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Abstract
In South Africa, diabetes is a serious problem where 1 in 9 adults has diabetes, making it
the country with the highest diabetes prevalence on the African continent. Even though
insulin is an absolute necessity for treating diabetes, it is unaffordable to millions.
Biosimilar insulins, however, are innovative medicines that are similar but not exact
copies of the originator insulin, making alternative treatment affordable to patients. The
problem is that, in South Africa, it is still not known whether patients have access to
biosimilar insulin in a country where diabetes is rampant. The diffusion of innovation
theory was used to understand the uptake of biosimilar and originator insulin glargine
because the theory states that it is often quite difficult to adopt an innovation, even when
the innovation brings apparent advantages. This quantitative, correlational study used
secondary analysis to investigate the association between the location of a province, the
specialization of a physician, and the type of dispensed insulin glargine prescriptions. A
multinomial logistic regression showed that the specialization of a physician was
associated with the type of dispensed insulin glargine prescriptions in South Africa
(p <.001). The findings from this study support the need for educational interventions
among physicians and policy implementation by policymakers. Implications for positive
social change include supporting alternative, cost-effective biosimilar insulin glargine
and broadening access to more affordable treatment choices for patients with diabetes.
Furthermore, this study could impact public health practice by emphasizing the need for
further studies on physicians using a longitudinal study design to understand how their

biosimilar prescribing behavior changes over time.
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Section 1: Foundation of the Study and Literature Review
Introduction

In South Africa, the increase in the prevalence of diabetes and the unaffordable
price of insulin is a major public health issue causing people to die from this disease
(Grundlingh et al., 2022). Insulin is an essential treatment for diabetes as it replaces
endogenous insulin when the body can no longer produce or is producing insufficient
quantities of it (Ahmad, 2014). Many categories of insulins exist, such as originator
insulin and biosimilar insulin, to treat diabetes (Moorkens et al., 2017). These insulin
injections are biological medicines made from living cells or tissues (American Diabetes
Association, 2020). Originator insulins, which are the first insulins of their kind approved
by the country’s regulatory agency for use by the population, are very expensive and
unaffordable for patients in developing countries (Ahmad, 2014; Knox, 2020; White &
Goldman, 2019). However, biosimilar insulins, which are insulins that are similar to the
originator in terms of safety, efficacy, and quality, enter the market when the originator
insulin comes off patent and can be used as an alternative to expensive originator
insulins, as they are more cost-effective, affording patients the opportunity for cheaper
alternate treatment and broadening treatment access (Aapro et al., 2018; Aladul et al.,
2018; Barcina Lacosta et al., 2022, Blankart & Arndt, 2020; Gani et al., 2018).

Biosimilar insulins, however, are not generic medicines. Generic medicines have
an identical active ingredient to the originator medicine, and manufacturing companies
can replicate the active ingredient, such as for nonbiological products (i.e., tablets;

Gamez-Belmonte et al., 2018). Biosimilars such as insulins, on the other hand, are



manufactured in living organisms such as bacteria and yeast (Gamez-Belmonte et al.,
2018). They cannot be exactly replicated, which creates constraints in producing identical
copies of the originator medicine (Gamez-Belmonte et al., 2018). Therefore, biosimilar
insulins are similar to but not exact copies of the originator medicine.

It is concerning that it is not known whether the South African population has
access to alternative biosimilar insulin in a country where 1 in 9 adults are living with
diabetes and 96,000 diabetes-related deaths were registered in 2021, making it the
country with the highest diabetes prevalence on the African continent (Grundlingh et al.,
2022; International Diabetes Federation, 2021). The rationale for conducting this study
was to assess the accessibility of alternative and affordable biosimilar insulin glargine for
the population in South Africa, a country plagued by diabetes (Grundlingh et al., 2022).
Increasing the uptake of alternative and affordable biosimilar insulin glargine will
improve the management of diabetes and its complications (Shao et al., 2023). The
uptake of biosimilar and originator insulin glargine in South Africa will translate into
significant positive social change among public health practitioners and healthcare
professionals in improving the utilization of alternative biosimilar insulin in the country.
In particular, they may be able to use this study’s information to inform policymakers to
formulate policies that support the uptake of biosimilar insulins for all populations in the
different provinces of South Africa.

Furthermore, healthcare professionals can be supported through educational
strategies to better manage patients with diabetes. By taking these actions, public health

practitioners and healthcare professionals may be able to improve the overall health of
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patients with diabetes, ensuring that insulin is made available to all populations in South
Africa at affordable prices, resulting in lower morbidity and mortality at the population
level and improving population health and the health of communities in a country where
diabetes has become a silent killer (World Health Organization African Region, 2023).

This study assessed the uptake of biosimilar and originator insulin glargine in
South Africa. The study investigated the associations between the location of a province,
the specialization of a physician, and the uptake of biosimilar and originator insulin
glargine, measured by the type of dispensed insulin glargine prescriptions in this setting.
The location of a province included the urban and rural locations of the nine South
African provinces, while the specialization of a physician included specialists and
nonspecialists who were pediatricians, general medical practitioners, family physicians,
diabetes specialists, and cardiologists.

In this section, I discuss the problem statement, purpose, research questions,
theoretical framework, and nature and significance of the study. Additionally, the
literature review related to the key variables and constructs of the study is also presented.

Background

Diabetes is known to be one of the most prevalent noncommunicable diseases
globally, with developing countries such as South Africa seeing a substantial increase
from 4.5% to 12.7% in 2010 and 2019, respectively (Grundlingh et al., 2022). According
to Saeed et al. (2022) and Satheesh et al. (2019), insulin is an absolute necessity to treat
diabetes, yet the availability and restricted access to insulin are an issue in several parts of

the world due to unaffordable prices being a problem.
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In a cross-sectional survey, Gani et al. (2018) found that in four Asian countries,
originator insulins were very expensive, resulting in people with diabetes being unable to
afford them and denying patients access to lifesaving treatment. Biosimilars, on the other
hand, were alternatives that were up to 35% cheaper than the originator medicines,
providing an opportunity for the population to save on expensive medication while
allowing them expanded access to treatment (Aapro et al., 2018; Barcina Lacosta et al.,
2022; Blankart & Arndt, 2020; Gani et al., 2018). However, despite the affordability and
growing number of biosimilars approved globally for patients, a cohort study by Lund
Hansen et al. (2021) and a longitudinal study by Tachov et al. (2021) found that
biosimilar uptake in Nordic countries and Bulgaria was very low. Furthermore, a
qualitative study by Moorkens et al. (2020) found that biosimilar uptake was much lower
in the eastern parts of Germany compared to the western parts, indicating that biosimilar
uptake can vary significantly between regions of the same country. In a cross-sectional
study, Aladul et al. (2018) also found that even though biosimilars created affordability
and broadened access for many more patients to lifesaving therapy, their adoption by
physicians and patients in the United Kingdom was limited due to a lack of knowledge of
biosimilars and safety concerns.

Insulin therapy is a vital lifesaving treatment for diabetes (Kurtzhals & Gough,
2021). However, to get good insulin control, patients first need access to insulin
treatment, and physicians provide this access. Physicians are the key decision-makers
who recommend the type of medicine to be used and decide whether to prescribe the

originator or the biosimilar insulin (Birkner & Blankart, 2022). However, a cross-



sectional survey by Krstic et al. (2022) found that the knowledge, attitudes, and
utilization of physicians and specialists regarding biosimilars varied in Switzerland, and
even though specialists in rheumatology, gastroenterology, and immunoallergology were
aware of and confident with the use of biosimilars, general physicians still lacked an
understanding of biosimilars in relation to the originator medicine. In a cross-sectional
survey, Hu et al. (2022) also found that physicians' and patients' lack of knowledge and
negative attitudes and beliefs toward biosimilars had resulted in their low uptake in
China.

Although the uptake of biosimilar medicines in diabetes and other therapeutic
areas is well known and documented in other parts of the world, mainly through cross-
sectional studies and systematic literature reviews, it is not known whether the South
African population has access to alternative biosimilar insulin treatment in a country
plagued by diabetes (Chong et al., 2022; Cobilinschi et al., 2019; Dadkhahfar et al., 2021;
El Zorkany et al., 2018; Frantzen et al., 2019; Halimi et al., 2020; Khoo et al., 2022,
Mysler et al., 2021; Richter et al., 2023; Yossef et al., 2022).

The gap in knowledge that this study addressed was that no research had been
conducted to assess the uptake of the first analog biosimilar insulin glargine for diabetes
in this setting. This study’s uniqueness lies in the fact that such a study, highlighting the
impact of the dispensed prescription activity on the varying uptake of biosimilar and
originator insulin glargine, had not yet been performed in the South African setting.
Therefore, this study was needed to identify the extent to which the first analog

biosimilar insulin, insulin glargine, which was approved in South Africa in 2016, is being
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used to alleviate diabetes and its complications in its population. This was the first study
to assess the uptake of biosimilar and originator insulin glargine among physicians in
South Africa in key areas surrounding biosimilars.
Problem Statement

Although researchers have investigated the uptake of biosimilar medicines in
diabetes and other therapeutic areas in other parts of the world, the issue of biosimilar
insulin alternatives for diabetes treatment has not been explored in South Africa, where
diabetes is rampant. The problem is that it is not known whether the population in South
Africa has access to alternative biosimilar insulin for the treatment of diabetes, in a
country where diabetes was the leading cause of death in females in 2016 and the second
leading cause of death in 2017 (Grundlingh et al., 2022). According to Saeed et al.
(2022), the unpredictable use of biosimilar insulin is limiting the accessibility of
affordable lifesaving medicines for the population, which will result in the loss of lives of
those living in poor, developing countries, such as South Africa. It is concerning that it is
not known whether the South African population has access to alternative biosimilar
insulin in a country where 1 in 9 adults are living with diabetes and 96,000 diabetes-
related deaths were registered in 2021, making it the country with the highest diabetes
prevalence in the African continent (Grundlingh et al., 2022; International Diabetes
Federation, 2021). Therefore, this study built upon previous research findings by
expanding biosimilar knowledge to include South Africa’s population regarding the
uptake of alternative biosimilar insulin glargine in diabetes treatment among different

specializations of a physician and across the different provinces.



Purpose of Study

The purpose of this quantitative study was to assess the uptake of biosimilar and
originator insulin glargine in South Africa by examining whether there was an association
between the location of a province, the specialization of a physician, and the type of
insulin glargine dispensed prescriptions. Uptake in this study was broken down into the
type of pharmacy-dispensed prescriptions of insulin glargine so that it could be used to
determine the utilization pattern among different physician specializations, especially
when different presentations of the same medicine were available. The independent
variables included (a) the location of a province (urban, rural), and (b) the specialization
of a physician (diabetes specialist, general medical practitioner, pediatrician, cardiologist,
or family physician). The dependent variable was the type of dispensed insulin glargine
prescription (originator, biosimilar, both) for the full-year period of 2018. Since
biosimilar insulin glargine was registered and launched in the South African market in
2016, by 2018, the product would have been well-established and would have started
penetrating the market.

The main reason for conducting this quantitative study was to assess whether the
South African population had access to alternative biosimilar insulin glargine. Biosimilar
insulin glargine is a long-acting insulin analog approved for use in adults and children
with diabetes, where insulin treatment is required (Lilly, 2022). It became available in
South Africa in 2016 after losing its patency in 2014 (IQVIA, 2020; Tucker, 2015).

Furthermore, because the decision to prescribe an originator or biosimilar is at the



8

discretion of the physician, it is important to determine whether physicians will choose to
prescribe an originator or biosimilar when both options are available.

Findings from this study may result in collaboration and communication
initiatives among universities, the Department of Education, the Department of Health,
public health practitioners, and pharmaceutical companies and may help inform
policymakers in implementing policies in support of the uptake of biosimilar insulin
treatment for all populations in South Africa. It may also result in the formulation of
educational strategies to support healthcare professionals in better-managing patients
with diabetes.

Research Questions and Hypotheses

The research questions (RQs) and hypotheses were as follows:

Research Question 1: Is there an association between the location of provinces
and the type of dispensed insulin glargine prescriptions in South Africa?

Hol — There is no association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Hal — There is an association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Research Question 2: Is there an association between the specialization of a
physician and the type of dispensed insulin glargine prescriptions in South Africa?

Ho2 — There is no association between the specialization of a physician and the

type of dispensed insulin glargine prescriptions in South Africa.



Ha2 — There is an association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

The independent variable for Research Question 1 was the location of a province
(i.e., urban or rural). The level of measurement for this variable was nominal. The
dependent variable was the type of dispensed insulin glargine prescriptions (i.e.,
biosimilar, originator, or both) for the full-year period of 2018, and the level of
measurement was nominal.

The independent variable for Research Question 2 was the specialization of a
physician (i.e., family physicians, general medical practitioners, diabetes specialists,
pediatricians, and cardiologists). The level of measurement for this variable was nominal.
The dependent variable was the type of dispensed insulin glargine prescription (i.e.,
biosimilar, originator, or both) for the full-year period of 2018, and the level of
measurement was nominal.

Theoretical Foundation of Study

The theoretical foundation of this study was the diffusion of innovation theory
developed by E. M. Rogers in 1962. The major hypothesis of the diffusion of innovation
theory is how new innovations spread throughout societies from the time they are
introduced until they become widely adopted (Rogers, 1962). This theory also seeks to
explain the reasons why new innovations are adopted and why it takes long periods to
adopt them (Rogers, 1962).

Due to the introduction of an innovative biological medicine called biosimilars,

researchers have used the diffusion of innovation theory to understand the acceptance and
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adoption of this new treatment (Rogers, 1962). Hayden (2019) and Khan et al. (2020)

used the constructs of this theory to explain the adoption of the new treatment of
biosimilars by physicians. The constructs of this theory include innovation, relative
advantage, trialability, compatibility, confirmation, communication channel, complexity,
social system, and knowledge (Hayden, 2019). According to the construct of innovation,
biosimilars are a new type of treatment used to treat life-threatening diseases (Khan et al.,
2020). The relative advantage that biosimilars have over originator medicines is that they
are more cost-effective, making them affordable and expanding treatment access (Khan et
al., 2020). However, the trialability of biosimilars without risk is limited because
physicians are concerned with biosimilars not being the same as the originator in terms of
safety, efficacy, and quality, which makes them reluctant to change patients from an
already effective originator medicine to a biosimilar medicine (Khan et al., 2020). Also,
the advantages of biosimilars over originators are not aligned with physicians’ beliefs and
values, showing an incompatibility between the innovation and the adopters’ values
(Khan et al., 2020). Additionally, conflicting views over biosimilar safety continue to
exist among physicians (Khan et al., 2020). Such a lack of confirmation creates
uncertainty among physicians in adopting the use of biosimilars (Khan et al., 2020).
According to Khan et al., there are several communication channels used to share
biosimilar information, such as key opinion leaders, healthcare professionals, and the
media. However, biosimilar use also requires a mindset shift among physicians (Khan et
al., 2020). The current literature shows gaps in physician knowledge regarding the use of

biosimilars (Khan et al., 2020). The social system surrounding the uptake of biosimilars
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also affects multiple entities such as patients, physicians, pharmacists, and healthcare
organizations (Khan et al., 2020).

The connection between the diffusion of innovation theory and this study is that it
shows how this theory can be used to understand physicians’ adoption of innovative
medicines (Rogers, 1962). Because this theory states that it is often quite difficult to
accept an innovation, even when the innovation brings apparent advantages (Rogers,
1962), it led to this investigation of evaluating and understanding the acceptance and
uptake of innovative biosimilar insulin glargine for the treatment of diabetes in South
Africa. This theory relates to the current study, which addressed introducing an
innovative treatment of biosimilar insulin glargine into the South African market and
evaluating its adoption or rejection into the market over time. The research questions
built upon this theory by evaluating the type of dispensed insulin glargine prescriptions
and determining whether physicians accept biosimilar insulins and are early adopters or
laggards when it comes to the uptake of biosimilar insulin glargine (Rogers, 1962).

The application of theories to public health issues is important because they
explore ways of understanding a health problem, assessing health behavior, and creating
new interventions (Alderson, 1998). They can be used in the planning of research and in
identifying the most appropriate target audiences (Alderson, 1998). Theories shape the
way researchers collect and interpret data (Alderson, 1998). They also influence how data
are analyzed and used (Alderson, 1998). In this way, theory helps in understanding the
reasons why people engage in certain health behaviors, assists researchers in

determining what to know before developing health interventions, and suggests how
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to develop strategies to reach target audiences with a meaningful impact (Alderson,
1998).

However, the limitations of theories on public health issues are that they are
designed to be simple explanations even though in reality the issues may be much more
complex (Viera, 2023). Furthermore, theories may limit a researcher's view, causing them
to miss out on certain concepts that are not defined by theories (Viera, 2023). Common
types of limitations of theories include restricting the scope of a study and limiting the
quantity, diversity, and representativeness of the data (Viera, 2023).

Additionally, the constructs of the social system, communication channel, and
knowledge from the diffusion of innovation theory were key as part of my community
health intervention plan. My community health intervention plan uses a multisectoral
approach and will be diffused through the social system of primary healthcare clinics, the
local Department of Health, universities, pharmaceutical companies, the Department of
Education, and policymakers (Frieden, 2015). The social system requires building
collaborative partnerships among many entities working in this area, namely, physicians,
patients, nurses, pharmacists, facility managers at primary healthcare clinics, lecturers
from universities, clinical researchers from pharmaceutical companies, and educators
from the Department of Health (Trickett et al., 2011). Communication between
pharmaceutical companies, universities, and the Department of Education will result in
robust educational interventions on biosimilar medicines, empowering physicians,
patients, and other healthcare professionals with the knowledge they require to make

informed decisions about treatment options (Trickett et al., 2011). The Department of
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Health in collaboration with policymakers can form partnerships to evaluate the
advantages of cost-effective alternative biosimilar insulin treatment from an economic
standpoint, thereby formulating policies that support the uptake of biosimilar insulins and
broadening access to alternative affordable treatment opportunities for patients (Marmot,
2005; Galea et al., 2013).

Nature of Study

Using the nationally representative pharmacy-dispensed prescription data for
insulin glargine for the full-year period of 2018, a quantitative, secondary data analysis
with a nonexperimental, correlational design was employed to assess the uptake of
biosimilar and originator insulin glargine in South Africa (Babbie et al., 2017). The
rationale for choosing a quantitative, correlational study design was that this design could
test for expected relationships between and among variables (Gerstman, 2015).
Additionally, an experimental design was not adopted to look at the relationship between
the prescribing behavior of physicians from different specializations across the provinces
of South Africa because it would have been difficult and unethical to randomly assign
physicians to prescribe biosimilar insulins over originator insulins.

The study population consisted of physicians from different specializations across
the nine provinces of South Africa treating patients with diabetes (Reference Company,
2022a). Therefore, physicians’ specializations included specialists and nonspecialists who
predominantly prescribed insulin glargine, namely, family physicians, general medical
practitioners, diabetes specialists, pediatricians, and cardiologists (Reference Company,

2022a).
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The nationally dispensed prescription data for the full-year period of 2018 was
collected from a reference medical company in South Africa that routinely collects
prescription information from pharmacy vendors (Reference Company, 2022a). Data
were identified through the software used at the pharmacy level, where all prescriptions
collected at retail pharmacies were captured and dispensed (Reference Company, 2022a).
The prescription-level data that were entered into the software at pharmacies are routinely
collected by the pharmacy vendors and sent to the reference medical company in South
Africa to create the dispensed prescription datasets (Reference Company, 2022a). The
national pharmacy-dispensed dataset for 2018 for insulin glargine was obtained privately,
and permission was obtained from the reference medical company to retrieve this
information because these databases were not in the public domain. Furthermore, the
study data were analyzed using SPSS V. 28.0, as this statistical program allowed for
descriptive and inferential analysis to answer the study’s research questions.

The variables that were assessed were (a) the location of a province (urban, rural),
(b) the specialization of a physician (diabetes specialist, general medical practitioner,
pediatrician, cardiologist, or family physician), and (c) the type of dispensed insulin
glargine prescriptions (biosimilar, originator, or both) for the full-year period of 2018.
Table 1 includes definitions of the key variables and their levels of measurement in the
study. A Pearson chi-square test and multinomial logistic regression were used to
examine the effects of the variables to determine which variables had statistical

significance on the type of dispensed insulin glargine prescriptions.
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Table 1

Definition and Levels of Measurement of Key Variables

Variable Definition Level of
measurement
Insulin Type Type of dispensed insulin Nominal
glargine prescriptions
Physician Specialization Specialization of a physician Nominal
Province Location of a province Nominal

Literature Search Strategy

The literature search strategy involved an extensive search of recent literature
over the last 5 years, from the year 2018 to 2023, to ensure that current and relevant
information was being used. This literature review consisted of published peer-reviewed
studies available in English only. The databases that were searched included Thoreau,
Science Direct, Sage Journals, MEDLINE/PubMed, CINAHL, APA Psycinfo, Soclndex,
Academic Search, Social Sciences Citation Index, Education Source, ERIC, IEEE
Xplore, Emerald Insight, and Directory of Open Access Journals. The keywords that
were used to search the databases included diabetes, risk factors, chronic disease,
biosimilars, insulin glargine, insulin use, knowledge, attitude, beliefs, behavior, patient
access, affordability, utilization, urban areas, rural areas, healthcare providers, and
South Africa.

Literature Review Based on Key Variables/Key Concepts

Diabetes

Diabetes is known to be a very common and prevalent noncommunicable disease

globally (Godman et al., 2021a; Saeed et al., 2022, Swain et al., 2022). In a systematic
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review of health authority databases, Godman et al. (2021a) found that Europe has
approximately 59 million people with diabetes, a figure that is expected to rise to 68
million by 2045. Additionally, a cross-sectional study by Saeed et al. (2022) found that
approximately 629 million people globally will have diabetes by 2045 and diabetes-
related deaths will almost double by 2025. Satheesh et al. (2019) also conducted a mixed-
methods study and found that in developing countries such as India and Pakistan,
diabetes ranked as one of the top 10 most prevalent diseases. South Africa has also seen a
drastic rise in diabetes prevalence, where 1 in every 9 adults has diabetes, making South
Africa the country with the highest diabetes prevalence in the African continent
(Grundlingh et al., 2022; International Diabetes Federation, 2021). In 2021, South Africa
registered approximately 96,000 deaths due to diabetes (International Diabetes
Federation, 2021). Furthermore, systematic reviews conducted by Achoki et al. (2022)
and a cross-sectional study by Mutyambizi et al. (2019) found that noncommunicable
diseases were envisioned to be the main cause of death in Africa by the year 2030.
Risk Factors for Diabetes in South Africa

The risk factors for diabetes have significantly increased in South Africa over the
past years. A cross-sectional study by Sidahmed et al. (2023) found that rapid
urbanization has been accompanied by an increase in the consumption of energy-dense
foods and a lack of physical activity. Furthermore, a systematic review of cross-sectional
studies by Pheiffer et al. (2021) stated that these factors have contributed to a rapid
increase in obesity, with 69% of females and 39% of males in South Africa being

overweight or obese. Obesity is a major precursor to diabetes and accounts for
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approximately 87% of diabetes cases in South Africa (Pheiffer et al., 2021). In African

countries, being overweight is seen as a sign of high socioeconomic status and wealth
(Pheiffer et al., 2021). Furthermore, physical activity is associated with masculinity
instead of a healthy lifestyle in many African cultures and is not preferable for females
(Pheiffer et al., 2021).
Categories of Insulin

Today’s insulin market contains different categories of insulin (Flaherty, 2022).
These categories include originator insulins and biosimilar insulins (Flaherty, 2022).
Originator Insulins

Systematic literature reviews by White and Goldman (2019) stated that originator
insulins are the first insulin product of their kind that a country’s national regulatory
agency approves for use by the country’s population. According to Chaplin (2021),
originator medicines are patented for approximately 20 years so that they can be
marketed exclusively and are protected from competition by other companies with the
same molecule. Because they are the first product in the market, prices can be negotiated
with the state, making originator insulins very expensive and unaffordable (Chaplin,
2021). Originator insulins are also used as reference products during the licensing process
of biosimilar insulins. For example, a biosimilar human insulin will use the respective
originator human insulin as its reference medicine when applying for registration of the
product to the country’s national regulatory agency. Similarly, a biosimilar analog insulin
will use the respective originator analog insulin as its reference medicine when applying

for registration.
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Biosimilar Insulins

Biosimilar insulins are insulins that are similar to but not exact copies of the
originator insulin in terms of their safety, efficacy, and equality (Chaplin, 2021; Gani et
al., 2018; Mansell et al., 2019). According to a cross-sectional qualitative study by Aladul
et al. (2018), biosimilar insulins can be used as an alternative to expensive originator
insulins, supporting access to affordable therapy. When the patent of the originator
insulin expires, other manufacturers can produce similar insulins, called biosimilars,
allowing for affordable, lower-priced insulins to enter the market and broaden treatment
access for patients (Marotto et al., 2019; Satheesh et al., 2019; Tachkov et al., 2021;
Tinsley et al., 2018; Yang et al., 2021). However, biosimilar insulins differ slightly in the
manufacturing process from their originator medicine, resulting in variations across
batches that are manufactured (Chaplin, 2021). Because they are produced using a
different manufacturing process from their originator, this could result in more adverse
effects, causing severe immunological reactions (Chaplin, 2021).

A retrospective, quantitative, longitudinal study by Tachov et al. (2021) found
that despite these safety concerns, the first biosimilar insulin, insulin glargine, became
available in the European Union and most European countries in 2015. In 2016, insulin
glargine became available in South Africa (IQVIA, 2020). Additionally, a systematic
review conducted by White and Goldman (2019) stated that the hope is that the
availability of innovative biosimilar insulins will be seen as an opportunity to make

insulin more affordable and expand treatment access to patients.
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Types of Insulin

Insulins have evolved over the years (Griffith, 2021). Traditionally, insulin came
from animals (Griffith, 2021). However, in recent years, most people have received
insulin that is engineered in the laboratory. The two types of laboratory-made insulins are
human insulins and insulin analogs (Griffith, 2021).
Animal Insulin

Animal insulin was made from the pancreas of cows and pigs. Up until the 1980s,
people with diabetes received animal insulin (Griffith, 2021). However, these insulins
contained many impurities leading to allergic reactions (Bolli et al., 2022).
Human Insulin

Human insulin is a type of insulin manufactured in laboratories to mimic the
insulin made by the body (Griffith, 2021). Initially, human insulin was extracted from the
pancreas of human cadavers, and this insulin had less predictability over blood sugar
levels (Hilgenfeld et al., 2014). However, due to the limited availability of insulin, a
synthetic version of human insulin began being produced in the 1980s and was preferred
over animal insulin (Flaherty, 2022; Hilgenfeld et al., 2014).
Analog Insulin

Analog insulins were made using the same process as human insulin but were
genetically altered to act differently in the body so that they could be absorbed more
quickly and work faster in lowering blood glucose levels (Flaherty, 2022; Griffith, 2021).
As such, they have been replacing many human insulin prescriptions since the 2000s

(Flaherty, 2022).
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Groups of Insulin

There are three main groups of insulins, namely fast-acting, intermediate-acting,
and long-acting insulin (Centers for Disease Control and Prevention [CDC], 2022). These
insulins are classified by their onset of action and duration in the body (CDC, 2022).
Fast-Acting Insulin

Fast-acting insulin is absorbed rapidly into the bloodstream. It acts within 30
minutes, has a duration of 3 to 6 hours, and is taken half an hour to 1 hour before a meal
(CDC, 2022).
Intermediate-Acting Insulin

Intermediate-acting insulin has a slower absorption into the bloodstream and lasts
longer. It acts within 2 to 4 hours, has a duration of 12 to 18 hours, and provides insulin
cover for half the day or overnight (CDC, 2022).
Long-Acting Insulin

Long-acting insulin is absorbed slowly into the bloodstream. It acts within 2 hours,
lasts up to 24 hours, and provides insulin coverage for the entire day (CDC, 2022).
Cost of Originator Insulins

A mixed methods approach by Godman et al. (2021c) and Satheesh et al. (2019),
a survey study design by Miller et al. (2023), and a retrospective review by lacullo et al.
(2018) and Luukkanen et al. (2022) found that the high cost of originator biological
medicines is a concern, making originator insulins unaffordable to patients with diabetes
in many developed and developing countries. According to Knox (2022), insulin prices

are exorbitant, costing patients up to $900 per month. Therefore, patients suffer from
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these high prices, resulting in 1 in 4 people with diabetes rationing their insulin, which
can lead to devastating consequences of severe complications and death. The highly
priced originator biological medicines are threatening healthcare (Godman et al., 2021b).
Godman et al. (2021b) stated that the high prices of originator biological medicines have
made them unaffordable and inaccessible for patients in lower and middle-income
countries, such as South Africa, denying them access to lifesaving treatment and raising
concerns about their affordability in developing countries.
Cost of Biosimilar Insulins

Systematic reviews by Blankart and Arndt (2020) and Sarnola et al. (2020) found
that since the licensing of biosimilars does not require clinical trials by the national
regulatory agency, biosimilars can be brought to the market at more affordable prices for
patients than the originator, allowing biosimilar insulins to enter the market at up to 35%
cheaper than the originator insulin. When biosimilars were first introduced in the United
Kingdom, the per-unit price for biosimilar insulin glargine was £7.06, which offered a
15% saving on the £8.30 originator insulin glargine (Chaplin, 2021). In South Africa,
biosimilar insulin glargine also offered 15% savings compared to the originator (Ferreri,
2022). A systematic literature review by Barcina Lacosta et al. (2022) and a longitudinal
study by Tachov et al. (2021) found that the price decrease of biosimilars offered much-
needed affordability and accessibility to treatment for diabetes patients. Secondary
research conducted by Aapro et al. (2018), Gaffney et al. (2019), and Tamer et al. (2019)
found that in Europe, the availability of biosimilars over the past 10 years has provided

an opportunity to save on expensive medication while being able to improve treatment
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access to patients, making affordability the key reason for biosimilar uptake throughout
Europe. Even healthcare providers consider affordability the main advantage of
biosimilars (Lobo & Rio-Alvarez, 2021). However, in South Africa, it is still not known
whether the population has access to alternative and affordable biosimilar insulins. A
cross-sectional study by Aladul et al. (2018) and systematic reviews conducted by
Godman et al. (2021a), Hayes et al. (2022), and Luukkanen et al. (2022) stated that
improving biosimilar use is becoming vital as they can create access to affordable
medicines for the population.
Accessibility and Affordability of Insulin

According to Saeed et al. (2022) and Satheesh et al. (2019), insulin treatment is
essential in saving the lives of people with diabetes. However, a cross-sectional study by
Saeed et al. (2022) found that in seven low- to middle-income countries, the exorbitant
price of insulin restricts access to insulin treatment. Because the cost of diabetes
treatment is constantly rising, there are major concerns with the affordability of insulin
used for the treatment of diabetes (Chaplin, 2021; Godman et al., 2021a; Tachkov et al.,
2021). Furthermore, a cross-sectional study by Gani et al. (2018) found that diabetes and
its complications were becoming very costly, resulting in $465 billion being spent on
diabetes, worldwide, in 2011. Also, the expenditure on insulin tripled per patient from
$231.48 in 2002 to $736.09 in 2013. In 2017, systematic reviews of articles and studies
by White and Goldman (2019) estimated that healthcare expenditures for insulin alone

were almost $15 billion for people suffering from diabetes.
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Furthermore, in systematic reviews of health authority databases, Godman et al.
(2021a) found that almost one-fifth of Europe’s health spend is paid out of pocket by
patients, affecting those with low income, and leading to catastrophic consequences for
patients. Similarly, mixed-methods studies by Grundlingh et al. (2022) and Satheesh et al.
(2019) found that in India and South Africa, the public health systems are underfunded,
offering limited healthcare coverage to most people, thereby driving patients with
diabetes to the private sector to receive healthcare by paying out of pocket. A survey
design study by Inotai et al. (2018) also stated that there was a significant unmet need for
more affordable biological treatments. Therefore, overcoming limitations of accessibility
and affordability of insulins is vital for developing countries; otherwise, the cost of
inaccessibility of insulin will be paid for by the loss of the lives of those living in poorer
countries, such as South Africa (Saeed et al., 2022).

Policies

According to de Assis et al. (2018), Kabir et al. (2018), and Nabhan et al. (2018),
there is a need for more updated regulations for biosimilars to offer patients more options
for treatment. Without active policies for use, the promise of biosimilars is apt to fall
short (de Mora, 2019). Daniel et al. (2020) conducted systematic reviews of studies,
reports, and surveys and found that policies need to be implemented to help cheaper
alternative medicines come to market faster. A cross-sectional study by Barbier et al.
(2021) and a longitudinal study by Birkner and Blankart (2022) found that policies were
facilitators for enhancing the uptake of biosimilars. Since the affordability of biosimilars

alone may not be sufficient to increase the uptake of biosimilars, educational initiatives
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need to be implemented in parallel to drive greater biosimilar uptake (Gaffney et al.,
2019; Okoro, 2021). In a quasi-experimental study, Saborido-Cansino et al. (2019) found
that intervention strategies aimed at training and information were found to influence the
uptake of biosimilar medicines. Furthermore, an experimental study by Ismailov et al.
(2019) found that when physicians and patients were provided with educational
initiatives, they demonstrated a good level of knowledge of biosimilars. Therefore,
because physician and patient acceptance of biosimilars remain a significant barrier to
their uptake, educational strategies to improve their understanding of biosimilars can
enhance their acceptance of biosimilars and result in a smooth adoption of these
medicines (Garg et al., 2021; Gasteiger et al., 2022; Haghnejad et al., 2020; Janjigian et
al., 2018; Oskouei et al., 2021; Vandenplas et al., 2021a).
Patients’ Knowledge, Attitudes, and Perceptions Toward Biosimilars

A patient’s acceptance and adoption of biosimilars rely on several factors, such as
their knowledge, attitudes, beliefs, and concerns about the medicine as well as support
from their physicians because patients depend on their physicians to prescribe the best
medicine for them (Khoo et al., 2023, Scherlinger et al. 2019). However, cross-sectional
studies by Frantzen et al. (2019), Khoo et al. (2022), and Yossef et al. (2022); an
experimental study by Gall et al. (2022); a survey design study by Garcia et al. (2021);
and a qualitative study by Varma et al. (2022) found that patients lacked knowledge
about biosimilars, had never heard about them, had misconceptions about them, or
struggled to understand them. In a survey design study, Gibofsky et al. (2022) found that

even though patients understood the affordability of biosimilars, they lacked confidence
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that the biosimilar would treat their disease as effectively as the originator medicine and
felt that it would cause more side effects. Patients’ perceptions of biosimilars being
unsafe have led to their concerns about being changed from an originator to a biosimilar
(Gasteiger et al., 2021). According to Hu et al. (2022), such a lack of patient knowledge
about biosimilars has led to the inadequate uptake of these medicines. A survey design
study by Macaluso et al. (2020) found that some patients lacked confidence in
biosimilars, while a cross-sectional study by Dadkhahfar et al. (2021) found that other
patients felt very favorable toward them. Additionally, a semi-qualitative study by Cohen
et al. (2020), a systematic literature review by Vandenplas et al. (2020), a survey study by
Vandenplas et al. (2022), and an experimental study by Young et al. (2022) found that
some patients felt comfortable and were willing to switch to biosimilars provided their
physician sufficiently supported them, and if both patient and physician agreed upon it.
Furthermore, survey design studies by Azevedo et al. (2018) and Quinlivan et al. (2022)
found that even though some patients had limited knowledge about biosimilars, they still
had positive attitudes towards them and were receptive to their use.
Physicians’ Knowledge, Attitudes, and Perceptions Toward Biosimilars

Several survey design studies by Belokoneva (2019), Karateev and Gibofsky et al.
(2022), and Robinson et al. (2018), found that while physicians recognized the benefits of
biosimilars due to their affordability and broadening access to alternative treatments,
physicians lacked an understanding of biosimilars in relation to its reference biologic,
safety, efficacy, and switching. Furthermore, a survey study by Demirkan et al. (2022)

and an observational study by van Adrichem et al. (2022) found that some physician's
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knowledge and beliefs were favorable toward the switching from originator to biosimilar
and deemed it successful in many patients, while, on the other hand, pediatricians were
hesitant to perform the switch in children because of concerns with biosimilar safety and
efficacy. According to survey design studies by Feldman & Reilly (2020), Krstic et al.
(2022), and Park et al. (2019), even though physicians had increased their familiarity with
biosimilars, they were not comfortable using them for patients already stable on the
originator or even in general. Furthermore, a cross-sectional study by Omair et al. (2022)
and a survey by Resende et al. (2021) found that physicians had negative opinions toward
switching which posed a barrier to biosimilar uptake. Also, many physicians had a low
understanding of biosimilars and required more education about them (Aronson et al.,
2018; Barbier et al. 2020a; Barbier et al., 2021; Cook et al., 2019; Giirler et al., 2022;
Hadoussa et al., 2020; Poon et al., 2021). In a survey study design, Kolbe et al. (2021)
found that a low level of physician knowledge of biosimilars has led to hesitancy to
utilize them. On the other hand, an experimental study by Ismailov et al. (2018) found
that some clinicians had a good understanding of biosimilars and showed an interest in
learning more. A systematic review by Sarnola et al. (2020) also found that physicians
varied significantly in their knowledge and attitudes toward biosimilar medicines and
even though some physicians looked at them positively, their utilization was still low.
Another survey study by Gibofsky and McCabe (2021) found that it is important to
understand the level of physicians’ knowledge of biosimilars, as it is anticipated that they
will require more education about biosimilars before they are comfortable using them for

their patients.
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Safety, Quality, and Efficacy of Biosimilars

Even though many biosimilars are being approved for patient use, safety, and
efficacy concerns were identified as barriers to their uptake (Barbier et al., 2020b; Fahmi
etal., 2022; Frank et al., 2018; Khan et al., 2020; Liu et al., 2021; Schachne et al., 2021).
A qualitative descriptive study by Chew et al. (2022), a cross-sectional study by
Cobilinschi et al. (2019), and systematic literature reviews by El Zorkany et al. (2018)
and Halimi et al. (2020) found that there were perceptions among physicians and patients
that biosimilars lacked safety and efficacy compared to the originator and were afraid to
switch to a biosimilar. On the other hand, a pragmatic study by Boone et al. (2018),
observational studies by Kapoor et al. (2019) and Piezzo et al. (2021), a single-center
study by Mohan et al. (2023), and experimental studies by Aravind et al. (2022), Perry et
al. (2019), and Shah et al. (2021) found that biosimilars demonstrated similar safety and
efficacy as the originator. Additionally, an experimental study by Graham-Clarke et al.
(2020), a post-marketing surveillance study by Kurki et al. (2021), and a cross-sectional
study by Richter et al. (2023) found that even though biosimilar medicines had a well-
documented safety profile, many healthcare providers and patients were still doubtful
about their safety and most physicians and patients still preferred to use the originator.

Furthermore, a cross-sectional study by Chong et al. (2022), a cohort study by
Herndon et al. (2021), and a systematic literature review by Mysler et al. (2021) found
that even specialists who were satisfied with biosimilar safety and efficacy still preferred
to use the originator medicine instead of the biosimilar. According to a multinational

survey conducted by Park et al. (2020), even though physicians are currently reluctant to
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use biosimilars, in the future, many biosimilars due to their safety, and efficacy being
similar to the originator, will be used to treat many chronic conditions.
Biosimilar Uptake

In a longitudinal study, Tachkov et al. (2021) found that biosimilar insulin usage
was very low compared to its originator insulin, globally, with only 7.4% of patients
being treated with biosimilar insulin in 2018. Similarly, in the United Kingdom, there
was a reluctance among physicians and patients to embrace this innovation (Chaplin,
2021). Also, a cross-sectional study by Mansell et al. (2019) found that Canada was not
the only country with a slow uptake of biosimilars. An experimental study by Helfgott et
al. (2020) found that in the United States, originators were preferred to be used early on
as the first choice of treatment in rheumatoid arthritis rather than biosimilars.

However, a comparative analysis by Labdi et al. (2023) found that there was an
increase in the use of the biosimilar over time. Also, a cross-sectional study by Gani et al.
(2018), a cohort study by Lund Hansen et al. (2021), and a retrospective study by Socal et
al. (2020) found that while Sweden, Germany, Asia, the United States, and Nordic
countries observed a faster uptake of biosimilars, Italy, France, Ireland, and the United
Kingdom lagged behind. Furthermore, a systematic literature review performed by
Moorkens et al. (2020) and a mixed-method study by Vandenplas et al. (2021b) found
that the Belgian and German markets also had low biosimilar uptake, suggesting a
malfunctioning market for biosimilar insulin. Some European countries and even the
United States had not even launched biosimilar insulin glargine despite its affordability,

limiting its overall utilization and creating concerns about the availability and use
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of biosimilar insulin glargine amongst the population (Godman et al., 2021a; Zhai et
al.,2019). Furthermore, physicians’ understanding, knowledge, attitudes, and beliefs of
biosimilar medicines are important factors in their uptake because patients rely on their
physicians for support when being initiated or switched to biosimilar treatment (Karateev
et al., 2019). In a sociological study, Scherlinger et al. (2019) found that biosimilar usage
by patients was much higher when physicians had good opinions about them. However, a
retrospective patient chart study by Eric (2020), a quantitative study by Finch et al.
(2019), and a systematic literature review by Hair et al. (2022) found that physician’s and
patient’s comfort with originators posed a problem with using biosimilars in that, even
though some patients were using biosimilars, the majority of patients were still using the
originator. According to Okoro et al. (2021), biosimilar acceptance and adoption will
improve as physicians and patients increase their knowledge of biosimilars and the role
they play in patient care.
Rationale for Selection of Variables

Based on the above-mentioned literature, the rationale for choosing the study
variables namely: (a) the location of a province (urban, rural), (b) the specialization of a
physician (diabetes specialist, general medical practitioner, pediatrician, cardiologist, or
family physician), and (c) the type of dispensed insulin glargine prescriptions, i.e.,
(biosimilar, originator, or both) for the full year period of 2018 were as follows.
Biosimilar insulin glargine was registered and launched in the South African market in
2016. Therefore, by the year 2018, the product would have been well-established in the

market, and physicians and patients would have become aware of it and may have started
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using it. Additionally, biosimilar insulin glargine was the first modern biosimilar insulin
to enter the South African market in 2016 (IQVIA, 2020). The location of provinces was
selected because it was found that different regions within the same country, as was the
case in Germany had varied biosimilar uptake and urban and rural locations can also
impact biosimilar uptake as they have different socioeconomic statuses (Moorkens et al.,
2020). Finally, a physician’s specialization was chosen because different types of
physicians were found to have different knowledge and understanding of biosimilar
medicines (Krstic et al., 2022).
Definitions

The independent variables were the location of a province and the specialization
of a physician in South Africa. The dependent variable was the type of dispensed insulin
glargine prescriptions, i.e., biosimilar, originator, or both, for the year 2018. The province
is a categorical variable that is assessed by whether a province is urban or rural. The
specialization of a physician is categorized as a categorical variable: diabetes specialist,
general medical practitioner, pediatrician, cardiologist, or family physician. The type of
dispensed insulin glargine prescriptions for 2018 is a categorical variable with three
groups categorized as an originator, biosimilar, or both. The level of measurement for all
the variables in the study is nominal. Table 2 consists of the operational definitions of the
variables that will be assessed in this research including the variable types, coding, and

level of measurements.



31
Table 2

Operational Definitions of Key Variables

Variable Variable label Data code Level of
measurement
Insulin Type Type of dispensed Biosimilar =1 Nominal
insulin glargine Both =2
prescriptions Originator = 3
Physician Specialization ~ Specialization of a Cardiologist = 1 Nominal
physician Diabetes Specialist = 2

Family Physician = 3
General Medical
Practitioner = 4
Pediatrician =5

Province Location of a Rural =1 Nominal
province Urban =2

Dispensed prescriptions: The dispensed prescriptions are defined as retail
pharmacy-dispensed prescriptions for insulins (Reference Company, 2022a). The
dispensed insulins consist of the type of dispensed insulin glargine prescriptions, i.e.,
biosimilar, originator, or both for the full year period of 2018.

Biologics: A biologic medicine is a medicine derived from living organisms, such
as living cells and tissues (American Diabetes Association, 2020; South African Health
Products Regulatory Authority, 2014). They are large molecules made in plant or animal
cells using biotechnology (Flaherty, 2022). Originator and biosimilar insulin glargine are
both biologic medicines.

Originator: An originator is defined as an innovator product licensed by a
national regulatory agency based on a full registration dossier (SAHPRA, 2014). The

originator medicine consists of insulin glargine.
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Biosimilar: A biological medicine that is similar, but not an exact copy of the
originator medicine regarding its quality, safety, and efficacy (SAHPRA, 2014). The
biosimilar consists of biosimilar insulin glargine.

Reference medicine: The reference medicine is the originator medicine which is
used as the comparator for the biosimilar medicine to prove similar safety, efficacy, and
quality to the originator (SAHPRA, 2014). The reference medicine is the originator
insulin glargine.

Urban: Urban is defined as an ordinary town or city area within proclaimed
formal structures (adapted from the Department of Statistics South Africa website, 2001).
The urban provinces of South Africa consist of the Free State, Gauteng, Northern Cape,
and Western Cape.

Rural: Rural is defined as a village or settlement without a local authority, with
formal and semiformal dwellings (adapted from the Department of Statistics South Africa
website, 2001). The rural provinces of South Africa consist of the Eastern Cape,
KwaZulu Natal, Limpopo, Mpumalanga, and North-West.

Specialist: A medical practitioner registered as a specialist in a speciality or
subspeciality (adapted from the Health Professionals Council of South Africa website,
2001). The specialists consist of cardiologists, pediatricians, and diabetes specialists.

Nonspecialist: A physician broadly trained in medicine, who is the primary
contact for patients (adapted from the Intercare website, 2019). The nonspecialists consist

of family physicians and general medical practitioners.
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Assumptions

The national pharmacy-dispensed prescription dataset for 2018 includes the type
of dispensed insulin glargine prescriptions, the specialization of a physician, and the
location of a province. This study assumed the following:

e Dispensed prescription data accurately documented the type of insulin

glargine dispensed at retail pharmacies, i.e., biosimilar or originator.

e Specialization of a physician was clearly identified in all dispensed

prescription cases.

e Data was entered efficiently and effectively with minimal errors.

This assumption needed to be stated because it is not possible to determine
whether all pharmacists entered the correct prescription data into the system. Taking
these assumptions into consideration enhances the study’s validity.

Scope and Delimitations

Due to insufficient knowledge regarding the uptake of biosimilar insulins in South
Africa, this study focused explicitly on assessing the uptake of biosimilar and originator
insulin glargine among physicians in the urban and rural provinces of this country. The
study population consisted of physicians from different specializations across South
Africa treating patients with diabetes (Reference Company, 2022a). The physician's
specializations included specialists and nonspecialists, namely, family physicians, general
medical practitioners, diabetes specialists, pediatricians, and cardiologists who were
predominantly prescribers of insulin, and the dataset excluded physicians from

specializations that were not primary prescribers of insulin.
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The diffusion of innovation theory which is the theoretical framework guiding
this study has also been used in previous studies to investigate the uptake of biosimilar
medicines (Khan et al., 2020). The health belief model is also related to the area of this
study and suggests that a person or in the case of this study, a physician will perform a
health-related action, such as the prescribing of alternative medicines, if the physician
feels that a side-effect can be avoided, or perceives that the benefits of partaking in the
new behavior of adopting biosimilar medicines into his or her practice will improve a
patient’s medical condition or related symptoms (Albashtawy et al., 2016). However, the
health belief model focuses more on the knowledge, beliefs, and attitudes of individuals
and does not consider economic factors that promote the recommended action such as
prescribing cheaper alternative insulins to expand treatment access, as is the case in this
study (Hayden, 2019). Therefore, the health belief model was not investigated.

Based on the scope of this study, the delimitations of this study include:

e This study was delimited to a quantitative study.

e Only secondary data was used.

e The study was delimited to the variables present in the dataset selected for this

study.

e The study was delimited to the information collected by the data collectors.

e The study was delimited by the time of dispensation of the insulin glargine

prescriptions from 01/01/2018 to 31/12/2018.
Furthermore, to be able to generalize findings across people and settings, the

results should not be limited to a single population. Data from the nationally
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representative pharmacy-dispensed prescription dataset, 2018, for insulin glargine, was
population-level data generalizable to the South African population only and therefore
restricts the findings to the South African population.

Limitations

A limitation of this study was the use of secondary data which was not
specifically collected for this study. Therefore, some socio-demographic variables that
could have added value to the study, such as physicians' age and gender, were not in the
dataset. When interpreting the analysis of pharmacy dispensation data, it was also
important to consider that multiple physicians with different levels of expertise are
contributing to the prescribing data. Therefore, while pharmacy-dispensed prescription
data may include information on the specialization of a physician, it did not contain
information on the number of years of experience (Stein et al., 2014). Another limitation
was the analysis of data that consisted of dispensed insulin glargine only, making
prescribed but never dispensed cases unobservable. Additionally, findings from insulin
glargine were not generalizable to other biosimilars, especially those used to treat other
medical conditions.

Furthermore, 1 used a total sample of South African physicians who met the study
criteria to address external validity, thereby, eliminating sampling bias. The data I used
was from existing records of pharmacy-dispensed prescription data among physicians
from different specializations across the provinces of South Africa to increase external
validity. Also, when people sometimes know that they have been chosen for a study, they

may change their behavior to allow researchers to obtain the conclusion that they expect.
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However, this was not the case for this study, because the insulin data was obtained from
nationally dispensed pharmacy data and not directly from the physicians.
Significance

This study could potentially contribute knowledge to South Africa’s public health
organizations and practitioners regarding the uptake of alternative biosimilar insulin
glargine for diabetes treatment in South Africa. Furthermore, findings from this study can
be used to inform policymakers, resulting in educational strategies being formulated to
support healthcare professionals in better-managing patients with diabetes and resulting
in the implementation of policies to ensure access to affordable biosimilar insulin
treatment for patients. Findings from this study can also provide important information to
physicians when making decisions for newly diagnosed patients with diabetes and can be
used to justify the attention needed for diabetes treatment. Information from this study
can also advise patients with diabetes about other affordable options to treat their
diabetes. This is critical in improving the overall health of patients with diabetes and
ensuring that insulin is made available to all populations in South Africa at affordable
prices, resulting in lower morbidity and mortality at the population level.

Summary and Conclusion

From the existing literature, this study identified the increased prevalence of
diabetes and the unaffordability of insulin as a major concern for public health and
further emphasized the severity of the problem in South Africa where the availability of

alternative affordable biosimilar insulin is unknown in a country that has the highest
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prevalence of diabetes in the African continent (Grundlingh et al., 2022; Saeed et al.,
2022; Satheesh et al., 2019).

Although some factors, such as physician and patient knowledge, attitude, and
beliefs of biosimilars in diabetes and other therapeutic areas have been identified as
barriers to biosimilar uptake in many parts of the world, more research is needed to
account for other factors that tend to affect biosimilar uptake in low-and-middle-income
countries, such as South Africa. Therefore, due to the lack of data on biosimilar insulin
glargine usage in South Africa, this research investigated the uptake of alternative
biosimilar insulin glargine in relation to the location of provinces and the specialization
of a physician in this study setting using a quantitative methodology. This study also
extended knowledge in the discipline by including South Africa’s population regarding
the uptake of alternative biosimilar insulin glargine treatment. This investigation was
important to identify effective policies and strategies to support the uptake of biosimilars,
making insulin available and affordable to all populations in South Africa and improving
population health.

While this section describes the foundation of the study and the literature review,
section 2 will discuss the study’s research design, data collection methods, methodology,
data analysis plan, threats to validity, and ethical procedures that were used to evaluate
the uptake of biosimilar and originator insulin glargine among physicians for the

treatment of diabetes in South Africa and to address the literature gap.
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Section 2: Research Design and Data Collection
Introduction

The purpose of this quantitative study was to assess the uptake of biosimilar and
originator insulin glargine among physicians in South Africa by examining whether there
was an association between the location of a province, specialization of a physician, and
type of dispensed insulin glargine prescriptions (i.e., biosimilar, originator, or both).
Furthermore, this study helped in obtaining a better understanding of a new yet grey area
of the South African population's access to alternative biosimilar insulin glargine and to
determine whether physicians chose the originator or biosimilar insulin when both were
available. This section details the dataset selected for the study, the research design, data
collection, and methodology. The operational definitions of each variable and sampling
methods are also presented. Furthermore, this section explains how the data analysis plan
was conducted, describes threats to validity, and explains the ethical procedures used in
this study.

Research Design and Rationale

This study used a secondary analysis of pharmacy-dispensed prescription data
with a nonexperimental, quantitative, correlational design to determine whether there was
an association between the location of a province, specialization of a physician, and the
type of dispensed insulin glargine prescriptions (i.e., biosimilar, originator, or both) in
South Africa. This type of research design was used due to the nature of the data
collection procedures for the nationally representative pharmacy-dispensed insulin

glargine data for the full-year period of 2018. A quantitative research design was used
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because quantitative research designs help to understand the nature of a relationship
between two variables that cannot be manipulated (Burkholder et al., 2020). A qualitative
design did not apply to this study because these designs are exploratory in nature and
involve the analysis of narratives (Burkholder et al., 2020). This research design was also
nonexperimental because the variables were not manipulated and there was no random
assigning of participants to treatment and control groups (Burkholder et al., 2020). Also,
data were not collected at a single point in time for this study; therefore, a cross-sectional
design was not appropriate. The secondary analysis of pharmacy-dispensed prescription
data was convenient as there were no resource or expense issues involved. The use of
secondary data was cost-effective, efficient in saving time, and allowed for ready-to-use
information. Furthermore, a correlational design was used as the quantitative design of
choice because the study’s goal was to identify the association between the independent
variables and the dependent variable (Burkholder et al., 2020).

The study design was appropriate as it effectively answered the research questions
for this study. For RQ1, I investigated how the location of a province as the independent
variable was associated with the type of dispensed insulin glargine prescriptions in South
Africa. RQ2 investigated how a physician's specialization was associated with the type of
dispensed insulin glargine prescriptions in South Africa.

This design was implemented using existing secondary data (i.e., nationally
representative pharmacy-dispensed insulin glargine data) for the full-year period of 2018,
from a reference medical company in South Africa, to support the study’s quantitative

design (Reference Company, 2022b). The nationally representative pharmacy-dispensed
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insulin glargine dataset for the full year period of 2018 was selected for this study as the
data were collected to assess the utilization of medicines such as insulins.

The independent variables included (a) the location of a province and (b) the
specialization of a physician; the dependent variable was the type of dispensed insulin
glargine prescriptions (i.e., biosimilar, originator, or both) for the full-year period of
2018. Statistical analysis was used to determine the relationship between variables for
this study’s correlational research design (Creswell & Creswell, 2018).

A correlational, secondary analysis study design was aligned with the study’s
research strategy needed to advance knowledge in the discipline, specifically using the
correlational design to test for expected relationships between and among variables
(Gerstman, 2015). Additionally, this choice of design is consistent with other studies that
have investigated the uptake of biosimilar medicines in countries such as Asia, Germany,
Australia, the United States, and India (Blankart & Arndt, 2020; Godman et al., 2021c;
Helfgott et al., 2020; Khoo et al., 2023; Labdi et al., 2023; Mohan et al., 2023).

Methodology
Population

The study population consisted of physicians who were specialists and
nonspecialists from the rural and urban provinces of South Africa treating patients with
diabetes (Reference Company, 2022a). Physicians’ specializations included those that
predominantly prescribed insulin, namely, family physicians, general medical
practitioners, diabetes specialists, pediatricians, and cardiologists, and excluded

physicians from specialization areas that were not primary prescribers of insulin



41

(Reference Company, 2022a). Data were collected by a reference medical company in
South Africa with a total sample of physicians taken from pharmacy dispensation systems
(Reference Company, 2022a). The sample size of physicians who prescribed biosimilar
or originator insulin glargine in the year 2018 was approximately 5,907 (Reference
Company, 2022a). | chose the full-year period of 2018 because the biosimilar insulin
glargine would have been well-established in the market, and physicians would have
become aware of it and started using it with their patients. Therefore, during the full-year
period of 2018, | would expect the dispensation of insulin glargine prescription data from
pharmacies to be more accurate.
Sampling and Sampling Procedures

The data were obtained electronically from a reference medical company on
variables including drug characteristics from prescriptions collected routinely by
pharmacies across the nine provinces of South Africa (Reference Company, 2022a). Data
were collected through the software used at the pharmacy level (Reference Company,
2022a). The prescription-level data were entered by pharmacies into the software and
were collected routinely by the reference medical company in South Africa to create the
secondary dataset (Reference Company, 2022a). Therefore, no data collection instrument
was used for this study.

For this study, total population sampling was used, whereby the total sample of
physicians in South Africa who met the study criteria was used to address external
validity, thereby eliminating sampling bias. This type of purposive sampling includes the

use of the total population that has specific traits (Laerd Dissertation, 2012a). For this
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study, all the data obtained from the reference medical company that captured insulin
glargine prescriptions dispensed for the full year of 2018 were used. The data were drawn
from specializations that prescribe insulins because the effectiveness of this type of
nonprobability sampling lies in having experts within a certain cultural domain (Tongco,
2007). The data I used were from existing records of pharmacy-dispensed prescription
data among physicians from different specializations across the provinces of South
Africa, which will increase external validity. Also, when people sometimes know that
they have been chosen for a study, they may change their behavior to allow researchers to
obtain the conclusion that they expect. However, this was not the case in this study,
because the insulin data were captured from the pharmacy-dispensed prescriptions, which
served as the source document for the data and were not taken directly from the
physicians (Reference Company, 2022a).

The data sample included physicians who were specialists and nonspecialists from
the rural and urban provinces of South Africa treating patients with diabetes (Reference
Company, 2022a). Physicians’ specializations included those that predominantly
prescribe insulin, namely, family physicians, general medical practitioners, diabetes
specialists, pediatricians, and cardiologists, and excluded physicians from specializations
that were not primary prescribers of insulin (Reference Company, 2022a).

The dataset was obtained by contacting the reference medical company and
providing occupation details, contact information, and the information needed for the
study (Reference Company, 2022a). A data-sharing agreement for academic purposes

was then signed confirming that the user would be provided access to the dataset for
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study purposes. Once the agreement was signed, the dataset was provided by the
reference medical company to the user. The statements, findings, conclusions, views, and
opinions contained and expressed herein are not necessarily those of IQVIA Solutions
(Pty) Ltd or any of its affiliated or subsidiary entities (Reference Company, 2023c).

The organization from which the secondary dataset was obtained is a global
provider of analytical data to the life sciences industry that brings together experts within
the healthcare sector to help customers make well-informed decisions to improve patient
outcomes (Reference Company, 2022a). It did not have any biased reasons for providing
the information. The datasets constitute one of the reference medical company’s data
assets that are collected and provided to the South African healthcare industry for
academic and commercial purposes (Reference Company, 2022a). Because the company
is an American multinational company with affiliates around the world providing data to
industries involved in health information technology and clinical research, the
information is more likely to be reliable and valid, and one can, therefore, trust the data
that were provided.

The dataset includes real transactions at presummarized levels to protect the
confidentiality of physicians and patients. The total sample of pharmacy-dispensed
insulin glargine data includes information on the type of dispensed insulin glargine
prescriptions, physicians’ specialization area, and the location of a province (Reference
Company, 2022a). Data were confined to these characteristics to determine the
association between the location of a province, the specialization of a physician, and the

type of dispensed insulin glargine prescriptions. Also, the nationally representative
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pharmacy-dispensed prescription dataset for the full year of 2018 was the best source for
this study as it had all the necessary variables needed to perform this study.
Data Access

The nationally representative pharmacy-dispensed insulin glargine dataset for
2018 was obtained privately. Permission was obtained from the reference medical
company to retrieve the information that it collected from the pharmacy vendors.
Power Analysis

A power analysis was conducted to assess the needed sample size to understand
differences in the uptake of insulin glargine (Mysiak, 2020). Inappropriate sample sizes or
powers may lead to inaccurate outcomes (Kang, 2021). A sample size that is too small
may lead to a large effect, but this large effect could be because of random variations
(Kang, 2021). Alternately, too large a sample size may result in statistical significance,
even if there is no meaningful difference (Kang, 2021). Too small a sample size may also
result in a low power that cannot answer the research questions (Kang, 2021). Therefore,
a sufficient sample size is significant in supporting the study’s internal validity and
generalizability of the results (Vasileiou et al., 2018).

To perform a sample size calculation and power analysis, the effect size, power
(1-B), significance level (), and type of statistical analysis were required (Kang, 2021).
For this study, the statistical software G*Power v 3.1.9.7 was used to conduct an a priori
power analysis to establish the minimum required sample size (Mysiak, 2020). An alpha
of .05 is a common practice used in research, indicating that there is less than a 5% chance

that the null hypothesis is correct (Mysiak, 2020). Studies also show that it is generally
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well-accepted to use a power of .95 because there will be a 95% chance of obtaining
statistical significance (Mysiak, 2020). Therefore, a logistic regression statistical test was
used to detect a medium effect size for this power analysis with an odds ratio of 1.5, a
significance level (a) of .05, and 95% power (1-B; Mysiak, 2020). The minimum required
sample size was 340 (Mysiak, 2020). Figure 1 shows the parameters used to estimate the
minimum required sample to conduct a logistic regression test.

Figure 1

Logistic Regression for Sample Size
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If effect size, power (1-B), significance level (o), and type of statistical analysis
are unknown, research shows that a well-used rule of thumb is to have at least 10
observations per independent variable, which for this study implies having a minimum
required sample size of 10 x 2 = 20 observations (Riley et al., 2019). One hundred and
eighty observations will be needed to achieve a power of 95%, considering the average of
the two estimations of the minimum sample size.

Furthermore, the statistical power of the study depends on the effect size and
sample size. The effect size shows the strength of relationships. While a type | error is the
error of rejecting a null hypothesis when it is true, a type Il error is the error of accepting
a null hypothesis when the alternative hypothesis is true (Kang, 2021). If the results of a
statistical analysis are nonsignificant, it could be due to correctly accepting the null
hypothesis when the null hypothesis is true or erroneously accepting the null hypothesis
when the alternative hypothesis is true (Kang, 2021). The latter occurs when the research
method does not have enough power (Kang, 2021). Therefore, it is important to calculate
sample size and consider power when planning studies (Kang, 2021). In this study, a
medium effect size was used because the literature shows that large effect sizes require
smaller sample sizes because they are obvious for the analysis to find, while small effect
sizes require larger sample sizes as smaller effect sizes are harder to find (Mysiak, 2020).
Operationalization of Constructs

This study did not use any instruments for data collection because secondary data
collected by a reference medical company in South Africa were used (Reference

Company, 2022a). The study variables were operationalized to make the data analysis
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possible. The variables that were assessed in the study were the location of a province,

the specialization of a physician, and the type of dispensed insulin glargine prescriptions.

The type of dispensed insulin glargine prescriptions is a categorical variable categorized

into three groups (i.e., biosimilar, originator, or both). The level of measurement for the

insulin type variable is categorical. The physician’s specialization is categorized as a

categorical variable: diabetes specialist, general medical practitioner, pediatrician,

cardiologist, or family physician. The location of a province is a categorical variable that

is assessed by whether a province is rural or urban. Table 3 is a summary of the

operationalization of the variables that were assessed in this research, including the

variable types and level of measurements.
Table 3

Operationalization and Coding of Key Variables

Variable Variable label

Operationalization

Insulin Type Type of dispensed
insulin glargine
prescriptions

Physician Specialization Specialization of a
physician
Province Location of a province

Categorical variable
(nominal). Categorized as
1 = Biosimilar, 2 = Both, 3
= Originator

Categorical variable
(nominal). Categorized as:
1 = Cardiologist,

2 = Diabetes Specialist,

3 = Family Physician,

4 = General Medical
Practitioner,

5 = Pediatrician

Categorical variable
(nominal). Categorized as:
1 = Rural or 2 = Urban
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Data Analysis Plan

The data used for this study was obtained with permission from a reference
medical company in South Africa (Reference Company, 2022b). The data includes
nationally representative pharmacy-dispensed prescription data, which serves as the
source document for the data. The dataset contains full dispensation information as per
the academic agreement which includes the location of the provinces, a physician’s
specialization, and the type of dispensed insulin glargine prescriptions, i.e., biosimilar,
originator, or both. | checked and made sure that there was no missing data provided as
part of the secondary dataset. | also did not envisage that the dataset would require
cleaning of missing data or duplicate cases as it was pharmacy-dispensed information
from validated software systems, so if there were missing fields, then this means that the
data was not available on the prescription at the point of dispensation (Reference
Company, 2022b). However, I still reviewed the secondary dataset for missing data.
Maintaining open communication with the reference medical company would allow me
to complete missing data quickly if needed. However, no missing data was found within
the dataset provided by the reference medical company and therefore no data was
excluded. Not having any missing data prevented potential sample bias and the need to
replace missing information.

As stated in Section 1, the research questions and associated hypotheses that
guided this study are:

Research Question 1: Is there an association between the location of provinces

and the type of dispensed insulin glargine prescriptions in South Africa?
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Hol — There is no association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Hal — There is an association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Research Question 2: Is there an association between the specialization of a
physician and the type of dispensed insulin glargine prescriptions in South Africa?

Ho2 — There is no association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

Ha2 — There is an association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

The data analysis involves descriptive and inferential analysis. The descriptive
analysis allows the data to be visualized and interpreted easily through the use of
numerical summaries (Gertsman, 2015). Frequencies, which describe the distribution of
counts were used for the nominal variables in the study (Gertsman, 2015). These
measures were important when analyzing the study as they described the factors that
influence the uptake of biosimilar insulin glargine within the study setting.

The inferential statistics for Research Questions 1 and 2 included the use of
bivariate and multivariate analyses. The bivariate analysis for the independent variables
(the location of a province and the specialization of a physician) was the Pearson Chi-
square test because these variables were categorical. The multivariate analysis for the
dependent and independent variables was multinomial logistic regression because the

dependent variable was categorical with three groups.
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Multinomial logistic regression was used to assess the impact of one or more
independent variables on the dependent variable (Robinson, 2021). It also predicted how
much variance is accounted for in a single response by a set of independent variables
(Robinson, 2021). The results were interpreted using the odds ratio with a 95%
confidence interval (Robinson, 2021). The expected B coefficient, Exp(B), and
confidence intervals (Cl) provide the change in the odds for each increase in one unit of
the predictor variables (Laerd Statistics, 2018). Cox & Snell R Square, Nagelkerke R
Square, and McFadden provide an idea of the amount of variation that can be explained
by the model (Robinson, 2021). The statistical significance of each predictor variable was
determined using the Wald test and test significance (Laerd Statistics, 2018). No further
procedures were used to account for multiple statistical tests since the multinomial
logistic regression analysis per se did not demand post hoc tests.

The assumptions for multinomial logistic regression include that the dependent
variable must be nominal and have more than two groups (Laerd Statistics, 2018). There
must be one or more independent variables that are nominal, ordinal, or continuous,
including dichotomous variables (Laerd Statistics, 2018). The dependent variable must
have mutually exclusive and exhaustive categories and there should be independence of
observations (Laerd Statistics, 2018). There must be no multicollinearity and no outliers.
If there are independent variables that are continuous independent variables, then there
must be a linear relationship between these variables and the logit transformation of the
dependent variable (Laerd Statistics, 2018). However, there were no continuous

independent variables in this study. The residuals from Mahalanobis distances tell us
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about outliers for multinomial regression. The correlation coefficient indicates if there is
multicollinearity in the model. As a general rule, if the tolerance is above 0.1 then this
indicates no multicollinearity and the assumption would, therefore, be met (Robinson,
2021).

If one or more of these assumptions are violated, then the following actions can
be taken. If there is multicollinearity, a decision will be made as to which independent
variable is more important to keep in the model and which one to remove (Robinson,
2021). Similarly, with the outliers, the outliers with little effect can be retained, and those
with strong influence will be removed (Robinson, 2021).

The study data was analyzed using SPSS V. 28.0. for results since this statistical
program allows for descriptive and inferential analysis to be conducted to answer the
study’s research questions.

Threats to Validity

According to Babbie (2017), validity refers to how accurately measures reflect
what they were meant to measure. While internal validity is the extent to which you can
be highly confident that a cause-and-effect relationship of a study was not affected by
other factors, external validity is the extent to which findings can be generalized to
different groups of people or settings (Babbie, 2017). Construct validity, on the other
hand, refers to whether the operational definition of a variable reflects the true theoretical
meaning of a construct under investigation.

Threats to internal validity occur when influences other than the independent

variables can explain study results (Pourhoseingholi, Baghestani, & Vahedi, 2012).
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Confounding variables may influence the dependent variable and can be a threat when
making assumptions about the association between the variables of interest. However,
there were no confounding variables in this study.

Threats to external validity can compromise the generalizability of the study’s
results. To address external validity, | used a total sample of physicians who met the
study criteria, eliminating sampling bias. This resulted in wide coverage and a better
representation of the population of interest and provided more accurate results. Also,
when people sometimes know that they have been chosen for a study, they may change
their behavior to allow researchers to obtain the conclusion that they expect. However,
this was not the case in this study, because the insulin data was captured from pharmacy-
dispensed prescriptions, which served as the source document for the data and was not
obtained directly from the physicians, thereby eliminating the Hawthorne effect
(Reference Company, 2022a). Furthermore, to be able to generalize findings across
people and settings, the results should not be limited to a single population. Data from the
nationally representative pharmacy-dispensed prescription dataset, 2018, for insulin
glargine, is population-level data generalizable to the South African population only and
will, therefore, restrict the findings to the South African population.

Threats to construct validity is poor construct definition (Laerd Dissertation,
2012b). Therefore, clear definitions of the cause-and-effect variables were provided in
this study to reduce jargon that could create confusion for the audience (Laerd
Dissertation, 2012b). In this research, the cause constructs are the independent variables

of the location of a province, and the specialization of a physician. The effect construct is
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the dependent variable of the uptake of biosimilar and originator insulin glargine,
measured by the type of dispensed insulin glargine prescriptions, i.e., biosimilar,
originator, or both, for the full year period of 2018. The construct for this study is
prescribing behavior, and this was assessed in this study using measurable variables to
ensure that this study has strong construct validity.
Ethical Procedures

The nationally representative pharmacy-dispensed prescription dataset for insulin
glargine, 2018, was used to answer this study’s research questions (Reference Company,
2022b). It is important to note that this study requires permission to collect data from the
reference medical company in South Africa because the data is not publicly available.

To access the secondary dataset, | contacted the reference medical company in
South Africa, discussed my research topic, and mentioned the data | would require for the
study. After obtaining detailed information from the reference medical company, |
completed, signed, and e-mailed the academic agreement provided via e-mail. Once |
received the data file, | saved it on a personal flash drive with password protection which
was kept in a locked box and the data will be deleted from the device after the completion
of the study as stipulated by Walden University’s IRB guidelines.

Additionally, this study sought IRB approval from Walden University before
starting the analysis of this study. The data agreement to gain access to the secondary
dataset and other required documentation and information was included in the IRB

application.



54

Furthermore, the secondary dataset that was used in this study was de-identified
and anonymized upon receipt. They did not contain any personal information or any
details that could potentially make it possible to identify the participants that the data
came from. Since the reference medical company follows the Protection of Personal
Information Act (POPIA), it protects the privacy of all its customers whose personal
information may be processed by them to perform their services and business operations
(IQVIA, 2023b). Therefore, the reference medical company that provides the secondary
dataset included real transactions at presummarized levels to protect the confidentiality of
participants (Reference Company, 2022a). The information was de-identified for research
purposes, primarily in connection with academic partners as is the case of this study,
where the participant’s details were anonymized (Reference Company, 2022a).
Furthermore, the datasets are stored on the reference company’s server in South Africa
and all data is security encrypted (IQVIA, 2023a).

Since this study used a secondary dataset, the ethical issues were minimal due to
indirect contact with the target population. However, a potential ethical concern about the
use of secondary data involves potential harm to participants by re-using any data
containing personal information (Tripathy, 2013). This can be addressed by ensuring that
the secondary data is anonymized and de-identified so that the risk of harm to the
participants is greatly reduced (Tripathy, 2013). Secondly, participants who provided data
for the original study may have only given consent for the use of their data in that study
and not for future use (Tripathy, 2013). Therefore, the researcher needs to ensure that the

original consent form makes provision for the analysis of secondary data for future use
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and that the secondary study obtains approval from the ethics committee (Tripathy,
2013).
Summary

This study aimed to investigate the possibility of an association between the
predictor variables of the location of a province and specialization of a physician with the
outcome variable of the uptake of insulin glargine measured by the type of dispensed
insulin glargine prescriptions, i.e., biosimilar, originator, or both in South Africa. This is
a quantitative study that adopted a correlational, secondary data analysis design. The
research design, methodology, and data analysis plan were based on the nationally
representative pharmacy-dispensed prescription dataset for insulin glargine for the full
year period of 2018 provided by a reference medical company in South Africa (Reference
Company, 2022b). The Chi-square test and multinomial logistic regression analysis were
used to analyze and interpret the relationships among the defined variables, provided all
the assumptions were met. The next section of this study will interpret and discuss the
study results and findings obtained after implementing the research methods described in

this section.
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Section 3: Presentation of the Results and Findings
Introduction

In South Africa, the increase in the prevalence of diabetes and the unaffordability
of insulin constitutes a major public health problem causing people to die from this
disease (Grundlingh et al., 2022). Assessing the accessibility of alternative and affordable
biosimilar insulin glargine to the South African population in a country plagued by
diabetes is essential (Grundlingh et al., 2022). Therefore, this study’s purpose was to
assess the uptake of biosimilar and originator insulin glargine in South Africa by
examining whether there was an association between the location of a province, the
specialization of a physician, and the type of dispensed insulin glargine prescriptions (i.e.,
biosimilar, originator, or both). Section 3 shows the results of the statistical analysis from
the nationally representative pharmacy-dispensed prescription data for insulin glargine
that were collected for the full-year period of January 2018 to December 2018 using
SPSS software V. 28.0. The Pearson chi-square test and multinomial logistic regression
were used to address Research Question 1 and Research Question 2. This section
provides the descriptive and statistical results for each research question at a statistical
significance of p < .05.

The research questions and hypotheses for this study were as follows:

Research Question 1: Is there an association between the location of provinces
and the type of dispensed insulin glargine prescriptions in South Africa?

Hol — There is no association between the location of provinces and the type of

dispensed insulin glargine prescriptions in South Africa.
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Hal — There is an association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Research Question 2: Is there an association between the specialization of a
physician and the type of dispensed insulin glargine prescriptions in South Africa?

Ho2 — There is no association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

Ha2 — There is an association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

Accessing the Secondary Dataset

Timeframe of the Dataset

The nationally dispensed prescription data for insulin glargine that were collected
for the full-year period of January 2018 to December 2018 were obtained electronically
from a reference medical company in South Africa that routinely collects prescription
information from pharmacy vendors (Reference Medical Company, 2022a). The data
were collected to assess the uptake of medicines, such as insulins, and were collected
through the software used at the pharmacy level, where all prescriptions collected at retail
pharmacies were captured and dispensed (Reference Medical Company, 2022a). The
prescription-level data that were entered into the software at pharmacies were routinely
collected by the pharmacy vendors and sent to the reference medical company in South
Africa to create the dispensed prescription datasets (Reference Medical Company,

2022a). Therefore, no data collection instrument was used for this study.
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The nationally representative pharmacy-dispensed dataset for insulin glargine for
2018 was obtained privately, and permission was obtained from the reference medical
company to retrieve this information because the content of these databases was not
publicly available. The dataset was obtained by contacting the reference medical
company and providing information including contact details, occupation details, and a
summary of the information needed (Reference Medical Company, 2022a). A data-
sharing agreement for academic purposes was then signed confirming that the user would
be provided access to the dataset for study purposes.

Once the agreement was signed, and after | had obtained IRB approval (01-02-24-
0997143), the dataset was provided by the reference medical company. The file was
precleaned for missing data by the reference medical company before being made
available for use, and the dataset was a complete set containing full dispensation
information, as per the agreement, including the location of a province, specialization of a
physician, and the type of dispensed insulin glargine prescriptions. Therefore, no missing
data were found within the dataset provided by the reference medical company, and no
data were excluded. The lack of missing data ensured that there was no potential bias
within the sample and that there was no need to replace the missing information.
Discrepancies from Section 2

In Section 2, the sample size indicated was estimated to be N = 5,907 because the
dataset was not in the public domain and included physician specializations that
predominantly prescribe insulin, namely, family physicians, general medical

practitioners, diabetes specialists, pediatricians, and cardiologists. However, once the
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actual dataset was obtained privately for 2018, the total number of prescribers for insulin
glargine for 2018 was 5,899.
Sample Representativeness of the Population of Interest

The study population consisted of specialist and nonspecialist physicians from
different specializations across South Africa treating patients with diabetes (Reference
Medical Company, 2022a). The physicians’ specializations included family physicians,
general medical practitioners, diabetes specialists, pediatricians, and cardiologists who
were predominantly prescribers of insulin and excluded physicians from specialization
areas that were not primary prescribers of insulin (Reference Medical Company, 2022a).
The nationally dispensed prescription data for insulin glargine that were collected for the
full-year period of January 2018 to December 2018 served as the source document for the
data (Reference Medical Company, 2022a). Total population sampling was used,
whereby the total sample of physicians in South Africa who met the study criteria was
used to address external validity, thereby eliminating sampling bias. This resulted in wide
coverage and a better representation of the population of interest and provided more
accurate results. The total sample size of physicians who prescribed biosimilar or
originator insulin glargine in the year 2018 was 5,899 (Reference Medical Company,
2022a). Total population sampling is a type of purposive sampling whereby the total
population being examined has a particular set of characteristics (Laerd Dissertation,
2012a). Therefore, the data were drawn from specializations that prescribe insulins
because this type of nonprobability sampling is most effective when one needs to study a

certain cultural domain with experts within it (Tongco, 2007). Furthermore, data from the
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nationally representative pharmacy-dispensed prescription dataset for 2018 for insulin
glargine was population-level data generalizable to the South African population only
and therefore restricted the findings to the South African population.
Baseline Descriptives and Characteristics of the Sample

The dataset used in the study provides comprehensive insight into certain
essential variables relevant to the research objectives, and the frequency statistics provide
characteristics of the sample. Univariate analysis was performed for the independent
variables and outcome variables as described below.
Independent Variable: Specialization of a Physician

Table 4 displays the frequency table for the independent variable, the
specialization of a physician, within South Africa for the 2018 nationally dispensed
prescription data for insulin glargine. The variable, specialization of a physician, has five
categories (i.e., cardiologist, family physician, general medical practitioner, diabetes
specialist, and pediatrician). From Table 5, 81.9% of physicians were general medical
practitioners, 12.5% were diabetes specialists, 2.7% were cardiologists, 2.0% were
pediatricians, and 0.8% were family physicians.
Independent Variable: Location of a Province

Table 4 displays the frequency table for the independent variable, the location of a
province in South Africa. The variable, provinces, has two categories (i.e., rural or
urban). The rural provinces include the Eastern Cape, KwaZulu Natal, Limpopo,

Mpumalanga, and North-West Province, and the urban provinces include the Free State,



Gauteng, Northern Cape, and Western Cape Province. From Table 4, 40.3% of the
provinces are rural, while 59.7% of the provinces are urban.
Dependent Variable: Type of Dispensed Insulin Glargine Prescriptions

Table 4 displays the frequency table for the dependent variable, the type of
dispensed insulin glargine prescriptions. Insulin glargine was categorized according to
three groups (i.e., biosimilar, originator, or both). From Table 4, 57.3% of dispensed
insulin glargine prescriptions were for the originator, 7.8% were for the biosimilar, and
34.8% were for both the originator and biosimilar.
Table 4

Frequency Distribution for the Independent and Dependent Variables
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N %
Cardiologist 159 2.7
Diabetes Specialist 740 125
Family Physician 50 0.8
General Medical Practitioner 4,831 81.9
Pediatrician 119 2.0
Rural 2,377 40.3
Urban 3,522 59.7
Biosimilar 463 7.8
Originator 3,383 57.3
Both 2,053 34.8

Statistical Assumptions
The Pearson chi-square test was used to test associations between two variables
and was organized in a bivariant table (Frankfort-Nachmias & Leon Guerrero, 2018).

There are several assumptions made when using the Pearson chi-square test:
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e The dependent variable and independent variable should be measured at an

ordinal or nominal level.

e The dependent and independent variables should consist of two or more

categorical, independent groups.

e The categories of the variables must be mutually exclusive.

e The expected cell count must not be less than five in any cell.

For the Pearson chi-square test, the expected cell count was less than five when
five categories of the independent variable, the specialization area of a physician, were
used. Because this assumption for the Pearson chi-square test was violated, the transform
and recode features were used to dichotomize the independent variable, specialization of
a physician, into two categories: “specialist” and “nonspecialist,” whereby 1 =
nonspecialist and 2 = specialist, to meet the assumption, allow for a better spread of the
data, and ensure that there were more than five counts per cell. The specialist category
consisted of cardiologists, pediatricians, and diabetes specialists while the nonspecialist
category consisted of family physicians and general medical practitioners.

The multinomial logistic regression test was used to test the influence of the
independent variables on the dependent variable (Laerd Statistics, 2018). There are
several assumptions made when using the multinomial logistic regression test (Laerd
Statistics, 2018):

e The dependent variable must be nominal and have more than two groups.

e There must be one or more independent variables that are nominal, ordinal, or

continuous, including dichotomous variables.
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e The dependent variable must have mutually exclusive and exhaustive
categories.

e There must be independence of observations.

e There must be an absence of multicollinearity.

e There must be no outliers.

The dependent variable, the type of dispensed insulin glargine prescriptions, was
a categorical variable with three groups (biosimilar, originator, or both) and was a
nonordinal variable. The dependent variable also had mutually exclusive and exhaustive
categories. The independent variable of interest was the location of a province and the
specialization of a physician, and both variables were dichotomous. This model does not
assume that the variables have linearity, are normally distributed, or have
homoscedasticity. As a result, the Pearson chi-square test and multinominal logistic
regression were the best fit to predict the dependent variable.

| assessed multicollinearity using SPSS-generated correlation coefficients. As a
general rule, if the tolerance is above 0.1, this indicates no multicollinearity, and the
assumption would, therefore, be met (Robinson, 2021). The correlation coefficient
observed between different variables was 0.985, indicating that the independent variables
were not highly correlated with each other. | also tested multicollinearity using the VIF,
where values of 10 or larger were considered an issue and would violate the assumption.
The VIF value was 1.015. Therefore, both tests confirmed the absence of
multicollinearity, and the independent variables were not highly correlated to each other.

| assessed the presence of strongly influential outliers by looking at the residuals and
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found no strong outliers. The maximum value for Mahalanobis distances was 7.036.
Using a chi-square statistic, the critical value for chi-square with a degree of freedom of 1
at a p-value < .005 was 7.88. Because the maximum distance of 7.036 did not exceed
7.88, this indicates that there were no outliers.

Therefore, all the assumptions for the Pearson chi-square test and multinomial
logistic regression analysis as mentioned above were met in this data analysis.

Results by Research Question

Research Question 1

Research Question 1: Is there an association between the location of provinces
and the type of dispensed insulin glargine prescriptions in South Africa?

Hol — There is no association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.

Hal — There is an association between the location of provinces and the type of
dispensed insulin glargine prescriptions in South Africa.
Bivariate Analysis

The Pearson chi-square test was used to examine the association between the
location of a province and the uptake of biosimilar and originator insulin glargine,
measured by the type of dispensed insulin glargine prescriptions. The crosstabulation
matrix from Table 5 indicated that provinces that were classified as rural had a higher
uptake of originator insulin glargine than urban provinces. Specifically, more than half
(58.8%) of the provinces with higher dispensed prescriptions of originator insulin

glargine were rural provinces and 56.4% were urban provinces. Also, provinces that were
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classified as urban provinces had the lowest uptake of biosimilar insulin glargine.
Specifically, 7.8% of the provinces with the lowest dispensed prescriptions of biosimilar
insulin glargine were urban provinces and 7.9% were rural provinces.

Table 5
Results of Crosstabs for Location of a Province and the Type of Dispensed Insulin

Glargine Prescriptions

Insulin Type* Location of Province Crosstabulation

Location of Province

Rural Urban Total
N % N % N %
Insulin Type Biosimilar 188 7.9 275 7.8 463 7.8
Both 792 33.3 1,261 35.8 2,053 34.8
Originator 1,397 58.8 1,986 56.4 3,383 57.3
Total 2,377 100.0 3,522 100.0 5,899 100.0

Table 6 indicates that the association between the location of provinces and the
type of dispensed insulin glargine prescriptions was not significant X? (2, N = 5,899) =
3.940, p =.139. Since, at the alpha level of .05, there is no significant association
between the location of a province and the type of dispensed insulin glargine
prescriptions, the null hypothesis was retained (Frankfort-Nachmias & Leon Guerrero,

2018).



Table 6
Pearson Chi-Square Test for Location of a Province and the Type of Dispensed Insulin

Glargine Prescriptions
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Value df Asymptotic significance (2-sided)
Pearson chi-square 3.940% 2 139
Likelihood ratio 3.949 2 139
Linear-by-linear 1.816 1 178
association
N of valid cases 5,899

20 cells (,0%) have expected count less than 5. The minimum expected count is 186,57.

Phi and Cramer’s V test indicates the strength of this association (Laureate
Education, 2016). A value of 0 indicates no relationship, and a value of 1 indicates a
strong relationship (Laureate Education, 2016). Since Table 7 indicates a value of .026,
this means there was a very weak relationship between the two variables.

Table 7
Symmetric Measures for Location of a Province and the Type of Dispensed Insulin

Glargine Prescriptions

Approximate

Value significance
Nominal by nominal Phi 026 139
Cramer's V .026 139
N of valid cases 5,899

Research Question 2
Research Question 2: Is there an association between the specialization of a

physician and the type of dispensed insulin glargine prescriptions in South Africa?
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Ho2 — There is no association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.

Ha2 — There is an association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa.
Bivariate Analysis

There was a total of 5,899 physicians who were either specialists or nonspecialists
prescribing insulins. The Pearson chi-square test was used to examine the association
between the specialization of a physician and the uptake of biosimilar and originator
insulin glargine, measured by the type of dispensed insulin glargine prescriptions. The
transform and recode features were used to dichotomize the independent variable, the
specialization of a physician, into two categories: “specialist” and “nonspecialist” to
allow for a better spread of the data and ensure there were more than five counts per cell.

The crosstabulation matrix from Table 8 indicated that the dispensed insulin
glargine prescriptions for the originator came mostly from physicians who were classified
as nonspecialists compared to those who were classified as specialists. Specifically, the
dispensed insulin glargine prescriptions for the originator came from more than half
(60.1%) of the nonspecialists and 44.2% who were specialists. Also, the dispensed insulin
glargine prescriptions for the biosimilar were the least from physicians who were
classified as specialists. Specifically, the dispensed insulin glargine prescriptions for the
biosimilar came from 7% of specialists and 8% of nonspecialists. Furthermore, the
dispensed insulin glargine prescriptions for both, the originator and biosimilar came

mostly from specialists (48.8%), while 31.9% were from nonspecialists.
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Table 8

Results of Crosstabs for Specialization of a Physician and the Type of Dispensed Insulin

Glargine Prescriptions

Insulin Type * Specialization of a Physician Crosstabulation

Specialization of a Physician

Nonspecialist Specialist Total
N % N % N %
Insulin Type Biosimilar 392 8.0 71 7.0 463 7.8
Both 1,556 319 497 48.8 2,053 34.8
Originator 2,933 60.1 450 44.2 3383 57.3
Total 4,881 100.0 1,018 100.0 5,899 100.0

Table 9 showed that the association between the specialization of a physician and
the type of dispensed insulin glargine prescriptions was significant overall X? (2,
N=5,899) = 107.74, p < .001. Using the Pearson Chi-square test, these results show that
there is an association between the specialization of a physician and the type of dispensed

insulin glargine prescriptions. As a result, the null hypothesis was rejected, and the
alternative hypothesis was accepted.

Table 9

Pearson Chi-Square Test for Specialization of a Physician and the Type of Dispensed

Insulin Glargine Prescriptions

Value df Asymptotic significance (2-sided)
Pearson chi-square 107.738 2 2 <.001
Likelihood ratio 104.221 2 <.001
Linear-by-linear 45.509 1 <.001
association
N of valid cases 5899

20 cells (,0%) have expected count less than 5. The minimum expected count is 79,90.
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Also, Phi and Cramer’s V test indicated the strength of this association (Laureate
Education, 2016). Since Table 10 indicates a value of .135, we can conclude that even
though there is an association between the specialization of a physician and the type of
dispensed insulin glargine prescriptions, which is statistically significant at the .05 level,
it is a very weak association.

Table 10
Symmetric Measures for Specialization of a Physician and the Type of Dispensed Insulin

Glargine Prescriptions

Approximate

Value significance
Nominal by nominal Phi 135 <.001
Cramer's V 135 <.001
N of valid cases 5,899

Multivariate Analysis

To address the research question: Is there an association between the location of a
province, the specialization of a physician, and the type of dispensed insulin glargine
prescriptions in South Africa, a multinomial logistic regression analysis was performed to
model the relationship between the independent variables (location of a province,
specialization of a physician) and the dependent variable, uptake of biosimilar and
originator insulin glargine measured by the type of dispensed insulin glargine
prescriptions. A p-value of <.05 was considered significant. The independent variables,
which were nominal, were the factors in the multinomial logistic regression analysis. In

the study, the location of a province (a nominal variable) and the specialization of a
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physician (a nominal variable) were treated as factors. SPSS statistics automatically
defaulted the settings to the last category to be selected as the reference category.
However, this study selected the first category as the reference category. Table 11 shows
the reference categories used for the multinomial logistic regression analysis. The
independent variable, the location of a province, was a dichotomous variable coded as
1=rural and 2=urban. The independent variable, the specialization of a physician, was
also a dichotomous variable coded as 1=nonspecialist and 2=specialist. The dependent
variable, the type of dispensed insulin glargine prescriptions, was a nominal variable
coded as 1=biosimilar, 2=both, and 3=originator.

Table 11

Reference Categories Used for Multinomial Logistic Regression

Variable Reference category
Location of a province (V) Rural
Specialization of a physician (V) Nonspecialist
Type of dispensed insulin glargine Biosimilar

prescriptions (DV)

Table 12 is the case processing table containing the dependent variable and
independent variables. The number under the N column provides the number of
observations fitting the description in the first column. The proportion of valid responses
for each category is listed under the marginal percentage. Table 12 shows 5,899 valid
cases, with zero missing cases. Finally, the subpopulation is a piece of information

provided by the case processing table showing a total of 4 subpopulations in the data.
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Table 12

Case Processing Summary Table

N Marginal percentage (%)
Type of dispensed insulin Biosimilar 463 7.8
glargine prescriptions Both 2,053 34.8
Originator 3,383 57.3
Location of a province Rural 2,377 40.3
Urban 3,522 59.7
Specialization of a physician Nonspecialist 4,881 82.7
Specialist 1,018 17.3
Valid 5,899 100.0
Missing 0
Total 5,899
Subpopulation 4

Table 13 is the Model Fitting Table which indicates whether the variables that
were added, statistically significantly improved the model compared to the intercept
alone (i.e., with no variables added) using an alpha less than .05. The logistic regression
model was statistically significant (2 = 104.750, p<.001) as shown in the table. The
results mean that the full model statistically significantly predicts the dependent variable,
the type of dispensed insulin glargine prescriptions, better than the intercept-only model
alone.

Table 13

Model Fitting Table

Model fitting criteria Likelihood ratio tests
-2 log Chi-
Model AIC BIC likelihood square df Sig.

Interceptonly 171.791  185.156 167.791
Final 75.041  115.136 63.041 104.750 4 <.001
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The Pseudo R Square indices in Table 14 indicate the proportion of variance that

can be explained by the model using Cox and Snell, Nagelkerke, and McFadden. The
indices from Cox and Snell (.018) Nagelkerke (.021), and McFadden (.010) confirmed
that the model accounts for 1.0 % to 2.1% of the variance. These low values show that

the independent variables do not explain much of the variation of the dependent variable.

Table 14

Pseudo R-Square Table

Cox and Snell .018
Nagelkerke 021
McFadden .010

The Likelihood Ratio Test shows which of the independent variables are
statistically significant. It provides an overview of how well the independent variables
contribute to the model using an alpha = .05 (Laerd Statistic, 2018). In Table 15, the
location of a province (p = .768) was not statistically significant while the specialization
of a physician (p =<.001) was statistically significant. The result shows that only the

predictor of specialization of a physician contributed significantly to the final model.
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Table 15

Likelihood Ratio Tests Table

Model fitting criteria Likelihood ratio tests
-2 log
AIC of BIC of likelihood of
reduced reduced reduced Chi-
Effect model model model square df Sig.
Intercept 75.041 115.136 63.041° .000 0 :
Location of a 71.570 98.300 63.570 529 2 .768

province

Specialization of  171.842 198.572 163.842  100.801 2 <.001
a physician

Note. The chi-square statistic is the difference in -2 log-likelihoods between the final
model and a reduced model. The reduced model is formed by omitting an effect from the
final model. The null hypothesis is that all parameters of that effect are 0.

& This reduced model is equivalent to the final model because omitting the effect does not

increase the degrees of freedom.

Table 16 presents the parameter estimates which are also known as the
coefficients of the model. Each dummy variable has a coefficient for the location of a
province variable and the specialization of a physician variable. As there were three
categories of the dependent variable (biosimilar, originator, or both), the table shows two
sets of logistic regression coefficients. The first set of coefficients is found in the "Both"
row (representing the comparison of both the biosimilar and originator category to the
reference category of Biosimilars only). The second set of coefficients is found in the
"Originator" row (this time representing the comparison of the Originator-only category

to the reference category of Biosimilars only). From Table 16 “Location of a Province"
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for both sets of coefficients is not statistically significant (Wald = .064, P =.800) and

(Wald = .023, P = .879) respectively at an alpha level of .05. For "Specialization of a
Physician™ the first sets of coefficients which are found under the “Both” category is
statistically significant (Wald = 16.202, P < .001) while the second set of coefficients is
not statistically significant (Wald = 1.374, P = .241) at an alpha level of .05. Therefore,
the only coefficient that is statistically significant is for the specialization of a physician
variable under the second set of coefficients for the “Both” category. It is [Specialization
of a Physician = 1 (nonspecialist] (p < .001), which is a dummy variable representing the
comparison between a "nonspecialist” and "specialist" regarding dispensed insulin
glargine prescriptions. The 95 % confidence interval with an odds ratio (Lower Bound
433 and Upper Bound .749) is less than one. Hence, the model has less risk of
prescribing both, rather than prescribing the biosimilar only. The sign of the coefficient is
negative (b = -.563), indicating that nonspecialists compared to specialists are less likely
to prescribe both the biosimilar and originator rather than the biosimilar only.
Specifically, the odds for nonspecialists are approximately 43.1% lower than the odds for
specialists to prescribe both instead of the biosimilar.

Therefore, for Research Question 1, based on the results of the multinomial
logistic regression test, the null hypothesis is accepted, denoting, that there is no
significant association between the location of a province and the type of dispensed
insulin glargine prescriptions in South Africa. For Research Question 2, based on the

results of the multinomial logistic regression test, the null hypothesis is rejected,
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denoting, that there is a significant association between the specialization of a physician
and the type of dispensed insulin glargine prescriptions in South Africa.

Table 16

Parameter Estimate Table: Type of Dispensed Insulin Glargine Prescriptions

95% confidence interval
for Exp(B)
Type of dispensed insulin Std. Lower Upper
glargine prescriptions 2 B Error Wald df Sig. Exp(B) bound bound
Both Intercept 1953 130 225421 1 <.001

[Location of a -.027 .106 .064 1 800  .974 791 1.198
province = 1

(Rural)]

[Location of a v . . 0

province = 2

(Urban)]

[Specialization ofa -563 .140 16.202 1 <.001 .569 433 749
physician = 1

(Nonspecialist)]

[Specializationofa  Q° : . 0

physician = 2

(Specialist)]

Originator Intercept 1.842 .131 198.796
[Location of a .015 .102 .023
province=1 (Rural)]

[Location of a ov . : 0
province=2
(Urban)]
[Specializationofa .164 .139 1.374 1 241 1.178 .896 1.548
physician=1
(Nonspecialist)]
[Specialization ofa QY . . 0
physician=2
(Specialist)]
a The reference category is biosimilar. ® This parameter is set to zero because it is redundant.

-

<.001
879  1.016 .832 1.239

-

Summary
The secondary data collected for this research was used to determine whether an
association exists between the dependent variable which was the uptake of biosimilar and

originator insulin glargine, measured by the type of dispensed insulin glargine
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prescriptions, and the independent variables, i.e., the location of a province and the
specialization of a physician. The findings from this study can be used to inform
physicians, healthcare professionals, and policymakers about the uptake of affordable
alternative biosimilar insulin glargine treatment as they make prescribing and formulary
decisions that affect the health outcomes of patients.

Performing this quantitative study confirms the need for ongoing future studies
involving newly qualified physicians and healthcare professionals as they navigate the
healthcare system of unaffordable insulin therapy and start to prescribe insulin to
patients.

The nationally dispensed prescription data for insulin glargine that was collected
for the full year period of 2018 was analyzed using IBM SPSS V. 28.0. The prescription
data from 5,899 physicians in South Africa was used in this study’s analysis, and the
results were presented using tables and figures. The data needed to be recoded to meet the
assumptions of the Pearson Chi-square test and a descriptive analysis of the variables was
also conducted. The descriptive analysis showed that most of the physicians were
nonspecialists, i.e., general medical practitioners, the majority of the provinces were of
urban location, and the type of dispensed insulin glargine prescriptions was mostly for the
originator and least for the biosimilar.

This section also gave a detailed evaluation of the statistical results for each
research question. In summary, a Pearson chi-square test and multinomial logistic
regression analysis were used to evaluate the two research questions. For Research

Question 1, both the Pearson chi-square test and multinomial logistic regression analysis
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indicated that the location of a province was not significantly associated with the type of
dispensed insulin glargine prescriptions in South Africa. For Research Question 2, both
the Pearson chi-square test and multinomial logistic regression analysis indicated that the
specialization of a physician was significantly associated with the type of dispensed
insulin glargine prescriptions in South Africa.

Section 4 will include an interpretation of the findings and how the findings relate
to the literature review presented in Section 1, the appropriateness to the theoretical
framework, the study’s limitations, recommendations for future research, and social

change implications.
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Section 4: Application to Professional Practice and Implications for Social Change
Introduction

The purpose of this quantitative, nonexperimental, correlational study was to
assess the uptake of biosimilar and originator insulin glargine among physicians in South
Africa by examining whether there is an association between the location of a province,
specializations of a physician, and the type of dispensed insulin glargine prescriptions
(i.e., biosimilar, originator, or both). Furthermore, this study helped gain further
understanding of a new yet grey area of the South African population’s access to
alternative biosimilar insulin glargine and determine whether physicians chose the
originator or biosimilar insulin when both were available.

This study was conducted to inform policymakers to formulate policies that
support the uptake of biosimilar insulins to all populations in the different provinces of
South Africa. Furthermore, healthcare professionals can be supported through
educational strategies to better manage patients with diabetes and ensure access to
affordable biosimilar insulin treatment for patients through the implementation of
policies. Findings from this study can also provide important and necessary information
used for making informed decisions for patients diagnosed with diabetes and will justify
the attention needed for diabetes treatment. These findings can also inform patients with
diabetes about affordable and alternative options to manage their diabetes. By taking
these actions, policymakers, public health practitioners, and healthcare professionals may
be able to improve the overall health of patients with diabetes, ensuring that insulin is

made available to all populations in South Africa at affordable prices, resulting in lower
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morbidity and mortality at the population level and improving population health and the
health of communities in a country where diabetes is rampant (World Health
Organization African Region, 2023).

The data for this study were analyzed using the Pearson chi-square test and
multinominal logistic regression analysis using the nationally representative pharmacy-
dispensed prescription data for the full-year period of 2018 for insulin glargine (Babbie et
al., 2017). The independent variables included (a) the location of a province (urban, rural)
and (b) the specialization of a physician (diabetes specialists, general medical
practitioners, pediatricians, cardiologists, and family physicians). The dependent variable
was the uptake of biosimilar and originator insulin glargine, measured by the type of
dispensed insulin glargine prescriptions (originator, biosimilar, both) for the full-year
period of 2018.

Descriptive analysis showed that most of the physicians (81.9%) were general
medical practitioners, 12.5% were diabetes specialists, 2.7% were cardiologists, 2.0%
were pediatricians, and 0.8% were family physicians. The majority of the provinces were
urban (59.7%), while 40.3% of the provinces were rural. Also, 57.3% of dispensed
insulin glargine prescriptions were for the originator, 34.8% were for both the originator
and biosimilar, and 7.8% were for the biosimilar.

Statistical analysis using the Pearson chi-square test showed that provinces that
were classified as rural had a higher uptake of originator insulin glargine than urban
provinces. Specifically, more than half (58.8%) of the provinces with higher dispensed

prescriptions of originator insulin glargine were rural provinces and 56.4% were urban
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provinces. Also, provinces that were classified as urban provinces had the lowest uptake
of biosimilar insulin glargine. Specifically, 7.8% of the provinces with the lowest
dispensed prescriptions of biosimilar insulin glargine were urban provinces and 7.9%
were rural provinces. Additionally, the dispensed insulin glargine prescriptions for the
originator came mostly from physicians who were classified as nonspecialists compared
to those who were classified as specialists. Specifically, the dispensed insulin glargine
prescriptions for the originator came from more than half (60.1%) of the nonspecialists
and 44.2% who were specialists. Also, the dispensed insulin glargine prescriptions for the
biosimilar were the least from physicians who were classified as specialists. Specifically,
the dispensed insulin glargine prescriptions for the biosimilar came from 7% of
specialists and 8% of nonspecialists. Furthermore, the dispensed insulin glargine
prescriptions for both, the originator and biosimilar came mostly from specialists
(48.8%), while 31.9% were from nonspecialists.

Finally, statistical analysis using multinomial logistic regression showed no
statistically significant association between the location of a province and the type of
dispensed insulin glargine prescriptions in South Africa. However, analysis of the dataset
for the specialization of a physician showed statistical significance between the
specialization of a physician and the type of dispensed insulin glargine prescriptions in
South Africa. The logistic regression model was also statistically significant (y2 =
104.750, p < .001). More specifically, as shown in Table 16 in Section 3, under the odds

ratio, the odds for nonspecialists [Exp(B) = .569] were approximately 43.1% lower than
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the odds for specialists to prescribe both the biosimilar and originator insulin glargine
instead of the biosimilar only.

Findings in Relation to the Literature
Uptake of Biosimilar and Originator Insulin Glargine by Specialization

Consistent with the literature, | found that a physician's specialization was
significantly associated with the uptake of biosimilar and originator insulin glargine.
Global studies have shown that biosimilar utilization by physicians varied, limiting their
uptake, and studies by Graham-Clarke et al. (2020), Kurki et al. (2021), and Richter et al.
(2023) found that many healthcare providers still preferred the originator. This was
consistent with my study, whereby in South Africa, the utilization of biosimilar and
originator insulin glargine also varied among physicians (i.e., 57.3% of dispensed insulin
glargine prescriptions were for the originator, 7.8% were for the biosimilar, and 34.8%
were for both the originator and biosimilar).

Also, Krstic et al. (2022) found that the specialists' and nonspecialists' use of
biosimilars varied in other countries, such as Switzerland and even though specialists in
rheumatology, gastroenterology, and immunoallergology were familiar with biosimilars
and were confident in using them, the nonspecialist (i.e., general physicians) still lacked
an understanding of biosimilars in relation to the originator medicine. Contrary to the
literature, in South Africa, physicians who were classified as nonspecialists (general
medical practitioners, family physicians) were more likely to prescribe biosimilar insulin

glargine than those who were specialists (cardiologists, pediatricians, diabetes
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specialists). Even though nonspecialists were mostly prescribing biosimilars, the uptake
was still very low (8.0%) compared to the originator (60.1%).

Additionally, studies by Chong et al. (2022), Herndon et al. (2021), and Mysler et
al. (2021) found that even specialists who were not concerned about biosimilar safety still
preferred to use the originator medicine instead of the biosimilar. This was consistent
with this study, whereby specialists were more likely to prescribe the originator (44.2%)
compared to the biosimilar (7.0%). However, to extend the knowledge in the discipline,
this study showed that in South Africa, specialists were more likely to prescribe both the
originator and biosimilar (48.8%) instead of the biosimilar only (7.5%). Also, the odds
for nonspecialists were approximately 43.1% lower than the odds for specialists to
prescribe both the biosimilar and originator insulin glargine instead of the biosimilar
only.

Finally, Tachkov et al. (2021) found that biosimilar insulin has not been widely
used compared to its originator insulin worldwide. Even in the United Kingdom, there
was a reluctance among physicians to embrace this innovation (Chaplin, 2021). This is
consistent with this study, which shows that even in South Africa, the uptake of
biosimilar insulin glargine is low (7.8%) compared to its originator (57.3%). Park et al.
(2020) stated that physicians were reluctant to use biosimilars, which is consistent with
this study and shows that physicians in South Africa are also laggards and slow in

adopting the use of biosimilars.
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Uptake of Biosimilar Insulin Glargine in Different Parts of a Country

Moorkens et al. (2020) found that biosimilar uptake was much lower in the
eastern parts of Germany compared to the western parts, indicating that biosimilar uptake
can vary significantly between regions of the same country. This was contrary to what
was found in this study. Despite biosimilar uptake being lower in urban provinces (Free
State, Gauteng, Northern Cape, and Western Cape) compared to the rural provinces
(Eastern Cape, KwaZulu Natal, Limpopo, Mpumalanga, and North-West) in South
Africa, no statistically significant association was found for the uptake of biosimilar and
originator insulin glargine by location of provinces.

Analyzing and Interpreting the Findings with Regard to the Theoretical Framework

For this research study, | referenced the diffusion of innovation theory. As it
applies to the diffusion of innovation theory, | considered the role that innovation plays in
treating medical conditions, i.e., diabetes. Additionally, with regard to early adopters or
laggards, | took into account the uptake of the innovation of biosimilar insulin glargine
amongst physicians in South Africa and discussed the findings in light of this theory.
Even though in reality, | did not test any variables for the diffusion of innovation theory,
conceptually, there are aspects of this study that looked at this theory.

The diffusion of innovation theory is based on how new innovations spread
throughout societies from the time they are introduced until they become widely adopted
and states that it is often quite difficult to accept an innovation, even when the innovation
brings apparent advantages (Rogers, 1962). Certain innovations may have an advantage

over what currently exists. Due to biosimilar insulin glargine being an affordable
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alternative to expensive originators, it could broaden access to treatment for people
suffering from diabetes.

This study’s results indicated that the social constructs of innovation, relative
advantage, and time were associated with the uptake of biosimilar insulin glargine. As it
applies to this study, the diffusion of innovation theory was used to examine the uptake of
biosimilar insulin glargine by physicians in South Africa by evaluating the type of
dispensed insulin glargine prescriptions. The results of this study supported this theory
and indicated that the innovation of biosimilar insulin glargine, even though it had the
relative advantage of cost-effectiveness, had a low uptake over two years from the time it
was launched into the market. It was difficult to get this innovation adopted into the
market despite its advantages. A physician’s acceptance of innovative biosimilars was
low in South Africa based on the type of insulin glargine being prescribed. This low
adoption shows that physicians in South Africa are laggards rather than early adopters of
biosimilar insulin glargine and they continue to rely on the traditional, originator insulin
glargine until it is no longer available or unless they are forced to adopt the new
innovation (Rogers, 1962).

Limitations of the Study

This quantitative, correlational, secondary analysis study design used the
nationally representative pharmacy-dispensed prescription data for the full-year period of
2018 for insulin glargine to assess the association between the location of a province,
specialization of a physician, and type of dispensed insulin glargine prescriptions in

South Africa (Babbie et al., 2017).
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The first limitation of this study was related to the use of secondary data that were
not collected to specifically answer my research hypotheses. Therefore, | had no control
over the methodology used to collect the data and their reliability in answering my
specific research questions. The dataset lacked some variables that may have added value
to the study, such as demographic factors of physicians' age and gender, which were not
in the dataset. When interpreting the analysis of pharmacy-dispensed prescription data, it
was also important to consider that multiple physicians with different levels of expertise
were contributing to the prescribing data. However, while pharmacy-dispensed
prescription data included information on the specialization of a physician, it did not
contain information on the number of years of experience the physician possessed (Stein
etal., 2014).

The second limitation was the design of the study. This quantitative, correlational
study design was used to test for expected relationships between and among variables but
did not relate to causation (Gerstman, 2015). It also analyzed data over one year and
could not show changes in uptake over many consecutive years. Also, the way the
variables were given in the dataset was mostly nominal; this was a limitation of the
proposed statistical analysis plan of multiple linear regression, which needed continuous
variables. Therefore, | had to change the analysis plan from multiple linear regression to
multinomial logistic regression. Furthermore, the control variable (i.e., the length of time
that an insulin was on the market) could not be used as initially planned because there

was no difference in the length of time that the insulin was on the market for urban and



86

rural provinces and the specialization of physicians. Therefore, the control variable had to
be removed from the analysis.

A third limitation of this study was related to the generalization of the results
across other settings. To be able to generalize findings across people and settings, the
results should not be limited to a single population. Data from the nationally
representative pharmacy-dispensed prescription dataset for 2018 for insulin glargine are
population-level data generalizable to the South African population only and will,
therefore, restrict the findings to the South African population.

Recommendations for Future Research

The research study investigated the association between the location of a
province, the specialization of a physician, and the type of dispensed insulin glargine
prescriptions in South Africa. However, this study lacked demographic variables and
control variables, such as the age and gender of a physician as well as variables that could
be valuable to this study, such as the number of years of experience of a physician. As a
result, I recommend that future studies use additional sociodemographic variables and
control variables to investigate if the effect of a physician’s age, gender, and years of
experience impacts the uptake of biosimilar and originator insulin glargine significantly.
The use of these additional factors may provide more context on the uptake of biosimilar
insulin glargine among physicians in South Africa. Also, the inclusion of control
variables in future studies will enhance the study's internal validity while controlling for

other extraneous variables (Burkholder et al., 2020).
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For this study, a correlational design was chosen as it could be performed quickly
and conveniently. However, another recommendation for future studies is to implement a
longitudinal study design. By using a longitudinal study design, researchers could better
understand how the prescribing behavior of a physician may change over time.
Furthermore, future studies should focus on newly qualified physicians and the uptake of
biosimilar insulin glargine. This will help design and implement educational initiatives
targeted at entry-level physicians. Newly qualified physicians may not be familiar with
the differences between originator and biosimilar medicines, as this is a fairly new and
complex area. As a result, an educational intervention targeting newly qualified
physicians will help them understand biosimilars and their advantages. Therefore, future
research should explore the uptake of biosimilar insulins among physicians who are
prescribing insulins and who identify as newly qualified physicians. Finally, a
recommendation for future research is related to the generalizability of the findings.
Researchers could conduct this study in other countries on the African continent and
compare the results of the studies.

Application to Professional Practice and Implications for Social Change

Professional Practice

Physicians are the first point of contact for patients in the treatment of diabetes,
which requires the prescription of scheduled insulin treatment. A patient's acceptance of
any type of insulin is reliant on their physician's knowledge and support about the
medicine because patients depend heavily on their physicians to prescribe the most

appropriate medicine for them (Khoo et al., 2023; Scherlinger et al. 2019). Physicians
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need to be able to explain to patients about biosimilar insulins, especially how they
compare and differ from the originator.

This study’s findings can be helpful for physicians, patients, policymakers, and
other key stakeholders since there was a statistically significant association between the
specialization of a physician and the uptake of biosimilar and originator insulin glargine,
measured by the type of dispensed insulin glargine prescriptions. Therefore, physicians
and other stakeholders should address physicians' uptake of biosimilar insulin glargine to
broaden treatment access.

For physicians to be able to improve the uptake of biosimilar insulin glargine with
their patients they first need to be empowered with knowledge of the biosimilar. Also,
access to medicine requires a multidisciplinary team approach and physicians play a key
role as prescribers in this process. At an academic level for upcoming physicians and a
continuing professional development level for qualified physicians, Universities, and the
Department of Education with assistance from pharmaceutical companies can implement
educational interventions on biosimilar medicines to increase physicians' knowledge and
awareness of biosimilar insulins. Such educational interventions can help physicians with
the knowledge they require to make informed decisions about affordable alternative
treatment options for patients with diabetes (Trickett et al., 2011). This is important in
addressing the public health problem of access to lifesaving treatment for all populations

in South Africa and reducing the economic burden associated with diabetes treatment.
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Positive Social Change

This study’s findings may lead to positive social change implications by
formulating policies and educational strategies to support the uptake of biosimilar insulin
glargine, making insulin available to all populations in South Africa, and resulting in
lower morbidity and mortality at the population level.

Specifically, the findings from the current study may help policymakers,
healthcare professionals, the Department of Health and the Department of Education
understand the uptake of affordable alternative insulin for the treatment of diabetes in
South Africa. Having a better understanding of the uptake of biosimilar and originator
insulin glargine in South Africa will translate into significant positive social change
among public health practitioners and healthcare professionals in improving the
utilization of alternative biosimilar insulin in the country. Specifically, public health
practitioners can use this study’s information to inform policymakers to formulate
policies that support the uptake of biosimilar insulins to all populations in the different
provinces of South Africa. Also, the Department of Health in collaboration with
policymakers can form partnerships to evaluate the advantages of cost-effective
alternative biosimilar insulin treatment from an economic standpoint, thereby formulating
policies that support the uptake of biosimilar insulins and broadening access to alternative
affordable treatment opportunities for patients (Marmot, 2005; Galea et al., 2013).

Furthermore, healthcare professionals can be supported through educational
strategies to better manage patients with diabetes. By taking these actions, public health

practitioners and healthcare professionals may be able to enhance the health of patients
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with diabetes, ensuring that insulin is made available to all populations in South Africa at
affordable prices, and improving population health and the health of communities in the
country.

Conclusion

This quantitative, correlational study, examined the relationship between the
location of a province, the specialization of a physician, and the uptake of biosimilar and
originator insulin glargine, measured by the type of dispensed insulin glargine
prescriptions in South Africa. Descriptive analysis showed that the type of dispensed
insulin glargine prescriptions for biosimilar insulin glargine was lower than for the
originator insulin glargine, indicating a low uptake of biosimilar insulin glargine among
physicians in South Africa. Additionally, multinomial logistic regression analysis showed
that there was a significant association between the specialization of a physician and the
type of dispensed insulin glargine prescriptions in South Africa but not for the location of
a province. Even though the results showed that nonspecialists compared to specialists
were less likely to prescribe both the biosimilar and originator compared to the biosimilar
only, the type of dispensed insulin glargine prescriptions for the biosimilar was still very
low by nonspecialists.

Studies have indicated that globally biosimilar insulin has not been widely used
compared to its originator insulin and biosimilar uptake was slow across many countries
and therapeutic areas. Studies have also indicated that there was a reluctance among
physicians to embrace this innovation and that a physician’s comfort with originators

posed a problem with using biosimilars for their patients to the extent that, even though
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some patients were prescribed biosimilars, the majority of patients were still prescribed
the originator.

The application of the diffusion of innovation theory was important in
understanding the utilization of biosimilar insulin glargine in the South African
population. This theory was used to examine the uptake of biosimilar insulin glargine by
physicians in South Africa by evaluating the type of dispensed insulin glargine
prescriptions in the country. The results of this study supported this theory and found that
the innovation of biosimilar insulin glargine, even though it had the relative advantage of
cost-effectiveness, had a low uptake over the two years from the time it was launched
into the market. It was difficult to get this innovation adopted despite its advantages. A
physician’s acceptance of innovative biosimilar insulin was low in South Africa based on
the type of insulin glargine being prescribed. This low adoption showed that physicians in
South Africa are laggards rather than early adopters of biosimilar insulin glargine and
continue to rely on the traditional, originator insulin glargine until it is no longer
available or unless they are forced to adopt the new innovation (Rogers, 1962).

Therefore, this study was conducted to inform policymakers to formulate policies
that support the uptake of biosimilar insulins to all populations in the different provinces
of South Africa. Furthermore, healthcare professionals can be supported through
educational strategies to better manage patients with diabetes and to broaden access to
alternative biosimilar insulin treatment for patients through the implementation of
policies. Such policy changes and interventions can help improve population health and

the health of communities in a country where diabetes has become a silent killer.
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