploratory variables, including 

telehealth and clinical consultations, in patients diagnosed with T2DM in northern New 

Hampshire. To control for potential confounding variables, such as patient demographics 

and factors, I included gender, age, ethnicity, occupation, education, healthcare insurance, 

BMI, geographic location, and other comorbidities such as neuropathy, nephropathy 

stages, retinopathy, and coronary disease in the analysis. 

This study utilized secondary data to compare different elements, and the period 

was from December 2018 to December 2022. The data were analyzed using appropriate 

statistical methods to obtain reliable results and draw meaningful conclusions about the 

correlation between HbA1c levels and the exploratory variables in patients with T2DM. 
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Instrumentation and Operationalization of Constructs 

Secondary data from medical records from the Ammonoosuc Community Health 

Services in northern New Hampshire were collected from December 2018 to December 

2022 to compare the period before, during, and after the pandemic in T2DM adult 

patients. Quality assurance testing of the variables was performed yearly to ensure that 

variables were within the expected parameters. Variables were coded to facilitate the 

analysis.  

Data Analysis Plan 

Secondary data was analyzed using Statistical Package for Social Sciences (SPSS) 

version 29, which allows researchers to conduct statistical analyses. This software 

generated descriptive data statistics and statistical analyses for logistic regressions 

(Setyaningsih & Sukono, 2022). Descriptive statistics, as a set of methods used to 

summarize and describe the critical characteristics of a dataset (Kaliyadan & Kulkarni, 

2019), can be employed to translate data for single or multiple variables through 

measures such as ratios, means, or visual summaries like histograms and box plots 

(Kaliyadan & Kulkarni, 2019). Among the measures of central tendency, the median is 

considered the most appropriate as it identifies the median value in a dataset and 

represents the most typical or representative value. The mean, median, and mode are 

standard measures of central tendency used in data analysis. This study calculated the 

standard to determine the population’s average age. At the same time, the median was 

used to identify the median value of the population's age. The model was employed to 

determine the most frequently occurring ethnicity regarding race. The specific calculation 
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of the mean and median values for race depended on the dataset. Similarly, the mean and 

median values were calculated for BMI, and this data analysis used the collected 

secondary data. The following research questions and corresponding hypotheses guided 

this study: 

 Research Question 1: Is there a relationship between HbA1c levels and the use of 

telehealth for diabetes clinical consultations between December 2018 and December 

2022 in patients diagnosed with T2DM in northern New Hampshire, controlling for 

patient’s demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and presence of other comorbidities)? 

H01: There is no statistically significant relationship between HbA1c levels and the 

use of telehealth in patients with T2DM between December 2018 and December 

2022 in northern New Hampshire, controlling for patient’s demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

Ha1: There is a statistically significant relationship between HbA1c levels and the 

use of telehealth in patients with T2DM between December 2018 and December 

2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

 RQ2: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and the number of telehealth consultations during lockdowns with healthcare 

providers between December 2018 and December 2022 in northern New Hampshire, 
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controlling for patient’s demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities)? 

H02: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of telehealth visits during 

lockdowns with healthcare providers between December 2018 and December 

2022 in northern New Hampshire, controlling for patient’s demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

Ha2: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of telehealth visits during 

lockdowns with healthcare providers between December 2018 and December 

2022 in northern New Hampshire, controlling for patient’s demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

 RQ3: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and participation in diabetes education programs and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient’s demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities)? 
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H03: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth between December 

2018 and December 2022 in northern New Hampshire, controlling for patient’s 

demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and presence of other comorbidities). 

Ha3: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New 

Hampshire, controlling for patient’s demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, 

and presence of other comorbidities). 

 RQ4: Is there a relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth for diabetes clinical consultations to provide 

diabetic patient care) between December 2018 and  December 2021 in northern New 

Hampshire, controlling for patient’s demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities)? 

H04: There is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the type of healthcare provider (physician, 

nurse, community health worker, allied health professional) using telehealth to 
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provide diabetic patient care) between December 2018 and  December 2022 in 

northern New Hampshire, controlling for the patient’s demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities). 

Ha4: There is a statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the type of healthcare provider (physician, 

nurse, community health worker, allied health professional) using telehealth to 

provide diabetic patient care) Between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities). 

The methods section of this study employed various statistical techniques for data 

analysis. Descriptive statistics summarized and analyzed the mean, median, and mode 

data. For instance, the mean was calculated to determine the average age of the 

population under study. At the same time, the median identified the median value of the 

population's age—the mode chosen was the most frequently occurring ethnicity among 

the ethnic groups. Tables, proportions, and percentages also presented the findings.  

Multiple linear regression analysis was conducted to assess the effect of 

lockdowns on hyperglycemia in diabetic patients and their BMI. The relative risk of 

people diagnosed with T2DM adjusted for age, sex, and other variables was obtained 

using logistic regression, following the approach of Ahern et al. (2020). A multivariable 

logistic regression described multiple statistical tests as applicable. This analysis may 
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help to establish the relationship between HbA1c and BMI in patients diagnosed with 

T2DM and identify the risk variables that impact type 2 diabetes using odds ratios, 

likelihood ratios, and 95% confidence interval estimates. Statistical software SPSS 

version 23.0 was used for all the analyses, including odds ratios, likelihood ratios, and 

confidence interval estimates (Mahmood et al., 2022). 

Threats to Validity 

External Validity 

External validity implies the generalizability of study results to other populations, 

settings, and settings beyond the study’s specific context (Cromer et al., 2022). Previous 

studies have shown that external validations accurately predict outcomes related to type 2 

diabetes mellitus (T2DM) and HbA1c levels during the COVID-19 lockdowns 

(Karpińska et al., 2022). However, several threats to external validity in diabetes research 

were considered. Sample selection bias is a common threat to external validity. The 

findings may only be generalizable if the study sample is representative of the larger 

population of individuals with T2DM. For example, in this study, the model included 

only patients with T2DM, which may not apply to patients with type 1 diabetes.  

Data quality and measurement bias are also essential considerations in secondary 

data analysis. Measurement bias may have occurred if the data used in this study was 

collected for a different purpose than the research question being addressed or if there 

were errors in data collection or entry. Contextual bias may have arisen if the perception 

in which the secondary data was collected differed from the current population of interest 

(Elwenspoek et al., 2022). Maturation bias was another concern, as changes in the 
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population over time, such as advancements in medical technology, treatment options, or 

lifestyle, may have impacted the generalizability of the findings of the secondary data 

collected long ago. Publication or reporting bias was also a potential threat to external 

validity. Studies with significant or positive results are more likely to be published than 

those with adverse or null effects, leading to an overrepresentation of specific findings in 

the literature, which could limit the generalizability of the results. 

Internal Validity 

Threats to internal validity may include issues related to data quality, as the 

secondary data source's accuracy and completeness can affect the research's internal 

validity. For example, if the data source contained missing or incorrect data, it could 

impact the study’s findings. Sampling bias was another consideration, as the data used in 

the study should have been representative of the population of interest to enhance internal 

validity. If the data source was not representative, it could introduce bias in this study’s 

findings. Confounding variables, such as age, sex, or comorbidities, can also impact the 

study’s outcomes and have to be controlled in the analysis to ensure internal validity. 

Misclassification bias was another potential concern, as inaccurate or incomplete 

information about the exposure or outcome being studied in the secondary data source 

could lead to bias in the findings. Additionally, the time frame of the secondary data 

source should be appropriate for the diabetes research being conducted, as outdated data 

can affect the internal validity of the study. Data aggregation, or the level of detail at 

which the data is collected, can also impact internal validity (Slocum et al., 2022).  
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Construct validity refers to the degree to which a research study accurately 

measures or assesses the theoretical construct or concept it intends to measure (Ford & 

Scandura, 2018). Threats to construct validity are factors that can undermine the accuracy 

of the measurement of the construct. Ford and Scandura (2018) identified common 

threats to creating reality.  

One potential threat was an inadequate measurement of diabetes, and the 

definition and measurement of diabetes in the secondary data may not have aligned with 

the researcher's conceptualization of the construct. This inconsistency in size could have 

introduced bias and compromised construct validity. Misclassification bias was another 

concern, as the accuracy of the diagnosis of diabetes in the secondary data may be 

questionable, leading to the misclassification of cases and misinterpretation of results. 

Incomplete data was also a potential threat to construct validity, as essential variables or 

data needed to measure diabetes accurately could have been missing in the secondary 

data. This could result in incomplete or biased findings.  

Confounding variables or other variables that may affect the relationship between 

the variables of interest in the secondary data can also compromise construct validity by 

confounding the results and leading to incorrect conclusions.  

Measurement error was another potential threat, as the secondary data may 

contain errors or inaccuracies that could impact the measurement of the diabetes 

variables, leading to flawed findings. Variability in data sources was also a concern, as 

secondary data may have been collected from different sources or at other time points, 

leading to variability in the data and affecting construct validity. Additionally, differences 
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in data collection methods, where the techniques used in the secondary data collection 

needed to align with the researcher's conceptualization of the construct, could have 

introduced inconsistencies and impacted construct validity. 

Ethical Procedures 

As a researcher, I understood the importance of upholding ethical standards when 

utilizing secondary data. I obtained approval from the Walden University Institution 

Review Board (IRB), and several key considerations that were carefully addressed 

include: 

Informed Consent: I ensured that appropriate reported consent procedures were followed 

during the original collection of the data, mainly if the secondary data source contained 

identifiable information about individuals. This involved confirming that consent was 

obtained from individuals or verifying the relevant regulations or ethical guidelines used 

to collect the data. 

Confidentiality  

I took meticulous steps to protect the confidentiality of individuals included in the 

secondary data source. This involved removing any identifying information from the 

data, using de-identified data, or storing the data securely and encrypted to prevent 

unauthorized access or breaches of confidentiality. 

Data Security  

I prioritized data security by implementing applicable technical and 

organizational measures to prevent unofficial access or misuse of secondary data. This 
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included password protection, encryption, secure storage methods, and compliance with 

relevant data protection laws and regulations. 

Fair Use 

 I adhered to the terms of use for the secondary data source and ensured that data 

utilization in this study was consistent with any applicable legal or ethical restrictions. I 

avoided infringing on the rights of individuals or organizations that provided the data. I 

appropriately acknowledged and cited the original data source in any publications or 

outputs resulting from this research. 

Summary 

In this study, I utilized appropriate statistical tests to analyze the data and test the 

hypotheses. Specifically, a multiple linear regression analysis was used to test the 

relationship between HbA1c levels with the predictor variables and explore the impact of 

various factors such as gender, age, sex, ethnicity, occupation, education, healthcare 

insurance, geographic location, and presence of comorbidities on COVID-19 mortality, 

considering potential confounding variables identified in previous studies (Harbuwono et 

al., 2022). 

Furthermore, I conducted a multivariable regression test to obtain the relative risk 

of diagnosis (T2DM) and COVID-19, adjusted for age, sex, and other relevant variables. 

Additionally, I employed multivariable logistic regression to examine the relationship 

between HbA1c and (BMI) in patients diagnosed with T2DM and identify possible risks 

of variables that may be affected by the development of T2DM (Mahmood et al., 2022). 
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To estimate odds ratios, likelihood ratios, and 95% confidence intervals for each 

variable, I used the SPSS software version 29. Chapter 4 of this study provides a detailed 

review of the research question, hypothesis, study results, changes in instrumentation, 

data analysis strategies, data collection, and interpretation of the findings obtained. 
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Chapter 4: Analysis and Presentation of Data 

Medical records from the Ammonoosuc Community Health Services in Littleton, 

New Hampshire, were used. This medical center serves patients in northern New 

Hampshire, a rural region where most of the population living in these areas are mostly 

Whites. The data encompasses 599 adult patients older than 18, consisting of 311 males 

and 288 females previously diagnosed with type 2 diabetes. 

The purpose of this study was to determine the correlation between self-

management effectiveness and diabetes outcomes in people with type 2 diabetes to 

monitor the HbA1c levels in the adult population in the Ammonoosuc Community Health 

Services in northern New Hampshire between December 2018 and December 2022. In 

addition, this study examined the number of diabetic patients who received virtual clinic 

support for self-managing their glucose levels.  

Data Collection 

Data collection from the medical records began on August 21, 2023, at 8:30 am 

and ended on November 7 at 3:00 pm. As described in Chapter 3, the data collection 

started after the approval by IRB and data use agreement required by the Ammonoosuc 

Community Health Services in Littleton, New Hampshire. Data were collected from 599 

patients diagnosed with T2DM living in rural areas in the northern New Hampshire 

region.  

Results 

Multiple linear regression analyses were calculated with the predictor variables: 

telehealth consultations, clinical consultations during lockdowns, physical activity, and 
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healthcare providers. The control variables were age, gender, ethnicity, BMI, education, 

occupation, health insurance, geographic location, and comorbidities such as 

nephropathy, retinopathy, neuropathy, and coronary heart disease.  

Four individual linear regression models were conducted for each year from 2018 

to 2022 because the data for each year was collected separately. These models enabled 

examining the dependent variable change for each subgroup with the independent 

variables. 

Evaluation of Statistical Assumptions 

Preliminary analyses were conducted in all research questions to assess the 

assumptions of multiple linear regression. The assumptions of independence of 

observations, autocorrelation, outliers, normality, linearity, homoscedasticity, and 

multicollinearity were considered. The multiple regression analysis met the 

multicollinearity assumption, given that the tolerance value ranges from 0.635 to 0.999. 

In contrast, the value inflation factor (VIF) ranged from 1.001 to 1.531, indicating that 

this study's multicollinearity assumption was not violated. By comparing means, there 

was significant linearity between HbA1c and BMI p = .008. The HbA1c had a linear 

relationship with BMI. The Shapiro-Wilk tests indicated that the distributions for HbA1c 

levels from 2018 to 2022 were significantly non-normal (W = .87, p < 0.001), HbA1c 

2019 (W = .89, p < 0.001), HbA1c 2020 (W = .90, p < 0.001), HbA1c 2021 (W = .92, p < 

0.001), HbA1c 2022 (W = .91, p < 0.001).   

Before the multiple regression analysis, the outliers, autocorrelation, homoscedasticity, 
and normality assumptions were tested. 
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Research Question 1 

Outliers 

The standardized residual is more significant than ± 3 standard deviations, 

indicating that outliers are shown in the Casewise Diagnostic Table 2.  

Table 2 

Results of the Standardized Residual Showing Outliers 

Case Number 
Standardized. 

Residual 
HbA1c 

Predicted 

Variable 
Residual 

3 3.478 14.00 8.3934 5.60662 
4 3.445 13.20 7.6459 5.55411 

6 3.719 13.70 7.7053 5.99471 
88 3.045 13.10 8.1915 4.90846 
116 3.399 14.00 8.5201 5.47991 

155 3.297 13.20 7.8848 5.31517 
212 3.581 13.60 7.8271 5.77295 

216 3.128 12.80 7.7582 5.04179 
225 3.278 12.90 7.6159 5.28406 

 

Note. Dependent Variable HbA1c Levels. 

The casewise numbers 3, 4, 6, 88, 116, 155, 212, 216, and 225 have identified 

outliers higher than 3 in standardized residuals. The actual concentration value for 

HbA1c is between 12.80 and 14.00; the predicted HbA1c value is between 7.6159 and 

8.5201. These outliers were removed as individuals in this study could have had possible 

underlying clinical complications and were at a very high risk of heart disease. 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c levels. This test detects autocorrelation, a problem when 

running multiple linear regression (Laerd Statistics, 2023). The Durbin-Watson statistic 
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for this study’s data was 1.948. The Durbin-Watson can range from 0 to 4. This value is 

approximately 2, indicating no correlation between residuals seen in Table 3. 

Table 3 

Observation Using the Durbin-Watson Test for Research Question 1, 2018 

Model R R2 Adjusted R2 
Std Error of 
the Estimate 

Durbin-
Watson 

1 . 189a .036 .000 1.190 1.048 

 

Note. Dependent Variable HbA1c Levels (2018). 

The assumption of normality was not violated. The histogram below shows that 

the standardized residuals appear to be approximately normally distributed (see Appendix 

1). 

The normal P-P plot in Appendix 2 is aligned along the diagonal line and is close 

enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 3). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2019). This test detects autocorrelation, a problem when 

running multiple linear regression (Laerd Statistics, 2023). The Durbin-Watson statistic 
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for this study’s data was 1.896. The Durbin-Watson can range from 0 to 4. This value is 

approximately 2, indicating no correlation between residuals seen in Table 4. 

Table 4 

Observation Using the Durbin-Watson Test for Research Question 1, 2019 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 163a .027 .009 1.140 1.896 

 

Note. Dependent Variable HbA1c Levels (2019). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 4). 

The normal P-P plot in Appendix 5 is aligned along the diagonal line and is close 

enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 6). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2020). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 

2.140. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023).  This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 5. 
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Table 5 

Observation Using the Durbin-Watson Test for Research Question 1, 2020 

Model R R2 Adjusted R2 
Standard 

error of the 

estimate 

Durbin-

Watson 

1 . 210a .040 .005 1.195 2.140 

 

Note. Dependent Variable HbA1c Levels (2020). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 7). 

The normal P-P plot in Appendix 8 is aligned along the diagonal line and is close 

enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 9). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2021). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 

2.140. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 6. 
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Table 6 

Observation Using the Durbin-Watson Test for Research Question 1, 2021 

Model R R2 Adjusted R2 
Standard 

error of the 

estimate 

Durbin-

Watson 

1 . 232a .054 .019 1.174 2.050 

 

Note. Dependent Variable HbA1c Levels (2021). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

10). 

 The normal P-P plot in Appendix 11 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 12). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2022). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 

2.083. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 7. 
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Table 7 

Observation Using the Durbin-Watson Test for Research Question 1, 2022 

Model R R2 Adjusted R2 
Standard 

error of the 

estimate 

Durbin-

Watson 

1 . 226a .051 .015 1.125 2.083 

 

Note. Dependent Variable HbA1c Levels (2022). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (See Appendix 

13). 

The normal P-P plot in Appendix 14 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 15). 

Research Question 2 

The assumption of outliers was not violated. 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2018). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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1.931. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

approximately 2, indicating no correlation between residuals seen in Table 8.  

Table 8 

Observation Using the Durbin-Watson Test for Research Question 1, 2018 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 171a .029 -.007 1.195 1.931 

 

Note. Dependent Variable HbA1c Levels (2018). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

16). 

The normal P-P plot in Appendix 17 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 18). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2019). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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1.887. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

approximately 2, indicating no correlation between residuals in Table 9. 

Table 9 

Observation Using the Durbin-Watson Test for Research Question 1, 2019 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 167a .028 -.028 1.139 1.887 

 

Note. Dependent Variable HbA1c Levels (2019). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

19). 

The normal P-P plot in Appendix 20 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 21). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2020). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.130. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 10. 

Table 10 

Observation Using the Durbin-Watson Test for Research Question 1, 2020 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 209a .044 .009 1.193 2.130 

 

Note. Dependent Variable HbA1c Levels (2020). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

22). 

The normal P-P plot in Appendix 23 is aligned along the diagonal line and is close enough 

to indicate that the residuals are approximately normally distributed (Laerd Statistics, 

2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 24). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2021). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.140. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 11. 

Table 11 

Observation Using the Durbin-Watson Test for Research Question 1, 2021 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 237a .056 .022 1.172 2.046 

 

Note. Dependent Variable HbA1c Levels (2021). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

25). 

The normal P-P plot in Appendix 26 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 27). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c of 2022. This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.080. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 12. 

Table 12 

Observation Using the Durbin-Watson Test for Research Question 1, 2022 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 . 233a .054 .019 1.123 2.080 

 

Note. Dependent Variable HbA1c Levels (2022). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (See Appendix 

28). 

The normal P-P plot in Appendix 29 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 30). 

Research Question 3 

The assumption of outliers was not violated. 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2018). This test detects autocorrelation, a problem when 
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running multiple linear regression. The Durbin-Watson statistic for this study’s data was 

1.951. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

approximately 2, indicating no correlation between residuals seen in Table 13. 

Table 13 

Observation Using the Durbin-Watson Test for Research Question 1, 2018 

Model R R2 Adjusted R2 

Standard 

error of the 
estimate 

Durbin-
Watson 

1 .131a .036 -.002 1.192 1.951 

 

Note. Dependent Variable HbA1c Levels (2018). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

31). 

The normal P-P plot in Appendix 32 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 33). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2019). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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1.896. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023).  This value is 

approximately 2, indicating no correlation between residuals seen in Table 14. 

Table 14 

Observation Using the Durbin-Watson Test for Research Question 1, 2019 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .165a .027 -.011 1.141 1.896 

 

Note. Dependent Variable HbA1c Levels (2019). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

34). 

The normal P-P plot in Appendix 35  is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 36). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2020). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.142. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 15. 

Table 15 

Observation Using the Durbin-Watson Test for Research Question 1, 2020 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .202a .041 .003 1.196 2.142 

 

Note. Dependent Variable HbA1c Levels (2020). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

37). 

The normal P-P plot in Appendix 38 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 39). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2021). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.050. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 16. 

Table 16 

Observation Using the Durbin-Watson Test for Research Question 1, 2021 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .233a .054 .017 1.175 2.050 

 

Note. Dependent Variable HbA1c Levels (2021). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (See Appendix 

40). 

The normal P-P plot in Appendix 41 is aligned along the diagonal line and is close 

enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 42). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2022). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data is 
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2.082. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 17. 

Table 17 

Observation Using the Durbin-Watson Test for Research Question 1, 2022 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .233a .054 .017 1.124 2.082 

 

Note. Dependent Variable HbA1c Levels (2022). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

43). 

The normal P-P plot in Appendix 44 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 45). 

Research Question 4 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2018). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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1.953. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

approximately 2, indicating no correlation between residuals seen in Table 18. 

Table 18 

Observation Using the Durbin-Watson Test for Research Question 1, 2018 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .193a .037 -.006 1.194 1.953 

 

Note. Dependent Variable HbA1c Levels (2018). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

46). 

The normal P-P plot in Appendix 47 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 48). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c of 2019. This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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1.888. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

approximately 2, indicating no correlation between residuals seen in Table 19. 

Table 19 

Observation Using the Durbin-Watson Test for Research Question 1, 2019 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .188a .036 .007 1.139 1.888 

 

Note. Dependent Variable HbA1c Levels (2019). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

49). 

The normal P-P plot in Appendix 50 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 51). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2020). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.136. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 20. 

Table 20 

Observation Using the Durbin-Watson Test for Research Question 1, 2020 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .214a .046 .004 1.196 2.136 

 

Note. Dependent Variable HbA1c Levels (2020). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

52). 

The normal P-P plot in Appendix 53 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity is met (see Appendix 54). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2021). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.050. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 21. 

Table 21 

Observation Using the Durbin-Watson Test for Research Question 1, 2021 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .243a .059 .018 1.175 2.050 

 

Note. Dependent Variable HbA1c Levels (2021). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed (see Appendix 

55). 

The normal P-P plot in Appendix 56 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 57). 

I assessed the independence of observations using the Durbin-Watson test with 

dependent variables HbA1c (2022). This test detects autocorrelation, a problem when 

running multiple linear regression. The Durbin-Watson statistic for this study’s data was 
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2.082. The Durbin-Watson can range from 0 to 4 (Laerd Statistics, 2023). This value is 

slightly higher than 2, indicating no correlation between residuals seen in Table 22. 

Table 22 

Observation Using the Durbin-Watson Test for Research Question 1, 2022 

Model R R2 Adjusted R2 
Standard 

error of the 
estimate 

Durbin-
Watson 

1 .243a .059 .017 1.124 2.082 

 

Note. Dependent Variable HbA1c Levels (2022). 

The assumption of normality was not violated. The histogram shows that the 

standardized residuals appear to be approximately normally distributed  (see Appendix 

58). 

The normal P-P plot in Appendix 59 is aligned along the diagonal line and is 

close enough to indicate that the residuals are approximately normally distributed (Laerd 

Statistics, 2023).  

Homoscedasticity 

This assumption indicates that the variance of errors (residuals) is constant across 

all the independent variable values and is approximately constantly spread; the residuals 

follow the standard probability distributions (Lind et al., 2018). The assumption of 

homoscedasticity was met (see Appendix 60). 

Multiple Linear Regression Analyses  

Research Question 1 

To Approach Research Question 1: Is there a relationship between glycosylated 

hemoglobin (HbA1c) levels and the use of telehealth consultations between December 
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2018 and December 2022 in patients diagnosed with T2DM in northern New Hampshire, 

controlling gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities?  

A multiple linear regression analysis was conducted to evaluate the prediction of 

glycosylated hemoglobin (HbA1c) levels from telehealth consultations, gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of comorbidities.  

Four individual linear regression models were conducted for each year from 2018 

to 2022 because the data for each year were collected separately. These models enabled 

examining the dependent variable change for each subgroup with the independent 

variables. 

 Research Question 1a Year 2018 (Model 1): Is there a relationship between 

HbA1c levels and telehealth consultations during 2018 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for age and gender? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

age (year-continuous), and gender: baseline: (male, dichotomous). 

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .107) and gender (p = .827) were not statistically significant because 

the p-values were above .05. Based on this model, telehealth consultations and gender did 

not appear to have a substantial impact on HbA1c levels in 2018. However, the multiple 

linear regression analysis results revealed a statistically significant association with age 
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(B = -.012, 95% CI (-.023, -.000) p = .041), which meant that with each additional year of 

age, the HbA1c decreased by approximately .012. The R2 value of .012 associated with 

this regression model suggested that age accounted for .012 of the variation in HbA1c 

levels, which meant 98.2% of the variation in HbA1c levels. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. 

 A multiple regression analysis by Sakai et al. (2022) demonstrated that in men 

with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability is known to be a risk factor for mortality in people with diabetes more in men 

than in women. Further studies are needed to identify a system that can aid men who live 

alone in controlling glycemic levels. Syed et al. (2022) revealed that socioeconomic 

factors, mainly employment, education level, family history, marital status, years of 

diabetes, smoking, and alcohol consumption, were considered the root cause of the 

disease process in diabetics. These results explain the potentially significant covariates 

not included in the model. Sakai et al. demonstrated that adjusting for potential 

cofounders, lifestyle-related factors, including alcohol abuse, smoking, sedentary 

lifestyles, eating habits, financial worry, emotional health, and mental health, were 

associated with multiple lifelong conditions for people with diabetes who could modify 
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the variability of HbA1c levels. These results serve as a reference for future studies. In 

the current study, the confidence interval associated with the regression analysis did not 

contain 0, which means the null hypothesis was rejected. The null hypothesis that there 

was no relationship between glycosylated hemoglobin levels (HbA1c) and the use of 

telehealth in patients with T2DM between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient’s gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities, was rejected (see Table 23). Similar results were found for age in Model 2.  

Table 23 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1a, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

1 

(Constant) 

Telehealth C. 
Age 
Gender 

8.263 

.215 
-.012 
-.029 

 

.068 
-.086 
-.009 

<.001 

  .107 
  .041 
  .827 

7.518 

-.046 
-.023 
-.290 

9.008 

  .476 
  .000 
  .232 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

and gender. 

 Research Question 1b Year 2018 (Model 2): Is there a relationship between 

HbA1c levels and telehealth consultations during 2018 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for patient demographics and factors (gender, 

age, BMI? 
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For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), and 

ethnicity (absolute). The population analyzed was predominantly White, with only 2% of 

non-Whites living in rural areas. 

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .107) and gender (p = .907) were not statistically significant because 

the p-values were above .05. Based on this model, telehealth consultations and gender did 

not appear to have a substantial impact on HbA1c levels in 2018. However, the results of 

the multiple linear regression analysis revealed a statistically significant association with 

(BMI p <.001) and age (p = .003). When controlling for BMI, the regression coefficient 

(B = -.029, 95% CI (-.044, -.013) p < .001) associated with age suggested that with each 

additional unit of BMI, the HbA1c level decreased by approximately .029. The R2 value 

of 0.035 related to this regression model suggested that BMI accounted for 3.5% of the 

variation in HbA1c levels, meaning that BMI alone could not explain 96.5% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 
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women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. In 

the current study, the confidence interval associated with the regression analysis d id not 

contain 0, which means the rejection of the null hypothesis. The null hypothesis that there 

was no relationship between glycosylated hemoglobin levels (HbA1c) and the use of 

telehealth in patients with T2DM between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient’s gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities, was rejected. No relationship existed between age, BMI, and HbA1c 

levels (see Table 24). Similar results were found for Age in Model 3. 
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Table 24 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1b, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Telehealth C.     

Age 
Gender 
BMI (2018 

9.900 
.212 

-.019 
.016 
-.029 

 
.067 

-.136 
.005 
-.152 

<.001 
  .107 

  .003 
  .907 
<.001 

8.640 
-.047 

-.031 
-.246 
-.044 

11.160 
    .471 

   -.006 
    .277 
   -.013 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, and BMI (2018) 

 Research Question 1c Year 2018 (Model 3): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2018 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, BMI, 

ethnicity, education, occupation, health insurance, and geographic location? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, and geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (p = .104), gender (p = .834), education (p = .143), occupation (p = .593), 

health insurance (p = .480), and geographic location (p = .702) were not statistically 

significant because the p-values were above the .05. Based on this model, telehealth 
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consultations, gender, education, occupation, health insurance, and geographic location 

did not appear to have a significant impact on HbA1c levels in 2018. However, the 

results of the multiple linear regression analysis revealed a statistically significant 

association between BMI (p <.001) and age (p = .018). The statistical significance with 

age (B = -.015, 95% C.I. (-.029, -.002) p = .028) meant the HbA1c levels decreased by 

approximately .015 with each additional year of age. The R2 value of 0.040 associated 

with this regression model suggested that age and BMI account for 4.0% of the variation 

in HbA1c levels, which meant that 96.0% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 
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cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval results associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected.  No relationship 

existed between age, BMI, and HbA1c levels (see Table 25). Similar results were found 

for BMI, as discussed in Model 4. 
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Table 25 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1c, Year 2018  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

3 

(Constant) 
Telehealth C. 

Age 
Gender. 
BMI (2018) 

Education 
Occupation 

Health Ins. 
Geographic L. 

9.995 
.215 

-.015 
.028 
-.028 

-.109 
-.086 

-.121 
-.602 

 
.068 

-.112 
.009 
-.152 

-.064 
-.027 

-.036 
-.016 

<.001 
  .104 

  .028 
  .834 
<.001 

  .143 
  .593 

  .480 
  .702 

8.711 
-.044 

-.029 
-.236 
-.044 

-.256 
-.403 

-.455 
-3.696 

11.258 
    .474 

  -.002 
   .292 
  -.013 

   .037 
   .230 

   .214 
 2.492 

 

Note.  Dependent variable HbA1c Levels for the Year of 2018. The Control variables are 

age, gender, BMI (2018), education, occupation, health insurance, and geographic 

location. 

 Research Question 1d Year 2018 (Model 4): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2018 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities specified as retinopathy, neuropathy, nephropathy, and coronary 

heart disease? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 
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education, occupation, geographic location, and neuropathy, retinopathy, nephropathy, 

and coronary heart disease are categorical variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (p = .108), gender (p = .715), education (p = .155), occupation (p = 525), 

health insurance (p = .420), geographic location (p = .719), retinopathy (p = .949), 

neuropathy (p = .442), and coronary heart disease (p = .211) were not statistically 

significant because the p-values were above the .05. Based on this model, telehealth 

consultations, gender, education, occupation, health insurance, geographic location, and 

comorbidities such as neuropathy, nephropathy, retinopathy, and coronary heart disease 

did not appear to have a significant impact on HbA1c levels in 2018. However, the 

results of the multiple linear regression analysis revealed a statistically significant 

association between BMI (p < .001) and Age (p = .020). When controlling for BMI, the 

regression coefficient (B = -.029, 95% CI (-.217, .316) p < .001) associated with age 

suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .0.29. The R2 value of 0.044 related to this regression model suggested 

that age and BMI accounted for 4.4% of the variation in HbA1c levels, which meant that 

96.6% of the variation in BMI could not be explained by age and BMI alone. Age alone 

did not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 
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not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study shows that HbA1c variability is known to 

be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. (2022) 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no relationship between glycosylated 

hemoglobin levels (HbA1c) and the use of telehealth in patients with T2DM between 

December 2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location and presence of other comorbidities) was rejected.  
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No relationship existed between age, BMI, and HbA1c levels (see Table 26). Similar 

results were found for age in Model 1, 2019. 

Table 26 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1d, Year 2018  

Model Variables 
Unstandardized 

B 

Standardized 

Coefficients p-

Values. 

95% confidence 

Interval B 

B 
Lower 
Bound 

Upper 
Bound 

4 

(Constant) 

Telehealth C. 

Age 

Gender 

BMI (2018) 

Nephropathy S  

Education 

Occupations 

Health Ins.  

Geographic L  

Retinopathy 

Neuropathy 

Coronary HD. 

9.972 

  .213 

-.016 

 .050 

-.029 

-.002 

-.106 

-.103 

-.140 

-.568 

-.009 

 .111 

 .195 

 

 .067 

-.119 

 .016 

-.155 

-.037 

-.062 

-.032 

-.042 

-.015 

-.003 

 .033 

 .054 

<.001 

  .108 

  .020 

  .715 

<.001 

  .419 

  .155 

  .525 

  .420 

  .719 

  .949 

  .442 

  .211 

8.690 

-.047 

-.030 

-.217 

-.045 

-.008 

-.253 

-.421 

-.480 

-3.665 

-.284 

-.172 

-.111 

11.254 

   .472 

 -.003 

  .316 

 -.013 

  .003 

  .040 

  .215 

  .200 

2.529 

  .266 

  .393 

  .501 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, BMI (2018), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2. 
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RQ1 Summary 

RQ1: Year 2018 

The multiple linear regression analysis 2018 results revealed a statistically 

significant relationship between age, BMI, and HbA1c levels across all four models. Age 

and BMI accounted for only a small percentage (1.2% to 4.4%) of the variation in HbA1c 

levels, with the remaining percentage (95.6% to 98.8%) unexplained by the model 

variables. The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. 

Research Question 1a Year 2019 (Model 1): Is there a relationship between 

HbA1c levels and telehealth consultations during 2019 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for age and gender?  

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), Telehealth consultations (categorical yes/no), 

age (year-continuous), and gender (baseline: male, dichotomous). The populations 

analyzed were predominantly White, with only 2% of non-Whites living in rural areas in 

northern New Hampshire. 

The multiple linear regression analysis results revealed that gender (p = .608) was 

not statistically significant because the p-value was above .05. Based on this model, 

gender did not appear to impact HbA1c levels in 2019 substantially. However, the 

multiple linear regression analysis revealed a statistically significant association between 
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telehealth consultations (p =.008) and age (p = .002). The statistical association with age 

(B = -.018, 95% CI (-.029, -.007) p = .002) meant that the HbA1c levels decreased by 

approximately .018 with each additional year of Age. The R2 value of .029 associated 

with this regression model suggested that age accounted for .029 of the variation in 

HbA1c levels, which meant that 97.1% of the variation in HbA1c levels could not be 

explained by age and telehealth consultations alone. Age alone did not explain much of 

the variation in HbA1c levels, suggesting that a more complex model might be necessary 

to predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 
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sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities), was rejected. No relationship 

existed between age, BMI, and HbA1c levels (see Table 27). Similar results were found 

for Telehealth consultations discussed in model 2. 

Table 27 

Regression Model of the Relationship Between Telehealth Consultations and HbA1c 

Levels for Research Question 1a, Year 2019  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

1 

(Constant) 

Telehealth 
Age 

Gender 

8.612 

  .348 
-.018 

-.067 

 

 .109 
-.127 

-.021 

<.001 

  .008 
  .002 

  .608 

7.873 

  .091 
-.029 

-.324 

9.351 

  .605 
-.007 

 .190 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

and gender.  
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 Research Question 1b Year 2019 (Model 2): Is there a relationship between 

HbA1a levels and telehealth consultations during the year 2019 in patients diagnosed 

with T2DM in northern New Hampshire, controlling for telehealth consultations, gender, 

age, and BMI? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), and 

ethnicity (absolute).  

The multiple linear regression analysis results revealed that gender (p = .859) was 

not statistically significant because the p-value was above .05. Based on this model, 

gender did not appear to impact HbA1c levels in 2019 substantially.  However, the results 

of the multiple linear regression analysis revealed a statistically significant association 

between telehealth consultations (p = .009), age (p <.001), and BMI (p = .003). When 

controlling for BMI, the regression coefficient (B = -.023, 95% CI (-.039, -.008) p = .002) 

associated with age and telehealth consultations suggested that with each additional unit 

of BMI, the HbA1c levels decreased by approximately .023. The R2 value of .043 

associated with this regression model suggested that the BMI accounted for .043 of the 

variation in HbA1c levels, meaning telehealth consultations, age, and BMI alone could 

not explain 95.7% of the variation in HbA1c levels. Age alone did not explain much of 

the variation in HbA1c levels, suggesting that a more complex model might be necessary 

to predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 
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(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 
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geographic location and presence of other comorbidities) was rejected.  There was no 

relationship between Age, BMI, Telehealth consultations, and HbA1c levels (see Table 

28). Similar results were found for telehealth consultations, and age was discussed in 

mode 3.  

Table 28 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1b, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 
Telehealth C 

Age 
Gender 

BMI (2019) 

9.688 
 .340 

-.022 
-.023 

-.023 

 
 .106 

-.155 
-.007 

-.124 

<.001 
  .009 

<.001 
  .859 

  .003 

8.439 
 .084 

-.034 
-.281 

-.039 

10.938 
  .596 

 -.009 
  .235 

 -.008 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

gender, ethnicity, and BMI (2019). 

Research Question 1c Year 2019 (Model 3): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2019 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, BMI, 

ethnicity, education, occupation, health insurance, occupation, and geographic location? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, and geographic location (categorical) variables. 
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The results of the multiple linear regression analysis revealed gender (p = .879), 

nephropathy stages (p = .846), education (p = .343), occupation (p = .375), Health 

Insurance (p = .425), and geographic location (p = .309) were not statistically significant 

because the p-values were above the .05. Based on this model, gender, education, 

occupation, health insurance, geographic location, and neuropathy stages did not appear 

to have a significant impact on HbA1c levels in 2019. However, the results of the 

multiple linear regression analysis revealed a statistically significant association between 

telehealth consultations (p = .008), Age (p = .013), and BMI (p = .004). The statistical 

significance with telehealth consultations (B = .346, 95% CI (.090, .603) p = .008) 

associated with age and BMI suggested that the HbA1c levels increased by 

approximately .346 with each additional virtual healthcare service. The R2 value of .048 

associated with this regression model suggested that the telehealth consultations, age, and 

BMI accounted for .048 of the variation in HbA1c levels, which meant that telehealth 

consultations, age, and BMI alone could not explain 95.2% of the variation in HbA1c 

levels. Age alone did not explain much of the variation in HbA1c levels, suggesting that a 

more complex model might be necessary to predict HbA1c levels accurately. This could 

lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 
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to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no relationship between Glycosylated 

hemoglobin levels (HbA1c) and the use of telehealth in patients with T2DM between 

December 2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location and presence of other comorbidities), was rejected.  

There was no relationship between age, BMI, telehealth consultations, and HbA1c levels 

(see Table 29). Similar results were found for age and BMI, discussed in Model 4.  
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Table 29 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1c, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Telehealth C. 

Age 
Gender 
Nephropathy S 

BMI (2019) 
Education 

Occupation 
Health Ins 
Geographic L. 

9.717 
 .346 

-.017 
-.020 
-.001 

-.023 
-.070 

-.141 
-.135 
-.309 

 
 .108 

-.124 
-.006 
-.009 

-.123 
-.041 

-.044 
-.040 
-.008 

<.001 
  .008 

  .013 
  .879 
  .846 

  .004 
  .343 

  .375 
  .425 
  .845 

8.452 
  .090 

 -.031 
 -.280 
 -.006 

 -.039 
 -.214 

 -.453 
 -.468 
-3.412 

10.981 
    .603 

   -.004 
    .240 
   -.005 

   -.008 
    .074 

    .171 
    .197 
   2.790 

 

Note.  Dependent variable HbA1c Levels for the Year 2018. The Control variables are 

age, gender, BMI (2019), education, occupation, health insurance, and geographic 

location. 

Research Question 1d Year 2019 (Model 4): Is there a relationship between 

HbA1c levels and the use of Telehealth consultations during the year 2019 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, healthcare insurance, BMI, geographic location, and presence of 

other comorbidities specified as retinopathy, neuropathy, nephropathy, and coronary 

heart disease? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 
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gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, geographic location, and comorbidities were categorical variables. 

The results of the multiple linear regression analysis revealed gender (p = .964), 

nephropathy stages (p = .882), education (p = .362), occupation (p = .368), health 

insurance (p = .356), geographic location (p = .868), retinopathy (p = .525), neuropathy 

(p = .587), and coronary heart disease (p = .591) were not statistically significant because 

the p-values were above the .05. Based on this model, gender, education, occupation, 

health insurance, geographic location, and comorbidities such as neuropathy, 

nephropathy, retinopathy, and coronary heart disease did not appear to have a significant 

impact on HbA1c levels in 2019. However, the results of the multiple linear regression 

analysis revealed a statistically significant association between telehealth consultations (p 

= .009), age (p = .012), and BMI (p = .004). The statistical significance associated with 

age (p = .012) (B = -.018, 95% CI (-.032, -.004) p = .012) meant that with each additional 

year of age, the HbA1c levels decreased by approximately .018. The R2 value of .050 

associated with this regression model suggested that age accounted for .050 of the 

variation in HbA1c levels, which meant that age, BMI, and telehealth consultations alone 

could not explain 95.0% of the variation in HbA1c levels. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 
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alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 

live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis that there was no relationship between Glycosylated hemoglobin 

levels (HbA1c) and the use of telehealth in patients with T2DM between December 2018 

and December 2022 in northern New Hampshire, controlling for patient demographics 

and factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities, was rejected.  There was no 



118 

 

relationship between age, BMI, telehealth consultations, and HbA1c levels (see Table 

30). Similar results were found for age, as discussed in Model 1, 2020.  

Table 30 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1d, Year 2019  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

4 

(Constant) 

Telehealth C. 
Age 

Gender 
Nephropathy S 
BMI (2019) 

Education 
Occupations 

Health Ins. 
Geographic L. 
Retinopathy 

Neuropathy 
CHD. 

9.662 

  .344 
 -.018 

 -.006 
  .000 
 -.023 

 -.067 
 -.144 

 -.159 
 -.263 
  .088 

  .078 
  .083 

 

 .108 
-.127 

-.002 
-.007 
-.122 

-.039 
-.045 

-.048 
-.007 
 .026 

 .023 
 .023 

<.001 

  .009 
  .012 

  .964 
  .882 
  .004 

  .362 
  .368 

  .356 
  .868 
  .525 

  .587 
  .591 

8.389 

  .087 
-.032 

-.269 
-.006 
-.039 

-.212 
-.457 

-.497 
-3.373 
-.185 

-.203 
-.220 

10.934 

    .601 
   -.004 

    .257 
    .005 
    .007 

    .077 
    .170 

    .179 
  2.846 
    .361 

    .358 
    .386 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, BMI (2018), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2. 

RQ1: Year 2019 

The results of the multiple linear regression analysis for 2019 revealed a 

statistically significant relationship between age and BMI with HbA1c levels across all 

four models. Telehealth consultations showed the statistical significance of the 

relationship between HbA1c levels in Models 2 and 3. Age, BMI, and telehealth 
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consultations accounted for only a small percentage (2.9% to 5.0%) of the variation in 

HbA1c levels, with the remaining percentage (95.0% to 97.1%) unexplained by the 

variables in the models. The variables gender, education, occupation, health insurance, 

telehealth consultations, geographical location, and comorbidities (retinopathy, 

nephropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Research Question 1a Year 2020 (Model 1): Is there a relationship between 

HbA1c levels and telehealth consultations during the year 2020 in patients diagnosed 

with T2DM in northern New Hampshire, controlling for age and gender? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

variables gender (baseline: male, dichotomous), and age (year-continuous). 

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .613) and gender (p = .386) were not statistically significant because 

the p-values were above .05. Based on this model, telehealth consultations and gender did 

not appear to have a significant impact on HbA1c levels in 2020.  However, the results of 

the multiple linear regression analysis revealed a statistically significant association with 

age (.045) (B = -.012, 95% CI (-.02, .000) p = .045), which meant that with each 

additional year of age, the HbA1c levels decreased by approximately .012. The R2 value 

of .009 associated with this regression model suggested that age accounted for .009 of the 

variation in HbA1c levels, which meant that 99.1% of the variation in HbA1c levels 

could not be explained by age alone. Age alone did not explain much of the variation in 



120 

 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. (2022) demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis was that there was no relationship between glycosylated hemoglobin 
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levels (HbA1c) and the use of telehealth in patients with T2DM between December 2018 

and December 2022 in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location and presence of 

other comorbidities, was rejected.  There was no relationship between age and HbA1c 

levels (see Table 31). Similar results were found for age and BMI, discussed in Model 2. 

Table 31 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1a, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Telehealth C 

Age 
Gender 

8.529 
  .069 

-.012 
-.117 

 
 .021 

-.083 
-.036 

<.001 
  .613 

  .045 
  .386 

7.764 
-.197 

-.024 
-.383 

9.294 
  .335 

  .000 
  .148 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age 

and gender. 

Research Question 1b Year 2020 (Model 2): Is there a relationship between 

HbA1c levels and telehealth consultations during the year 2020 in patients diagnosed 

with T2DM in northern New Hampshire, controlling for age, gender, and BMI? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), and 

ethnicity (absolute).  
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The results of the multiple linear regression analysis revealed that telehealth 

consultations (.612) and gender (p = .459) were not statistically significant because the p-

value was above .05. Based on this model, telehealth consultations and gender did not 

appear to have a significant impact on HbA1c levels in 2020.  However, the multiple 

linear regression analysis revealed a statistically significant association between age (p = 

.009) and BMI (p = .030). When controlling BMI, the regression coefficient (B = -.018, 

95% CI (-.034, -.002) p = .030) associated with age suggested that with each additional 

unit of BMI, the HbA1c levels decreased by approximately .018. The R2 value of .018 

related to this regression model suggested that age and BMI accounted for .018 of the 

variation in HbA1c levels, which meant that 98.2% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study shows that HbA1c variability is known to be a risk factor for mortality in people 

with diabetes more in men than in women, as women could cook for themselves. Further 

studies are needed to identify a system that can aid men who live alone in controlling 

glycemic levels. Study findings by Syed et al. (2022) revealed that socio-economic 
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factors, mainly employment, education level, family history, marital status, years of 

having diabetes, smoking, and alcohol consumption, were considered the root cause of 

the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient’s gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location and 

presence of other comorbidities, was rejected.  There was no relationship between age, 

BMI, and HbA1c levels (see Table 32). Similar results were found for the age discussed 

in Model 3.  
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Table 32 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1b, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Telehealth C 

Age 
Gender 
BMI (2020) 

9.681 
  .068 

-.017 
-.101 
-.018 

 
 .021 

-.119 
-.031 
-.093 

<.001 
  .612 

  .009 
  .459 
  .030 

8.380 
  .197 

 -.030 
 -.368 
 -.034 

10.982 
    .334 

   -.004 
    .167 
   -.002 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, ethnicity, and BMI (2020). 

Research Question 1c Year 2020 (Model 3): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2020 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for age, gender, BMI 

(2020), education, occupation, health insurance, and geographic location?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, and geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (.601), gender (p = .552), education (p = .081), occupation (p = .699), 

health insurance (p = .606), and geographic location (p = .500) were not statistically 

significant because the p-values were above .05. Based on this model, telehealth 
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consultations, gender, education, occupation, health insurance, and geographic location 

did not appear to have a significant impact on HbA1c levels in 2020.  However, the 

results of the multiple linear regression analysis revealed a statistically significant 

association between age (p = .046) and BMI (p = .028), (B = .007, 95% CI (-.029, .000) p 

= .046), which meant that with each additional year of age, the HbA1c levels increased 

by approximately .007. The R2 value of .024 associated with this regression model 

suggested that age and BMI accounted for .024 of the variation in HbA1c levels, which 

meant that 97.6% of the variation in HbA1c levels could not be explained by age and 

BMI alone. Age alone did not explain much of the variation in HbA1c levels, suggesting 

that a more complex model might be necessary to predict HbA1c levels accurately. This 

could lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 
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potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no relationship between glycosylated 

hemoglobin levels (HbA1c) and the use of telehealth in patients with T2DM between 

December 2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location and presence of other comorbidities), was rejected. 

That is, there was no relationship between age and HbA1c levels (see Table 33). Similar 

results were found for BMI, as discussed in Model 4.  
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Table 33 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1c, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Telehealth C. 

Age 
Gender 
BMI (2020) 

Education 
Occupation 

Health Ins. 
Geographic L. 

9.806 
  .071 

-.014 
-.082 
-.018 

-.134 
-.063 

-.090 
-1.108 

 
  .022 

-.101 
-.025 
-.094 

-.076 
-.019 

-.026 
-.028 

<.001 
.601 

.046 

.552 

.028 

.081 

.699 

.606 

.500 

8.492 
-.195 

-.029 
-.352 
-.034 

-.284 
-.385 

-.435 
-4.334 

11.119 
    .337 

    .000 
    .188 
   -.002 

    .016 
    .259 

    .254 
  2.118 

 

Note.  Dependent variable HbA1c Levels for the Year 2020. The Control variables are 

age, gender, BMI (2020), education, occupation, health insurance, and geographic 

location. 

Research Question 1d Year 2020 (Model 4): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2020 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for age, gender, BMI 

(2020), education, occupation, health insurance, geographic location, and comorbidities 

such as retinopathy, neuropathy, nephropathy stages, and coronary heart disease? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, geographic location, and comorbidities were categorical variables. 
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The results of the multiple linear regression analysis revealed telehealth 

consultations (p = .614), Gender (p = .693), nephropathy stages (p = .462), education (p = 

.081), occupation (p = .660), health insurance (p = .456), geographic location (p = .523), 

retinopathy (p = .715), neuropathy (p = .161), and coronary heart disease (p = .597) were 

not statistically significant because the p-values were above .05. Based on this model, 

telehealth consultations, gender, education, occupation, health insurance, geographic 

location, and comorbidities such as neuropathy, nephropathy stages, retinopathy, and 

coronary heart disease did not appear to have a significant impact on HbA1c levels in 

2020.  However, the results of the multiple linear regression analysis revealed a 

statistically significant association between BMI (p = .027) and Age (. 042) (B = -.018, 

95% CI (-.029, -.004) p = -.001), which meant that with each additional year of age, the 

HbA1c levels decreased by approximately .018. The R2 value of .029 associated with this 

regression model suggested that age and BMI accounted for .029 of the variation in 

HbA1c levels, which meant that 97.1% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 
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study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis was that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities), was rejected.  There was no 

relationship between age, BMI, and HbA1c levels (see Table 34).  
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Table 34 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1d, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Telehealth C. 

Age 
Gender 
Nephropathy S 

BMI (2020) 
Education 

Occupation 
Health Ins. 
Geographic L 

Retinopathy 
Neuropathy 

CHD. 

9.740 
  .068 

-.015 
-.055 
-.002 

-.018 
-.134 

-.072 
-.132 
-1.050 

 .052 
 .207 

 .084 

 
.021 

-.104 
-.017 
-.034 

-.095 
-.076 

-.022 
-.038 
-.026 

.015 

.060 

.023 

<.001 
.614 

.042 

.693 

.462 

.027 

.081 

.660 

.456 

.523 

.715 

.161 

.597 

8.420 
-.197 

-.029 
-.326 
-.008 

-.034 
-.284 

-.396 
-.482 
-4.278 

-.230 
-.083 

-.229 

11.061 
.334 

-.001 
.217 
.004 

.003 

.017 

.251 

.217 
2.178 

.335 

.497 

.398 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, ethnicity, BMI (2020), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2. 

RQ1: Year 2020 

The multiple linear regression analysis results for 2020 revealed a statistically 

significant relationship between Age and BMI with HbA1c levels across all four models. 

Age and BMI accounted for only a small percentage (0.9% to 2.9%) of the variation in 

HbA1c levels, with the remaining percentage (97.1% to 99.1%) unexplained by the 

variables in the models. The variables gender, education, occupation, health insurance, 
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telehealth consultations, geographical location, retinopathy, nephropathy, and coronary 

heart disease were not statistically significant predictors. 

Research Question 1a Year 2021 (Model 1): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2021 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for age and gender? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous). 

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .805), Age (p = .234), and gender (p = .292) were not statistically 

significant because the p-values were above .05. Based on this model, telehealth 

consultations, age, and gender did not significantly impact HbA1c levels in 2021 (see 

Table 35).   
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Table 35 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1a, Year 2021  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

1 

(Constant) 
Telehealth C. 

Age 
Gender 

8.274 
  .033 

-.007 
-.140 

 
 .010 

-.049 
-.044 

<.001 
.805 

.234 

.292 

7.522 
-.228 

-.018 
-.401 

9.026 
  .294 

  .005 
  .121 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

and gender.  

Research Question 1b Year 2021 (Model 2): Is there a relationship between 

HbA1c levels and Telehealth consultations during 2021 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for age, gender, and BMI? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), and 

ethnicity (categorical).  

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .859), gender (p = .447), and age (p = .177) were not statistically 

significant because the p-values were above .05. Based on this model, telehealth 

consultations, gender, and age did not appear to have a significant impact on HbA1c 

levels in 2021. However, the multiple linear regression analysis revealed a statistically 

significant association with BMI (p = .015). When controlling BMI, the regression 
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coefficient (B = -.020, 95% CI (-.035, -.004) p = .015) associated with BMI suggested 

that the HbA1c levels decreased by approximately .020 with each additional unit of BMI. 

The R2 value of .016 related to this regression model suggested that the BMI accounted 

for 1.60 of the variation in HbA1c levels, which meant that BMI alone could not explain 

98.4% of the variation in HbA1c levels. Age alone did not explain much of the variation 

in HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 
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socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities), was rejected.  There was no 

relationship between BMI and HbA1c levels (see Table 36). Similar results were found 

for BMI, as discussed in model 3. 

Table 36 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1b, Year 2021  

Model Variable 
Unstandardized 

B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 
Telehealth C. 
Age 

Gender 
BMI (2021) 

8.905 
  .024 
-.009 

-.101 
-.020 

  
 .007 
-.062 

-.032 
-.105 

<.001 
.859 
.177 

.447 

.015 

7.628 
-.237 
-.021 

-.364 
-.035 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, and BMI (2021). 



135 

 

Research Question 1c Year 2021 (Model 3): Is there a relationship between 

HbA1c levels and the use of Telehealth consultations during the year 2021 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for age, gender, BMI 

(2021), education, occupation, health insurance, and geographic location?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, and geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (.819), Age (p = .410), gender (p = .565), education (p = .078), occupation 

(p = .303), health insurance (p = .947), and geographic location (p = .642) were not 

statistically significant because the p-values were above .05. Based on this model, 

telehealth consultations, gender, age, education, occupation, health insurance, and 

geographic location did not appear to have a significant impact on HbA1c levels in 2021.  

However, the multiple linear regression analysis revealed a statistically significant 

association with BMI (p = .028). When controlling for BMI, the regression coefficient (B 

= -.020, 95% C.I. (-.035, -.004) p = .015) associated with BMI suggested that with each 

additional unit of BMI, the HbA1c level decreased by approximately .020. The R2 value 

of .023 related to this regression model suggested that BMI accounted for 2.3 of the 

variation in HbA1c levels, meaning that BMI alone could not explain 97.7% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 
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accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

relationship between glycosylated hemoglobin levels (HbA1c) and the use of telehealth 

in patients with T2DM between December 2018 and December 2022 in northern New 
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Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities), was rejected.  There was no relationship between BMI and HbA1c 

levels (see Table 37). Similar results were found for BMI and neuropathy, discussed in 

Model 4. 

Table 37 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1c, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Telehealth C. 

Age 
Sex 
BMI (2021) 

Education 
Occupation 

Health Ins. 
Geographic L 

9.009 
  .030 

-.006 
-.078 
-.020 

-.132 
-.166 

-.011 
-.748 

 
 .009 

-.042 
 .024 
-.105 

-.077 
-.052 

-.003 
-.019 

<.001 
  .819 

  .410 
  .565 
  .015 

  .078 
  .303 

  .947 
  .642 

7.720 
-.230 

-.020 
-.342 
-.035 

-.279 
-.482 

-.349 
-3.904 

10.297 
    .291 

    .008 
    .187 
  -.004 

    .015 
    .150 

    .326 
  2.408 

 

Note.  Dependent variable HbA1c Levels for the Year 2021. The Control variables are 

age, gender, BMI (2021), education, occupation, health insurance, and geographic 

location. 
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Research Question 1d Year 2021 (Model 4): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2021 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, health insurance, BMI, geographic location, and presence of other 

comorbidities specified as retinopathy, neuropathy, nephropathy, and coronary heart 

disease? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, geographic location, and comorbidities were categorical variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (p = .829), Age (p = .360), gender (p = .803), nephropathy stages (p = 

.353), education (p = .082), occupation (p = .279), health insurance (p = .632), 

geographic location (p = .689), retinopathy (p = .183), and coronary heart disease (p = 

.466) were not statistically significant because the p-values were above .05. Based on this 

model, telehealth consultations, gender, age, education, occupation, health insurance, 

geographic location, and comorbidities such as neuropathy, nephropathy stages, 

retinopathy, and coronary heart disease did not appear to have a significant impact on 

HbA1c levels in 2021.  However, the results of the multiple linear regression analysis 

revealed a statistically significant association with BMI (p = .015).  and Neuropathy (p = 

.045), (B = .29, 95% C.I. (.007, .573) p = .045), which meant that with each additional 
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peripheral nerve damage, the HbA1c levels increased by approximately .290. The R2 

value of .034 associated with this regression model suggested that neuropathy and BMI 

accounted for 3.4 of the variation in HbA1c levels, which meant that 96.6% of the 

variation in HbA1c levels could not be explained by neuropathy and BMI alone. Age 

alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone and control glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 
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conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no relationship between glycosylated 

hemoglobin levels (HbA1c) and the use of telehealth in patients with T2DM between 

December 2018 and December 2022 in northern New Hampshire, controlling for 

patient’s gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities) was rejected. - there was no 

relationship between BMI, neuropathy, and HbA1c levels (see Table 38). Similar results 

were found for age in model 1, 2022.  
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Table 38 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1d, Year 2021  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

4 

(Constant) 
Telehealth C. 

Age 
Gender 
Nephropathy S 

BMI (2021) 
Education 

Occupation 
Health Ins. 
Geographic L 

Retinopathy 
Neuropathy 

CHD. 

8.866 
.029 

-.007 
-.034 
.003 

-.019 
-.130 

-.175 
-.083 
-.641 

.187 

.290 

.115 

 
.009 

-.046 
-.011 
.043 

-.104 
-.076 

-.054 
-.025 
-.017 

.056 

.086 

.031 

<.001 
.829 

.360 

.803 

.353 

.015 

.082 

.279 

.632 

.689 

.183 

.045 

.466 

7.576 
-.231 

-.021 
-.300 
-.003 

-.035 
-.276 

-.491 
-.424 
-3.788 

-.089 
.007 

-.194 

10.157 
.288 

.007 

.232 

.009 

-.004 
.017 

.142 

.258 
2.505 

.463 

.573 

.423 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, BMI (2021), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2. 

RQ1: Year 2021 

The multiple linear regression analysis results for 2021 revealed a statistically 

significant relationship between BMI and HbA1c levels across all four models. BMI 

accounted for only a small percentage (1.6% to 3.4%) of the variation in HbA1c levels, 

with the remaining percentage (96.6% to 98.4%) unexplained by the variables in the 

models. The variables gender, education, occupation, health insurance, telehealth 
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consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. 

Research Question 1a Year 2022 (Model 1): Is there a relationship between 

HbA1c levels and telehealth consultations during 2019 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for age and gender?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), and age (year-continuous). 

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p =.847) and gender (p = .237) were not statistically significant because 

the p-values were above .05. Based on this model, telehealth consultations and gender did 

not appear to have a significant impact on HbA1c levels in 2022.  However, the results of 

the multiple linear regression analysis revealed a statistically significant association with 

age (<.001) (B = -.032, 95% C.I. (-.008, .000) p < .001), which meant that with each 

additional year of age, the HbA1c levels decreased by approximately .032. The R2 value 

of .022 associated with this regression model suggested that age accounted for 2.2 of the 

variation in HbA1c levels, which meant that age alone could not explain 97.8% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 
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living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

relationship between glycosylated hemoglobin levels (HbA1c) and the use of telehealth 

in patients with T2DM between December 2018 and December 2022 in northern New 

Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location and presence of 



144 

 

other comorbidities), was rejected.  There was no relationship between age and HbA1c 

levels (see Table 39). Similar results were found for age and BMI in model 2. 

Table 39 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1a, Year 2022  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

1 

(Constant) 

Telehealth C. 
Age 

Gender 

9.129 

  .026 
-.020 

-.160 

 

 .008 
-.140 

-.049 

<.001 

  .847 
<.001 

  .237 

8.363 

-.240 
-.032 

-.427 

9.894 

  .293 
-.008 

  .106 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age 

and gender.  

Research Question 1b Year 2022 (Model 2): Is there a relationship between 

HbA1c levels and telehealth consultations during 2022 in patients diagnosed with T2DM 

in northern New Hampshire, controlling for gender, age, and BMI? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), and 

ethnicity (categorical).  

The results of the multiple linear regression analysis revealed that telehealth 

consultations (p = .867), gender (p =.347), and nephropathy stages (p =.989) were not 

statistically significant because the p-values were above .05. Based on this model, 

telehealth consultations, gender, and nephropathy stages did not appear to have a 
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significant impact on HbA1c levels in 2022. However, the results of the multiple linear 

regression analysis revealed a statistically significant association with age (<.001) and 

BMI (.016). When controlling for BMI, the regression coefficient (B = -.020, 95% C.I. (-

.036, -.004) p = .016) associated with age suggested that with each additional unit of 

BMI, the HbA1c levels decreased by approximately .020. The R2 value of .032 related to 

this regression model suggested that age and BMI account for 3.2 of the variation in 

HbA1c levels, which meant that 96.8% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 
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covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location and presence of other comorbidities), was rejected. - there was no 

relationship between age, BMI, and HbA1c levels (see Table 40). Similar results were 

found for age and BMI, as discussed in model 3. 
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Table 40 

Regression Model of the Relationship Between Telehealth Consultations and HbA1c 

Levels for Research Question 1b, Year 2022  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Telehealth C. 

Age 
Gender 
BMI (2022) 

10.038 
.023 

-.023 
-.128 
-.020 

 
.007 

-.163 
-.039 
-.103 

<.001 
.867 

<.001 
.347 
.016 

8.739 
-.243 

-.036 
-.396 
-.036 

11.337 
.288 

-.011 
.139 
-.004 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age, 

gender, and BMI.  

Research Question 1c Year 2022 (Model 3): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2022 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, BMI, 

ethnicity, education, occupation, health insurance, and geographic location? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 

education, occupation, and geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed telehealth 

consultations (.803), gender (p = .383), nephropathy stages (p = .766), education (p = 

.243), occupation (p = .108), health insurance (p = .290), and geographic location (p = 

.797) were not statistically significant because the p-values were above .05. Based on this 
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model, telehealth consultations, gender, education, occupation, health insurance, and 

geographic location did not appear to have a significant impact on HbA1c levels in 2022.  

However, the multiple linear regression analysis results revealed a statistically significant 

association between BMI and age (B = -.019, 95% C.I. (-.036, -.002) p = .019), which 

meant that with each additional year of age, the HbA1c levels decreased by 

approximately .019. The R2 value of .043 associated with this regression model suggested 

that age and BMI accounted for 4.3 of the variation in HbA1c levels, which meant that 

95.7% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 
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potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status, were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis was that there was no relationship between glycosylated 

hemoglobin levels (HbA1c) and the use of telehealth in patients with T2DM between 

December 2018 and December 2022 in northern New Hampshire, controlling for 

patient’s gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected.  No relationship 

existed between age, BMI, and HbA1c levels (Table 41). Similar results were found for 

age, BMI, and neuropathy, discussed in model 4. 
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Table 41 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1c, Year 2022  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 

Telehealth C. 
Age 

Gender 
Nephropathy Stages 
BMI (2022) 

Education 
Occupation 

Health Insurance 
Geographic Location 

10.034 

    .034 
  -.016 

  -.120 
  -.001 
  -.019 

  -.089 
  -.265 

  -.186 
  -.419 

 

 .010 
-.113 

-.037 
-.014 
-.100 

-.051 
-.081 

-.054 
-.011 

<.001 

  .803 
  .025 

  .383 
  .766 
  .019 

  .243 
  .108 

  .290 
  .797 

8.725 

-.232 
-.031 

-.389 
-.007 
-.036 

-.239 
-.590 

-.530 
-3.614 

11.341 

    .299 
   -.002 

    .150 
    .005 
  -.003 

   .061 
   .059 

   .158 
 2.777 

 

Note.  Dependent variable HbA1c Levels for the Year 2022. The control variables are 

age, gender, BMI (2022), education, occupation, health insurance, and geographic 

location. 

Research Question 1d Year 2022 (Model 4): Is there a relationship between 

HbA1c levels and the use of telehealth consultations during the year 2022 in patients 

diagnosed with T2DM in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, health insurance, BMI, geographic location, and presence of other 

comorbidities specified as retinopathy, neuropathy, nephropathy, and coronary heart 

disease? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), 
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education, occupation, and geographic location (categorical) variables and comorbidities 

were categorical variables. 

The results of the multiple linear regression analysis revealed gender (p = .521), 

nephropathy stages (p = .794), education (p = .241), occupation (p = .114), health 

insurance (p = .139), geographic location (p = .846), retinopathy (p = .141), and coronary 

heart disease (p = .949) were not statistically significant because the p-values were above 

.05. Based on this model, telehealth consultations, gender, education, occupation, health 

insurance, geographic location, and comorbidities such as neuropathy, nephropathy 

stages, retinopathy, and coronary heart disease did not appear to have a significant impact 

on HbA1c levels in 2022.  However, the results of the multiple linear regression analysis 

revealed a statistically significant association between age (p = .025), BMI (p = .020), 

and neuropathy (p = .050). The statistical association with neuropathy, the regression 

coefficient (B = .29, 95% C.I. (.000, .579) p = .050) associated with age and BMI 

suggested that the HbA1c levels increased by approximately .290 with additional 

peripheral nerve damage. The R2 value of .053 associated with this regression model 

suggested that neuropathy, age, and BMI accounted for 5.3 of the variation in HbA1c 

levels, which meant that 94.7% of the variation in HbA1c levels could not be explained 

by neuropathy, age, and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 
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were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the use of telehealth in patients with T2DM between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected. There was no 
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relationship between age, BMI, neuropathy, and HbA1c levels (see Table 42). Similar 

results were found for age in RQ2 model 1, 2018.  

Table 42 

Regression Model of the Relationship between Telehealth Consultations and HbA1c 

Levels for Research Question 1d, Year 2022  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

4 

(Constant) 

Telehealth C 
Age 

Gender 
Nephropathy S 
BMI (2022) 

Education 
Occupation 

Health Ins. 
Geographic L 
Retinopathy 

Neuropathy 
CHD. 

9.894 

  .030 
-.016 

-.088 
-.001 
-.019 

-.090 
-.261 

-.262 
-.316 
  .211 

  .290 
 -.010 

 

 .009 
-.114 

-.027 
-.012 
-.099 

-.051 
-.080 

-.077 
-.008 
 .061 

 .083 
-.003 

<.001 

.827 

.025 

.521 

.794 

.020 

.241 

.114 

.139 

.846 

.141 

.050 

.949 

8.583 

-.235 
-.031 

-.359 
-.007 
-.035 

-.240 
-.585 

-.610 
-3.503 
-.070 

.000 
-.324 

11.205 

.294 
-.002 

.182 

.005 
-.003 

.060 

.063 

.086 
2.872 
.493 

.579 

.303 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age, 

gender, ethnicity, BMI (2022), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2. 

RQ1: Year 2022 

The multiple linear regression analysis results for 2022 revealed a statistically 

significant relationship between age and BMI with HbA1c levels across all four models. 

Neuropathy stages showed a statistically significant relationship with HbA1c levels in 

model four. Age and BMI accounted for only a small percentage (2.2% to 5.3%) of the 
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variation in HbA1c levels, with the remaining percentage (94.7% to 97.8%) unexplained 

by the model variables. The variables gender, education, occupation, health insurance, 

telehealth consultations, geographical location, and comorbidities (retinopathy, 

nephropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Summary Research Question 1 

Multiple linear regression analysis results for Research Question 1 revealed a 

statistically significant relationship between age and BMI with HbA1c levels. Telehealth 

consultations in 2019 and neuropathy in 2021 and 2022 showed a statistically significant 

relationship with HbA1c levels.  Age, BMI, telehealth consultations, and neuropathy 

accounted for only a small percentage (0.9% to 5.5%) of the variation in HbA1c levels, 

with the remaining percentage (94.5% to 99.1%) unexplained by the variables in the 

models. The variables gender, education, occupation, health insurance, geographical 

location, and comorbidities (retinopathy, nephropathy stages, and coronary heart disease) 

were not found to be statistically significant predictors. 

Research Question 2 

To approach [Research Question 2]: Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for gender, age, ethnicity, occupation, education, 

health insurance, BMI, geographic location, and presence of other comorbidities?  
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A multiple linear regression analysis was conducted to evaluate the prediction of 

glycosylated hemoglobin (HbA1c) from clinical consultations, gender, age, ethnicity, 

occupation, education, health insurance, BMI, geographic location, and comorbidities. 

Four individual linear regression models were conducted for each year from 2018 

to 2022 because the data for each year was collected separately. These models enabled 

the examination of the change in the dependent variable for each subgroup with the 

independent variables. 

Research Question 2a Year 2018 (Model 1): Is there a relationship between the 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during 2018 in northern New Hampshire, 

controlling for age, gender, and ethnicity?  

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), the predictable variable clinical consultations 

during lockdowns (yes/no) (categorical) to evaluate the control variables gender 

(baseline: male, dichotomous), age (year-continuous), ethnicity, and healthcare providers 

(categorical). 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .976), gender (p = .848), ethnicity (p = 0.60), and 

health care providers (p = .223) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

ethnicity, and health care providers did not appear to have a significant impact on HbA1c 

levels in 2018.  However, the results of the multiple linear regression analysis revealed a 
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statistically significant association with age (B = -.012, 95% C.I. (-.024, -.001) p < .040), 

which meant that with each additional year of age, the HbA1c levels decreased by 

approximately .012. The R2 value of .017 associated with this regression model suggested 

that age accounts for 1.7 of the variation in HbA1c levels, which meant that 98.3% of the 

variation in HbA1c levels could not be explained by age alone. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 

live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 
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health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis that there was no statistically significant relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. No relationship existed between age, 

BMI, and HbA1c levels (see Table 43). Similar results were found for age and BMI, as 

discussed in Model 2. 
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Table 43 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2a, Year 2018  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

1 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health care P 

8.226 
-.004 

-.012 
-.026 
.714 

.186 

 
-.001 

-.087 
-.008 
.079 

.052 

<.001 
.976 

.040 

.848 

.060 

.223 

7.455 
-.266 

-.024 
-.288 
-.030 

-.114 

8.997 
.258 

-.001 
.237 
1.459 

.487 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, and health care providers. 

Research Question 2b Year 2018 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2018 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, BMI, 

nephropathy stages, education, and occupation? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, and ethnicity (categorical). The populations analyzed 

were predominantly White, with only 2% of non-Whites living in rural areas of northern 

New Hampshire. 
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The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .937), gender (p = .924), ethnicity (p = .095), and 

health care providers (p = .350) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

ethnicity, and health care providers did not appear to have a significant impact on HbA1c 

levels in 2018. However, the results of the multiple linear regression analysis revealed a 

statistically significant association between age (p = .004) and BMI (p <.001). When 

controlling for BMI, the regression coefficient (B = -.027, 95% C.I. (-.043, -.011) p < 

.001) associated with age suggested that with each additional unit of BMI, the HbA1c 

level decreased by approximately .027. The R2 value of .037 related to this regression 

model suggested that BMI and age accounted for 3.7% of the variation in HbA1c levels, 

which meant that 96.3% of the variation in HbA1c levels could not be explained by BMI 

and age alone. Age alone did not explain much of the variation in HbA1c levels, 

suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 
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identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the number of clinical consultations during lockdowns with healthcare 

providers between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities) was rejected. There was no relationship between age, BMI, and HbA1c 

levels (see Table 44). Similar results were found for age and BMI, discussed in Model 3. 
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Table 44 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2b, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
BMI (2018) 

9.816 
  .011 

-.019 
 .013 
 .633 

.142 
-.027 

 
 .003 

-.135 
 .004 
 .070 

 .039 
-.144 

<.001 
.937 

.004 

.924 

.095 

.350 
<.001 

8.516 
-.251 

-.031 
-.250 
-.110 

-.157 
-.043 

11.116 
    .272 

  -.006 
   .276 
 1.377 

   .441 
 -.011 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, health care providers, and BMI (2018). 

Research Question 2c Year 2018 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2018 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, BMI (2018), 

education, occupation, and geographic location? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical).  
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The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .833), gender (p = .862), ethnicity (p = .121), health 

care providers (p = .308), nephropathy stages (p = .376), education (p = .160), occupation 

(p = .682), health insurance (p = .437), and geographic location (p = .813) were not 

statistically significant because the p-values were above .05. Based on this model, clinical 

consultations during lockdowns, gender, ethnicity, health care providers’ education, 

occupation, health insurance, and geographic location did not appear to have a significant 

impact on HbA1c levels in 2018.  However, the results of the multiple linear regression 

analysis revealed a statistically significant association between BMI (p = .001) and age (p 

= .030) (B = -.015, 95% C.I. (-.029, -.001) p = -.030), which meant that with each 

additional year of age, the HbA1c decreased by approximately .015. The R2 value of .042 

associated with this regression model suggested that age and BMI accounted for 4.2% of 

the variation in HbA1c levels, which meant that 95.8% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 
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people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patients’ gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities, was rejected. No relationship existed between age, BMI, and HbA1c 

levels (see Table 45). Similar results were found regarding age and BMI, discussed in 

Model 4 
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Table 45 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 1c, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health Care P 
BMI (2018) 

Nephropathy S 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

9.880 
.028 

-.015 
.024 
.591 

.157 
-.027 

-.003 
-.106 
-.066 

-.133 
-.374 

 
.009 

-.111 
.007 
.065 

.043 
-.144 

-.041 
-.062 
-.021 

-.040 
-.010 

<.001 
.833 

.030 

.862 

.121 

.308 

.001 

.376 

.160 

.682 

.437 

.813 

8.571 
-.235 

-.029 
-.242 
-.156 

-.145 
-.043 

-.009 
-.253 
-.384 

-.469 
-3.478 

11.190 
.291 

-.001 
.289 
1.338 

.458 
-.011 

.003 

.042 

.251 

.203 
2.731 

 

Note.  Dependent variable HbA1c Levels for the Year 2018. The control variables are 

age, gender, ethnicity, BMI (2018), nephropathy stages, education, occupation, health 

insurance, and geographic location. 

Research Question 2d Year 2018 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with health care providers during the year 2018 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, BMI (2018), 

education, occupation, geographic location, retinopathy, neuropathy, and coronary heart 

diseases? 

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 
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(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical), retinopathy, neuropathy, and coronary heart diseases 

(categorical).  

The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .877), gender (p = .759), ethnicity (p = .112), health 

care providers (p = .368), nephropathy stages (p = .417), education (p = .175), occupation 

(p = .599), health insurance (p = .411), geographic location (p = .821), retinopathy (p = 

.775), neuropathy (p = .481), coronary heart diseases (p = .220) were not statistically 

significant because the p-values were above .05. Based on this model, clinical 

consultations during lockdowns, gender, ethnicity, health care providers’ education, 

occupation, health insurance, geographic location, and comorbidities such as neuropathy, 

nephropathy stages, retinopathy, and coronary heart disease did not appear to have a 

significant impact on HbA1c levels in 2018.  However, the results of the multiple linear 

regression analysis revealed a statistically significant association between age (p = .022) 

and BMI (p <.001). When controlling for BMI, the regression coefficient (B = -.028, 95% 

C.I. (-.044, -.012) p < .001) associated with age suggested that with each additional unit 

of BMI, the HbA1c level decreased by approximately .028. The R2 value of .046 related 

to this regression model suggested that age and BMI accounted for 4.6% of the variation 

in HbA1c levels, which meant that 95.4% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 
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HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no relationship between glycosylated hemoglobin levels 

(HbA1c) and the number of clinical consultations during lockdowns in patients with 
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T2DM between December 2018 and December 2022 in northern New Hampshire, 

controlling for patients’ gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location and presence of other comorbidities) was rejected.  

No relationship existed between age, BMI, and HbA1c levels (see Table 46). Similar 

results for age were found in Model 1 2019. 

 

 

 

 

 

 

 

 

 

  



168 

 

Table 46 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 1d, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health Care P 
BMI (2018) 

Nephropathy S 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

Retinopathy 
Neuropathy 
CHD 

9.901 
.021 

-.016 
.042 
.609 

.139 
-.028 

-.002 
-.102 
-.085 

-.146 
-.358 

-.041 
.102 
.192 

 
 .007 

-.118 
 .013 
 .067 

 .038 
-.147 

-.038 
-.060 
-.027 

-.044 
-.010 

-.012 
 .030 
 .053 

<.001 
  .877 

  .022 
  .759 
  .112 

  .368 
<.001 

  .417 
  .175 
  .599 

  .401 
  .821 

  .775 
  .481 
  .220 

8.586 
-.243 

-.030 
-.226 
-.143 

-.164 
-.044 

-.008 
-.250 
-.404 

-.486 
-3.466 

-.319 
-.181 
-.115 

11.215 
    .285 

  -.002 
   .310 
 1.361 

   .443 
  -.012 

   .003 
   .046 
   .233 

   .195 
 2.749 

   .238 
   .385 
   .499 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, ethnicity, health care providers, BMI (2018), nephropathy stages, education, 

occupation, health insurance, geographic location, retinopathy, and coronary heart 

disease. 

RQ2 Summary 

RQ2: Year 2018  

The multiple linear regression analysis 2018 results revealed a statistically 

significant relationship between age, BMI, and HbA1c levels across all four models. Age 

and BMI accounted for only a small percentage (1.7% to 4.6%) of the variation in HbA1c 
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levels, with the remaining percentage (95.4% to 98.3%) unexplained by the model 

variables. The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, stages, 

neuropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Research Question 2a Year 2019 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2019 in northern New 

Hampshire, controlling for age, gender, ethnicity, and health care providers?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), ethnicity, and health care 

providers. 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .235), gender (p = .693), ethnicity (p = .103), and 

health care providers (p = .101) were above the significance of the model (p < .05) were 

not statistically significant because the p-values were above .05. Based on this model, 

clinical consultations during lockdowns, gender, ethnicity, and health care providers did 

not appear to have a significant impact on HbA1c levels in 2019.   However, the results 

of the multiple linear regression analysis revealed a statistically significant association 

with Age (B = -.030, 95% C.I. (-.024, -.007) p < .001), which meant that with each 

additional year of age, the HbA1c decreased by approximately .030. The R2 value of .029 
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associated with this regression model suggested that age accounted for 2.9% of the 

variation in HbA1c levels, which meant that 97.1% of the variation in HbA1c levels 

could not be explained by age alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 
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reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. That is, there was no relationship between 

age and HbA1c levels (see Table 47). Similar results were found for age and BMI, 

discussed in Model 2. 

Table 47 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2a, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients p-

Value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 

8.711 
-.156 

-.019 
-.052 
.589 

.249 

 
-.049 

-.132 
-.016 
 .067 

 .068 

<.001 
  .235 

  .001 
  .693 
  .103 

  .101 

7.940 
-.415 

-.030 
-.311 
-.119 

-.049 

9.482 
  .102 

 -.007 
  .207 
1.297 

  .546 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

gender, ethnicity, and health care providers.  
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Research Question 2b Year 2019 (Model 2): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2019 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, and BMI?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), BMI (continuous), health 

care providers, and ethnicity (categorical).  

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .324), gender (p = .918), ethnicity (p = .151), and 

health care providers (p = .134) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

ethnicity, and health care providers did not appear to have a significant impact on HbA1c 

levels in 2019. However, the results of the multiple linear regression analysis revealed a 

statistically significant association between age (p <.001) and BMI (p = .007). When 

controlling for BMI, the regression coefficient (B = -.022, 95% C.I. (-.038, -.006) p -.007) 

associated with age suggested that with each additional unit of BMI, the HbA1c levels 

decreased by approximately .022. The R2 value of .041 related to this regression model 

suggested that age and BMI accounted for 4.1% of the variation in HbA1c levels, which 

meant that 95.9% of the variation in HbA1c levels could not be explained by age and 

BMI alone. Age alone did not explain much of the variation in HbA1c levels, suggesting 
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that a more complex model might be necessary to predict HbA1c levels accurately. This 

could lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the number of clinical 
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consultations during lockdowns with healthcare providers between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected.  There was no 

relationship between age, BMI, and HbA1c levels (see Table 48). Similar results were 

found for the age discussed in Model 3. 

Table 48 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2b, Year 2019  

Model Variable 
Unstandardized 

B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Clinical CDL 
Age 

Gender 
Ethnicity 

Healthcare P 
BMI (2019) 

9.715 
-.130 
-.022 

-.014 
 .519 

 .227 
-.022 

 
-.041 
-.158 

-.004 
 .059 

 .062 
-.115 

<.001 
  .324 
<.001 

  .918 
  .151 

 .134 
  .007 

8.427 
-.390 
-.035 

-.274 
-.190 

-.070 
-.038 

11.003 
    .129 
   -.010 

    .246 
  1.228 

    .524 
   -.006 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

gender, ethnicity, health care providers, and BMI (2019). 

Research Question 2c Year 2019 (Model 3): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2019 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, BMI, education, occupation, 

health insurance, nephropathy stages, and geographic location?  
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For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical).  

The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .343), gender (p = .923), ethnicity (p = .179), health 

care providers (p = .125), nephropathy stages (p = .837), education (p = .409), occupation 

(p = .458), health insurance (p = .417), and geographic locations (p = .948) were not 

statistically significant because the p-values were above .05. Based on this model, clinical 

consultations during lockdowns, gender, ethnicity, and health care providers education, 

occupation, health insurance, and geographic location did not appear to have a significant 

impact on HbA1c levels in 2019.  However, the multiple linear regression analysis results 

revealed a statistically significant association between BMI and age (B = -.018, 95% C.I. 

(-.032, -.004) p = .010), which meant that with each additional year of age, the HbA1c 

levels decreased by approximately .018. The R2 value of .045 associated with this 

regression model suggested that age and BMI accounted for 4.5% of the variation in 

HbA1c levels, which meant that 95.5% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 
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demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patients’ gender, age, ethnicity, occupation, 
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education, health care insurance, BMI, geographic location, and presence of other 

comorbidities, was rejected. There was no relationship between age, BMI, and HbA1c 

levels and the null hypothesis (see Table 49). Similar results were found for age and 

BMI, discussed in Model 4. 

Table 49 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2c, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

3 

(Constant) 
Clinical CDL 

Age 
Gender 

Ethnicity 
Healthcare P 
Nephropathy S 

BMI (2019) 
Education 

Occupation 
Healthcare Ins. 
Geographic L 

9.737 
-.126 

-.018 
 .013 

 .488 
 .234 
-.001 

-.022 
-.061 

-.118 
-.138 
 .104 

 
-.039 

-.129 
-.004 

 .056 
 .064 
-.009 

-.114 
-.036 

-.037 
-.041 
 .003 

<.001 
  .343 

  .010 
  .923 

  .179 
  .125 
  .837 

  .008 
  .409 

  .458 
  .417 
  .948 

8.437 
-.387 

-.032 
-.275 

-.225 
-.065 
-.007 

-.037 
-.207 

-.432 
-.472 
-3.016 

11.037 
    .135 

   -.004 
    .249 

  1.200 
    .533 
    .005 

   -.006 
    .084 

    .195 
    .196 
   3.225 

 

Note.  Dependent variable HbA1c Levels for the Year 2019. The control variables are 

age, gender, ethnicity, BMI (2019), nephropathy stages, education, occupation, health 

insurance, and geographic location. 

Research Question 2d Year 2019 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2019 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, BMI, education, occupation, 
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health insurance, nephropathy stages, geographic location, retinopathy, neuropathy, and 

coronary heart diseases?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical) retinopathy, neuropathy, and coronary heart diseases 

(categorical). 

The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .343), age (p = .343), gender (p = .343), 

nephropathy stages (p = .863), education (p = .430), occupation (p = .441), health 

insurance (p = .364), geographic location (p = .933), retinopathy (p = .643), neuropathy 

(p = .623), and coronary heart disease (p = .602) were not statistically significant because 

the p-values were above .05. Based on this model, clinical consultations during 

lockdowns, gender, age, ethnicity, health care providers, education, occupation, health 

insurance, geographic location, and comorbidities such as neuropathy, nephropathy 

stages, retinopathy, and coronary heart disease did not appear to have a significant impact 

on HbA1c levels in 2019. However, the multiple linear regression analysis revealed a 

statistically significant association between age (p = .009) and BMI (p = .008). When 

controlling for BMI, the regression coefficient (B = -.022, 95% C.I. (-.038, -.006) p < 

.008) associated with age suggested that with each additional unit of BMI, the HbA1c 

decreased by approximately .022. The R2 value of .046 related to this regression model 
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suggested that age and BMI accounted for 4.6% of the variation in HbA1c levels, which 

meant that 95.4% of the variation in HbA1c levels could not be explained by age and 

BMI alone. Age alone did not explain much of the variation in HbA1c levels, suggesting 

that a more complex model might be necessary to predict HbA1c levels accurately. This 

could lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 
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with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the number of clinical 

consultations during lockdowns with healthcare providers between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities) was rejected. There was no 

relationship between age, BMI, and HbA1c levels (see Table 50). Similar results were 

found on age, as discussed in Model 1, 2020. 
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Table 50 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2d, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health Care P 
BMI (2019) 

Nephropathy S 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

Retinopathy 
Neuropathy 
CHD 

9.901 
 .021 

-.016 
 .042 
 .609 

 .139 
-.028 

-.002 
-.102 
-.085 

-.146 
-.358 

-.041 
 .102 
 .192 

 
 .007 

-.118 
 .013 
 .067 

 .038 
-.147 

-.038 
-.060 
-.027 

-.044 
-.010 

-.012 
 .030 
 .053 

<.001 
  .877 

  .022 
  .759 
  .112 

  .368 
<.001 

  .417 
  .175 
  .599 

  .401 
  .821 

  .775 
  .481 
  .220 

8.586 
-.243 

-.030 
-.226 
-.143 

-.164 
-.044 

-.008 
-.250 
-.404 

-.486 
-3.466 

-.319 
-.181 
-.115 

11.215 
    .285 

   -.002 
    .310 
  1.361 

    .443 
   -.012 

    .003 
    .046 
    .233 

    .195 
  2.749 

    .238 
    .385 
    .499 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

gender, ethnicity, health care providers, BMI (2019), nephropathy stages, education, 

occupation, health insurance, geographic location, retinopathy, and coronary heart 

disease. 

RQ2: Year 2019 

The results of the multiple linear regression analysis for 2019 revealed a 

statistically significant relationship between age and BMI with HbA1c levels across all 

four models. Age and BMI accounted for only a small percentage (2.9% to 4.6%) of the 

variation in HbA1c levels, with the remaining percentage (95.4% to 97.1%) unexplained 
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by the model variables. The variables gender, education, occupation, health insurance, 

telehealth consultations, geographical location, and comorbidities such as retinopathy, 

nephropathy, and coronary heart disease were not found to be statistically significant 

predictors. 

Research Question 2a Year 2020 (Model 1): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2020 in northern New Hampshire, 

controlling for age, gender, ethnicity, and health care providers?  

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical) to evaluate the predictor variables gender (baseline: male, dichotomous), 

age (year-continuous), ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .374), gender (p = .463), ethnicity (p = .960), and 

health care providers (p = .212) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

ethnicity, and health care providers did not appear to have a significant impact on HbA1c 

levels in 2020. However, the multiple linear regression analysis results revealed a 

statistically significant association with age (B = -.013, 95% C.I. (-.025, -.001) p = .032), 

which meant that with each additional year of age, the HbA1c levels decreased by 

approximately .013. The R2 value of .012 associated with this regression model suggested 

that age accounts for 1.2% of the variation in HbA1c levels, which meant that 98.8% of 
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the variation in HbA1c levels could not be explained by age alone. Age alone did not 

explain much of the variation in HbA1c levels, suggesting that a more complex model 

might be necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 

live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 
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The null hypothesis that there was no statistically significant relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. There was no relationship between age 

and HbA1c levels (see Table 51). Similar results regarding age and BMI were found, 

discussed in Model 2. 

Table 51 

Regression Model of the Relationship Between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2a, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 

Coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

1 

(Constant) 

Clinical CDL 
Age 
Gender 

Ethnicity 
Healthcare P 

8.853 

-.121 
-.013 
-.100 

.019 

.196 

 

-.037 
-.089 
-.030 

.002 

.052 

<.001 

  .374 
  .032 
  .463 

  .960 
  .212 

7.738 

-.388 
-.025 
-.367 

-.733 
-.112 

9.326 

  .146 
 -.001 
  .167 

  .772 
  .503 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, ethnicity, and health care providers.  

Research Question 2b Year 2020 (Model 2): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2020 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, and BMI?  
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), gender (baseline: male, dichotomous), age (year-continuous), BMI 

(continuous), ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .397), gender (p = .526), ethnicity (p = .983), and 

health care providers (p = .299) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

age, ethnicity, and health care providers did not appear to have a significant impact on 

HbA1c levels in 2020. However, the multiple linear regression analysis revealed a 

statistically significant association between age and BMI. When controlling for BMI, the 

regression coefficient (B = -.017, 95% C.I. (-.033, -.001) p = .039) associated with age 

suggested that with each additional unit of BMI, the HbA1c decreased by approximately 

.017. The R2 value of .017 related to this regression model suggested that age and BMI 

accounted for 2.1% of the variation in HbA1c, which meant that 97.9% of the variation in 

HbA1c could not be explained by age and BMI alone. Age alone did not explain much of 

the variation in HbA1c levels, suggesting that a more complex model might be necessary 

to predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 
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variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

Northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected.  No relationship existed between age, 

BMI, and HbA1c levels (see Table 52). Similar results were found for age and BMI. 
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Table 52 

Regression Model of the Relationship Between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2b, Year 2020  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

2 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
BMI (2020) 

9.655 
-.116 

-.018 
-.087 
-.008 

.163 
-.017 

 
-.035 

-.124 
-.026 
-.001 

 .043 
-.087 

<.001 
  .397 

  .007 
  .526 
  .983 

  .299 
  .043 

8.312 
-.384 

-.031 
-.356 
-.763 

-.145 
-.033 

10.997 
    .152 

   -.005 
    .182 
    .747 

    .472 
   -.001 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, ethnicity, health care providers, and BMI (2020). 

 Research Question 2c Year 2020 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with health care providers during the year 2020 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, BMI, education, 

occupation, health insurance, nephropathy stages, and geographic location?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical).  
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The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .504), gender (p = .624), ethnicity (p = .864), 

nephropathy stages (p = .458), education (p = .078), occupation (p = .742), health 

insurance (p = .578), and geographic location (p = .582) were not statistically significant 

because the p-values were above .05. Based on this model, clinical consultations during 

lockdowns, gender, age, ethnicity, health care providers education, occupation, health 

insurance, and geographic location did not appear to have a significant impact on HbA1c 

levels in 2020. However, the results of the multiple linear regression analysis revealed a 

statistically significant association between BMI (p = .039) and age (p = .038) (B = -.016, 

95% C.I. (-.030, -.001) p = .034), which meant that with each additional year of age, the 

HbA1c levels decreased by approximately .016. The R2 value of .027 associated with this 

regression model suggested that age and BMI accounted for 2.7% of the variation in 

HbA1c levels, which meant that 97.3% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 
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people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. There was no relationship between age, 

BMI, and HbA1c levels (see Table 53). Similar results were found for BMI, as discussed 

in Model 4. 
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Table 53 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2c, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
Nephropathy S 

BMI (2020) 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

9.758 
-.092 

-.015 
-.068 
-.066 

.178 
-.002 

-.017 
-.136 
-.054 

-.098 
-.907 

 
-.028 

-.105 
-.021 
-.007 

.047 
-.034 

-.089 
-.077 
-.016 

-.028 
-.023 

<.001 
.504 

.038 

.624 

.864 

.261 

.458 

.039 

.078 

.742 

.578 

.582 

8.407 
-.361 

-.029 
-.339 
-.824 

-.133 
-.008 

-.033 
-.287 
-.377 

-.443 
-4.141 

11.110 
    .178 

   -.001 
    .203 
    .691 

    .489 
    .004 

   -.001 
    .015 
    .269 

    .247 
  2.328 

 

Note.  Dependent variable HbA1c Levels for the Year 2020. The control variables are 

age, gender, ethnicity, BMI (2020), nephropathy stages, education, occupation, health 

insurance, and geographic location. 

Research Question 2d Year 2020 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2020 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, BMI, education, occupation, 

health insurance, nephropathy stages, geographic location, retinopathy, neuropathy, and 

coronary heart diseases?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 
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(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, 

geographic location (categorical), and retinopathy, neuropathy, and coronary heart 

diseases (categorical). 

The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .453), gender (p = .764), nephropathy stages (p = 

.475), education (p = .081), occupation (p = .697), health insurance (p = .440), 

geographic location (p = .601), retinopathy (p = .710), neuropathy (p = .169), and 

coronary heart disease (p = .621) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

age, ethnicity, and health care providers education, occupation, health insurance, 

geographic location, and comorbidities such as neuropathy, nephropathy stages, 

retinopathy, and coronary heart disease did not appear to have a significant impact on 

HbA1c levels in 2020. However, the multiple linear regression analysis revealed a 

statistically significant association between Age (p = .034) and BMI (p = .036). When 

controlling for BMI, the regression coefficient (B = -.017, 95% C.I. (-.034, -.001) p < 

.036) associated with age suggested that with each additional unit of BMI, the HbA1c 

level decreased by approximately .017. The R2 value of .031 related to this regression 

model suggested that age and BMI accounted for 3.1% of the variation in HbA1c levels, 

which meant that 96.9% of the variation in HbA1c levels could not be explained by age 

and BMI alone. Age alone did not explain much of the variation in HbA1c levels, 

suggesting that a more complex model might be necessary to predict HbA1c levels 
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accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis did not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the number of clinical consultations during lockdowns with healthcare 
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providers between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities), was rejected. 

There was no relationship between age, BMI, and HbA1c levels (see Table 54). Similar 

results were found on BMI, as discussed in Model 1, 2021. 
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Table 54 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2d, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
Nephropathy S 

BMI (2020) 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

Retinopathy 
Neuropathy 
CHD. 

9.722 
-.103 

-.016 
-.042 
-.086 

.156 
-.002 

-.017 
-.135 
-.064 

-.138 
 .862 

.054 

.203 

.079 

 
-.032 

-.108 
-.013 
-.009 

.041 
-.033 

-.090 
-.077 
-.020 

-.040 
-.022 

 .016 
 .059 
 .021 

<.001 
.453 

.034 

.764 

.825 

.327 

.475 

.036 

.081 

.697 

.440 

.601 

.710 

.169 

.621 

8.367 
-.374 

-.030 
-.315 
-.849 

-.157 
-.008 

-.034 
-.287 
-.388 

-.488 
-4.099 

-.231 
-.087 
-.235 

11.077 
    .167 

   -.001 
    .231 
    .677 

    .469 
    .004 

   -.001 
    .017 
    .260 

    .212 
  2.375 

    .339 
    .494 
    .394 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, ethnicity, health care providers, BMI (2020), nephropathy stages, education, 

occupation, health insurance, geographic location, retinopathy, and coronary heart 

disease. 

RQ2: Year 2020 

The multiple linear regression analysis results for 2020 revealed a statistically 

significant relationship between age and BMI with HbA1c levels across all four models. 

Neuropathy showed a statistically significant relationship with HbA1c levels in Model 4. 

BMI and neuropathy accounted for only a small percentage (2.4% to 4.1%) of the 
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variation in HbA1c levels, with the remaining percentage (1.2% to 3.3%) unexplained by 

the variables in the models. The variables gender, education, occupation, health 

insurance, telehealth consultations, geographical location, and comorbidities (retinopathy, 

nephropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Research Question 2a Year 2021 (Model 1): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with health care providers during the year 2021 in northern New Hampshire, 

controlling for age, gender, ethnicity, and health care providers?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), gender (baseline: male, dichotomous), age (year-continuous), BMI 

(continuous), educations, occupation, health care providers, and ethnicity (categorical). 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .221), age (p = .155), gender (p = .398), ethnicity (p 

= .894), and health care providers (p = .055) were not statistically significant because the 

p-values were above .05 (see Table 55). There were no substantial values in this model.  
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Table 55 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2a, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 

8.235 
-.163 

-.008 
-.113 
-.051 

 .292 

 
-.051 

-.059 
-.035 
-.006 

 .080 

<.001 
.221 

.155 

.398 

.894 

.055 

7.457 
-.424 

-.020 
-.374 
-.805 

-.006 

9.013 
  .098 

  .003 
  .149 
  .703 

  .590 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, and health care providers.  

Research Question 2b Year 2021 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2021 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, and BMI?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 

(baseline: male, dichotomous), age (year-continuous), BMI (continuous), health care 

providers and ethnicity (categorical). 

The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .315), age (p = .135), gender (p = .566), ethnicity (p 

= .691), health care providers (p = .073), and nephropathy stages (p = .392) were not 

statistically significant because the p-values were above .05. Based on this model, clinical 
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consultations during lockdowns, gender, age, ethnicity, and health care providers did not 

appear to have a significant impact on HbA1c levels in 2021. However, the multiple 

linear regression analysis revealed a statistically significant association with BMI (p = 

.025). When controlling BMI, the regression coefficient (B = -.018, 95% C.I. (-.034, -

.002) p = .025) associated with BMI suggested that the HbA1c level decreased by 

approximately .018 with each additional unit of BMI. The R2 value of .024 related to this 

regression model suggested that BMI accounted for 2.4% of the variation in HbA1c 

levels, meaning that BMI alone could not explain 97.6% of the variation in HbA1c levels. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone and control glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 
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potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the number of clinical 

consultations during lockdowns with healthcare providers between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected. There was no 

relationship between BMI and HbA1c levels (see Table 56). Similar results were found 

on BMI, as discussed in Model 3. 
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Table 56 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2b, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
Nephropathy S 

BMI (2021) 

8.766 
-.134 

-.010 
-.077 
-.153 

 .273 
 .003 

-.018 

 
-.042 

-.069 
-.024 
-.017 

 .075 
 .039 

-.097 

<.001 
.315 

.135 

.566 

.691 

.073 

.392 

.025 

7.460 
-.396 

-.022 
-.340 
-.910 

-.025 
-.003 

-.034 

10.091 
    .128 

    .003 
    .186 
    .603 

    .572 
    .008 

   -.002 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, health care providers, and BMI (2021). 

Research Question 2c Year 2021 (Model 3): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers during the year 2021 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, BMI, education, occupation, 

health care insurance, nephropathy stages, and geographic location?  

For the analysis, the variables for this model included the glycosylated hemoglobin 

(HbA1c) levels (continuous), clinical consultations (categorical), gender (baseline: male, 

dichotomous), age (year-continuous), BMI (continuous), educations, occupation, health 

care providers, ethnicity, nephropathy stages, health insurance, and geographic location 

(categorical). The results of the multiple linear regression analysis revealed clinical 

consultations during lockdowns (p = .382), Age (p = .340), gender (p = .693), ethnicity (p 
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= .585), nephropathy stages (p = .355), education (p = .067), occupation (p = .335), health 

insurance (p = .904), and geographic location (p = .762) were not statistically significant 

because the p-values were above .05. Based on this model, clinical consultations during 

lockdowns, gender, age, ethnicity, health care providers education, occupation, health 

insurance, and geographic location did not appear to have a significant impact on HbA1c 

levels in 2021. However, the multiple linear regression analysis revealed a statistically 

significant association with BMI (p = .024). When controlling for BMI, the regression 

coefficient (B = -.018, 95% C.I. (-.034, -.002) p = .024) associated with BMI suggested 

that with each additional unit of BMI, the HbA1c levels decreased by approximately 

.016. The R2 value of .030 related to this regression model suggested that BMI accounted 

for 3.0% of the variation in HbA1c levels, meaning that BMI alone could not explain 

97.0% of the variation in HbA1c levels. Age alone did not explain much of the variation 

in HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 
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controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, are considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

Northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected.  There was no relationship between BMI 

and HbA1c levels (see Table 57). Similar results were found for BMI and neuropathy, 

discussed in Model 4. 
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Table 57 

Regression Model of the Relationship Between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2c, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Healthcare P 
Nephropathy S 

BMI (2021) 
Education 
Occupation 

Healthcare Ins. 
Geographic L. 

8.878 
-.117 

-.007 
-.053 
 .211 

.282 

.003 

-.018 
-.138 
-.155 

-.021 
-.488 

 
-.037 

-.048 
-.017 
-.023 

 .077 
 .043 

-.098 
-.080 
-.048 

-.006 
-.013 

<.001 
  .382 

  .340 
  .693 
  .585 

  .066 
  .355 

  .024 
  .067 
  .335 

  .904 
  .762 

7.554 
-.381 

-.021 
-.318 
-.971 

-.019 
-.003 

-.034 
-.285 
-.471 

-.358 
-3.644 

10.202 
    .146 

    .007 
    .212 
    .548 

    .582 
    .009 

   -.002 
    .010 
    .161 

    .316 
   2.669 

 

Note.  Dependent variable HbA1c Levels for the Year 2021. The control variables are 

age, gender, ethnicity, BMI (2021), nephropathy stages, education, occupation, health 

insurance, and geographic location. 

 Research Question 2d Year 2021 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2021 in northern New 

Hampshire, controlling for age, gender, ethnicity, healthcare providers, BMI, education, 

occupation, health insurance, nephropathy stages, geographic location, retinopathy, 

neuropathy, and coronary heart diseases?  

For the analysis, the variables for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations (categorical), gender 
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(baseline: male, dichotomous), age (year-continuous), BMI (continuous), educations, 

occupation, health care providers, ethnicity, nephropathy stages, health insurance, and 

geographic location (categorical), retinopathy, neuropathy, and coronary heart diseases 

(categorical). 

The results of the multiple linear regression analysis revealed clinical consultations 

during lockdowns (p = .293), Age (p = .293), Gender (p = .932), ethnicity (p = .492), 

nephropathy stages (p = .331), health care providers (p = .119), education (p = .073), 

occupation (p = .304), health insurance (p = .612), geographic location (p = .801), 

retinopathy (p = .185), and coronary heart disease (p = .511) were not statistically 

significant because the p-values were above .05. Based on this model, clinical 

consultations during lockdowns, gender, age, ethnicity, health care providers education, 

occupation, health insurance, geographic location, and comorbidities such as neuropathy, 

nephropathy stages, retinopathy, and coronary heart disease did not appear to have a 

significant impact on HbA1c levels in 2021. However, the results of the multiple linear 

regression analysis revealed a statistically significant association between BMI (p = .023) 

and neuropathy (p = .049) (B = .284, 95% C.I. (.001, .567) p < .049), meaning that 

associated with BMI suggested that with each additional neuropathy peripheral nerve 

damage, the HbA1c levels increased by approximately.284. The R2 value of .041 

associated with this regression model suggested that neuropathy and BMI accounted for 

4.1% of the variation in HbA1c levels, which meant that 95.9% of the variation in HbA1c 

levels could not be explained by neuropathy and BMI alone. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 
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necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 

live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis that there was no statistically significant relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 
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lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patients’ gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected. There was no relationship between BMI, neuropathy, and 

HbA1c levels (see Table 58). Similar results were found on age, as discussed in Model 1, 

2022. 
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Table 58 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2d, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health Care P 
BMI (2018) 

Nephropathy S 
Education 
Occupation 

Healthcare Ins. 
Geographic L 

Retinopathy 
Neuropathy 
CHD 

9.901 
.021 

-.016 
.042 
.609 

.139 
-.028 

-.002 
-.102 
-.085 

-.146 
-.358 

-.041 
.102 
.192 

 
 .007 

-.118 
 .013 
 .067 

 .038 
-.147 

-.038 
-.060 
-.027 

-.044 
-.010 

-.012 
 .030 
  .053 

<.001 
  .877 

  .022 
  .759 
  .112 

  .368 
<.001 

  .417 
  .175 
  .599 

  .401 
  .821 

  .775 
  .481 
  .220 

8.586 
-.243 

-.030 
-.226 
-.143 

-.164 
-.044 

-.008 
-.250 
-.404 

-.486 
-3.466 

-.319 
-.181 
-.115 

11.215 
    .285 

   -.002 
    .310 
  1.361 

    .443 
   -.012 

    .003 
    .046 
    .233 

    .195 
  2.749 

    .238 
    .385 
    .499 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, health care providers, BMI (2021), nephropathy stages, education, 

occupation, health insurance, geographic location, retinopathy, and coronary heart 

disease. 

RQ2: Year 2021 

The multiple linear regression analysis results for 2021 revealed a statistically 

significant relationship between BMI and HbA1c levels across the three models. BMI 

accounted for only a small percentage (2.4% to 4.1%) of the variation in HbA1c levels, 

with the remaining percentage (95.9% to 97.6%) unexplained by the variables in the 
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models. The variables age, gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. 

Research Question 2a Year 2022 (Model 1): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers during 2022 in northern New Hampshire, 

controlling for age, gender, ethnicity, and healthcare providers?  

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), age (year-continuous), gender (baseline, male, dichotomous), ethnicity, and 

health care providers (flat). 

The results of the multiple linear regression analysis revealed that clinical 

consultations during lockdowns (p = .985), gender (p = .259), ethnicity (p = .194), and 

health care providers (p = .150) were not statistically significant because the p-values 

were above .05. Based on this model, clinical consultations during lockdowns, gender, 

age, ethnicity, and health care providers did not appear to have a significant impact on 

HbA1c levels in 2022. However, the results of the multiple linear regression analysis 

revealed a statistically significant association with age (p <.001) (B = -.020, 95% C.I. (-

.035, -.009) p < .001), which meant that with each additional year of age, the HbA1c 

levels decreased by approximately.018  The R2 value of .029 associated with this 

regression model suggested that age accounted for 2.9% of the variation in HbA1c levels, 

which meant that 97.1% of the variation in HbA1c levels could not be explained by age 
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alone. Age alone did not explain much of the variation in HbA1c levels, suggesting that a 

more complex model might be necessary to predict HbA1c levels accurately. This could 

lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which meant the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 
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between HbA1c levels of patients diagnosed with T2DM and the number of clinical 

consultations during lockdowns with healthcare providers between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected. There was no 

relationship between Age and HbA1c (see Table 59). Similar results were found on BMI, 

as discussed in Model 2. 

Table 59 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2a, Year 2022  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

1 

(Constant) 

Clinical CDL 
Age 

Gender 
Ethnicity 
Health Care P 

8.966 

 .003 
-.020 

-.154 
 .481 
 .224 

 

 .001 
-.141 

-.047 
 .054 
 .060 

<.001 

  .985 
<.001 

  .259 
  .194 
  .150 

8.173 

-.264 
-.032 

-.421 
-.246 
-.081 

9.759 

.269 
-.009 

.113 
1.209 
.530 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, ethnicity, and health care providers.  

Research Question 2 the b Year 2022 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2022 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, and BMI?  
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), gender (baseline: male, dichotomous), age (year-continuous), ethnicity, and 

health care providers (categorical). 

The results of the multiple linear regression analysis revealed clinical consultations 

during lockdowns (p = .850), gender (p = .359), ethnicity (p = .274), health care providers 

(p = .206), and nephropathy stages (p = .392) were not statistically significant because the 

p-values were above .05. Based on this model, clinical consultations during lockdowns, 

gender, age, ethnicity, health care providers, and nephropathy stages did not appear to 

have a significant impact on HbA1c levels in 2022. However, the results of the multiple 

linear regression analysis revealed a statistically significant association between age 

(<.001) and BMI (.027). When controlling for BMI, the regression coefficient (B = -.018, 

95% C.I. (-.035, -.002) p = .027) associated with age suggested that with each additional 

unit of BMI, the HbA1c level decreased by approximately .018. The R2 value of .037 

related to this regression model suggested that age and BMI accounted for 3.7% of the 

variation in HbA1c levels, which meant that 96.3% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 
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for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there is no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. No relationship existed between age, 
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BMI, and HbA1c levels (see Table 60). Similar results were found regarding age and 

BMI, discussed in Model 3. 

Table 60 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2b, Year 2022  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 

Clinical CDL 
Age 

Gender 
Ethnicity 
Health Care P 

BMI (2022) 

9.799 

  .026 
-.023 

-.125 
 .407 
 .198 

-.018 

 

 .008 
-.162 

-.038 
 .046 
 .053 

-.095 

<.001 

  .850 
<.001 

  .359 
  .274 
  .206 

  .027 

8.460 

-.242 
-.036 

-.394 
-.323 
-.109 

-.035 

11.139 

    .294 
   -.010 

    .143 
  1.138 
    .504 

   -.002 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age, 

gender, ethnicity, health care providers, and BMI (2021). 

Research Question 2c Year 2022 (Model 3): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers during the year 2022 in northern New Hampshire, 

controlling for age, gender, ethnicity, health care providers, BMI, education, occupation, 

health insurance, nephropathy stages, and geographic location?  

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), gender (baseline: male, dichotomous), age (year-continuous), ethnicity, 
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health care providers, education, occupation, health insurance, nephropathy stages, and 

geographic location (categorical). 

The results of the multiple linear regression analysis revealed clinical consultations 

during lockdowns (p = .797), gender (p = .391), ethnicity (p = .337), nephropathy stages 

(p = .805), education (p = .242), occupation (p = .138), health insurance (p = .253), and 

geographic location (p = .877) were not statistically significant because the p-values were 

above .05. Based on this model, clinical consultations during lockdowns, gender, age, 

ethnicity, health care providers, education, occupation, health insurance, and geographic 

location did not appear to have a significant impact on HbA1c levels in 2022. However, 

the multiple linear regression analysis revealed a statistically significant association 

between age (.027) and BMI (.031). When controlling BMI, the regression coefficient (B 

= -.018, 95% C.I. (-.034, -.002) p = .031) associated with age suggested that with each 

additional unit of BMI, the HbA1c level decreased by approximately .018. The R2 value 

of .047 related to this regression model suggested that age and BMI accounted for 4.7% 

of the variation in HbA1c levels, which meant that 95.3% of the variation in HbA1c 

levels could not be explained by age and BMI alone. Age alone did not explain much of 

the variation in HbA1c levels, suggesting that a more complex model might be necessary 

to predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 
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variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the number of clinical consultations during 

lockdowns with healthcare providers between December 2018 and December 2022 in 

northern New Hampshire, controlling for patient demographics and factors (gender, age, 

ethnicity, occupation, education, health care insurance, BMI, geographic location, and 

presence of other comorbidities), was rejected. No relationship existed between age, 
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BMI, and HbA1c levels (Table 61). Similar results were found for age and BMI, 

discussed in Model 4. 

Table 61 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2c, Year 2022  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

3 

(Constant) 

Clinical CDL 
Age 

Gender 
Ethnicity 
Health Care P 

Nephropathy S 
BMI (2022) 

Education 
Occupation 
Health Ins. 

Geographic L 

9.798 

 .035 
-.016 

.0118 
 .358 
 .204 

-.001 
-.018 

-.090 
-.246 
-.201 

-.252 

 

.011 
-.112 

-.036 
.040 
.055 

-.011 
-.093 

-.051 
-.075 
-.059 

-.006 

<.001 

.797 

.027 

.391 

.337 

.194 

.805 

.031 

.242 

.138 

.253 

.877 

8.453 

-.234 
-.030 

-.388 
-.374 
-.104 

-.007 
-.034 

-.242 
-.570 
-.545 

-3.454 

11.143 

    .305 
   -.002 

    .152 
  1.091 
    .513 

    .005 
   -.002 

    .061 
    .079 
    .144 

  2.950 

 

Note.  Dependent variable HbA1c Levels for the Year 2022. The control variables are 

age, gender, ethnicity, BMI (2022), nephropathy stages, education, occupation, health 

insurance, and geographic location. 

 Research Question 2d Year 2022 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the number of clinical consultations 

during lockdowns with healthcare providers during the year 2022 in northern New 

Hampshire, controlling for age, gender, ethnicity, health care providers, BMI, education, 

occupation, health insurance, nephropathy stages, geographic location, retinopathy, 

neuropathy, and coronary heart diseases?  
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), clinical consultations during lockdowns 

(categorical), age (year-continuous), and gender (baseline: male, dichotomous), ethnicity, 

health care providers, education, occupation, health insurance, nephropathy stages, 

geographic location, retinopathy, neuropathy, and coronary heart diseases (categorical). 

The results of the multiple linear regression analysis revealed clinical consultations 

during lockdowns (p = .892), gender (p = .521), ethnicity (p = .415), nephropathy stages 

(p = .814), health care providers (p = .278), education (p = .241), occupation (p = .140), 

health insurance (p = .129), geographic location (p = .912), retinopathy (p = .196), 

neuropathy (p = .059), and coronary heart disease (p = .890)were not statistically 

significant because the p-values were above .05. Based on this model, clinical 

consultations during lockdowns, gender, age, ethnicity, health care providers’ education, 

occupation, health insurance, geographic location, and comorbidities such as neuropathy, 

nephropathy stages, retinopathy, and coronary heart disease did not appear to have a 

significant impact on HbA1c levels in 2022. However, the results of the multiple linear 

regression analysis revealed a statistically significant association between BMI (p = .030) 

and age (p = .027) (B = -.016, 95% C.I. (-.031, -.002) p < .027), which meant that with 

each additional year of age, the HbA1c levels increased by approximately .284. The R2 

value of .056 associated with this regression model suggested that age and BMI 

accounted for 5.6% of the variation in HbA1c levels, which meant that 94.4% of the 

variation in HbA1c levels could not be explained by age and BMI alone. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 
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model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, are 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes that can modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the number of clinical 
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consultations during lockdowns with healthcare providers between December 2018 and 

December 2022 in northern New Hampshire, controlling for patient demographics and 

factors (gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and presence of other comorbidities), was rejected. No relationship 

existed between age, BMI, and HbA1c levels (see Table 62). Similar results were found 

on age Research Question 3 in Model 1. 
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Table 62 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 2d, Year 2022  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Clinical CDL 

Age 
Gender 
Ethnicity 

Health Care P 
Nephropathy S 

BMI (2022) 
Education 
Occupation 

Health Ins. 
Geographic L 

Retinopathy 
Neuropathy 
CHD. 

9.717 
 .019 

-.016 
-.089 
 .305 

 .171 
-.001 

-.018 
-.090 
-.245 

-.270 
-.179 

 .187 
 .281 
-.022 

 
  .006 

-.113 
-.027 
 .034 

 .046 
-.011 

-.093 
-.051 
-.075 

-.079 
-.005 

  .054 
  .081 
-.006 

<.001 
.892 

.027 

.521 

.415 

.278 

.814 

.030 

.241 

.140 

.129 

.912 

.196 

.057 

.890 

8.372 
 -.251 

 -.031 
 -.360 
 -.429 

 -.139 
 -.007 

 -.034 
 -.242 
 -.570 

 -.619 
-3.375 

 -.097 
 -.009 
 -.336 

11.063 
    .288 

   -.002 
    .183 
  1.040 

    .481 
    .005 

   -.002 
    .061 
    .080 

    .079 
  3.016 

    .472 
    .571 
    .292 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age, 

gender, ethnicity, health care providers, BMI (2022), nephropathy stages, education, 

occupation, health insurance, geographic location, retinopathy, and coronary heart 

disease. 

RQ2: Year 2022 

The multiple linear regression analysis results for 2022 revealed a statistically 

significant relationship between age and HbA1c levels across all four models and BMI in 

the last three models. Age and BMI accounted for only a small percentage (2.9% to 

5.6%) of the variation in HbA1c levels, with the remaining percentage (94.4% to 97.1%) 
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unexplained by the model variables. The variables gender, education, occupation, health 

insurance, telehealth consultations, geographical location, and comorbidities such as 

retinopathy, neuropathy, nephropathy, and coronary heart disease were not found to be 

statistically significant predictors. 

Summary Research Question 2 

The multiple linear regression analysis results for research question 2 revealed a 

statistically significant relationship between age and BMI with HbA1c levels across all 

five years in all models, except for model one in 2021, which did not have predictable 

variables. Age and BMI accounted for only a small percentage (1.2% to 5.6%) of the 

variation in HbA1c levels, with the remaining percentage (94.4% to 98.8%) unexplained 

by the model variables. The variables gender, education, occupation, health insurance, 

telehealth consultations, geographical location, and comorbidities such as retinopathy, 

neuropathy, nephropathy, and coronary heart disease were not found to be statistically 

significant predictors. 

Research Question 3 

To approach [Research Question 3]: Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and Physical activity programs provided through telehealth consultation between 

December 2018 and December 2022 in northern New Hampshire, controlling for gender, 

age, ethnicity, occupation, education, health insurance, BMI, geographic location, and 

presence of other comorbidities?  
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A multiple linear regression analysis was conducted to evaluate the prediction of 

glycosylated hemoglobin (HbA1c) from telehealth consultations, gender, age, ethnicity, 

occupation, education, physical activity, health insurance, BMI, geographic location, and 

comorbidities. 

Four individual linear regression models were conducted for each year from 2018 

to 2022 because the data for each year was collected separately. These models enabled 

the examination of the change in the dependent variable for each subgroup of the 

independent variables. 

Research Question 3a Year 2018 (Model 1): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during 2018 in 

northern New Hampshire, controlling for gender, age, and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), the control telehealth consultations (categorical 

yes/no) to evaluate the predictor variables gender (baseline: male, dichotomous), age (year-

continuous), ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .695), education (p = .217), gender (p = .839), and ethnicity (p = .072) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2018.   However, the results of the multiple linear regression 

analysis revealed a statistically significant association with age (.050) (B = -.011, 95% 
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C.I. (-.023, -.000) p = .050, which meant that with each additional year of age, the HbA1c 

levels decreased by approximately .011. The R2 value of .017 associated with this 

regression model suggested that age accounted for 1.7% of the variation in HbA1c levels, 

which meant that 98.3% of the variation in HbA1c levels could not be explained by age 

alone. Age alone did not explain much of the variation in HbA1c levels, suggesting that a 

more complex model might be necessary to predict HbA1c levels accurately. This could 

lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 
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conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient's gender, age, ethnicity, occupation, education, 

health care insurance, BMI, geographic location, and presence of other comorbidities) 

was rejected. That is, there was no relationship between age and HbA1c levels (see Table 

63). Similar results regarding age and BMI were found, discussed in Model 2. 

Table 63 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3a, Year 2018  

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

1 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 

8.442 
 .058 

-.095 
-.011 
-.027 

 .686 

 
 .018 

-.056 
-.083 
-.009 

 .076 

<.001 
  .695 

  .217 
  .050 
  .839 

  .072 

7.662 
 -.233 

 -.246 
 -.023 
 -.289 

 -.061 

9.223 
  .349 

  .056 
  .000 
  .235 

1.433 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

gender, and ethnicity.  

Research Question 3b Year 2018 (Model 2): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 
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and physical activity programs provided through telehealth consultation during the year 

2018 in northern New Hampshire, controlling for gender, age, BMI (2018), and 

ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no) to 

evaluate the predictor variables age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .822), education (p = .302), gender (p = .911), and ethnicity (p = .111) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2018. However, the results of the multiple linear regression 

analysis revealed a statistically significant association with BMI (p <.001) and age (p = 

.004) (B = -.018, 95% C.I. (-.031, -.006) p = .004), which meant that with each additional 

year of age, the HbA1c levels decreased by approximately .018. The R2 value of .038 

associated with this regression model suggested that age accounted for 3.8% of the 

variation in HbA1c levels, which meant that 96.2% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 
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levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women can cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 
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comorbidities) was rejected.  There was no relationship between age, BMI, and HbA1c 

levels (see Table 64). Similar results were found regarding age and BMI, discussed in 

Model 3. 

Table 64 

Regression Model of the Relationship Between Physical Activity and HbA1c Levels for 

Research Question 3b, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 

Physical Act 
Education 
Age 

Gender 
Ethnicity 

BMI (2018) 

10.80 

-.034 
-.079 
-.018 

 .015 
 .606 

-.028 

 

-.010 
-.046 
-.133 

 .005 
 .067 

-.150 

<.001 

.822 

.302 

.004 

.911 

.111 

<.001 

8.796 

-.322 
-.229 
-.031 

-.248 
-.139 

-.044 

11.363 

    .264 
    .071 
   -.006 

    .278 
  1.352 

   -.012 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are 

education, age, gender, ethnicity, and BMI (2018). 

 Research Question 3c Year 2018 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with (T2DM) and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

the year 2018 in northern New Hampshire, controlling for gender, age, BMI (2018), 

ethnicity, nephropathy stages, occupation, education, geographic location, telehealth 

consultations, healthcare insurance, comorbidities (retinopathy, neuropathy, and coronary 

heart disease)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no) to 
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evaluate the predictor variables gender (baseline: male, dichotomous), age (year-

continuous), ethnicity, health care providers (categorical), BMI (continuous), health 

insurance, geographic location, education, occupation, nephropathy stages, and health 

insurance. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.522), education (p = .260), gender (p = .903), ethnicity (p = .129), nephropathy stages (p 

= .331), occupation (p = .501), geographic location (p = .714), telehealth consultations (p 

= .118), and health insurance (p = .456) were not statistically significant because the p-

values are above .05. Based on this model, physical activity, education, gender, ethnicity, 

nephropathy stages, education, occupation, health insurance, geographic location, 

telehealth consultations, and health insurance did not appear to have a significant impact 

on HbA1c levels in 2018. However, the multiple linear regression analysis results 

revealed a statistically significant association between BMI and age (B = -.015, 95% C.I. 

(-.031, -.006) p = .004), which meant that with each additional year of age, the HbA1c 

levels decreased by approximately .015. The R2 value of .045 associated with this 

regression model suggested that age and BMI accounted for 4.5% of the variation in 

HbA1c levels, which meant that 95.5% of the variation in HbA1c levels could not be 

explained by age and BMI alone. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 
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were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 
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comorbidities), was rejected. There was no relationship between age, BMI, and HbA1c 

levels (see Table 65). Similar results were found regarding age and BMI, discussed in 

Model 3. 
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Table 65 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3c, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
BMI (2018) 

Nephropathy S 
Occupation 
Geographic 

Location 
Telehealth C. 

Health 
Insurance 

9.986 
-.097 

-.088 
-.015 
 .016 

 .578 
-.028 

-.003 
-.115 
-.578 

 .206 
-.127 

 
-.030 

-.051 
-.106 
 .005 

 .064 
-.151 

-.045 
-.036 
-.015 

-.065 
-.038 

<.001 
  .552 

  .260 
  .039 
  .903 

  .129 
<.001 

  .331 
  .501 
  .714 

  .118 
  .456 

8.694 
-.419 

-.240 
-.028 
-.248 

-.169 
-.045 

-.009 
-.452 
-3.671 

-.053 
-.462 

11.278 
    .224 

    .065 
   -.001 
    .281 

  1.325 
   -.012 

    .003 
    .221 
    .251 

    .466 
    .208 

Note.  Dependent variable HbA1c Levels for the Year 2018. The control variables are 

education, age, gender, ethnicity, BMI (2018), nephropathy stages, occupation, 

geographic location, telehealth consultations, and health insurance. 

Research Question 3d Year 2018 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and Physical activity programs provided through telehealth consultation during the year 

2018 in northern New Hampshire, controlling for gender, age, BMI (2018), ethnicity, 

nephropathy stages, occupation, education, geographic location, and health insurance? 

For the analysis the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical Yes/No), 
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gender (baseline: male, dichotomous), age (year-continuous), ethnicity, health care 

providers (categorical), BMI (continuous), health insurance, geographic location, 

education, occupation, nephropathy stages, health insurance, retinopathy, neuropathy, and 

coronary heart disease (categorical) variables. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.525), education (p = .266), gender (p = .825), ethnicity (p = .119), nephropathy stages (p 

= .391), occupation (p = .446), geographic location (p = .715), telehealth consultations (p 

= .134), health insurance(p = .392), retinopathy (p = .781), neuropathy, and coronary 

heart disease (p = .217) were not statistically significant because the p-values were above 

.05. Based on this model, physical consultations, education, gender, ethnicity, 

nephropathy stages, occupation, health insurance, geographic location, telehealth 

consultations, retinopathy, neuropathy, and coronary heart disease did not appear to have 

a significant impact on HbA1c levels in 2018. However, the multiple linear regression 

analysis results revealed a statistically significant association between BMI and age (B = 

-.015, 95% C.I. (-.029, -.001) p = .031), which meant that with each additional year of 

age, the HbA1c levels decreased by approximately .015. The R2 value of .050 associated 

with this regression model suggested that age and BMI accounted for 5.0% of the 

variation in HbA1c levels, which meant that 95.0% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 
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(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient's gender, age, ethnicity, occupation, education, health care 
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insurance, BMI, geographic location, and presence of other comorbidities), was rejected. 

There is no relationship between age, BMI, and HbA1c levels (see Table 66). Similar 

results were found on age and BMI discussed in Model 4, 2019 

Table 66 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3d, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

4 

(Constant) 

Physical Act. 
Education 
Age 

Gender 
Ethnicity 

BMI (2018) 
Nephropathy S 
Occupation 

Geographic L 
Telehealth C. 

Health Ins. 
SARS-CoV-2 
Retinopathy 

Neuropathy 
CHD. 

9.949 

-.104 
-.087 
-.015 

.030 

.598 

-.029 
-.003 
-.131 

-.577 
.199 

-.148 
.080 
-.039 

.110 

.193 

 

-.032 
-.051 
-.112 

.009 

.066 

-.156 
-.040 
-.041 

-.015 
.063 

-.045 
.025 
-.012 

.033 

.053 

<.001 

.525 

.266 

.031 

.825 

.119 

<.001 
.391 
.446 

.715 

.134 

.392 

.560 

.781 

.443 

.217 

8.643 

-.427 
-.240 
-.029 

-.238 
-.154 

-.046 
-.009 
-.469 

-3.676 
-.061 

-.489 
-.188 
-.317 

-.172 
-.114 

11.255 

.218 

.066 
-.001 

.298 
1.349 

-.013 
.003 
.207 

2.522 
.459 

.192 

.347 

.238 

.393 

.499 

Note. Dependent variable HbA1c levels for the year 2018. The control variables are 

education, age, gender, ethnicity, BMI (2018), nephropathy stages, occupation, health 

insurance, geographic location, retinopathy, neuropathy, and coronary heart disease. 
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RQ3 Summary 

RQ3: Year 2018 

The results of the multiple linear regression analysis for 2018 revealed a 

statistically significant relationship between age and HbA1c levels across all four models, 

as well as BMI in the last three models. Age and BMI accounted for only a small 

percentage (1.7% to 5.0%) of the variation in HbA1c levels, with the remaining 

percentage (95.0% to 98.3%) unexplained by the model variables. The variables gender, 

education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found 

to be statistically significant predictors. 

 Research Question 3a Year 2019 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

2019 in northern New Hampshire, controlling for gender, age, and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

age (year-continuous), gender (baseline: male, dichotomous), and ethnicity (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .664), education (p = .822), gender (p = .559), and ethnicity (p = .099) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2019.  However, the results of the multiple linear regression 
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analysis revealed a statistically significant association with age (p = .003) (B = -.017, 

95% C.I. (-.029, -.006) p = .003), which meant that with each additional year of age, the 

HbA1c levels decrease by approximately .017. The R2 value of .022 associated with this 

regression model suggested that age accounts for 2.2% of the variation in HbA1c levels, 

which means that 97.8% of the variation in HbA1c levels could not be explained by age 

alone. Age alone did not explain much of the variation in HbA1c levels, suggesting that a 

more complex model might be necessary to predict HbA1c levels accurately. This could 

lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not in women with T2DM, 

who tend to be regular smokers. This study showed that HbA1c variability was known to 

be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 
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health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities), was rejected. There was no relationship between age and HbA1c 

levels (see Table 67).  Similar results regarding age and BMI were found, discussed in 

Model 2. 
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Table 67 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3a, Year 2019 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 

8.828 
-.064 

-.017 
-.017 
-.077 

 .599 

 
-.019 

-.010 
-.125 
-.024 

 .068 

<.001 
.664 

.822 

.003 

.559 

.099 

8.046 
-.351 

-.166 
-.029 
-.336 

-.113 

9.609 
  .224 

  .132 
 -.006 
  .182 

1.312 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

gender, and ethnicity.  

 Research Question 3b Year 2019 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and Physical activity programs provided through telehealth consultation during 

the year 2019 in northern New Hampshire, controlling for gender, age, BMI (2019), and 

ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

age (year-continuous), gender (baseline: male, dichotomous), BMI (continuous), 

ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .298), education (p = .892), gender (p = .818), and ethnicity (p = .151) were not 

statistically significant because the p-values were above .05. Based on this model, 
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physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2019. However, the results of the multiple linear regression 

analysis revealed a statistically significant association between BMI (p = .003) and age (p 

<.001) (B = -.021, 95% C.I. (-.034, -.009) p <.001), which meant that with each 

additional year of age, the HbA1c levels decreased by approximately .018. The R2 value 

of .038 associated with this regression model suggested that age accounted for 3.8% of 

the variation in HbA1c levels, which meant that 96.2% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 
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covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected.  There was no relationship between age, BMI, and HbA1c 

levels (see Table 68). Similar results were found regarding age and BMI, discussed in 

Model 3. 
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Table 68 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3b, Year 2019 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
BMI (2019) 

9.960 
-.156 

-.010 
-.021 
 .030 

 .519 
-.025 

 
-.047 

-.006 
-.153 
-.010 

 .059 
-.131 

<.001 
  .298 

  .892 
<.001 
  .818 

  .151 
  .003 

8.683 
-.451 

-.159 
-.034 
-.291 

-.193 
-.041 

11.238 
    .138 

    .138 
   -.009 
    .230 

  1.231 
    .006 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are 

education, age, gender, ethnicity, and BMI (2019). 

 Research Question 3c Year 2019 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

the year 2018 in northern New Hampshire, controlling for gender, age, BMI (2019), 

ethnicity, nephropathy stages, occupation, education, geographic location, telehealth 

consultations, health insurance, retinopathy, neuropathy, and coronary heart disease? 

For the analysis the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

gender (baseline: male, dichotomous), age (year-continuous), ethnicity, health care 

providers (categorical), BMI (continuous), health insurance, geographic location, 
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education, occupation, nephropathy stages, health insurance, retinopathy, neuropathy, and 

coronary heart disease (categorical) variables. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.105), education (p = .695), gender (p = .829), ethnicity (p = .221), nephropathy stages (p 

= .211), occupation (p = .174), geographic location (p = .847), and health insurance (p = 

.390) was not statistically significant because the p-values were above .05. Based on this 

model, physical activity, education, gender, ethnicity, nephropathy stages, occupation, 

health insurance, and geographic location did not appear to have a significant impact on 

HbA1c levels in 2019. However, the results of the multiple linear regression analysis 

revealed a statistically significant association with telehealth consultations (p = .011), 

BMI (p = .002), and Age (p = .024) (B = -.016, 95% C.I. (-.030, -.002) p = .02), which 

meant that with each additional year of age, the HbA1c levels decreased by 

approximately .016. The R2 value of .054 associated with this regression model suggested 

that age, BMI, and Telehealth consultations accounted for 5.4% of the variation in 

HbA1c levels, which meant that age, BMI, and telehealth consultations alone could not 

explain 96.4% of the variation in HbA1c levels. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 
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variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability is known to be a risk factor for mortality in people 

with diabetes more in men than in women, as women could cook for themselves. Further 

studies are needed to identify a system that can aid men who live alone and control 

glycemic levels. Study findings by Syed et al. (2022) revealed that socio-economic 

factors, mainly employment, education level, family history, marital status, years of 

having diabetes, smoking, and alcohol consumption, were considered the root cause of 

the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected. There was no relationship between age, telehealth 
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consultations, and HbA1c levels (see Table 69). Similar results were found regarding age 

and BMI, discussed in Model 3. 

Table 69 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3c, Year 2019  

Model Variable 
Unstandardized 

B 

Standardized 

coefficients p-

values 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

3 

(Constant) 

Physical Act. 
Education 

Age 
Gender 
Ethnicity 

BMI (2019) 
Nephropathy S 

Occupation 
Geographic L. 
Telehealth C. 

Health Ins. 

9.825 

-.0262 
-.030 

-.016 
-.029 
 .443 

-.025 
 .000 

-.230 
 .335 
 .305 

-.146 

 

-.079 
-.017 

-.113 
-.009 
 .051 

-.005 
-.133 

-.072 
-.008 
 .105 

-.044 

<.001 

.105 

.695 

.024 

.829 

.221 

.002 

.211 

.174 

.847 

.011 

.390 

8.547 

-.579 
-.179 

-.030 
-.289 
-.268 

-.041 
-.006 

-.561 
-3.403 
.079 

-.478 

11.104 

    .055 
    .120 

   -.002 
    .231 
  1.153 

   -.009 
    .006 

    .102 
  2.793 
    .592 

    .187 

 

Note.  Dependent variable HbA1c Levels for the Year 2019. The control variables are 

education, age, gender, ethnicity, BMI (2019), nephropathy stages, occupation, 

geographic location, telehealth consultations, and health insurance. 

Research Question 3d Year 2019 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during the year 

2019 in northern New Hampshire, controlling for gender, age, BMI (2019), ethnicity, 

nephropathy stages, occupation, education, geographic location, telehealth consultations, 

and health insurance? 
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), physical activity (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, health 

care providers, telehealth consultations (categorical yes/no), health insurance, geographic 

location, education, occupation, and nephropathy stages (categorical) variables. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.114), education (p = .736), gender (p = .957), ethnicity (p = .250), nephropathy stages (p 

= .926), occupation (p = .161), geographic location (p = .883), health insurance (p = 

.342), retinopathy (p = .604), neuropathy (p = .542), and coronary heart disease (p = .592) 

were not statistically significant because the p-values were above .05. Based on this 

model, physical activity, education, gender, ethnicity, nephropathy stages, occupation, 

health insurance, geographic location, and comorbidities such as neuropathy, retinopathy, 

and coronary heart disease did not appear to have a significant impact on HbA1c levels in 

2019. However, the results of the multiple linear regression analysis revealed a 

statistically significant association with telehealth consultations (p = .010), BMI (p = 

.003), and age (p = .021) (B = -.016, 95% C.I. (-.030, -.003) p = .021), which meant that 

with each additional year of age, the HbA1c levels decreased by approximately .016. The 

R2 value of .057 associated with this regression model suggested that age, BMI, and 

telehealth account for 5.7% of the variation in HbA1c levels, meaning that age, BMI, and 

Telehealth alone could not explain 94.3% of the variation in HbA1c levels. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 
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discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 
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New Hampshire, controlling for patient's gender, age, ethnicity, occupation, education, 

health care insurance, BMI, geographic location, and presence of other comorbidities was 

rejected. There was no relationship between age, BMI, telehealth consultations, and 

HbA1c levels (Table 70). Similar results were found for age discussed in Model 1, 2020 
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Table 70 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3d, Year 2019  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
Nephropathy 

BMI (2019) 
Occupation 
Geographic L 

Telehealth C 
Health Ins. 

SARS-CoV-2 
Retinopathy 
Neuropathy 

CHD 

9.821 
-.257 

-.026 
-.016 
-.007 

 .420 
 .000 

-.025 
-.238 
-.233 

 .339 
-.164 

-.092 
 .073 
 .087 

 .082 

 
-.078 

-.015 
-.117 
-.002 

 .048 
 .004 

-.131 
-.075 
-.006 

 .106 
-.049 

-.028 
 .022 
 .026 

 .022 

<.001 
.114 

.736 

.021 

.957 

.250 

.926 

.003 

.161 

.883 

.010 

.342 

.495 

.604 

.542 

.597 

8.528 
-.575 

-.176 
-.030 
-.271 

-.296 
-.006 

-.041 
-.572 
-3.341 

 .082 
-.502 

-.358 
-.202 
-.193 

-.222 

11.113 
    .062 

    .124 
   -.003 
    .256 

  1.136 
    .006 

   -.009 
    .095 
  2.874 

    .597 
    .175 

    .173 
    .347 
    .367 

    .385 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are 

education, age, gender, ethnicity, BMI (2019), nephropathy stages, occupation, health 

insurance, geographic location, retinopathy, neuropathy, and coronary heart disease. 

RQ3: Year 2019 

The results of the multiple linear regression analysis for 2019 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small 

percentage (1.3% to 5.7%) of the variation in HbA1c levels, with the remaining 

percentage (94.3% to 98.7%) unexplained by the model variables. The variables gender, 
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education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found 

to be statistically significant predictors. 

 Research Question 3a Year 2020 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and Physical activity programs provided through telehealth consultation during 

the year 2020 in northern New Hampshire, controlling for gender, age, and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

age (year-continuous), gender (baseline: male, dichotomous), and ethnicity (categorical). 

 The results of the multiple linear regression analysis revealed that physical 

activity (p = .765), education (p = .090), gender (p = .459), and ethnicity (p = .987) were 

not statistically significant because the p-values are above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2020. However, the results of the multiple linear regression 

analysis revealed a statistically significant association with age (p = .043) (B = -.012, 

95% C.I. (-.024, -.000) p = .043), which meant that with each additional year of age, the 

HbA1c levels decreased by approximately .021. The R2 value of .013 associated with this 

regression model suggested that age accounted for 1.3% of the variation in HbA1c levels, 

which meant that 98.7% of the variation in HbA1c levels could not be explained by age 

alone. Age alone did not explain much of the variation in HbA1c levels, suggesting that a 

more complex model might be necessary to predict HbA1c levels accurately. This could 
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lead to discussing the challenges and opportunities in developing such a model. A 

multiple regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, 

both the average and variability of HbA1c levels were higher in people living alone than 

in those not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone and control glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 
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New Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities), was rejected. There was no relationship between age and HbA1c 

levels (see Table 71).  Similar results regarding age and BMI were found, discussed in 

Model 2. 

Table 71 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3a, Year 2020 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 

8.754 
 .045 

-.133 
-.012 
-.101 

-.006 

 
 .013 

-.076 
-.084 
-.031 

-.001 

<.001 
.765 

.090 

.043 

.459 

.987 

7.953 
-.252 

-.287 
-.024 
-.368 

-.760 

9.556 
  .342 

  .021 
  .000 
  .166 

  .747 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

gender, and ethnicity.  

 Research Question 3b Year 2020 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

the year 2020 in northern New Hampshire, controlling for gender, age, BMI (2020), and 

ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 
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age (year-continuous), gender (baseline: male, dichotomous), BMI (continuous), 

ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .936), education (p = .120), gender (p = .548), and ethnicity (p = .909) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2020. However, the results of the multiple linear regression 

analysis revealed a statistically significant association between BMI (p = .028) and age (p 

= .010) (B = -.018, 95% C.I. (-.031, -.006) p = .004), which meant that with each 

additional year of age, the HbA1c levels decreased by approximately .018. The R2 value 

of .022 associated with this regression model suggested that age accounted for 2.2% of 

the variation in HbA1c levels, which meant that 97.8% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability is known to be a risk factor for mortality in people 

with diabetes more in men than in women, as women could cook for themselves. Further 



252 

 

studies are needed to identify a system that can aid men who live alone in controlling 

glycemic levels. Study findings by Syed et al. (2022) revealed that socio-economic 

factors, mainly employment, education level, family history, marital status, years of 

having diabetes, smoking, and alcohol consumption, were considered the root cause of 

the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected. There was no relationship between age, BMI, and HbA1c 

levels (see Table 72). Similar results were found for BMI, as discussed in Model 3. 



253 

 

Table 72 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3b, Year 2020 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
BMI (2020) 

9.877 
-.013 

-.122 
-.017 
.082 

.044 
-.018 

 
-.004 

-.069 
-.118 
-.025 

-.005 
-.096 

<.001 
.936 

.120 

.010 

.548 

.909 

.028 

8.555 
-.319 

-.276 
-.030 
-.351 

-.800 
-.035 

11.199 
    .294 

    .032 
   -.004 
    .186 

    .712 
   -.002 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are 

education, age, gender, ethnicity, and BMI (2020). 

Research Question 3c Year 2020 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and Physical activity programs provided through telehealth consultation during 

the year 2020 in northern New Hampshire, controlling for gender, age, BMI (2020), 

ethnicity, nephropathy stages, occupation, education, geographic location, telehealth 

consultations, and health insurance? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), (categorical), age (year-continuous), gender 

(baseline: male, dichotomous), BMI (continuous), ethnicity, health care providers, 

telehealth consultations (categorical yes/no), health insurance, geographic location, 

education, occupation, and nephropathy stages (categorical) variables. 
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The results of the multiple linear regression analysis revealed physical activity (p = 

.729), education (p = .111), age (p = .051), gender (p = .558), ethnicity (p = .871), 

nephropathy stages (p = .470), occupation (p = .630), geographic location (p = .497), 

telehealth consultations (p = .595), and health insurance (p = .596) were above the 

significant of the model (p < .05). Based on this model, physical activity, education, 

gender, ethnicity, nephropathy stages, occupation, health insurance, geographic location, 

and telehealth consultations did not appear to have a significant impact on HbA1c levels 

in 2020. However, the multiple linear regression analysis revealed a statistically 

significant association with BMI (p = .026). When controlling BMI, the regression 

coefficient (B = -.019, 95% C.I. (-.035, -.002) p = .020) suggested that with each 

additional unit of BMI, the HbA1c levels decreased by approximately .019. The R2 value 

of (.025) associated with this regression model suggested that BMI accounted for 2.5% of 

the variation in HbA1c levels, meaning that BMI alone could not explain 97.5% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 
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men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and physical activity programs provided through telehealth between December 

2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities), was rejected.  

There was no relationship between BMI and HbA1c levels (see Table 73). Similar results 

were found regarding age and BMI, discussed in Model 4. 
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Table 73 

Regression Model of the Relationship Between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3c Year, 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Physical 

Activity 
Education 
Age 

Gender 
Ethnicity 

Nephropathy 
S. 
BMI (2020) 

Occupation 
Geographic L. 

Telehealth C. 
Health 
Insurance 

9.848 

-.058 
-.127 

-.014 
-.081 
-.063 

-.002 
-.019 

-.084 
-1.118 
 .072 

-.093 

 

-.017 
-.072 

-.099 
-.025 
-.007 

-.033 
-.097 

-.026 
-.028 
.022 

-.027 

<.001 

.729 

.111 

.051 

.558 

.871 

.470 

.026 

.630 

.497 

.595 

.596 

8.514 

-.388 
-.284 

-.029 
-.352 
-.822 

-.008 
-.035 

-.426 
-4.349 
-.194 

-.438 

11.181 

    .272 
    .029 

    .000 
    .190 
    .696 

    .004 
   -.002 

    .258 
  2.114 
    .339 

    .252 

 

Note.  Dependent variable HbA1c Levels for the Year 2020. The control variables are 

education, age, gender, ethnicity, BMI (2020), nephropathy stages, occupation, 

geographic location, telehealth consultations, and health insurance. 

Research Question 3d Year 2020 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and Physical activity programs provided through telehealth consultation during 

the year 2020 in northern New Hampshire, controlling for gender, age, BMI (2020), 

ethnicity, nephropathy stages, occupation, education, geographic location, telehealth 
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consultations, health insurance, SARS-CoV-2, neuropathy, retinopathy, and coronary 

heart diseases? 

For the analysis the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, health care providers, telehealth consultations 

(categorical yes/no), health insurance, geographic location, education, occupation, and 

nephropathy stages, neuropathy, retinopathy, coronary heart disease, and SARS-CoV-2 

(categorical) variables. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.725), education (p = .125), gender (p = .746), ethnicity (p = .823), nephropathy stages (p 

= .481), occupation (p = .575), geographic location (p = .536), telehealth consultations (p 

= .570), health insurance (p = .464), SARS-CoV-2 (p = .421), retinopathy (p = .669), 

neuropathy (p = .156), and coronary heart disease (p = .572) were not statistically 

significant because the p-values were above .05. Based on this model, physical activity, 

education, gender, ethnicity, nephropathy stages, occupation, health insurance, 

geographic location, telehealth, and comorbidities such as neuropathy, retinopathy, and 

coronary heart disease did not appear to have a significant impact on HbA1c levels in 

2020.  However, the results of the multiple linear regression analysis revealed a 

statistically significant association between BMI (p = .028) and age (p = .043) (B = -.015, 

95% C.I. (-.029, .000) p = .04)], which meant that with each additional year of age, the 

HbA1c levels decreased by approximately .015. The R2 value of .030 associated with this 

regression model suggested that age accounted for 3.0% of the variation in HbA1c levels, 
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which meant that 97.0% of the variation in HbA1c levels could not be explained by age 

and BMI alone. Age alone did not explain much of the variation in HbA1c levels, 

suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in people not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone and control glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 
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means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and physical activity programs provided through telehealth between December 

2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities), was rejected. 

There was no relationship between age, BMI, and HbA1c levels (see Table 74). Similar 

results were found on age, and BMI discussed in Model 1, 2021 
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Table 774 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3d, Year 2020  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2020) 
Occupation 
Geographic L 

Telehealth C. 
Health 

Insurance 
SARS-CoV-2 
Retinopathy 

Neuropathy 
CHD. 

9.841 
-.059 

-.123 
-.015 

-.045 
-.087 
-.002 

-.019 
-.098 

-1.120 
 .077 
-.131 

-.113 
 .062 

 .210 
 .091 

 
-.017 

-.070 
-.104 

-.014 
-.009 
-.033 

-.097 
-.030 

-.026 
.024 
-.038 

-.034 
.018 

.061 

.024 

<.001 
.725 

.125 

.043 

.746 

.823 

.481 

.028 

.575 

.536 

.570 

.464 

.421 

.669 

.156 

.572 

8.494 
-.390 

-.280 
-.029 

-.319 
-.852 
-.008 

-.035 
-.442 

-4.256 
-.190 
-.481 

-.387 
-.223 

-.081 
-.225 

11.187 
.272 

.034 

.000 

.228 

.678 

.004 

-.002 
.245 

2.216 
.345 
.220 

.162 

.338 

.500 

.406 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are 

education, age, gender, ethnicity, BMI (2020), nephropathy stages, occupation, health 

insurance, geographic location, retinopathy, neuropathy, and coronary heart disease. 

RQ3: Year 2020 

The results of the multiple linear regression analysis for 2020 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small 

percentage (1.3% to 3.0%) of the variation in HbA1c levels, with the remaining 
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percentage (97.0% to 98.7%) unexplained by the model variables. The variables gender, 

education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found 

to be statistically significant predictors. 

Research Question 3a Year 2021 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

2021 in northern New Hampshire, controlling for gender, age, and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), 

age (year-continuous), gender (baseline: male, dichotomous), and ethnicity (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .615), education (p = .152), age (p = .232), gender (p = .348), and ethnicity (p = .866) are 

above the significant of the model (p < .05). No statistically considerable values were seen 

in this model as illustrated in Table 75.  
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Table 75 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3a, Year 2021 

Model Variables 
Unstandardized 
B 

Standardized 
Coefficients p-

Values. 

95% confidence 
Interval B 

B 
Lower 

Bound 

Upper 

Bound 

1 

(Constant) 
Physical 

Activity 
Education 
Age 

Gender 
Ethnicity 

8.421 
 .075 

-.110 
-.007 

-.125 
-.065 

 
 .023 

-.064 
-.050 

-.039 
-.007 

<.001 
.615 

.152 

.232 

.348 

.866 

7.633 
-.218 

-.262 
-.019 

-.388 
-.823 

9.209 
.367 

.041 

.004 

.137 

.693 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are age, 

gender, and ethnicity.  

Research Question 3b Year 2021 (Model 2): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during the year 

2021 in northern New Hampshire, controlling for gender, age, BMI (2021), and 

ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), telehealth consultations (categorical yes/no), age 

(year-continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, and 

healthcare providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .872), education (p = .160), age (p = .179), gender (p = .532), and ethnicity (p = .643) 
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were not statistically significant because the p-values were above .05. Based on this 

model, physical activity, education, gender, ethnicity, nephropathy stages, occupation, 

health insurance, geographic location, telehealth, and comorbidities such as neuropathy, 

retinopathy, and coronary heart disease did not appear to have a significant impact on 

HbA1c levels in 2020. However, the multiple linear regression analysis revealed a 

statistically significant association with BMI (p = .012). When controlling BMI, the 

regression coefficient (B = -.021, 95% C.I. (-.037, -.004) p = .012) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .021. The R2 

value of .020 associated with this regression model suggested that age accounts for 2.0 of 

the variation in HbA1c levels, which meant that 98.0% of the variation in HbA1c levels 

could not be explained by age and BMI alone. Age alone did not explain much of the 

variation in HbA1c levels, suggesting that a more complex model might be necessary to 

predict HbA1c levels accurately. This could lead to discussing the challenges and 

opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-
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economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient's gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities, was rejected. 

There was no relationship between BMI and HbA1c levels (see Table 76). Similar results 

were found for BMI, as discussed in Model 3. 
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Table 76 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3b, Year 2021 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
BMI (2021) 

9.085 
-.025 

-.108 
-.009 
-.084 

-.179 
-.021 

 
-.007 

-.063 
-.062 
-.026 

-.019 
-.110 

<.001 
.872 

.160 

.179 

.532 

.643 

.012 

7.788 
-.325 

-.259 
-.021 
-.347 

-.940 
-.003 

10.382 
.276 

.043 
-.004 
.179 

.581 
-.004 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

education, age, gender, ethnicity, and BMI (2021). 

Research Question 3c Year 2021 (Model 3): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during the year 

2021 in northern New Hampshire, controlling for gender, age, BMI (2021), ethnicity, 

nephropathy stages, occupation, education, geographic location, telehealth consultations, 

and health insurance? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, health care providers, telehealth consultations 

(categorical yes/no), health insurance, geographic location, education, occupation, and 

nephropathy stages (categorical) variables. 
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The results of the multiple linear regression analysis revealed physical activity (p = 

.533), education (p = .120), age (p = .435), gender (p = .578), ethnicity (p = .628), 

nephropathy stages (p = .470), occupation (p = .235), geographic location (p = .633), 

telehealth consultations (p = .804), and health Insurance (p = .926) were not statistically 

significant because the p-values were above .05. Based on this model, physical activity, 

education, gender, ethnicity, nephropathy stages, occupation, health insurance, 

geographic location, telehealth, and comorbidities such as neuropathy, retinopathy, and 

coronary heart disease did not appear to have a significant impact on HbA1c levels in 

2021. However, the multiple linear regression analysis revealed a statistically significant 

association with BMI (p = .011). When controlling BMI, the regression coefficient (B = -

.021, 95% C.I. (-.037, -.005) p = .011) suggested that with each additional unit of BMI, 

the HbA1c levels decreased by approximately .019. The R2 value of .024 associated with 

this regression model suggested that BMI accounted for 2.4% of the variation in HbA1c 

levels, meaning that BMI alone could not explain 97.6% of the variation in HbA1c levels. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 
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to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 

New Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities), was rejected. There was no relationship between BMI and HbA1c 

levels (see Table 77).  Similar results were found for BMI and neuropathy, discussed in 

Model 4. 



268 

 

Table 77 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3c, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2021) 
Occupation 
Geographic L. 

Telehealth C. 
Health Ins. 

9.094 
-.103 

-.122 
-.006 
-.075 

-.188 
-.003 

-.021 
-.203 
-769 

.033 
-.016 

 
-.031 

-.071 
-.040 
-.023 

-.020 
.044 

-.112 
-.063 
-.020 

.010 
-.005 

<.001 
.533 

.120 

.435 

.578 

.628 

.341 

.011 

.235 

.633 

.804 

.926 

7.785 
-.428 

-.275 
-.020 
-.340 

-.951 
-.003 

-.037 
-.540 
-3.930 

-.228 
-.354 

10.402 
.221 

.032 

.008 

.190 

.575 

.009 

-.005 
.133 
2.391 

.294 

.322 

 

Note.  Dependent variable HbA1c Levels for the Year 2021. The control variables are 

education, age, gender, ethnicity, BMI (2021), nephropathy stages, occupation, 

geographic location, telehealth consultations, and health insurance. 

Research Question 3d Year 2021 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during the year 

2021 in northern New Hampshire, controlling for gender, age, BMI (2021), ethnicity, 

nephropathy stages, occupation, education, geographic location, telehealth consultations, 

health insurance, SARS-CoV-2, neuropathy, retinopathy, and coronary heart diseases? 

For the analysis the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender, (baseline: male, 
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dichotomous), BMI (continuous), ethnicity, healthcare providers, telehealth consultations 

(categorical yes/no), health insurance, geographic location, education, occupation, 

nephropathy stages, neuropathy, retinopathy, coronary heart disease, and SARS-CoV-2 

(categorical) variables. 

The results of the multiple linear regression analysis revealed physical activity (p = 

.536), education (p = .113), age (p = .363), gender (p = .880), ethnicity (p = .517), 

nephropathy stages (p = .311), occupation (p = .204), geographic location (p = .698), 

telehealth consultations (p = .765), health insurance (p = .637), SARS-CoV-2 (p = .410), 

retinopathy (p = .156), and coronary heart disease (p = .449) were not statistically 

significant because the p-values were above .05. Based on this model, physical activity, 

education, gender, ethnicity, nephropathy stages, occupation, health insurance, 

geographic location, telehealth, and comorbidities such as neuropathy, retinopathy, and 

coronary heart disease did not appear to have a significant impact on HbA1c levels in 

2021.  However, the results of the multiple linear regression analysis revealed a 

statistically significant association between neuropathy (p = .041) and BMI (p = .012) (B 

= .296, 95% C.I. (.012, .580) p = .041), which meant that with each additional peripheral 

nerve damage, the HbA1c levels increased by approximately .296. The R2 value of .037 

associated with this regression model suggested that age accounted for 3.7% of the 

variation in HbA1c levels, which meant that 96.3% of the variation in HbA1c levels 

could not be explained by neuropathy and BMI alone. Age alone did not explain much of 

the variation in HbA1c levels, suggesting that a more complex model might be necessary 

to predict HbA1c levels accurately. This could lead to discussing the challenges and 
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opportunities in developing such a model. A multiple regression analysis by Sakai et al. 

(2022) demonstrated that in men with T2DM, both the average and variability of HbA1c 

levels were higher in people living alone than in those not living alone. After adjusting 

for covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 

people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes that can modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 
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controlling for patient's gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities, was rejected. 

There was no relationship between BMI, neuropathy, and HbA1c levels (see Table 78). 

Similar results were found on age discussed in Model 1, 2022 
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Table 78 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3d, Year 2021  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2021) 
Occupation 
Geographic L 

Telehealth C. 
Health Ins. 

SARS-CoV-2 
Retinopathy 
Neuropathy 

CHD. 

9.009 
-.102 

-.117 
-.007 
-.021 

-.252 
.003 

-.021 
-.218 
-.623 

.040 
-.082 

-.113 
.201 
.296 

.119 

 
-.031 

-.068 
-.046 
-.006 

-.027 
.047 

-.110 
-.068 
-.016 

.012 
-.025 

-.035 
.060 
.088 

.032 

<.001 
.536 

.113 

.363 

.880 

.517 

.311 

.012 

.204 

.698 

.765 

.637 

.410 

.156 

.041 

.449 

7.693 
-.426 

-.270 
-.021 
-.288 

-1.017 
-.003 

-.037 
-.554 
-3.776 

-.221 
-.425 

-.381 
-.077 
.012 

-.190 

10.325 
.222 

.036 

.008 

.247 

.512 

.009 

-.004 
.119 
2.529 

.301 

.260 

.156 

.479 

.580 

.429 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

education, age, gender, ethnicity, BMI (2021), nephropathy stages, occupation, health 

insurance, geographic location, retinopathy, neuropathy, and coronary heart disease. 

RQ3: Year 2021 

The results of the multiple linear regression analysis for 2021 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small 

percentage (2.0% to 3.7%) of the variation in HbA1c levels, with the remaining 

percentage (96.3% to 98.0%) unexplained by the variables in the models. The variables 
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gender, education, occupation, health insurance, telehealth consultations, geographical 

location, and comorbidities (retinopathy, nephropathy, and coronary heart disease) were 

not found to be statistically significant predictors. 

Research Question 3a Year 2022 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

2022 in northern New Hampshire, controlling for gender, age, and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), and ethnicity (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .230), education (p = .390), gender (p = .263), and ethnicity (p = .223) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2022.  However, the results of the multiple linear regression 

analysis revealed a statistically significant association with age (p = .001) (B = -.019, 

95% C.I. (-.031, -.008) p < .001), which meant that with each additional year of age, the 

HbA1c levels decreased by approximately .019. The R2 value of .028 associated with this 

regression model suggested that age accounts for 2.8 of the variation in HbA1c levels, 

meaning that age alone could not explain 97.2% of the variation in HbA1c levels. Age 

alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 
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discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and physical activity programs 

provided through telehealth between December 2018 and December 2022 in northern 
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New Hampshire, controlling for patient demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and presence of 

other comorbidities), was rejected. There was no relationship between age and HbA1c 

levels (see Table 79). Similar results were found for age and BMI, as discussed in Model 

2.   

Table 79 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3a, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 

8.421 
.183 

-.068 
-.019 
-.152 

.463 

 
.054 

-.038 
-.134 
-.046 

.051 

<.001 
.230 

.390 

.001 

.263 

.223 

8.265 
-.116 

-.222 
-.031 
-.419 

-.277 

9.865 
.481 

.087 
-.008 
.115 

1.184 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are age, 

gender, and ethnicity.  

Research Question 3b Year 2022 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and participation in diabetes education 

programs and physical activity programs provided through telehealth consultation during 

the year 2022 in northern New Hampshire, controlling for gender, age, BMI (2022), and 

ethnicity? 
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, and health care providers (categorical). 

The results of the multiple linear regression analysis revealed that physical activity (p 

= .468), education (p = .456), gender (p = .352), and ethnicity (p = .296) were not 

statistically significant because the p-values were above .05. Based on this model, 

physical activity, education, gender, and ethnicity did not appear to have a significant 

impact on HbA1c levels in 2022.  However, the results of the multiple linear regression 

analysis revealed a statistically significant association with age (p <.001) and BMI (p = 

.035). When controlling BMI, the regression coefficient (B = -.021, 95% C.I. (-.037, -

.004) p = .012) suggested that with each additional unit of BMI, the HbA1c levels 

decreased by approximately .021. The R2 value of .036 associated with this regression 

model suggested that age and BMI accounted for 3.6 of the variation in HbA1c levels, 

which meant that 95.4% of the variation in HbA1c levels could not be explained by age 

and BMI alone. Age alone did not explain much of the variation in HbA1c levels, 

suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 
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variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and physical activity programs provided through telehealth between December 

2018 and December 2022 in northern New Hampshire, controlling for patient 

demographics and factors (gender, age, ethnicity, occupation, education, health care 

insurance, BMI, geographic location, and presence of other comorbidities), was rejected. 

No relationship existed between age, BMI, and HbA1c levels (see Table 80).  Similar 

results were found for age and BMI, discussed in Model 3. 
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Table 80 

Regression Model of the Relationship between Physical Activity and HbA1c Levels for 

Research Question 3b, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
BMI (2022) 

9.967 
.114 

-.059 
-.023 
-.127 

.391 
-.018 

 
.033 

-.033 
-.158 
-.039 

.044 
-.093 

<.001 
.468 

.456 
<.001 
.352 

.296 

.035 

8.646 
-.194 

-.213 
-.036 
-.396 

-.343 
-.035 

11.289 
.421 

.096 
-.010 
.141 

1.124 
-.001 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

education, age, gender, ethnicity, and BMI (2022). 

Research Question 3c Year 2022 (Model 3): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM participation in diabetes education programs and 

physical activity programs provided through telehealth consultation during the year 2022 

in northern New Hampshire, controlling for gender, age, BMI (2022), ethnicity, 

nephropathy stages, occupation, education, geographic location, telehealth consultations, 

and health insurance? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, health care providers, telehealth consultations 

(categorical yes/no), health insurance, geographic location, education, occupation, 

nephropathy stages, and education (categorical) variables. 
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The results of the multiple linear regression analysis revealed physical activity (p = 

.916), education (p = .312), gender (p = .356), ethnicity (p = .335), nephropathy stages (p 

= .722), occupation (p = .130), geographic location (p = .808), telehealth consultations (p 

= .850), and health insurance (p = .292) were not statistically significant because the p-

values were above .05. Based on this model, physical activity, education, gender, 

ethnicity, nephropathy stages, occupation, health insurance, geographic location, and 

telehealth did not appear to have a significant impact on HbA1c levels in 2022.  

However, the multiple linear regression analysis results revealed a statistically significant 

association with Age (p = 030) and BMI (p = .026). When controlling BMI, the 

regression coefficient (B = -.021, 95% C.I. (-.037, -.005) p = .011) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .019. The R2 

value of .044 associated with this regression model suggested that BMI accounted for 

4.4% of the variation in HbA1c levels, meaning that BMI alone could not explain 95.6% 

of the variation in HbA1c levels. Age alone did not explain much of the variation in 

HbA1c levels, suggesting that a more complex model might be necessary to predict 

HbA1c levels accurately. This could lead to discussing the challenges and opportunities 

in developing such a model. A multiple regression analysis by Sakai et al. (2022) 

demonstrated that in men with T2DM, both the average and variability of HbA1c levels 

were higher in people living alone than in those not living alone. After adjusting for 

covariates, individuals living alone were independently associated with glycemic 

variability in men but not women with T2DM, who tended to be regular smokers. This 

study showed that HbA1c variability was known to be a risk factor for mortality in 
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people with diabetes more in men than in women, as women could cook for themselves. 

Further studies are needed to identify a system that can aid men who live alone in 

controlling glycemic levels. Study findings by Syed et al. (2022) revealed that socio-

economic factors, mainly employment, education level, family history, marital status, 

years of having diabetes, smoking, and alcohol consumption, were considered the root 

cause of the disease process in diabetics. These results explain the potentially significant 

covariates not included in the model. Studies by Sakai et al. demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, eating habits, financial worry, emotional health, mental health, and 

socioeconomic status were associated with multiple lifelong conditions for people with 

diabetes who could modify the variability of HbA1c levels. These results serve as a 

reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected. No relationship existed between age, BMI, and HbA1c 

levels (see Table 81). Similar results were found for age, BMI, and neuropathy, discussed 

in Model 4. 
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Table 81 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3c, Year 2022  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Physical 

Activity 
Education 
Age 

Gender 
Ethnicity 

Nephropathy 
BMI (2022) 
Occupation 

Geographic L. 
Telehealth C. 

Health 
Insurance 

10.001 

-.018 
-.081 
-.016 

-.127 
.361 

-.001 
-.019 
-.266 

-.395 
.026 

-.185 

 

-.005 
-.046 
-.111 

-.039 
.040 

-.016 
-.098 
-.081 

-.010 
.008 

-.054 

<.001 

.916 

.312 

.030 

.356 

.335 

.722 

.026 

.130 

.808 

.850 

.291 

8.672 

-.350 
-.237 
-.030 

-.397 
-.373 

-.007 
-.035 
-.612 

-3.595 
-.241 

-.530 

11.331 

.314 

.076 
-.002 

.143 
1.096 

.005 
-.002 
.079 

2.804 
.292 

.159 

 

Note.  Dependent variable HbA1c Levels for the Year 2022. The control variables are 

education, age, gender, ethnicity, BMI (2022), nephropathy stages, occupation, 

geographic location, telehealth consultations, and health insurance. 

Research Question 3d Year 2022 (Model 4): Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and participation in diabetes education programs 

and physical activity programs provided through telehealth consultation during the year 

2021 in northern New Hampshire, controlling for gender, age, BMI (2021), ethnicity, 

nephropathy stages, occupation, education, geographic location, telehealth consultations, 

health insurance, SARS-CoV-2, neuropathy, retinopathy, and coronary heart diseases? 
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), age (year-continuous), gender (baseline: male, 

dichotomous), BMI (continuous), ethnicity, healthcare providers, telehealth consultations 

(categorical yes/no), health insurance, geographic location, education, occupation, and 

nephropathy stages, neuropathy, retinopathy, coronary heart disease, and SARS-CoV-2 

(categorical) variables. 

 The results of the multiple linear regression analysis revealed physical activity (p 

= .863), education (p = .302), gender (p = .481), ethnicity (p = .419), nephropathy stages 

(p = .771), occupation (p = .132), geographic location (p = .846), telehealth consultations 

(p = .882), health insurance (p = .139), SARS-CoV-2 (p = .777), retinopathy (p = .176), 

and coronary heart disease (p = .921) were not statistically significant because the p-

values were above .05. Based on this model, physical activity, education, gender, 

ethnicity, nephropathy stages, occupation, health insurance, geographic location, 

telehealth, and comorbidities such as neuropathy, retinopathy, and coronary heart disease 

did not appear to have a significant impact on HbA1c levels in 2022.  However, the 

results of the multiple linear regression analysis revealed a statistically significant 

association with age (p = .031), BMI (p = .025), and neuropathy (p = .050) (B = .291, 

95% C.I. (.000, .581) p = .050), which meant that with each additional peripheral nerve 

damage, the HbA1c levels increased by approximately .296. The R2 value of .055 

associated with this regression model suggested that neuropathy accounted for 5.5 of the 

variation in HbA1c levels, which meant that 94.5% of the variation in HbA1c levels 

could not be explained by neuropathy, age, and BMI alone. Age alone did not explain 
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much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability is known to be a risk factor 

for mortality in people with diabetes more in men than in women, as women could cook 

for themselves. Further studies are needed to identify a system that can aid men who live 

alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed that 

socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis that there was no statistically significant relationship between HbA1c 



284 

 

levels of patients diagnosed with T2DM and physical activity programs provided through 

telehealth between December 2018 and December 2022 in northern New Hampshire, 

controlling for patient demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and presence of other 

comorbidities), was rejected. There was no relationship between age, BMI, neuropathy, 

and HbA1c levels (see Table 82). Similar results were found on age discussed in Model 

1, 2022 
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Table 82 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 3d, Year 2022  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients p-

values. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Physical Act. 

Education 
Age 
Gender 

Ethnicity 
Nephropathy 

BMI (2022) 
Occupation 
Geographic L 

Telehealth C. 
Health Ins. 

SARS-CoV-2 
Retinopathy 
Neuropathy 

CHD. 

9.863 
-.029 

-.082 
-.026 
-.098 

.304 
-.001 

-.019 
-.266 
-.315 

.020 
-.263 

.040 

.196 

.291 

-.016 

 
-.009 

-.047 
-.110 
-.030 

.034 
-.013 

-.099 
-.081 
-.008 

.006 
-.077 

.012 

.057 

.084 

-.004 

<.001 
.863 

.302 

.031 

.481 

.419 

.771 

.025 

.132 

.846 

.882 

.139 

.777 

.176 

.050 

.921 

8.524 
-.361 

-.239 
-.030 
-.370 

-.434 
-.007 

-.036 
-.611 
-3.512 

-.247 
-.613 

-.234 
-.088 
.000 

-.331 

11.202 
.303 

.074 
-.001 
.174 

1.041 
.005 

-.002 
.080 
2.881 

.287 

.086 

.313 

.480 

.581 

.299 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

education, age, gender, ethnicity, BMI (2022), nephropathy stages, occupation, health 

insurance, geographic location, retinopathy, neuropathy, and coronary heart disease. 

RQ3: Year 2022 

The multiple linear regression analysis results for 2022 revealed a statistically 

significant relationship between age and HbA1c levels across all four models and BMI in 

Models 2, 3, and 4. Age and BMI accounted for only a small percentage (2.8% to 5.5%) 

of the variation in HbA1c levels, with the remaining percentage (94.5% to 97.2%) 

unexplained by the model variables. The variables gender, education, occupation, health 
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insurance, telehealth consultations, geographical location, and comorbidities (retinopathy, 

nephropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Summary Research Question 3  

The multiple linear regression analysis results for Research Question 3in 2018 

and 2022 revealed a statistically significant relationship between age and HbA1c levels 

across all four models in all five years and BMI in models two, three, and four. Age and 

BMI accounted for only a small percentage (1.3% to 5.7%) of the variation in HbA1c 

levels, with the remaining percentage (94.3% to 98.7%) unexplained by the model 

variables. The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. 

Research Question 4 

To approach [Research Question 4]: Is there a relationship between HbA1c 

levels of patients diagnosed with T2DM and the type of health care provider (physician, 

nurse, community health worker, allied health professional) using telehealth for diabetes 

clinical consultations to provide diabetic patient care between December 2018 and 

December 20221in northern New Hampshire, controlling for gender, age, ethnicity, 

occupation, education, health insurance, BMI, geographic location, and presence of other 

comorbidities? 

A multiple linear regression analysis was conducted to evaluate the prediction of 

Glycosylated hemoglobin (HbA1c) levels from telehealth consultations, gender, age, 
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ethnicity, occupation, education, health Insurance, BMI, geographic location, and 

presence of comorbidities (retinopathy, neuropathy, nephropathy, and coronary heart 

disease)?  

Four individual linear regression models were conducted for each year from 2018 

to 2022 because the data for each year was collected separately. These models enabled 

the examination of the changes in the dependent variables for each subgroup with the 

independent variables. 

Research Question 4a Year 2018 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2018 in northern New Hampshire, controlling age, gender, 

and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity (categorical) variables. 

The results of the multiple linear regression analysis revealed that healthcare 

providers (p = .226), clinical consultations during lockdowns (p = .991), gender (p = 

.805), and ethnicity (p = .059) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity did not appear to have a significant impact on HbA1c 

levels in 2018.   However, the results of the multiple linear regression analysis revealed a 

statistically significant association with age (p = .037) (B = -.012, 95% C.I. (-.024, -.001) 
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p = .037), which meant that with each additional year of age, the HbA1c levels decreased 

by approximately .017. The R2 value of .028 associated with this regression model 

suggested that age accounts for 1.7 of the variation in HbA1c levels, which meant that 

98.3% of the variation in HbA1c levels could not be explained by age alone. Age alone 

did not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone and control glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 
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conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis  that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. There was no relationship between age 

and HbA1c levels (see Table 83). Similar results were found for age and BMI, as 

discussed in Model 2.   
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Table 83 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4a, Year 2018 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 (Constant) 
Health Care P. 

Clinical CDL 
Age 
Gender 

Ethnicity 

8.237 
 .185 

-.002 
-.012 
-.033 

 .716 

 
 .051 

-.001 
-.088 
-.010 

 .079 

<.001 
.226 

.991 

.037 

.805 

.059 

7.467 
-.115 

-.263 
-.024 
-.294 

-.028 

9.007 
.485 

.259 
-.001 
.229 

1.460 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are 

clinical consultations during lockdowns, age, gender, and ethnicity. 

Research Question 4b Year 2018 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2018 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2018)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), healthcare providers (categorical),age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), and ethnicity 

(categorical) variables. 

The results of the multiple linear regression analysis revealed that health care 

providers (p = .356), clinical consultations during lockdowns (p = .924), gender (p = 

.980), and ethnicity (p = .092) were not statistically significant because the p-values were 
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above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity did not appear to have a significant impact on HbA1c 

levels in 2018.  However, the results of the multiple linear regression analysis revealed a 

statistically significant association with age (p = .003) and BMI (p <.001). When 

controlling for BMI, the regression coefficient (B = -.027, 95% C.I. (-.043, -.011) p 

<.001) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .027. The R2 value of .037 associated with this regression model suggested 

that age and BMI accounted for 3.7 of the variation in HbA1c levels, which meant that 

95.3% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability is known to 

be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 
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considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis  that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and other 

comorbidities was rejected. There was no relationship between age, BMI, and HbA1c 

levels (see Table 84). Similar results were found for age and BMI, discussed in Model 3. 
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Table 84 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4b, Year 2018 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Healthcare P 

Clinical CDL 
Age 
Gender 

Ethnicity 
BMI (2018) 

9.823 
.140 

.013 
-.019 
.003 

.638 
-.027 

 
.039 

.004 
-.136 
.001 

.071 
-.142 

<.001 
.356 

.924 

.003 

.980 

.092 
<.001 

8.525 
-.158 

-.248 
-.031 
-.259 

-.105 
-.043 

11.121 
.439 

.273 
-.006 
.266 

1.380 
-.011 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2018). 

Research Question 4c Year, 2018 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2018 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2018)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), healthcare providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), ethnicity, nephropathy stages, 

education, occupation, and geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .333), clinical consultations during lockdowns (p = .840), gender (p = .854), 
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ethnicity (p = .121), nephropathy stages (p = .416), education (p = .143), occupation (p = 

.421), and geographic location (p = .835) were not statistically significant because the p-

values were above .05. Based on this model, health care providers, clinical consultations 

during lockdowns, gender, ethnicity, education, nephropathy stages, occupation, and 

geographic location did not appear to have a significant impact on HbA1c levels in 2018. 

However, the multiple linear regression analysis results revealed a statistically significant 

association with age (p = .013) and BMI (p = .001). When controlling for BMI, the 

regression coefficient (B = -.027, 95% C.I. (-.043, -.011) p <.001) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .027. The R2 

value of .041 associated with this regression model suggested that age and BMI account 

for 4.1 of the variation in HbA1c levels, which meant that 95.9% of the variation in 

HbA1c levels could not be explained by age and BMI alone. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 
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live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes that can modify the variability of HbA1c levels. These results serve 

as a reference for future studies. The confidence interval associated with the regression 

analysis did not contain 0, which means the rejection of the null hypothesis. The null 

hypothesis that there was no statistically significant relationship between HbA1c levels of 

patients diagnosed with T2DM and the type of healthcare provider (physician, nurse, 

community health worker, allied health professional) using telehealth to provide diabetic 

patient care) between December 2018 and December 2022 in northern New Hampshire, 

controlling for the patient's demographics and factors (gender, age, ethnicity, occupation, 

education, health care insurance, BMI, geographic location, and other comorbidities) was 

rejected. No relationship existed between age, BMI, and HbA1c levels (see Table 85). 

Similar results were found for age and BMI, discussed in Model 3. 
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Table 85 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4c, Year 2018  

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Healthcare P 

Clinical CDL 
Age 
Gender 

Ethnicity 
BMI (2018) 

Nephropathy S 
Education 
Occupation 

Geographic L. 

9.906 
.148 

.027 
-.017 
.025 

.590 
-.027 

-.002 
-.110 
-.121 

-.329 

 
.061 

-.037 
-.143 
-.002 

.057 
-.008 

-.112 
-.038 
-.052 

.004 

<.001 
.333 

.840 

.013 

.854 

.121 

.001 

.416 

.143 

.421 

.835 

8.600 
-.152 

-.235 
-.030 
-.239 

-.156 
-.043 

-.008 
-.257 
-.416 

-3.428 

11.212 
.449 

.289 
-.004 
.289 

1.336 
-.011 

.003 

.037 

.174 

2.769 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2018). 

Research Question 4d, Year 2018 (Model 4): Is there a relationship between 

health care providers using telehealth consultation and HbA1c levels of patients 

diagnosed with T2DM during lockdowns to provide diabetic patient care with clinical 

consultations during the year of 2018 in northern New Hampshire, controlling age, 

gender, ethnicity, BMI (2018), nephropathy stages, education, occupation, geographic 

location, retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), BMI 

(continuous), age (year-continuous), gender (baseline: male, dichotomous), ethnicity, 
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nephropathy stages, education, occupation, geographic location, retinopathy, neuropathy, 

coronary heart disease, and SARS-CoV-2 (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .406), clinical consultations during lockdowns (p = .394), gender (p = .836), 

ethnicity (p = .111), nephropathy stages (p = .401), education (p = .159), occupation (p = 

.368), geographic location (p = .848), retinopathy (p = .705), neuropathy (p = .536), 

coronary heart disease (p = .231), and  SARS-CoV-2 (p = .272) were not statistically 

significant because the p-values were above .05. Based on this model, health care 

providers, clinical consultations during lockdowns, gender, ethnicity, education, 

nephropathy stages, occupation, geographic location, and comorbidities such as 

neuropathy, retinopathy, and coronary heart disease did not appear to have a significant 

impact on HbA1c levels in 2018. However, the multiple linear regression analysis results 

revealed a statistically significant association with age (p = .007) and BMI (p = .001). 

When controlling for BMI, the regression coefficient (B = -.027, 95% C.I. (-.043, -.011) p 

<.001) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .027. The R2 value of .041 associated with this regression model suggested 

that age and BMI accounted for 4.1 of the variation in HbA1c levels, which meant that 

95.9% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 
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average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 
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(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected.  No relationship existed between age, 

BMI, and HbA1c levels (see Table 86). Similar results were found for age and BMI 

discussed in  
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Table 86 

Regression Model of the Relationship between Clinical Consultations During Lockdowns 

and HbA1c Levels for Research Question 4d, Year 2018  

Model Variables 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Healthcare P 

Clinical CDL 
Age 
Gender 

Ethnicity 
BMI (2018) 

Nephropathy S 
Education 
Occupation 

Geographic L 
Retinopathy 

Neuropathy 
CHD 
SARS-CoV-2 

9.943 
.128 

-.215 
-.018 
.028 

.610 
-.027 

-.003 
-.106 
-.136 

-.302 
-.053 

.088 

.187 

.281 

 
.056 

-.070 
-.150 
.001 

.054 
-.008 

-.112 
-.036 
-.054 

.005 

.019 

.018 

.024 

.034 

<.001 
.406 

.394 

.007 

.836 

.111 
<.001 

.401 

.159 

.368 

.848 

.705 

.536 

.231 

.272 

8.632 
-.174 

-.710 
-.032 
-.239 

-.141 
-.043 

-.008 
-.253 
-.433 

-3.404 
-.330 

-.192 
-.119 
-.221 

11.254 
.431 

.280 
-.005 
.296 

1.360 
-.011 

.003 

.042 

.161 

2.800 
.223 

.368 

.494 

.782 

 

Note.  Dependent variable HbA1c levels for the year 2018. The control variables are age, 

clinical consultations during lockdowns, age, gender, ethnicity, BMI (2018), nephropathy 

stages, education, occupation, geographic location, nephropathy stages, retinopathy, 

neuropathy, coronary heart disease, and SARS-CoV-2. 

RQ4 Summary 

RQ4: Year 2018 

The results of the multiple linear regression analysis for 2018 revealed a 

statistically significant relationship between age and HbA1c levels across all four models 

and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small percentage 
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(1.7% to 5.0%) of the variation in HbA1c levels, with the remaining percentage (95.0% 

to 98.3%) unexplained by the model variables. The variables gender, education, 

occupation, health insurance, telehealth consultations, geographical location, and 

comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found to 

be statistically significant predictors. 

Research Question 4a Year 2019 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2019 in northern New Hampshire, controlling age, gender, 

and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity (categorical) variables. 

The results of the multiple linear regression analysis revealed that healthcare 

providers (p = .109), clinical consultations during lockdowns (p = .265), gender (p = 

.691), and ethnicity (p = .100) were not statistically significant because the p-values were 

above .05. Based on this model, clinical consultations during lockdowns, gender, and 

ethnicity did not appear to have a significant impact on HbA1c levels in 2019. However, 

the multiple linear regression analysis results revealed a statistically significant 

association with age (B = -.019, 95% C.I. (-.030, -.007) (p = .001), which meant that with 

each additional year of age, the HbA1c levels decreased by approximately (.019). The R2 

value of .029 associated with this regression model suggests that age accounted for 2.9 of 
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the variation in HbA1c levels, meaning that age alone could not explain 97.1% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability is known to be a risk factor for mortality in people with diabetes more in men 

than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 
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means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth to provide diabetic patient care) between 

December 2018 and December 2022 in northern New Hampshire, controlling for the 

patient's demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and other comorbidities), was rejected.  There 

was no relationship between age and HbA1c levels (see Table 87). Similar results were 

found for age and BMI, as discussed in Model 2.   

Table 87 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4a, Year 2019 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Healthcare P 

Clinical CDL. 
Age 

Gender 
Ethnicity 

8.720 
.243 

-.146 
-.019 

-.052 
.593 

 
.066 

-.046 
-.134 

-.016 
.068 

<.001 
.109 

.265 

.001 

.691 

.100 

7.950 
-.054 

-.404 
-.030 

-.310 
-.115 

9.491 
.540 

.112 
-.007 

.206 
1.301 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are 

clinical consultations during lockdowns, age, gender, and ethnicity. 

Research Question 4b Year 2019 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 
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patient care during the year 2019 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2019)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), and BMI (continuous), ethnicity 

(categorical) variables. 

The results of the multiple linear regression analysis revealed that healthcare 

providers (p = .220), clinical consultations during lockdowns (p = .357), gender (p = 

.899), and ethnicity (p = .144) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity did not appear to have a significant impact on HbA1c 

levels in 2019. However, the multiple linear regression analysis revealed a statistically 

significant association between age (p = .001) and BMI (p = .003). When controlling for 

BMI, the regression coefficient (B = -.021, 95% C.I. (-.037, -.006) p = .008) suggested 

that with each additional unit of BMI, the HbA1c levels decreased by approximately 

.021. The R2 value of .041 associated with this regression model suggested that BMI and 

age accounted for 4.1 of the variation in HbA1c levels, which meant that 95.9% of the 

variation in HbA1c levels could not be explained by age and BMI alone. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 
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average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 
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(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. There was no relationship between age, 

BMI, and HbA1c levels (see Table 88). Similar results were found for age and BMI, 

discussed in Model 3. 

Table 88 

Regression Model of the Relationship Between Health Care Providers and HbA1c Levels 

for Research Question 4b, Year 2019 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 
Healthcare P 

Clinical CDL 
Age 

Gender 
Ethnicity 
BMI (2019) 

9.746 
.220 

-.121 
-.023 

-.017 
.528 
-.021 

 
.060 

-.038 
-.161 

-.005 
.060 
-.113 

<.001 
.146 

.357 
<.001 

.899 

.144 

.008 

8.459 
-.077 

-.380 
-.035 

-.276 
-.181 
-.037 

11.034 
.517 

.138 
-.010 

.243 
1.236 
.006 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2019). 

Research Question 4c Year 2019 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2019 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2019)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-
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continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .145), clinical consultations during lockdowns (p = .368), gender (p = .964), 

ethnicity (p = .170), nephropathy stages (p = .853), education (p = .378), occupation (p = 

.268), and geographic location (p = .922) were not statistically significant because the p-

values were above .05. Based on this model, health care providers, clinical consultations 

during lockdowns, gender, ethnicity, education, nephropathy stages, occupation, and 

geographic location did not appear to have a significant impact on HbA1c levels in 2019.   

However, the multiple linear regression analysis revealed a statistically significant 

association between age (p = .003) and BMI (p = .009). When controlling for BMI, the 

regression coefficient (B = -.021, 95% C.I. (-.037, -.005) p = .009) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .021. The R2 

value of .043 associated with this regression model suggested that age and BMI 

accounted for 4.3 of the variation in HbA1c levels, which meant that 95.7% of the 

variation in HbA1c levels could not be explained by age and BMI alone. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 
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independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and other 
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comorbidities was rejected. No relationship existed between age, BMI, and HbA1c levels 

(see Table 89). Similar results were found for age and BMI, discussed in Model 3. 

Table 89 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4c, Year 2019 

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

3 

(Constant) 

Healthcare P 
Clinical CDl 

Age 
Gender 
Ethnicity 

Nephropathy S 
BMI (2019) 

Education 
Occupation 
Geographic L. 

9.784 

.222 
-.120 

-.020 
-.006 
.498 

-.001 
-.021 

-.065 
-.165 
.155 

 

.061 
-.037 

-.143 
-.002 
.057 

-.008 
-.112 

-.038 
.052 
.004 

<.001 

.145 

.368 

.003 

.964 

.170 

.853 

.009 

.378 

.268 

.922 

8.486 

-.077 
-.380 

-.033 
-.267 
-.214 

-.006 
-.037 

-.210 
-.456 
-2.963 

11.083 

.521 

.141 

-.007 
.256 
1.210 

.005 
-.005 

.080 

.127 
3.273 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, BMI (2019), education, 

occupation, and geographic location. 

Research Question 4d Year 2019 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2019 in northern New Hampshire, controlling age, gender, 

ethnicity, BMI (2019), nephropathy stages, education, occupation, geographic location, 

retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2? 
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For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location, retinopathy, neuropathy, 

coronary heart disease, and SARS-CoV-2 (categorical) variables. 

The results of the multiple linear regression analysis revealed health care 

providers (p = .181), clinical consultations during lockdowns (p = .382), gender (p = 

.987), ethnicity (p = .193), nephropathy stages (p = .862), education (p = .402), 

occupation (p = .248), geographic location (p = .903), retinopathy (p = .654), neuropathy 

(p = .675), coronary heart disease (p = .576), and  SARS-CoV-2 (p = .110) were not 

statistically significant because the p-values were above .05. Based on this model, health 

care providers, clinical consultations during lockdowns, gender, ethnicity, education, 

nephropathy stages, occupation, geographic location, and comorbidities such as 

neuropathy, retinopathy, and coronary heart disease did not appear to have a significant 

impact on HbA1c levels in 2019. However, the multiple linear regression analysis 

revealed a statistically significant association between age (p = .002) and BMI (p = .009). 

When controlling for BMI, the regression coefficient (B = -.021, 95% C.I. (-.037, -.005) p 

= .009) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .021. The R2 value of .045 associated with this regression model suggested 

that age and BMI accounted for 4.5 of the variation in HbA1c levels, which meant that 

95.5% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 
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complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 
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provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected.  No relationship existed between age, 

BMI, and HbA1c levels (see Table 90). Similar results were found for age and BMI, as 

discussed in Model 1, 2020. 
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Table 90 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4d, Year 2019 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2019) 
Education 
Occupation 

Geographic L 
Retinopathy 

Neuropathy 
CHD. 
SARS-CoV-2 

9.769 
.209 

-.222 
-.021 
.002 

.476 
-.001 

-.021 
-.062 
-.173 

.193 

.063 

.059 

.087 

.110 

 
.056 

-.070 
-.150 
.001 

.054 
-.008 

-.112 
-.036 
-.054 

.005 

.019 

.018 

.024 

.034 

<.001 
.181 

.382 

.002 

.987 

.193 

.862 

.009 

.402 

.248 

.903 

.654 

.675 

.576 

.668 

8.464 
-.096 

-.720 
-.034 
-.262 

-.242 
-.006 

-.037 
-.208 
-.468 

-2.934 
-.213 

-.219 
-.218 
-.394 

11.074 
.507 

.276 
-.008 
.267 

1.194 
.005 

-.005 
.084 
.121 

3.321 
.339 

.338 

.392 

.614 

 

Note.  Dependent variable HbA1c levels for the year 2019. The control variables are age, 

age, gender, ethnicity, BMI (2019), nephropathy stages, education, occupation, 

geographic location, nephropathy stages, retinopathy, neuropathy, coronary heart disease, 

and SARS-CoV-2.  

RQ4: Year 2019 

The results of the multiple linear regression analysis for 2019 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small 

percentage (2.9% to 4.5%) of the variation in HbA1c levels, with the remaining 
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percentage (95.5% to 97.1%) unexplained by the model variables. The variables gender, 

education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found 

to be statistically significant predictors. 

Research Question 4a Year 2020 (Model 1): Is there a relationship between the 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during 2020 in northern New Hampshire, controlling age, gender, and 

ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity (categorical) variables. 

The results of the multiple linear regression analysis revealed that healthcare 

providers (p = .228), clinical consultations during lockdowns (p = .419), gender (p = 

.456), and ethnicity (p = .948) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity, did not appear to have a significant impact on HbA1c 

levels in 2020. However, the results of the multiple linear regression analysis revealed a 

statistically significant association with age (p = .028) (B = -.013, 95% C.I. (-.025, -.001) 

p = .028), which meant that with each additional year of age, the HbA1c levels decreased 

by approximately .013. The R2 value of .012 associated with this regression model 

suggested that age accounted for 1.2 of the variation in HbA1c levels, which meant that 
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98.8% of the variation in HbA1c levels could not be explained by age alone. Age alone 

did not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability is known to 

be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 
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hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. There was no relationship between age 

and HbA1c levels (see Table 91). Similar results were found for age and BMI, as 

discussed in Model 2.   

Table 91 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4a, Year 2020 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Health Care P 

Clinical CDL 
Age 

Gender 
Ethnicity 

8.545 
.189 

-.110 
-.013 

-.101 
.025 

 
.050 

-.033 
-.091 

-.031 
.003 

<.001 
.228 

.419 

.028 

.456 

.948 

7.751 
-.119 

-.376 
-.025 

-.368 
-.727 

9.338 
.497 

.157 
-.001 

.165 

.777 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are 

clinical consultations during lockdowns, age, gender, and ethnicity. 

Research Question 4b Year 2020 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 
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patient care during the year 2020 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2020)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity 

(categorical) variables. 

The results of the multiple linear regression analysis revealed that health care 

providers (p = .319), clinical consultations during lockdowns (p = .436), gender (p = 

.505), and ethnicity (p = .995) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity, did not appear to have a significant impact on HbA1c 

levels in 2020. However, the multiple linear regression analysis revealed a statistically 

significant association between age (p = .006) and BMI (p = .049). When controlling for 

BMI, the regression coefficient (B = -.016, 95% C.I. (-.032, .000) p = .049) suggested 

that the HbA1c levels decreased by approximately .016 with each additional unit of BMI. 

The R2 value of .020 associated with this regression model suggested that age and BMI 

accounted for 2.0 of the variation in HbA1c levels, which meant that 98.0% of the 

variation in HbA1c levels could not be explained by age and BMI alone. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 
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average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's gender, age, ethnicity, 
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occupation, education, health care insurance, BMI, geographic location, and other 

comorbidities was rejected. No relationship existed between age, BMI, and HbA1c levels 

(see Table 92). Similar results were found for age and BMI, discussed in Model 3. 

Table 92 

Regression Model of the Relationship Between Health Care Providers and HbA1c Levels 

for Research Question 4b, Year 2020 

Model Variable 
Unstandardized 
B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 

Health Care P 
Clinical CDL 
Age 

Gender 
Ethnicity 

BMI (2020) 

9.684 

.156 
-.106 
-.018 

-.091 
.003 

-.016 

 

.041 
-.032 
-.127 

-.028 
.000 

-.084 

<.001 

.319 

.436 

.006 

.505 

.995 

.049 

8.341 

-.152 
-.374 
-.031 

-.359 
-.752 

-.032 

11.026 

.465 

.161 
-.005 

.177 

.757 

.000 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (202019) 

Research Question 4c Year 2020 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2020 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2020)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical) age (year-



320 

 

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed health care 

providers (p = .289), consultations during lockdowns (p = .539), gender (p = .642), 

ethnicity (p = .881), nephropathy stages (p = .446), education (p = .067), occupation (p = 

.569), and geographic location (p = .599) were not statistically significant because the p-

values were above .05. Based on this model, health care providers, clinical consultations 

during lockdowns, gender, ethnicity, education, nephropathy stages, occupation, and 

geographic location did not appear to have a significant impact on HbA1c levels in 2020. 

However, the multiple linear regression analysis revealed a statistically significant 

association between age (p = .016) and BMI (p = .044). When controlling BMI, the 

regression coefficient (B = -.017, 95% C.I. (-.033, .000) p = .044) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .021. The R2 

value of .027 associated with this regression model suggested that age and BMI 

accounted for 2.7 of the variation in HbA1c levels, which meant that 97.3% of the 

variation in HbA1c levels could not be explained by age and BMI alone. Age alone did 

not explain much of the variation in HbA1c levels, suggesting that a more complex 

model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 
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independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone and control glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in Northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. No relationship existed between age, 
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BMI, and HbA1c levels (see Table 93). Similar results were found for age and BMI, 

discussed in Model 4. 

Table 93 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4c, Year 2020 

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

3 

(Constant) 

Health Care P 
Clinical CDL 

Age 
Gender 
Ethnicity 

Nephropathy S 
BMI (2020) 

Education 
Occupation 
Geographic L 

9.802 

.167 
-.084 

-.017 
-.064 
-.058 

-.002 
-.017 

-.141 
-.087 
-.866 

 

.044 
-.026 

-.116 
-.019 
-.006 

-.035 
-.087 

-.080 
-.027 
-.022 

<.001 

.289 

.539 

.016 

.642 

.881 

.446 

.044 

.067 

.569 

.599 

8.454 

-.143 
-.353 

-.030 
-.333 
-.815 

-.008 
-.033 

-.292 
-.389 
-4.097 

11.151 

.477 

.185 

-.003 
.206 
.699 

.004 

.000 

.010 

.214 
2.365 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, BMI (2020), education, 

occupation, and geographic location. 

Research Question 4d Year 2020 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2020 in northern New Hampshire, controlling age, gender, 

ethnicity, BMI (2020), nephropathy stages, education, occupation, geographic location, 

retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2? 
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 For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical) age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity, nephropathy stages, 

education, occupation, geographic location, retinopathy, neuropathy, coronary heart 

disease, and SARS-CoV-2 (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .363), clinical consultations during lockdowns (p = .920), gender (p = .816), 

ethnicity (p = .843), nephropathy stages (p = .510), education (p = .071), occupation (p = 

.470), geographic location (p = .621), retinopathy (p = .707), neuropathy (p = .187), 

coronary heart disease (p = .571), and  SARS-CoV-2 (p = .747) were not statistically 

significant because the p-values were above .05. Based on this model, health care 

providers, clinical consultations during lockdowns, gender, ethnicity, education, 

nephropathy stages, occupation, geographic location, and comorbidities such as 

neuropathy, retinopathy, and coronary heart disease did not appear to have a significant 

impact on HbA1c levels in 2020. However, the multiple linear regression analysis 

revealed a statistically significant association between age (p = .013) and BMI (p = .040). 

When controlling BMI, the regression coefficient (B = -.017, 95% C.I. (-.033, -.001) p = 

.040) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .017. The R2 value of .031 associated with this regression model suggested 

that age and BMI accounted for 3.1 of the variation in HbA1c levels, which meant that 

96.9% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 
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complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 

considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 
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provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. No relationship existed between age, 

BMI, and HbA1c levels (see Table 94). Similar results were found for age and BMI, as 

discussed in Model 1, 2021. 

  



326 

 

Table 94 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4d, Year 2020 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients p-

values. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

4 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2020) 
Education 
Occupation 

Geographic L 
Retinopathy 

Neuropathy 
CHD 
SARS-CoV-2 

9.766 
.145 

-.026 
-.018 
-.032 

-.077 
-.002 

-.017 
-.139 
-.112 

-.815 
.054 

.193 

.091 
-.085 

 
.038 

-.008 
-.122 
-.010 

-.008 
-.030 

-.089 
-.079 
-.034 

-.021 
.016 

.056 

.024 
-.025 

<.001 
.363 

.920 

.013 

.816 

.843 

.510 

.040 

.071 

.470 

.621 

.707 

.187 

.571 

.747 

8.413 
-.167 

-.537 
-.031 
-.305 

-.840 
-.008 

-.033 
-.291 
-.416 

-4.052 
-.230 

-.094 
-.224 
-.601 

11.120 
.457 

.484 
-.004 
.240 

.686 

.004 

-.001 
.012 
.192 

2.421 
.339 

.481 

.406 

.431 

 

Note.  Dependent variable HbA1c levels for the year 2020. The control variables are age, 

age, gender, ethnicity, BMI (2020), nephropathy stages, education, occupation, 

geographic location, nephropathy stages, retinopathy, neuropathy, coronary heart disease, 

and SARS-CoV-2. 

RQ4: Year 2020 

The results of the multiple linear regression analysis for 2020 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a small 

percentage (1.2% to 3.1%) of the variation in HbA1c levels, with the remaining 
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percentage (96.9% to 98.8%) unexplained by the model variables. The variables gender, 

education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, and coronary heart disease) were not found 

to be statistically significant predictors. 

Research Question 4a Year 2021 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2021 in northern New Hampshire, controlling age, gender, 

and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical),age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity (categorical) variables. 

The results of the multiple linear regression analysis revealed that Healthcare 

providers (p = .058), clinical consultations during lockdowns (p = .241), Age (p = .142), 

Gender (p = .369), and Ethnicity (p = .902) are not statistically significant because the p-

values are above .05. There are no significant values in this model. Based on this model, 

health care providers, clinical consultations during lockdowns, gender, age, and ethnicity 

do not significantly impact HbA1c levels in 2020, as shown in Table 95.    

Table 95 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4a, Year 2021 

Model Variable 
Unstandardized 

B 

Standardized 

coefficients 
p-value. 

95% confidence 

interval B 
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B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Health Care P 

Clinical CDL 
Age 

Gender 
Ethnicity 

8.251 
.288 

-.156 
-.009 

-.119 
-.047 

 
.079 

-.049 
-.061 

-.037 
-.005 

<.001 
.058 

.241 

.142 

.369 

.902 

7.474 
-.010 

-.416 
-.020 

-.380 
-.801 

9.027 
.585 

.105 

.003 

.141 

.706 

 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2021). 

Research Question 4b, Year 2021 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2021 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2021)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), and ethnicity 

(categorical) variables. 

The results of the multiple linear regression analysis revealed that health care 

providers (p = .078), clinical consultations during lockdowns (p = .339), age (p = .120), 

gender (p = .518), and ethnicity (p = .709) were not statistically significant because the p-

values were above .05. Based on this model, health care providers, clinical consultations 

during lockdowns, age, gender, and ethnicity did not appear to have a significant impact 

on HbA1c levels in 2021. However, the multiple linear regression analysis revealed a 

statistically significant association with BMI (p =. 029). When controlling BMI, the 
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regression coefficient (B = -.018, 95% C.I. (-.033, -.002) p = .029) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .018. The R2 

value of .023 associated with this regression model suggested that BMI accounted for 2.3 

of the variation in HbA1c levels, meaning that BMI alone could not explain 97.7% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 
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associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there is no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth to provide diabetic patient care) between 

December 2018 and December 2022 in northern New Hampshire, controlling for the 

patient's gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities was rejected. There was no relationship 

between BMI and HbA1c levels (see Table 96). Similar results were found for BMI, as 

discussed in Model 3. 

Table 96 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4b, Year 2021 

Model Variables 
Unstandardized 

B 

Standardized 

coefficients 
p-value 

95% confidence 

interval B 

B 
Lower 
bound 

Upper 
bound 

2 

(Constant) 

Healthcare P 
Clinical CDL 

Age 
Gender 
Ethnicity 

BMI (2021) 

8.797 

.268 
-.128 

-.010 
-.086 
.144 

-.018 

 

.074 
-.040 

-.071 
-.027 
-.015 

-.094 

<.001 

.078 

.339 

.120 

.518 

.709 

.029 

7.482 

-.030 
-.389 

-.023 
-.348 
-.900 

-.033 

10.112 

.567 

.134 

.003 

.176 

.613 

-.002 
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Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2021). 

Research Question 4c Year 2021 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2021 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2021)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical) age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .071), clinical consultations during lockdowns (p = .405), age (p =.285), gender (p = 

.659), ethnicity (p = .596), nephropathy stages (p = .379), education (p = .056), 

occupation (p = .256), and geographic location (p = .770) were not statistically significant 

because the p-values were above .05. Based on this model, health care providers, clinical 

consultations during lockdowns, gender, ethnicity, education, nephropathy stages, 

occupation, and geographic location did not appear to have a significant impact on 

HbA1c levels in 2021. However, the multiple linear regression analysis revealed a 

statistically significant association with BMI (p = .028). When controlling BMI, the 

regression coefficient (B = -.018, 95% C.I. (-.034, -.002) p = .028) suggested that with 

each additional unit of BMI, the HbA1c levels decreased by approximately .018. The R2 
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value of .030 associated with this regression model suggested that BMI accounted for 3.0 

of the variation in HbA1c levels, meaning that BMI alone could not explain 97.0% of the 

variation in HbA1c levels. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 
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confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth to provide diabetic patient care between 

December 2018 and December 2022 in northern New Hampshire, controlling for the 

patient's demographics and factors (gender, age, ethnicity, occupation, education, health 

care insurance, BMI, geographic location, and other comorbidities), was rejected. There 

is no relationship between BMI and HbA1c levels (see Table 97). Similar results were 

found for BMI, as discussed in Model 3. 

Table 97 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4c, Year 2021 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2021) 
Education 
Occupation 

Geographic L 

8.904 
.277 

-.111 
-.007 
-.059 

-.205 
.003 

-.018 
-.144 
-.170 

-.469 

 
.076 

-.035 
-.052 
-.018 

-.022 
.040 

-.095 
.084 
-.053 

-.012 

<.001 
.071 

.405 

.285 

.659 

.596 

.379 

.028 

.056 

.256 

.770 

7.583 
-.023 

-.374 
-.021 
-.322 

-.963 
-.003 

-.034 
-.291 
-.465 

-3.619 

10.225 
.576 

.151 

.006 

.204 

.554 

.009 

-.002 
.004 
.124 

2.682 
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Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, nephropathy stages, BMI 

(2021), education, occupation, and geographic location, 

Research Question 4d Year 2021 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of healthcare providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2021 in northern New Hampshire, controlling age, gender, 

ethnicity, BMI (2021), nephropathy stages, education, occupation, geographic location, 

retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: (male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location, retinopathy, neuropathy, 

coronary heart disease, and SARS-CoV-2 (categorical) variables. 

The results of the multiple linear regression analysis revealed health care 

providers (p = .132), clinical consultations during lockdowns (p = .463), age (p = .196), 

gender (p = .906), ethnicity (p = .498), nephropathy stages (p = .334), education (p = 

.062), occupation (p = .181), geographic location (p = .819), retinopathy (p = .185), 

neuropathy (p = .052), coronary heart disease (p = .494), and  SARS-CoV-2 (p = .821) 

were not statistically significant because the p-values were above .05. Based on this 

model, health care providers, clinical consultations during lockdowns, gender, ethnicity, 

education, nephropathy stages, occupation, geographic location, and comorbidities such 
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as neuropathy, retinopathy, and coronary heart disease did not appear to have a 

significant impact on HbA1c levels in 2021. However, the multiple linear regression 

analysis revealed a statistically significant association with BMI (p = .027). When 

controlling for BMI, the regression coefficient (B = -.018, 95% C.I. (-.034, -.002) p = 

.027) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .021. The R2 value of .041 associated with this regression model suggested 

that BMI accounted for 4.1 of the variation in HbA1c levels, meaning that BMI alone 

could not explain 95.9% of the variation in HbA1c levels. Age alone did not explain 

much of the variation in HbA1c levels, suggesting that a more complex model might be 

necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 

associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability is known to be a risk factor 

for mortality in people with diabetes more in men than in women, as women could cook 

for themselves. Further studies are needed to identify a system that can aid men who live 

alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed that 

socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 
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significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. In the current study, the confidence interval 

associated with the regression analysis did not contain 0, which means the null hypothesis 

was rejected. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's demographics and factors 

(gender, age, ethnicity, occupation, education, health care insurance, BMI, geographic 

location, and other comorbidities) was rejected. There was no relationship between BMI 

and HbA1c levels (see Table 98). Similar results were found for age, as discussed in 

Model 1, 2022. 

Table 98 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4d, Year 2021 

Model Variable 
Unstandardized 

B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

4 
(Constant) 
Health Care P 

8.830 
.231 

 
.063 

<.001 
.132 

7.510 
-.070 

10.151 
.533 
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Clinical CDL 

Age 
Gender 

Ethnicity 
Nephropathy S 
BMI (2021) 

Education 
Occupation 

Geographic L 
Retinopathy 
Neuropathy 

CHD. 
SARS-CoV-2 

-.187 

-.009 
-.016 

-.263 
.003 
-.018 

-.140 
-.202 

-.366 
.187 
.278 

.108 

.058 

-.058 

-.063 
-.005 

-.028 
.045 
-.096 

-.081 
-.063 

-.009 
.055 
.082 

.029 

.018 

.463 

.196 

.906 

.498 

.334 

.027 

.062 

.181 

.819 

.185 

.052 

.494 

.821 

-.688 

-.022 
-.282 

-1.023 
-.003 
-.034 

-.287 
-.498 

-3.510 
-.090 
-.002 

-.201 
-.448 

.314 

.005 

.250 

.498 

.009 
-.002 

.007 

.094 

2.779 
.464 
.558 

.417 

.565 

Note.  Dependent variable HbA1c levels for the year 2021. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, nephropathy stages, BMI 

(2021), education, occupation, geographic location, retinopathy, neuropathy, CHD, and 

SARS-CoV-2. 

RQ4: Year 2021 

 The multiple linear regression analysis results for 2021 revealed a statistically 

significant relationship between BMI and HbA1c levels in models two, three, and four. 

BMI accounted for only a small percentage (1.2% to 2.3%) of the variation in HbA1c 

levels, with the remaining percentage (95.9% to 97.7%) unexplained by the variables in 

the models. The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, 

neuropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Research Question 4a Year 2022 (Model 1): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of health care providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 
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patient care during the year 2022 in northern New Hampshire, controlling age, gender, 

and ethnicity? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), and ethnicity (categorical) variables. 

The results of the multiple linear regression analysis revealed that health care 

providers (p = .155), clinical consultations during lockdowns (p = .957), gender (p = 

.238), and ethnicity (p = .192) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity did not appear to have a significant impact on HbA1c 

levels in 2022. However, the results of the multiple linear regression analysis revealed a 

statistically significant association with age (p<.001) (B = -.021, 95% C.I. (-.032, -.009) p 

< .001), which meant that with each additional year of age, the HbA1c levels decreased 

by approximately .021. The R2 value of .029 associated with this regression model 

suggested that age accounted for 2.9 of the variation in HbA1c levels, meaning that age 

alone could not explain 97.1% of the variation in HbA1c levels. Age alone did not 

explain much of the variation in HbA1c levels, suggesting that a more complex model 

might be necessary to predict HbA1c levels accurately. This could lead to discussing the 

challenges and opportunities in developing such a model. A multiple regression analysis 

by Sakai et al. (2022) demonstrated that in men with T2DM, both the average and 

variability of HbA1c levels were higher in people living alone than in those not living 

alone. After adjusting for covariates, individuals living alone were independently 
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associated with glycemic variability in men but not women with T2DM, who tended to 

be regular smokers. This study showed that HbA1c variability was known to be a risk 

factor for mortality in people with diabetes more in men than in women, as women could 

cook for themselves. Further studies are needed to identify a system that can aid men who 

live alone in controlling glycemic levels. Study findings by Syed et al. (2022) revealed 

that socio-economic factors, mainly employment, education level, family history, marital 

status, years of having diabetes, smoking, and alcohol consumption, were considered the 

root cause of the disease process in diabetics. These results explain the potentially 

significant covariates not included in the model. Studies by Sakai et al. demonstrated that 

adjusting for potential cofounders, lifestyle-related factors, including alcohol abuse, 

smoking, sedentary lifestyles, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

serve as a reference for future studies. The confidence interval associated with the 

regression analysis did not contain 0, which means the rejection of the null hypothesis. 

The null hypothesis that there was no statistically significant relationship between HbA1c 

levels of patients diagnosed with T2DM and the type of healthcare provider (physician, 

nurse, community health worker, allied health professional) using telehealth to provide 

diabetic patient care) between December 2018 and December 2022 in northern New 

Hampshire, controlling for the patient's demographics and factors (gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and other 
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comorbidities) was rejected. There was no relationship between age and HbA1c levels 

(see Table 99). Similar results were found for age and BMI, as discussed in Model 2.   
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Table 99 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4a, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

1 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 

8.979 
.221 

.007 
-.021 
-.160 

.483 

 
.059 

.002 
-.142 
-.049 

.054 

<.001 
.155 

.957 
<.001 
.238 

.192 

8.187 
-.084 

-.259 
-.032 
-.426 

-.243 

9.770 
.527 

.273 
-.009 
.106 

1.210 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2022). 

Research Question 4b Year 2022 (Model 2): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of health care providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2019 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2019)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), and ethnicity 

(categorical) variables. 

The results of the multiple linear regression analysis revealed that health care 

providers (p = .213), clinical consultations during lockdowns (p = .826), gender (p = 

.325), and ethnicity (p = .266) were not statistically significant because the p-values were 
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above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, and ethnicity did not appear to have a significant impact on HbA1c 

levels in 2022. However, the results of the multiple linear regression analysis revealed a 

statistically significant association with age (p <.001) and BMI (p = 031). When 

controlling BMI, the regression coefficient (B = -.018, 95% C.I. (-.034, -.002) p = .031) 

suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .018. The R2 value of .037 associated with this regression model suggested 

that age and BMI accounted for 3.7 of the variation in HbA1c levels, which meant that 

94.3% of the variation in HbA1c levels could not be explained by age and BMI alone. 

Age alone did not explain much of the variation in HbA1c levels, suggesting that a more 

complex model might be necessary to predict HbA1c levels accurately. This could lead to 

discussing the challenges and opportunities in developing such a model. A multiple 

regression analysis by Sakai et al. (2022) demonstrated that in men with T2DM, both the 

average and variability of HbA1c levels were higher in people living alone than in those 

not living alone. After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Further studies are needed to identify a system that 

can aid men who live alone in controlling glycemic levels. Study findings by Syed et al. 

(2022) revealed that socio-economic factors, mainly employment, education level, family 

history, marital status, years of having diabetes, smoking, and alcohol consumption, were 
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considered the root cause of the disease process in diabetics. These results explain the 

potentially significant covariates not included in the model. Studies by Sakai et al. 

demonstrated that adjusting for potential cofounders, lifestyle-related factors, including 

alcohol abuse, smoking, sedentary lifestyles, eating habits, financial worry, emotional 

health, mental health, and socioeconomic status were associated with multiple lifelong 

conditions for people with diabetes who could modify the variability of HbA1c levels. 

These results serve as a reference for future studies. The confidence interval associated 

with the regression analysis did not contain 0, which means the rejection of the null 

hypothesis. The null hypothesis that there was no statistically significant relationship 

between HbA1c levels of patients diagnosed with T2DM and the type of healthcare 

provider (physician, nurse, community health worker, allied health professional) using 

telehealth to provide diabetic patient care) between December 2018 and December 2022 

in northern New Hampshire, controlling for the patient's gender, age, ethnicity, 

occupation, education, health care insurance, BMI, geographic location, and other 

comorbidities was rejected. No relationship existed between age, BMI, and HbA1c levels 

(see Table 100). Similar results were found for age, occupation, and BMI, discussed in 

Model 3. 
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Table 100 

Regression Model of the Relationship between Health Care Providers and HbA1c Levels 

for Research Question 4b, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

2 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 
BMI (2022) 

9.813 
.194 

.030 
-.024 
-.134 

.413 
-.018 

 
.052 

.009 
-.163 
-.041 

.046 
-.093 

<.001 
.213 

.826 
<.001 
.325 

.266 

.031 

8.75 
-.112 

-.238 
-.036 
-.402 

-.316 
-.034 

11.150 
.501 

.298 
-.011 
.134 

1.143 
-.002 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, and BMI (2022). 

Research Question 4c Year 2022 (Model 3): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of health care providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2022 in northern New Hampshire, controlling age, gender, 

ethnicity, and BMI (2022)? 

For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical), age (year-

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location (categorical) variables. 

The results of the multiple linear regression analysis revealed health care 

providers (p = .227), clinical consultations during lockdowns (p = .802), gender (p = 
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.417), ethnicity (p = .328), nephropathy stages (p = .886), education (p = .214), and 

geographic location (p = .909) were not statistically significant because the p-values were 

above .05. Based on this model, health care providers, clinical consultations during 

lockdowns, gender, ethnicity, education, nephropathy stages, occupation, and geographic 

location did not appear to have a significant impact on HbA1c levels in 2022. However, 

the results of the multiple linear regression analysis revealed a statistically significant 

association with age (p = .008), occupation (p = .036), and BMI (p = .033). When 

controlling BMI, the regression coefficient (B = -.018, 95% C.I. (-.034, -.001) p = .033) 

suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .018. The R2 value of .045 associated with this regression model suggested 

that age, occupation, and BMI account for 4.5 of the variation in HbA1c levels, which 

meant that 95.5% of the variation in HbA1c levels could not be explained by age, 

occupation, and BMI alone. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 

such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 
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identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth to provide diabetic patient care) between 

December 2018 and December 2022 in northern New Hampshire, controlling for the 

patient's gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities was rejected. No relationship existed 

between age, BMI, occupation, and HbA1c levels (see Table 101). Similar results were 

found for age and BMI, discussed in Model 4. 
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Table 101 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4c, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 

bound 

Upper 

bound 

3 

(Constant) 
Health Care P 

Clinical CDL 
Age 
Gender 

Ethnicity 
Nephropathy S 

BMI (2022) 
Education 
Occupation 

Geographic L 

9.848 
.189 

.034 
-.019 
-.111 

.364 
-.001 

-.018 
-.096 
-.322 

-.187 

 
.051 

.010 
-.130 
-.034 

.041 
-.007 

-.091 
-.054 
-.098 

-.005 

<.001 
.227 

.802 

.008 

.417 

.328 

.886 

.033 

.214 

.036 

.909 

8.506 
-.118 

-.234 
-.032 
-.380 

-.367 
-.007 

-.034 
-.247 
-.624 

-3.385 

11.189 
.497 

.303 
-.005 
.157 

1.096 
.006 

-.001 
.055 
-.021 

3.011 

 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, nephropathy stages, BMI 

(2022), education, occupation, and geographic location. 

Research Question 4d Year 2022 (Model 4): Is there a relationship between 

HbA1c levels of patients diagnosed with T2DM and the type of health care providers 

using telehealth for diabetes clinical consultations during lockdowns to provide diabetic 

patient care during the year 2022 in northern New Hampshire, controlling age, gender, 

ethnicity, BMI (2022), nephropathy stages, education, occupation, geographic location, 

retinopathy, neuropathy, coronary heart disease, and SARS-CoV-2? 

 For the analysis, the variables collected for this model included the glycosylated 

hemoglobin (HbA1c) levels (continuous), health care providers (categorical),  age (year-



348 

 

continuous), gender (baseline: male, dichotomous), BMI (continuous), ethnicity, 

nephropathy stages, education, occupation, geographic location, retinopathy, neuropathy, 

coronary heart disease, and SARS-CoV-2 (categorical) variables. 

The results of the multiple linear regression analysis revealed healthcare providers 

(p = .326), clinical consultations during lockdowns (p = .783), Gender (p = .544), 

ethnicity (p = .401), nephropathy stages (p = .909), education (p = .215), geographic 

location (p = .951), retinopathy (p = .237), neuropathy (p = .085), coronary heart disease 

(p = .917), and  SARS-CoV-2 (p = .693) was not statistically significant because the p-

values were above .05. Based on this model, health care providers, clinical consultations 

during lockdowns, gender, and ethnicity, education, nephropathy stages, occupation, 

geographic location, and comorbidities such as neuropathy, retinopathy, and coronary 

heart disease did not appear to have a significant impact on HbA1c levels in 2022. 

However, the results of the multiple linear regression analysis revealed a statistically 

significant association with age (p = .005), occupation (p = .027), and BMI (p =.033). 

When controlling BMI, the regression coefficient (B = -.021, 95% C.I. (-.034, -.001) p = 

.033) suggested that with each additional unit of BMI, the HbA1c levels decreased by 

approximately .021. The R2 value of .054 associated with this regression model suggested 

that age, occupation, and BMI accounted for 5.4 of the variation in HbA1c levels, which 

meant that 94.6% of the variation in HbA1c levels could not be explained by age, 

occupation, and BMI alone. Age alone did not explain much of the variation in HbA1c 

levels, suggesting that a more complex model might be necessary to predict HbA1c levels 

accurately. This could lead to discussing the challenges and opportunities in developing 
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such a model. A multiple regression analysis by Sakai et al. (2022) demonstrated that in 

men with T2DM, both the average and variability of HbA1c levels were higher in people 

living alone than in those not living alone. After adjusting for covariates, individuals 

living alone were independently associated with glycemic variability in men but not 

women with T2DM, who tended to be regular smokers. This study showed that HbA1c 

variability was known to be a risk factor for mortality in people with diabetes more in 

men than in women, as women could cook for themselves. Further studies are needed to 

identify a system that can aid men who live alone in controlling glycemic levels. Study 

findings by Syed et al. (2022) revealed that socio-economic factors, mainly employment, 

education level, family history, marital status, years of having diabetes, smoking, and 

alcohol consumption, were considered the root cause of the disease process in diabetics. 

These results explain the potentially significant covariates not included in the model. 

Studies by Sakai et al. demonstrated that adjusting for potential cofounders, lifestyle-

related factors, including alcohol abuse, smoking, sedentary lifestyles, eating habits, 

financial worry, emotional health, mental health, and socioeconomic status were 

associated with multiple lifelong conditions for people with diabetes who could modify 

the variability of HbA1c levels. These results serve as a reference for future studies. The 

confidence interval associated with the regression analysis d id not contain 0, which 

means the rejection of the null hypothesis. The null hypothesis that there was no 

statistically significant relationship between HbA1c levels of patients diagnosed with 

T2DM and the type of healthcare provider (physician, nurse, community health worker, 

allied health professional) using telehealth to provide diabetic patient care) between 
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December 2018 and December 2022 in northern New Hampshire, controlling for the 

patient's gender, age, ethnicity, occupation, education, health care insurance, BMI, 

geographic location, and other comorbidities was rejected. No relationship existed 

between age, BMI, occupation, and HbA1c levels (Table 102).  

Table 102 

Regression Model of the Relationship between Health Care Providers During Lockdowns 

and HbA1c Levels for Research Question 4d, Year 2022 

Model Variable 
Unstandardized 
B 

Standardized 
coefficients 

p-value. 

95% confidence 
interval B 

B 
Lower 
bound 

Upper 
bound 

4 

(Constant) 
Health Care P 

Clinical CDL 
Age 

Gender 
Ethnicity 
Nephropathy S 

BMI (2022) 
Education 

Occupation 
Geographic L 
Retinopathy 

Neuropathy 
CHD. 

SARS-CoV-2 

9.787 
.155 

-.073 
-.021 

.002 

.476 
-.001 

-.021 
-.062 

-.173 
.193 
.063 

.059 

.087 

.110 

 
.041 

-.022 
-.137 

-.026 
.035 
-.005 

-.092 
-.054 

-.104 
-.003 
.050 

.073 
-.004 

.032 

<.001 
.326 

.783 

.005 

.544 

.401 

.909 

.033 

.215 

.027 

.951 

.237 

.085 

.917 

.693 

8.443 
-.155 

-.591 
-.033 

-.355 
-.420 
-.006 

-.034 
-.247 

-.645 
-3.297 
-.112 

-.035 
-.331 

-.418 

11.131 
.464 

.446 
-.006 

.187 
1.050 
.006 

-.001 
.056 

-.040 
3.097 
.454 

.540 

.298 

.628 

Note.  Dependent variable HbA1c levels for the year 2022. The control variables are 

clinical consultations during lockdowns, age, gender, ethnicity, nephropathy stages, BMI 

(2022), education, occupation, geographic location, retinopathy, neuropathy, CHD, and 

SARS-CoV-2. 
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RQ4: Year 2022 

The multiple linear regression analysis results for 2022 revealed a statistically 

significant relationship between age and HbA1c levels across all four models and BMI in 

Models 2, 3, and 4. Age and BMI accounted for only a small percentage (2.9% to 5.7%) 

of the variation in HbA1c levels, with the remaining percentage (94.3% to 97.1%) 

unexplained by the model variables. The variables gender, education, occupation, health 

insurance, telehealth consultations, geographical location, and comorbidities (retinopathy, 

nephropathy, and coronary heart disease) were not found to be statistically significant 

predictors. 

Summary Research Question 4 

The multiple linear regression analysis results for 2018 to 2022 revealed a 

statistically significant relationship between age with HbA1c levels across all four 

models and BMI in models two, three, and four. Age and BMI accounted for only a small 

percentage (2.9% to 5.7%) of the variation in HbA1c levels, with the remaining 

percentage (94.3% to 97.1%) unexplained by the model variables. The variables gender, 

education, occupation, health insurance, telehealth consultations, geographical location, 

and comorbidities (retinopathy, nephropathy, neuropathy, and coronary heart disease) 

were not found to be statistically significant predictors. 

Research Questions Summary  

All research questions' multiple linear regression analysis results revealed a 

statistically significant relationship between age and HbA1c levels across all 5 years, 

except for RQ4 in all models. BMI showed a statistically significant association with 
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HbA1c levels across all models in all years, except for Model 1 in 2021 of RQ2 and 

occupation in 2022 in RQ4 Models 3 and 4. Neuropathy in RQ2, 2021, and RQ3, 2022, 

Model 4, telehealth consultations in 2019, and Model 4 of RQ3 revealed a statistically 

significant association with HbA1c levels. The study found a negative relationship 

between age, BMI, and occupation with HbA1c levels in all 5 years. Age, BMI, 

occupation, neuropathy, and telehealth consultations accounted for only a small 

percentage (0.9% to 5.7%) of the variation in HbA1c levels, with the remaining 

percentage (94.3% to 99.1%) unexplained by the variables in the models. The variables 

gender, education, occupation, health insurance, geographical location, and comorbidities 

(retinopathy, nephropathy, and coronary heart disease) were not found to be statistically 

significant predictors. Chapter 5 provides this study's conclusion, implications, 

limitations, and recommendations. 
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Chapter 5: Discussion, Conclusions, and Recommendations 

Using secondary data from the Ammonoosuc Community Health Services 

(ACHS), I conducted a quantitative multiple linear regression study examining the 

correlation between self-management effectiveness and diabetes outcomes in people with 

T2DM to monitor the HbA1c levels in the adult population in the ACHS in northern New 

Hampshire between December 2018 and December 2022. I sought to learn the number of 

diabetic patients who received virtual clinic support for self-managing their glucose 

levels. The incidence of (T2DM) is increasing, and individuals aged between 18 and 

older are at a higher risk (Magliano et al., 2020). Sedentary and unhealthy lifestyles 

exacerbate the condition, leading to adverse health outcomes (Barman et al., 2023). 

Individuals with diabetes may have compromised immunity and may have been more 

vulnerable to severe SARS-CoV-2 infection during the COVID-19 pandemic (Bajpeyi et 

al., 2022). Also, a lower probability of receiving primary care during the pandemic could 

have affected patient-centered diabetes treatment (Choi et al., 2022). Amid COVID-19 

restrictions and lockdowns, effective self-monitoring and behaviors were crucial for 

managing diabetes and achieving good health outcomes (Distaso et al., 2022).  

This chapter provides the results, discussions, limitations, implications, 

recommendations, and conclusions. The results showed that age, BMI, telehealth, and 

occupation statistically correlated with HbA1c levels. In contrast, gender, education, 

health insurance, geographical location, and comorbidities (retinopathy, nephropathy 

stages, and coronary heart disease) were not statistically significant predictors and were 

not associated with HbA1c levels. 
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Summary of the Results 

Several multiple regression analyses were conducted to examine the relationships 

between predictor variables telehealth consultations, clinical consultations, physical 

activity, and health care providers with independent variables age, gender, ethnicity, 

geographic location, education, occupation, health insurance, and comorbidities such as 

retinopathy, neuropathy, nephropathy, and coronary heart disease. There were four 

models per year per research question to display the strength of the predictor and 

independent variables because the data were collected separately for each year.   

Summary of RQ1  

I examined whether there was a significant relationship between the HbA1c levels 

with the predictor variable telehealth consultations and independent variables age, 

gender, ethnicity, BMI, geographic location, education, occupation, health insurance, and 

comorbidities such as neuropathy, nephropathy, retinopathy, and coronary heart disease. 

The results revealed a statistically significant relationship between age and BMI with 

HbA1c levels across all four models per year. Telehealth consultations and neuropathy in 

2021 and 2022 across all four models showed a statistically significant relationship with 

HbA1c levels. Age, BMI, telehealth, and neuropathy accounted for only a tiny percentage 

(0.9% to 5.5%) of the variation in HbA1c levels, with the remaining percentage (94.5% 

to 99.1%) unexplained by the variables in the models. The variables gender (p = .693), 

education (p = .081), health insurance (p = .456), geographical location (p = .523), and 

comorbidities such as retinopathy (p = .715), nephropathy stages (p = .161), and coronary 
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heart disease (p = .597) were not found to be statistically significant predictors. They 

were not associated with HbA1c levels. 

Summary of RQ2 

A multiple regression analysis revealed a statistically significant relationship 

between age, BMI, and HbA1c levels across all 5 years in all models, except for Model 1 

in 2021, which did not have statistically significant predictable variables. Age and BMI 

accounted for a small percentage (1.2% to 5.6%) of the variation in HbA1c levels, with 

the remaining percentage (94.4% to 98.8%) unexplained by the variables in the models. 

The variables clinical consultations during lockdowns (p = .877), gender (p = .759), 

ethnicity (p = .112), health care providers (p = .368), nephropathy stages (p = .417), 

education (p = .175), occupation (p = .599), health insurance (p = .411), geographic 

location (p = .821), retinopathy (p = .775), neuropathy (p = .481), coronary heart diseases 

(p = .220) were not found to be statistically significant predictors.  

Summary of RQ3 

The multiple linear regression analysis results for Research Question 3 between 

2018 and 2022 revealed a statistically significant relationship between age and HbA1c 

levels across all four models in all 4 years and BMI in Models 2, 3, and 4. Age and BMI 

accounted for only a tiny percentage (1.3% to 5.7%) of the variation in HbA1c levels, 

with the remaining percentage (94.3% to 98.7%) unexplained by the model variables. 

The variables physical activity (p = .536), education (p = .113), age (p = .363), gender (p 

= .880), ethnicity (p = .517), nephropathy stages (p = .311), occupation (p = .204), 

geographic location (p = .698), telehealth consultations (p = .765), health insurance (p = 
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.637), SARS-CoV-2 (p = .410), retinopathy (p = .156), and coronary heart disease (p = 

.449) were not found to be statistically significant predictors. 

Summary of RQ4 

Multiple linear regression analysis results for 2018 to 2022 revealed a statistically 

significant relationship between age and HbA1c levels across all four models and BMI in 

Models 2, 3, and 4. Age and BMI accounted for only a tiny percentage (2.9% to 5.7%) of 

the variation in HbA1c levels, with the remaining percentage (94.3% to 97.1%) 

unexplained by the model variables. The variables health care providers (p = .326), 

clinical consultations during lockdowns (p = .783), gender (p = .544), ethnicity (p = 

.401), nephropathy stages (p = .909), education (p = .215), geographic location (p = 

.951), retinopathy (p = .237), neuropathy (p = .085), coronary heart disease (p = .917), 

and  SARS-CoV-2 (p = .693) were not found to be statistically significant predictors. 

Interpretations of the Findings and Discussion 

In Research Question 1, I examined whether there was a significant relationship 

between the HbA1c levels with the predictor variable telehealth consultations and 

independent variables age, gender, ethnicity, BMI, geographic location, education, 

occupation, health insurance, and comorbidities such as neuropathy, nephropathy, 

retinopathy, and coronary heart disease. The results revealed a statistically significant 

relationship between age and BMI with HbA1c levels across all four models per year. 

Telehealth consultations and neuropathy in 2021 and 2022 across all four models showed 

a statistically significant relationship with HbA1c levels. Age, BMI, telehealth, and 

neuropathy accounted for only a tiny percentage (0.9% to 5.5% of the variation in HbA1c 
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levels, with the remaining percentage (94.5% to 99.1%) unexplained by the variables in 

the models. The variables gender, education, health insurance, geographical location, and 

comorbidities (retinopathy, nephropathy stages, and coronary heart disease) were not 

found to be statistically significant predictors, and they were not associated with HbA1c 

levels. 

I found that age and BMI were positively associated with HbA1c levels, 

indicating that older age and higher BMI are substantial risk factors for diabetes and 

mortality rates due to inadequate glycemic control and chronic hyperglycemia, which is 

consistent with the findings of Ahmed et al. (2023), Bajpeyi et al. (2022), and Akselrod et 

al. (2021). The current study showed that age, BMI, neuropathy, and occupation had a 

significant relationship with HbA1c levels, consistent with previous studies. However, 

the low variation of age, BMI, neuropathy, and occupation with HbA1c levels in this 

study suggested that a more complex model might be necessary to predict the HbA1c 

levels accurately. This could lead to discussing the challenges and opportunities in 

developing such a model.  

Results from Research Question 1 showed that gender, education, health 

insurance, geographical location, and comorbidities (retinopathy, nephropathy stages, and 

coronary heart disease) were not statistically significant predictors and were not 

associated with HbA1c levels. Li et al. (2021) suggested that the odds of comorbidities 

increased with age in patients with T2DM, and age-related organ degeneration is a 

natural process that can lead to the development of many health conditions. The 

prevalence of comorbidities in patients with T2DM in different geographic locations and 
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the associated factors in the current study may improve understanding of the population 

and whether they have access to medical care, insurance, and education. I suggest 

conducting a population-based study to examine the effects of various factors on 

comorbidities, including access to care, health insurance, mental health, and diet, that 

might provide a distinct picture of the issue in northern New Hampshire. 

Research Question 2, a multiple linear regression revealed a statistically 

significant relationship between age, BMI, and HbA1c levels across all 5 years in all 

models, except for model one in 2021, which did not have statistically significant 

predictable variables. Age and BMI accounted for a small percentage (1.2% to 5.6%) of 

the variation in HbA1c levels, with the remaining percentage (94.4% to 98.8%) 

unexplained by the variables in the models. Studies conducted by Auzanneau et al. 

(2023) investigated the effects of the lockdowns on body weight in the adult population 

living with T2DM and reported that weight gain was associated with the pandemic; the 

trends were not affected by the pandemic. However, with the second COVID year, the 

proportion of individuals with a stable increase in BMI and HbA1c levels was associated 

with perturbations or instability regarding weight and glycemic control at the individual 

level. Studies conducted by Liu et al. (2019) and Sane et al. (2022) revealed that diabetes 

gender, education, and health insurance affected patients with diabetes. During 

lockdowns, older adults experienced a decrease in HbA1c levels, testing with adverse 

health outcomes on developing diabetes complications and a higher risk of severe cases 

of COVID-19. Obesity, being a smoker, alcohol abuse, and less education have played an 
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essential role in diabetes self-management. Nonetheless, this study had a different result 

that did not support these findings.  

The difference in the results of these studies could be because Palanca et al. 

(2020) and Wu et al. (2022) described HbA1c levels testing, a gauge of diabetes control, 

the quality of glycemic control during diverse restriction periods in 2019 and 2020 of 

COVID-19 lockdown among patients with HbA1c assessments and the significant degree 

in the number of people having HbA1c resolutions during the lockdowns. The Wu et al.’s 

(2022) study exposed that HbA1c variability relates to changes in glycemic control over 

more extended periods, indicating that HbA1c variability was positively associated with 

the most diabetes-related complications in diabetic patients as more effective in 

predicting retinopathy, neuropathy, higher rates of coronary heart disease, and the 

deterioration of renal function and increase mortality. This suggests that HbA1c levels of 

variability may play a role in clinical assessment in the future (Wu et al., 2022). In the 

current study, the HbA1c levels were studied for 5 years separately, resulting in a slight 

variability in age and BMI with HbA1c levels. 

The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities such as retinopathy and coronary 

heart disease) were not found to be statistically significant predictors. Ekwegh et al. 

(2023) and Li et al. (2021) highlighted the primary delivery form to ensure optimal care 

during COVID-19 by embracing telehealth. They revealed that disparities in telehealth 

use by race, age, income, telehealth literacy, digital devices, and internet connectivity due 

to geographic locations affected older adults who may have lacked knowledge 
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concerning technology, resulting in multiple disadvantages. A constructive upright 

should center on telehealth usage among minority middle-aged and older adults as they 

are at more risk of chronic conditions, including congestive heart failure, diabetes, 

pulmonary disease, renal failure, neuropathy, asthma, and obesity, which are all risk 

factors for poor COVID-19 outcomes. 

Research Question 3. The multiple linear regression analysis results for research 

question three between 2018 and 2022 revealed a statistically significant relationship 

between age with HbA1c levels across all four models in all 5 years and BMI in Models 

2, 3, and 4r. Age and BMI accounted for only a tiny percentage (1.3% to 5.7%) of the 

variation in HbA1c levels, with the remaining percentage (94.3% to 98.7%) unexplained 

by the model variables. Studies by Li et al. (2021), Asril et al. (2020), and Yu et al. 

(2020) explored the mechanisms of health-related behavior to prevent illness and achieve 

a behavior change in patients with T2DM finding that comorbidities increase with age, 

leading to the development of poor health outcomes. Mellergård et al. (2020) 

demonstrated that glycemic variability can be a sign of excess glycemic excursions, 

consequently leading to a risk of hyperglycemia or hypoglycemia presenting a more 

significant HbA1c variability associated with adverse outcomes in micro-and 

macrovascular endpoints, as well as with mortality. It has been suggested that HbA1c 

variability and diabetic complications may be explained by confounding factors such as 

poor self-management, lack of support, alcohol use, smoking, and poverty. Hence, 

building positive behaviors and maintaining well-being are fundamental for achieving 

diabetes treatment goals and maximizing quality of life through education and support, 
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diabetes self-management, medical nutrition therapy, physical activity, tobacco cessation, 

and health behavior counseling.  

 The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. Casacchia 

et al. (2022) explored patient demographics and found disparities across age, sex, 

occupation, income, education, and geographic location. It was observed that Blacks or 

Hispanics were less likely to use telehealth than non-Hispanic Whites, which could be 

due to the digital divide that exists among historically marginalized groups. During the 

COVID-19 pandemic, the health system frequently used telehealth consultations to 

provide health access care and education for disease management. This study found that 

telehealth usage was associated with patients’ demographics, comorbidities, healthcare 

utilization, and socioeconomic factors. Further investigation is needed to see if the 

characteristics of telehealth usage changed after the onset of the COVID-19 pandemic 

and the availability of internet access to disadvantaged populations with low-income 

households to validate improved outcomes. 

Research Question 4. The multiple linear regression analysis results for 2018 to 

2022 revealed a statistically significant relationship between age with HbA1c levels 

across all four models and BMI in Models 2, 3, and 4. Age and BMI accounted for only a 

tiny percentage (2.9% to 5.7%) of the variation in HbA1c levels, with the remaining 

percentage (94.3% to 97.1%) unexplained by the model variables. Studies by Tan et al. 

(2023) evaluated the relationship between glycemic control and the risk of T2DM-related 



362 

 

macrovascular complications and demonstrated a relationship between HbA1c levels and 

the development of cardiovascular diseases. HbA1c increases the risk of diabetes 

complications and mortality.  

In recent studies, it has been suggested that glycemic variability might underline 

diabetes complications and cardiovascular diseases. In social sciences research, this 

discussion may lead to more challenges and opportunities in developing such a model. 

Studies by Li et al. (2023) and Sakai et al. (2022) showed that in men with T2DM, both 

the average and variability of HbA1c levels were higher in people living alone than in 

those not living alone with an increased risk associated with the development of dementia 

and mental health.  After adjusting for covariates, individuals living alone were 

independently associated with glycemic variability in men but not women with T2DM, 

who tended to be regular smokers. This study showed that HbA1c variability was known 

to be a risk factor for mortality in people with diabetes more in men than in women, as 

women could cook for themselves. Ekwegh et al. (2023) revealed a significant 

relationship between older age and higher utilization of telehealth, prompting healthcare 

systems to offer more assistance for telehealth in older populations to treat adults with 

numerous comorbidities. 

It is a priority that providers continue to assess attitudes toward COVID-19 and 

other significant chronic diseases and collective efforts to make positive messaging about 

COVID-19 and health status during telehealth consultations and in-person care visits to 

influence prevention, self-management, and a positive lifestyle change. Research findings 

by Shi et al. (2023) indicated that the prevalence of anxiety disorders and depression in 
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diabetic patients, along with alcohol and tobacco smoke, can elevate the likelihood of 

experiencing depressive symptoms to a certain degree compared to the ones without 

diabetes. In contrast, hemoglobin glycosylated (HbA1c) levels variability measures long-

term blood glucose variability, presenting a potential risk in diabetic patients with mood 

disorders associated with depression and mental health in addition to poor self-perceived 

glycemic control (Shi et al., 2023). In the current study, depression, mental health, 

alcohol abuse, and tobacco smoke were confounder covariates that need further 

investigation to find ways to create resources to aid diabetic patients suffering from 

mental problems and other comorbidities.  

The variables gender, education, occupation, health insurance, telehealth 

consultations, geographical location, and comorbidities (retinopathy, nephropathy, and 

coronary heart disease) were not found to be statistically significant predictors. Wamsley 

et al. (2021) specified that telehealth was an effective tool during the COVID-19 

pandemic to minimize possible exposure of healthcare professionals. Virtual health can 

benefit more individuals as this system allows patients to be cared remotely. Telehealth 

services in specific geographic locations provide the opportunity to perform online 

nutritional support and exercise training programs to promote a healthy lifestyle and 

reduce the sedentary lifestyles in the adult population. 

Studies by Truong et al. (2022) and D’Onofrio et al. (2021) observed significant 

decreases in HbA1c levels during lockdowns linked to patient outcomes and self-

management. Telehealth consultations helped improve multiple behavioral, 

psychological, and clinical outcomes, especially for patients with chronic diseases. This 
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modality remains a prominent modality of healthcare engagement, promoting long-

distance clinical care, education, and health management, facilitating flexibility. 

However, reduced use of telehealth visits may be related to provider dynamics, such as 

technical support to assist patients new to video encounters and motivations driving 

patients' behavior during the pandemic. This system requires the internet and digital 

literacy to enable access and use of technologies, as age, race, education, and geographic 

location may contribute to inequity in care utilization (Sartore et al., 2023; Tilhou et al., 

2024). 

Study findings by Syed et al. (2022), Sakai et al. (2022), and Ceriello and 

Prattichizzo (2021) revealed that socioeconomic factors, mainly employment, education 

level, family history, marital status, and years of having diabetes were considered the root 

cause of the disease process in diabetics. These studies also demonstrated that adjusting 

for potential cofounders, lifestyle-related factors, including alcohol abuse, smoking, 

sedentary lifestyles, depression, eating habits, financial worry, emotional health, mental 

health, and socioeconomic status, were associated with multiple lifelong conditions for 

people with diabetes who could modify the variability of HbA1c levels. These results 

explain the potentially significant covariates not included in the model and can serve as a 

reference for future studies. 

 In the current research, the confounding variables of alcohol abuse, mental 

health, depression, tobacco smoke, drug addiction, and poverty were associated with 

T2DM. These confounding variables may help in understanding these conditions, and 

their associated feelings can be triggered, for example, by smoking, as people believe that 
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smoking reduces anxiety. Thus, there is a need for further attention to investigate the 

variability of HbA1c levels, as other studies indicate that these variables may elevate the 

HbA1c levels in diabetic patients. 

Studies showed little evidence on how patients could reduce their risk during the 

COVID-19 pandemic by monitoring their blood glucose and the effectiveness of self-

management/self-education. However, studies on remote clinical consultations have 

generally found positive results (Hartmann-Boyce et al., 2020). Conversely, this study 

revealed that clinical consultations during lockdowns, physical activity, and healthcare 

providers that predicted each research question were not statistically significant with 

HbA1c levels. Similar results with control variables gender, coronary heart disease, and 

SARS-CoV-2 are not statistically significant with HbA1c levels. 

Diabetes was a significant risk factor for the progression and outcome of severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2 infection- (COVID-19), which 

affected vulnerable populations that faced the most significant burden of the disease, 

living in deprived areas with learning difficulties (Khunti et al., 2023; Seiglie et al., 

2020). In the United States, over 34 million adults suffer from T2DM, with an annual 

cost of $327 billion (CDC, 2020). Diabetes disproportionately affects racial and ethnic 

minority populations due to inequalities. In this study, most of the White population 

living in remote rural areas experienced isolation, health equity, health literacy, 

healthcare access, social stability, transportation, access to healthy food, and access to the 

internet, which may differ from those living in urban cities. These barriers compromise 
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the effectiveness of self-monitoring the disease-involving behaviors in achieving good 

health outcomes (Distaso et al., 2022). 

Diabetes is one of the chronic diseases suitable for telehealth consultations 

because treatment relies on patient-generated health data and health coaching to approach 

behavior management remotely. With the principles of the Health Insurance Portability 

and Accountability Act (HIPAA) compliant videoconferencing platforms and the 

introduction of telehealth reimbursement codes, the use of telehealth became possible in 

the United States for multiple health conditions. Previous studies acknowledged that the 

use of telehealth before the COVID-19 pandemic was minimal. During the pandemic, 

reduced regulations and increased payment facilitated a rapid increase in telemedicine 

consultations, benefiting patients and healthcare providers and resulting in outcomes like 

in-person care with cost-saving implications (Seiglie et al., 2020). The Ammonoosuc 

Community Health Services (ACHS), where this study occurred before COVID-19, did 

not use telehealth consultations as they were not reimbursable. After COVID-19, 

telehealth consultations were reimbursable. Patients did not want to come in for an in-

person visit during the pandemic. Thus, visits dropped by 50% when the public health 

emergency was declared. ACHS quickly developed a telehealth consultation process, 

including telephone and virtual visits.  

Direct Linkage Between Results and Theoretical Frameworks 

The association between glycosylated hemoglobin (HbA1c) levels in diabetic 

patients has been explained by combining the HBM and the TPB. 



367 

 

Health Belief Model (HBM) Insights 

Perceived Severity and Susceptibility 

Skivington et al. (2021) identified perceived severity and susceptibility as critical 

motivators for health behaviors in treating T2DM. They argue that a more significant risk 

perception correlated with frequent telemedicine visits and better HbA1c readings. This 

realization is consistent with the HBM's central thesis, highlighting the significance of 

risk perception in adopting behaviors that promote health. 

Perceived Benefits vs. Barriers 

In line with HBM's approach, Kruse et al. (2020) emphasized telehealth's 

accessibility and ease as significant perceived advantages. However, the preference for 

conventional consultations over telehealth consultations and technical obstacles create 

hurdles that must be addressed with focused education and assistance. This suggests a 

nuanced approach to telehealth deployment that considers the requirements and 

perceptions of each patient. 

Cues to Action and Self-Efficacy 

Knowles et al. (2020) highlighted the significance of self-efficacy and the role 

played by the COVID-19 epidemic as a catalyst for change, driving the transition to 

telehealth. This shift shows that proactive participation in telehealth services depends on 

patients feeling confident in managing their health via new platforms supported by 

educational initiatives.  

The first study question, which examined whether telehealth consultations 

affected diabetic patients, particularly during the COVID-19 epidemic, used HBM. Due 
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to social distancing laws and COVID-19 pandemic restrictions, telehealth emerged as a 

tactical tool for managing diabetes in patients whose perception of the disease's severity 

was based on personal beliefs about the seriousness of the disease's complications and 

medical ramifications. It is possible that these patients would not get the required 

education. Because the perceived advantages may suggest a person's ideas about self -

management behavior by failing to recognize the danger to their health and 

underestimating their believed susceptibility and perceived severity, they may lack digital 

and technology education. 

Theory of Planned Behavior (TPB) Application 

Subjective Norms 

Ajzen (1991) highlighted that choices about health behavior, including the 

adoption of telemedicine, were heavily influenced by subjective standards. Peer support 

and referrals from healthcare professionals are crucial, underscoring the need to create a 

positive social and medical environment that promotes the use of telehealth. 

Perceived Behavioral Control 

The significance of accessibility and user-friendliness in telehealth platforms is 

emphasized by Godin and Kok's (1996) research, which is crucial in guaranteeing 

patients' confidence in their use. Improving patients' telehealth technology navigation 

skills is recommended to encourage more use and better health results. The TPB theory is 

the most reliable and significant social cognition model (Ajzen & Fishbein, 1980; 

Fishbein & Ajzen, 1975) to forecast and elucidate health behavior. Three TPB behavioral 

intents were employed in the first research question: perceived behavioral control (the 
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ability to undertake the act), subjective norms (the perception of social pressure to 

perform or not conduct the act), and attitudes toward behavior (such as positive or 

negative views). The videoconferencing consultations incentivized and supported 

diabetic patients to modify their lifestyle habits to regulate their blood sugar levels, lower 

their HbA1c levels, and feel more in control of their behavior. 

 Numerous behavioral intents are associated with these points. The TPB, which 

primarily hinges on control, normative, and behavioral beliefs, is used in research on 

health-related behaviors to explain why individuals participate in certain activities (Ajzen 

& Schmidt, 2020). Researchers have shown that the TPB and HBM may be used to create 

successful behavior change treatments, which supports the effectiveness of this theory in 

T2DM patients (Bonsjack & Schmidt, 2020; Sussman & Gifford, 2019). 

Integration and Application in T2DM Management 

The combination of HBM and TPB provides a thorough foundation for 

comprehending and enhancing patient participation in telemedicine for type 2 diabetes 

individuals. Healthcare providers may create more successful telehealth-based treatments 

by emphasizing perceived severity, susceptibility, advantages, obstacles, signals to 

action, self-efficacy (HBM), subjective norms, and perceived behavioral control (TPB). 

These treatments seek to manage glycemic control, encourage behavior change, and 

lower HbA1c levels by targeting the many factors that impact health behaviors.  

To understand why clinical consultations during lockdowns and medical 

providers impacted the treatment of diabetes patients to control the HbA1c levels 

supported by the HBM and the TBP, the two models were applied to the second and 
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fourth study topics. The two models used were suitable for ascertaining the degree to 

which the people of northern New Hampshire are aware of the possible risk factors 

associated with acquiring diabetes and the consequences that might arise from inadequate 

diabetes self-management. According to the HBM theory, people's views and attitudes on 

health issues assess the benefits and obstacles of preventive measures and encourage 

healthy behaviors to treat and prevent type 2 diabetes (Afrasiabi et al., 2022; Duan et al., 

2022; Khosraviz et al., 2022). Therefore, the HBM was relevant to this research problem 

because it provided insight into the relationship between adopting a health-related 

behavior change and self-management by raising awareness of the challenges diabetic 

patients may face in changing their behavior, including financial hardship, lack of 

insurance, subpar healthcare, cultural differences, and the stigma associated with the 

disease (Duan et al., 2022; Khosraviz et al., 2022). 

According to the theory, behavioral intentions guiding an individual's belief about 

the possible costs and obstacles concerning adopting a specific health behavior, such as 

health promotions and disease management by improving diabetes prevention behaviors, 

are determined by self-efficacy, health value, and social support (Malky et al., 2021). 

According to the present research, telehealth consultations and occupation are important 

in T2DM. Health management and lifestyle modifications are enhanced by telehealth 

delivery and occupational performance.  

The final study question, which examined why physical activity was crucial for 

controlling HbA1c levels in diabetes individuals, was addressed using the HBM and 

TBP. Patients who lack access to wholesome food may use this as a justification or a 
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perceived obstacle to avoid physical exercise and regain control over their diabetes 

treatment. Due to their limited technological literacy and the fact that accessing the 

internet in rural locations might be difficult, these patients may not view their 

vulnerability or severity as high. These patients may be able to act to support behavior 

change and self-efficacy by adopting attitudes regarding conduct and perceived social 

pressure with the support of the TBP. The present research confirmed Hu et al.'s (2022) 

findings, which stated that diabetes education programs must be implemented to 

encourage people to adopt healthy habits to avoid and manage diabetes.  

By adding the constructs and behavioral intention to influence an individual's 

ability to engage in prevention and health behavior change, moderating factors (age, 

gender, ethnicity, socioeconomic status, education, occupation, geographic location, 

health insurance, BMI, and comorbidities such as neuropathy, retinopathy, nephropathy, 

and coronary heart disease) can reflect on health promotion. I looked at the northern New 

Hampshire population's HbA1c levels and patient self-management before, during, and 

after COVID-19. This research revealed slight fluctuation between the HbA1c levels and 

the predictor factors telehealth, age, profession, and neuropathy. Taker's (2023) and 

Rajkumar et al.'s (2022) investigations corroborated the HbA1c levels and self-

management in the study, confirming the significance of addressing the population's 

education and self-management of T2DM via educational intervention in Northern New 

Hampshire. To lower the risk of diabetes and its consequences by encouraging healthy 

lifestyles, it is imperative to increase awareness among this community. To optimize 

daily diabetes self-management and minimize the risk of diabetes and its complications 
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during the crisis, it is imperative to improve the population's perception to reduce the 

severity of diabetes and the risk of developing Type 2 diabetes (Elwenspoek et al., 2022; 

Karpinska et al., 2022).  

Moreover, the applicability of these models is enhanced by considering 

moderating variables, including age, gender, ethnicity, socioeconomic position, and 

coexisting situations. It makes it possible to customize interventions to match the wide 

range of requirements of people living in northern New Hampshire and abroad. 

Enhancing telehealth's efficacy for diabetic self-management requires focusing on three 

key areas: (a) creating supportive settings, (b) improving technological availability, and 

(c) implementing educational interventions.  

To sum up, integrating HBM and TPB perspectives and the other references 

provides a solid basis to developing telehealth services for managing type 2 diabetes. 

Healthcare providers may more successfully assist patients in embracing practices that 

improve their health and quality of life by addressing internal and external perceptions 

and impacts on health behavior. 

Generalization of Findings 

The research conducted in a rural location with a primarily White population 

raises concerns about its generalizability. It is necessary to use caution when 

extrapolating from this research because it is context-specific. Rural areas may not be like 

metropolitan areas or areas with a diversified population regarding healthcare access, 

patient demographics, and provider availability. Telemedicine treatments may have 

different effects and outcomes in metropolitan environments, where patient 
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demographics, lifestyle characteristics, and healthcare resource availability vary greatly. 

The acceptance, accessibility, and results of telehealth services may also be influenced by 

disparate healthcare systems, such as public vs. private and fragmented versus universal 

(Rural et al., 2020; WHO, 2020).  

Geographical location and demographic characteristics are important in health 

research, and Heikinheimo et al. (2020) emphasized that social and physical settings 

significantly impact health outcomes and behaviors. They contend that to guarantee that 

study results are representative and relevant to a range of people, performing research in 

various venues is essential. One cannot exaggerate the influence that variations in 

healthcare systems have on the generalizability of results. The World Health 

Organization (2021) examined how differences in the European healthcare system impact 

service delivery and health outcomes. Their conclusions imply that because healthcare 

systems vary in accessibility, financing, and patient involvement tactics, study findings 

from one setting may not be readily transferable to another. The cultural context must be 

considered when extrapolating health study results. In the Journal of General Internal 

Medicine, Rubulotta et al. (2022) emphasized the importance of cultural competency in 

healthcare, demonstrating that culturally insensitive approaches may not work as planned 

in various groups. Technology knowledge and availability have an impact on telehealth 

acceptance as well as efficacy, as was indicated in the original thesis. In the American 

Journal of Preventive Medicine, Anderson et al. (2020) explored the digital gap and how 

it affects telehealth. The researchers contended that telehealth therapies may not be as 
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accessible or beneficial for all demographic groups if technology access and literacy 

differences are not addressed.  

Finally, comprehending the generalizability of health research results requires 

integrating the idea of socioeconomic determinants of health. According to Davis et al. 

(2023) in the Lancet, social determinants of health include social support, money, and 

education. Research that overlooks these elements runs the risk of overgeneralizing their 

results without considering the intricate interactions between social determinants of 

health.  

Careful evaluation of contextual variables, such as variances in the healthcare 

system, geography, and demographics, is necessary before extrapolating these results to 

larger populations. The research's rural northern New Hampshire context offers certain 

benefits and problems that may not translate well to other environments. The 

environment in which health treatments are implemented may substantially impact their 

efficacy, as Choe et al. (2020) suggested. This implies that the results of this research 

should be extrapolated cautiously outside of comparable rural contexts.  

Furthermore, whether the research population's demographic homogeneity will 

translate to more varied communities is unclear. Piotrowska's (2023) study emphasized 

the significance of taking socioeconomic, racial, and ethnic diversity into account when 

conducting health research. It recommended that future investigations examine the 

efficacy of telehealth in a broader range of demographic circumstances. 
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Statistical Significance vs. Clinical Significance 

When assessing research results in a clinical setting, it is essential to distinguish 

between statistical and clinical significance. For example, research conducted by Klein 

and Buse (2020) showed that even small reductions in HbA1c might result in a 

considerable decrease in the risk of diabetes-related complications over time. This 

emphasizes how telehealth may be a valuable tool in managing diabetes and how 

important it is for physicians to consider the practical implications of statistical findings 

in patient treatment and their use.  

Although current findings indicated a statistically significant correlation between 

telehealth consultations and lower HbA1c readings, more investigation is necessary to 

understand these results' therapeutic importance fully. Lee et al. (2020) pointed out that 

clinical significance is not necessarily the same as statistical significance. Although a 

slight decrease in HbA1c levels is statistically significant, its practical implications for 

diabetes care and patient outcomes still need to be assessed.  

Even small statistically significant changes in HbA1c levels over time may 

significantly impact managing diabetes and reducing the risk of complications. For 

example, a 0.1% decrease in HbA1c may seem statistically insignificant. Still, when 

considered across a population of diabetes patients, it might significantly reduce the risk 

of microvascular problems, such as retinopathy or nephropathy (Goldney et al., 2023). 

Furthermore, telehealth integration into diabetes management plans should be assessed 

for its potential to improve patient education, engagement, and adherence to treatment 
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plans, which could impact long-term outcomes and its immediate effect on glycemic 

control (Lamichhane et al., 2024).  

In conclusion, although the study's results provided encouraging insights into the 

use of telehealth in managing diabetes, it is crucial to evaluate their clinical significance, 

context-specific factors, and potential variations in outcomes across various healthcare 

settings and populations. To fully achieve telehealth's promise of improving diabetes 

outcomes, it should be included in an all-encompassing diabetes care approach 

customized to address the specific requirements of various patient groups. 

Insufficient Discussion on Nonsignificant Findings 

The nonsignificance of predictors such as telehealth consultations, education, 

occupation, health insurance, geographical location, and comorbidities about HbA1c 

levels invites a multifaceted exploration. From a methodological perspective, these 

results may be explained by the size of the sample, the homogeneity of the population 

being studied, or the variables chosen for examination. In theory, this implies that the 

direct effects of telehealth on glycemic control can be complex and impacted by auxiliary 

variables that the current study did not include. For example, patient engagement levels, 

the caliber of telehealth contacts, or patient technology literacy may all operate as 

moderators in the success of telehealth (Anil et al., 2023; Greenwood et al., 2020).  

Adding interaction terms in the regression analysis might reveal relationships between 

variables, suggesting alternative models (e.g., the interaction between age and telehealth 

consultations). A mixed methods approach might provide a better understanding of the 
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quantitative results by revealing the subjective experiences of T2DM patients using 

telehealth services (Greenhalgh et al., 2020). 

Integration of Literature Review 

According to the literature review, telemedicine could improve self-management 

and increase accessibility for people with chronic illnesses such as type 2 diabetes (Or, 

2020; Timpel et al., 2019). However, comparing the study's results with other studies 

reveals gaps in knowledge of the precise relationship between telehealth use and 

glycemic management. The lack of statistical significance in the data contrasts with the 

research of Butzner and Cuffee (2021), indicating that telehealth treatments have 

favorable effects, which call for a reexamination of the variables causing these 

differences. By examining these correlations in a rural setting, the current study closes a 

knowledge gap and clarifies the significance of demographic and geographic factors. The 

unique contribution of this study lies in its nuanced examination of telehealth's 

involvement in managing diabetes in a group with certain demographic traits. The current 

study raises new concerns about the best way to include telehealth services in diabetes 

treatment plans and which patient subgroups might benefit most from these interventions. 

Limitations of the Study 

People with T2DM, higher glycosylated hemoglobin (HbA1c), and comorbidities 

such as coronary heart disease, neuropathy, nephropathy, and retinopathy had an 

increased risk of death after COVID-19 infection (Schäfer et al., 2024). The studies 

investigating the association between lockdowns and T2DM yielded contradictory 

results; some studies found an increase in HbA1c levels in T2DM patients, while others 
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found no change in glycemic control. However, studies revealed that HbA1c levels were 

more pronounced in vulnerable patients due to impaired health status. Prior studies have 

rarely examined the effect of education on HbA1c levels during lockdown, depending on 

education, and had a lower risk of adverse changes in HbA1c. Low educational 

attainment and behavior increase the risk of deterioration of blood glucose, such as 

inactive lifestyles and poor dietary habits (Schäfer et al., 2024).  

The Centers for Disease Control and Prevention (CDC, 2022) stated that diabetic 

patients had disproportionately been affected by the COVID-19 pandemic. The incidence 

of diabetes among patients 18 and older with COVID-19 from retrospective studies was 

compared with patients who did not receive the COVID-19 diagnosis or failed to report 

the disease, resulting in inaccurate data (CDC, 2022). A similar result was found in this 

study, where patients were tested in other locations and did not report the SAR-CoV-2 

infection and vaccinations to the ACHS location, causing inaccurate recorder data 

documented in the charts. Several patients did not disclose COVID-19 because they were 

afraid of stigmatization. During COVID-19, patients may have opted for fast food or 

stayed home eating unhealthy diets, but this would not have interfered with their care. 

People who were tested in other locations were never reported to the ACHS. Diabetes 

complications may have nothing to do with COVID-19, as individuals with the disease 

were already suffering from the disease many years before. It may or may not have 

worsened during COVID-19. However, in adults, diabetes might be a long-term 

consequence of SAR-CoV-2 infections. 
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The current study presented telehealth challenges during lockdowns due to the 

lack of access to the internet as patients lived in remote areas in northern New 

Hampshire, where this service was inaccessible. During the pandemic, patients were 

moved to remote clinical care because of the COVID-19 restrictions that made it 

challenging to retrieve self-monitoring blood glucose devices and optimize insulin dose 

response (Susilo et al., 2021), resulting in dataset usage as an incomplete standard 

limitation of secondary datasets during the analysis. Limited data on COVID-19 reduced 

the statistical power of unrecognized bias. Sample selection was reduced due to missing 

values, a common threat to external validity. Maturation bias, such as advances in 

medical technology, treatment options, and lifestyle changes, impacted the 

generalizability of the findings of the secondary data collection. 

 Potential confounder variables, such as mental health, alcohol abuse, tobacco 

smoke, poverty, mortality, and cancer, influenced the observed relationship between 

telehealth consultations and diabetes self-management. A connection to the confounding 

variables of HbA1c levels could influence diabetes complications and other 

comorbidities, including alcohol abuse, tobacco smoke, cancer, and mental health. This 

means these factors could also affect coronary heart disease, not just alcohol. Because the 

study results and interpretation may be affected by the mix of potential confounders 

included within the models, it is necessary to standardize approaches for selecting and 

accounting for confounders in observational studies. 

The present analyses lacked information on covariates affecting the association 

between COVID-19 and the HbA1c levels, incidents of diabetes, race, ethnicity, and 
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BMI. Public health messages highlighting the risks associated with COVID-19 needed to 

be clarified with the media highlights through complex and differing mechanisms. Most 

of the population in this study was White with low socioeconomic backgrounds, living in 

rural areas of northern New Hampshire. The lack of diversity in this study population 

limits the generalizability of findings and results for diverse populations. The geographic 

location affected the internet access, leading to missing data, resulting in poor model 

performance and misleading the model during the external validation. The focus on a 

specific patient population within northern New Hampshire and reliance on data from a 

single health service provider may limit the generalizability of the findings. Future 

research should expand the scope to include a broader geographic area and diverse 

patient’ demographics. Unlisted telephone numbers and access to telehealth for 

communication between patients and medical providers may result in a small amount of 

noncoverage, potentially threatening validity. This study documented a lower use of 

telehealth by older diabetic patients, revealing disparities in remote care versus in-person 

care. Bias from sample collection and scale value interpretation could have resulted in 

misleading or inaccurate results. Reliable tools to ensure proper interpretations are 

essential for consistency in study results and outcomes.  

While there is an urgent need for effective population-level strategies to halt the 

growing burden of this disease, an essential limitation to understanding the impact of 

diabetes in rural areas is a lack of robust empirical data on diabetes prevalence and  its 

relationship with socioeconomic status (SES) across varying levels of economic 

development. A significant limitation of the existing literature is its inability to identify 
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those at the highest risk of diabetes based on key individual-level socioeconomic 

characteristics. Given that diabetes prevalence, its associated complications, and related 

mortality are thought to be strongly related to SES, understanding the relationship 

between SES and diabetes can inform health system strategies to improve the prevention 

and management of diabetes and direct interventions toward the highest-risk populations. 

Despite a vast literature on the relationship between SES and diabetes in high-income 

countries, to date, few studies have explored this association in low-income individuals. 

Methodological Limitations 

Reliance on Secondary Data 

There are advantages and disadvantages to the study's dependence on secondary 

data, namely medical records from the Ammonoosuc Community Health Services. 

Secondary data has limitations, even though it may provide in-depth historical 

understanding and enable large-scale research without the exorbitant costs and time 

involved with original data acquisition. In the data collection process, the possibility of 

inherent flaws, such as selection and information bias, is a significant source of worry. 

Secondary data may not completely capture the factors of interest or may be captured in a 

way inconsistent with the study's goals. For example, the absence of specific data on 

patient participation, the caliber of telehealth services, or adherence to recommended 

treatment regimens may make it more difficult for the research to accurately determine 

how telehealth consultations affect HbA1c levels.  

Although secondary data is helpful for retrospective analyses, it may not suit the 

study's unique research objectives or hypotheses. For example, certain variables of 
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interest that are essential for a deeper understanding of patient behaviors or the 

effectiveness of telehealth in diverse socioeconomic and cultural contexts may not be 

present in the secondary data used from the Ammonoosuc Community Health Services 

(Sakai et al., 2022; Syed et al., 2022).  

Furthermore, secondary data often lacks the granularity required to investigate 

complex connections between variables, which might obscure essential insights into the 

dynamics of managing type 2 diabetes using telehealth. The variety among the T2DM 

community may not be well reflected in the data, especially regarding socioeconomic 

position, cultural origins, and technological accessibility—all of which are critical for 

conducting a thorough evaluation of telehealth's efficacy. 

Recommendations 

Healthcare Providers 

• Adopt a proactive telehealth approach: Medical professionals should include 

telehealth services in their diabetes treatment procedures. This covers remote 

blood glucose monitoring, virtual consultations, and digital distribution of 

diabetes education materials.  

• Customize patient education: Medical professionals should make use of telehealth 

platforms to provide self-management training and instruction that are specific to 

each patient's requirements, considering their age, BMI, and status of co-

occurring conditions. 

Policymakers 
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• Enhance telehealth infrastructure: Policymakers can support the development of 

telehealth infrastructure, guaranteeing that patients and providers can access 

dependable and safe digital platforms. 

• Promote telehealth literacy: There is a need to develop and implement policies 

that encourage older adults to be digitally literate, increasing the accessibility of 

telehealth services for all age groups. 

Patients 

• Engage actively in telehealth services: To improve their self-management of Type 

2 diabetes, patients should be motivated to engage in telehealth consultations and 

use online education and support resources. 

• Monitor health regularly: Patients may be encouraged to utilize telehealth 

services to monitor their vital signs and communicate this information with their 

doctors so that they can take appropriate action promptly. 

Potential Barriers to Implementation 

• Digital literacy and accessibility: The older population may encounter difficulties 

utilizing telehealth services due to inadequate digital literacy and restricted access 

to technology. 

• Privacy and security concerns: Patients and clinicians may worry about the 

confidentiality and integrity of health information exchanged via telehealth 

systems. 

Strategies to Overcome Barriers 
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• Implement digital literacy programs: Healthcare providers and community 

organizations can offer digital literacy programs tailored to the elderly, enhancing 

their ability to use telehealth services effectively. 

• By providing seniors with specialized digital literacy training, healthcare 

practitioners and community groups may improve their capacity to use telehealth 

services efficiently. 

• Strengthen data security measures: Healthcare organizations should implement 

robust data security protocols to protect patient information, address privacy 

concerns, and build trust in telehealth services. 

• To safeguard patient data, resolve privacy issues, and foster confidence in 

telehealth services, healthcare institutions should have robust data security 

procedures. 

Addressing Unexplained Variability 

Despite the rigorous methodological approach, there is still a substantial amount 

of variability in HbA1c readings that cannot be explained. Age and BMI were shown to 

be statistically significant predictors of HbA1c levels by multiple linear regression 

analysis. However, they only explained a tiny portion of the variance, leaving much 

variability unexplained (Sakai et al., 2022; Syed et al., 2022). This implies that additional 

variables not examined in this research could be significant in controlling HbA1c levels 

in people with type 2 diabetes. 

Areas for Further Research 
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To address the unexplained variability in HbA1c levels, further studies need to examine 

the following domains: 

• Dietary patterns: How one manages type 2 diabetes is greatly influenced by their 

dietary habits. A deeper understanding of how nutritional treatments might be 

customized to enhance diabetes control may come from examining the dietary 

patterns and their relationship to HbA1c levels (Hou et al., 2020). 

• Psychosocial factors: The treatment of diabetes is significantly impacted by 

stress, depression, and other psychosocial issues. Examining how these variables 

affect HbA1c fluctuation may provide methods to include therapies and 

psychological support in diabetes management (Winkley et al., 2020). 

• Genetic predispositions: Variability in HbA1c levels among people with diabetes 

is influenced by genetic factors. Future research needs to examine the genetic 

predispositions that can influence how people react to diabetes management 

techniques; this might lead to the development of customized treatment 

techniques (Vettoretti et al., 2020). 

Although this research offers insightful information on the connection between 

telehealth usage and HbA1c levels in people with type 2 diabetes, it also emphasizes the 

need for a more comprehensive strategy to treat diabetes. Future research might attempt 

to close the gaps left by this study by adding studies into food habits, psychological 

variables, and genetic predispositions, which may result in more efficient and 

individualized diabetes management techniques. 
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Implications 

Implication of the Study and Social Change  

T2DM is a noncommunicable disorder affecting most adult populations and is one 

of the diseases overlooked due to a lack of understanding. In contrast to infectious 

disease, its cause cannot be easily identified because various factors affect an individual’s 

risk of developing T2DM (Medina et al., 2022). Low health literacy threatens equity and 

healthcare access among the northern New Hampshire population, resulting in worse 

health status and vulnerability (Medina et al., 2022). Early prevention, diagnosis, and 

treatment of T2DM are crucial to prevent complications and early death—a disease 

burden that is given to the affected person, family, community, and society. A diabetes 

educational program is imminent. Reforming, modifying, or changing strategies to 

improve the knowledge of diabetes in this population by focusing on lifestyle changes, 

nutritious food values for a healthy diet, physical activity, diabetes screening, 

management, and medication adherence may help reduce the burden of diabetes and 

improve their quality of life. There is a need to create links to increase social support 

within the communities and motivate family support to positively influence health 

outcomes among diabetic patients with body mass index control, blood glucose control, 

and environmental support with healthy diet and exercise. 

This study showed that gender, education, and geographic location were not 

statistically associated with HbA1c levels, while age, BMI, telehealth consultations, and 

occupations were statistically associated with HbA1c levels. However, vulnerable 

populations, which include older adults, people with disabilities, mental health problems, 
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low socioeconomic status, and low education, are affected by social, economic, political, 

structural, and geographic forces that are exposed to greater risk and thereby at a 

disadvantage concerning their health and healthcare. More importance should be placed 

on telehealth usage among minority middle-aged and older adults as they are at more risk 

of chronic conditions, including congestive heart failure, diabetes, pulmonary disease, 

renal failure, neuropathy, asthma, and obesity. All these were risk factors for poor 

COVID-19 outcomes. 

Addressing these barriers and gaps may help reduce the burden of diabetes among 

the northern New Hampshire communities. The results from this study may contribute to 

improving diabetic prevention, maintenance, and self-management with programs 

involving public health officials, medical providers, the community, and their families. In 

conclusion, findings from this study have the potential impact for positive social change 

by raising awareness among the northern New Hampshire populations living in rural 

areas, their families, and most importantly, their children. This is because as they grow 

older, their chances of developing T2DM increase. Thus, creating policies and strategies 

to educate the population by motivating them on physical activity, healthy eating, 

avoiding smoking and alcohol consumption, and treating mental health can help lessen 

the likelihood of having T2DM.  

Implications for Future Research 

• Investigation of technological, cultural, and socioeconomic factors: The present 

study emphasizes the need for further investigation into how socioeconomic, 

cultural, and technical aspects affect how well telehealth manages Type 2 
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diabetes. These studies may identify significant obstacles to using and accessing 

telehealth services, such as cultural views on technology and health, digital 

literacy, and the viability of telehealth solutions in resource-constrained 

environments from an economic standpoint (Afrasiabi et al., 2022; Duan et al., 

2022).  

Further research on the socioeconomic and cultural backgrounds of telehealth use 

is required. Comprehending the obstacles and enablers in various settings might 

provide more intricate perspectives on how telehealth can be enhanced for diverse 

demographics. Furthermore, investigating T2DM patients' technical knowledge 

and access may help identify significant obstacles to successful telehealth 

involvement. 

• Longitudinal and qualitative studies: The dependence on cross-sectional data 

restricts the capacity to deduce causation between telehealth usage and HbA1c 

levels. Studies that follow participants over time may be able to provide further 

insight into how telehealth affects glycemic control. Qualitative research might 

also record the viewpoints of patients and providers, adding nuance to the 

knowledge of telehealth's strengths and potential areas for development. 

• Integration with traditional healthcare models: Research on healthcare models 

that include telehealth with conventional in-person treatment may provide insights 

into hybrid methods that capitalize on the advantages of both modalities. This 

might solve some of telehealth’s drawbacks, such as the absence of in-person 

exams and certain access inequities. 
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• Customized telehealth interventions: Examining the efficacy of customized 

telehealth treatments according to patient attributes (such as age, gender, and 

comorbidities) may reveal tactics that improve glucose control across various 

patient populations. 

• Impact of comorbidities and lifestyle factors: The relationship between telehealth 

therapies and comorbidities and lifestyle variables like physical exercise and food 

is poorly understood. Subsequent investigations may explore how telehealth 

might bolster comprehensive management strategies incorporating these essential 

facets of diabetes treatment. 

Future Directions 

Future research may be guided by several shortcomings in the present study, such 

as the influence of provider types and the restricted examination of individual patient 

journeys in telehealth. Future research might look at the role of individualized telehealth 

therapies, the integration of telehealth into conventional healthcare systems, and the long-

term impact of telehealth on patient outcomes. It would also be beneficial to look at how 

telehealth efficacy and accessibility are affected by changes in policy and technology. 

Conclusion 

This study highlighted the significant impact of diabetes as a risk factor for 

COVID-19, emphasizing how it mainly affects the elderly living in isolated, 

underdeveloped locations with limited access to healthcare. The pandemic exposed 

differences in diabetic patients' access to telemedicine, which were impacted by 

technology accessibility and demography and resulted in an unequal distribution of 
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diabetes treatment. This research highlighted the relationship between telehealth use and 

HbA1c levels, controlling for age, BMI, and employment. It also emphasized the 

significance of diabetes education programs and technology in improving communication 

between patients and providers in northern New Hampshire. The findings highlighted the 

need to reassess telehealth services in treating T2DM, considering the noted disparities in 

effectiveness and equality. The results demand further study to maximize telemedicine's 

efficacy and accessibility to serve all T2DM patients fairly and support the inclusion of 

telehealth as a crucial part of diabetic management.   

This research offers insightful information on how telehealth might manage type 

2 diabetes, highlighting the significance of age and body mass index in determining the 

disease's effect on glycemic management. Nonetheless, the paucity of noteworthy results 

concerning telehealth consultations forces a reassessment of the provision and use of 

telehealth services. To ensure that telehealth can realize its potential as an egalitarian, 

practical, and essential component of diabetes management and larger healthcare 

systems, it is crucial to address the gaps found as healthcare continues to grow with 

technology improvements. Telehealth, in managing chronic disorders such as type 2 

diabetes, has shown promising results. Nevertheless, further study is necessary due to the 

methodological limitations of existing studies and the need for a more excellent 

knowledge of the variables that influence these conditions. Future studies may help 

optimize telehealth services by filling these gaps and ensuring that telehealth services are 

available, efficient, and fair to all T2DM patients.  
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Appendix 2: Linearity HbA1c for RQ1, 2018 
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Appendix 3: Scatterplot for homoscedasticity HbA1c for RQ1, 2018 
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Appendix 4: Standardized Residual Histogram for HbA1c for RQ1, 2019 
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Appendix 5: Linearity HbA1c for RQ1, 2019 
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Appendix 6: Scatterplot for homoscedasticity HbA1c for RQ1, 2019 
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Appendix 7: Standardized Residual Histogram for HbA1c for RQ1, 2020 
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Appendix 8: Linearity HbA1c for RQ1, 2020 
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Appendix 9: Scatterplot for Homoscedasticity HbA1c for RQ1, 2020 

 

 

  



429 

 

Appendix 10: Standardized Residual Histogram for HbA1c for RQ1, 2021 
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Appendix 11: Linearity HbA1c for RQ1, 2021 
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Appendix 12: Scatterplot for Homoscedasticity HbA1c for RQ1, 2021 
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Appendix 13: Standardized Residual Histogram for HbA1c for RQ1, 2022 
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Appendix 14: Linearity HbA1c for RQ1, 2022 
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Appendix 15: Scatterplot for Homoscedasticity HbA1c for RQ1, 20122 
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Appendix 16: Standardized Residual Histogram for HbA1c for RQ2, 2018 
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Appendix 17: Linearity HbA1c for RQ2, 2018 
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Appendix 18: Scatterplot for Homoscedasticity HbA1c for RQ2, 2018 
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Appendix 19: Standardized Residual Histogram for HbA1c for RQ2, 2019 
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Appendix 20: Linearity HbA1c for RQ2, 2019 
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Appendix 21: Scatterplot for Homoscedasticity HbA1c for RQ2, 2019 
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Appendix 22: Standardized Residual Histogram for HbA1c for RQ2, 2020 
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Appendix 23: Linearity HbA1c for RQ2, 2020 
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Appendix 24: Scatterplot for Homoscedasticity HbA1c for RQ2, 2020 
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Appendix 25: Standardized Residual Histogram for HbA1c for RQ2, 2021 
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Appendix 2 Linearity HbA1c for RQ2, 2021 
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Appendix 27: Scatterplot for Homoscedasticity HbA1c for RQ2, 2021 
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Appendix 28: Standardized Residual Histogram for HbA1c for RQ2, 2022 

  

 

  



448 

 

Appendix 29: Linearity HbA1c for RQ2, 2022 
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Appendix 30: Scatterplot for Homoscedasticity HbA1c for RQ2, 2022 

 

 

 

  



450 

 

Appendix 31: Standardized Residual Histogram for HbA1c for RQ3, 2018 
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Appendix 32: Linearity HbA1c for RQ3, 2018 
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Appendix 33: Scatterplot for Homoscedasticity HbA1c for RQ3, 2018 
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Appendix 35: Standardized Residual Histogram for HbA1c for RQ3, 2019 
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Appendix 36: Linearity HbA1c for RQ3, 2019 
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Appendix 37: Scatterplot for homoscedasticity HbA1c for RQ3, 2019 
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Appendix 38: Standardized Residual Histogram for HbA1c for RQ3, 2020 
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Appendix 39: Linearity HbA1c for RQ3, 2020 
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Appendix 40: Scatterplot for homoscedasticity HbA1c for RQ3, 2020 
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Appendix 41: Standardized Residual Histogram for HbA1c for RQ3, 2021 
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Appendix 42: Linearity HbA1c for RQ3, 2021 
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Appendix 43: Scatterplot for Homoscedasticity HbA1c for RQ3, 2021 
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Appendix 44: Standardized Residual Histogram for HbA1c for RQ3, 2022 
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Appendix 45: Linearity HbA1c for RQ3, 2022 
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Appendix 46: Scatterplot for homoscedasticity HbA1c for RQ3, 2022 
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Appendix 47: Standardized Residual Histogram for HbA1c for RQ4, 2018 
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Appendix 48: Linearity HbA1c for RQ4, 2018 

 

 

 

  



467 

 

Appendix 49: Scatterplot for Homoscedasticity HbA1c for RQ4, 2018 
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Appendix 50: Standardized Residual Histogram for HbA1c for RQ4, 2019 
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Appendix 51: Linearity HbA1c for RQ4, 2019 
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Appendix 52: Scatterplot for Homoscedasticity HbA1c for RQ4, 2019 
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Appendix 53: Standardized Residual Histogram for HbA1c for RQ4, 2020 
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Appendix 54: Linearity HbA1c for RQ4, 2020 
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Appendix 55: Scatterplot for Homoscedasticity HbA1c for RQ4, 2020 
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Appendix 56: Standardized Residual Histogram for HbA1c for RQ4, 2021 
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Appendix 57: Linearity HbA1c for RQ4, 2021 
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Appendix 58: Scatterplot for Homoscedasticity HbA1c for RQ4, 2021 
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Appendix 59: Standardized Residual Histogram for HbA1c for RQ4, 2022 
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Appendix 60: Linearity HbA1c for RQ4, 2022 
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Appendix 61: Scatterplot for Homoscedasticity HbA1c for RQ4, 2022 
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