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Abstract
There are unsuccessful treatment outcomes with Tuberculosis (TB) disease, although
effective therapies exist. This study aimed to identify predictors of unsuccessful treatment
using the socioecological model. A quantitative cross-sectional study and multinomial
logistic regression analysis were used to measure the associations between long-term care
(LTC), homelessness, correctional facility, Human Immunodeficiency Virus (HIV),
diabetes, excess alcohol, illicit drug use, and TB treatment outcomes of death, lost to
follow-up, and treatment refusal. The sample consisted of 7,589 individuals aged 15 and
older with pulmonary TB between 2017 and 2021, residing in California, Ohio, and
Maryland. Findings indicated a correlation between community factors (LTC,
homelessness, correctional facility), individual factors (HIV, illicit drugs), and TB
treatment outcomes. Homelessness was a predictor of death (Exp(B)=1.75, 95% CI :1.24-
2.48, p=.001), loss to follow-up (Exp(B)=4.55,95% CI: 2.82-7.33; p<.001) and treatment
refusal (Exp(B)=3.24,95% CI:1.42-7.37, p=.005). Positive HIV was associated with
death (Exp(B)=2.10,95% 1.24-3.56,p =.005). The results of this study will inform
stakeholders about the risk factors for unsuccessful treatment outcomes and lead to
positive social change by improving treatment outcomes for populations experiencing

disparities.
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Chapter 1: Study Overview

Although tuberculosis (TB) outcomes have greatly improved, there are still
unsuccessful treatment outcomes, especially among individuals who excessively
consume alcohol, use illicit drugs, experience homelessness, have diabetes, and human
immunodeficiency viruses (HIV) (Holden et al., 2019; Holden et al., 2020; Lee-
Rodriguez et al., 2020; Korhonen et al., 2020). According to the Centers for Disease
Control and Prevention (CDC, 2024), TB incidence rates in the United States decreased
steadily from 1993 to 2020, reaching 2.2 per 100,000 population (Figure 1). During the
COVID-19 pandemic in 2020, TB rates decreased to 2.2 per 100,000 from 2.7 per
100,000 in 2019.
Figure 1

TB Cases and Incidence Rates, United States, 1993-2023
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Note. Reported Tuberculosis in the United States 2023. https:/www.cdc.gov/tb-

surveillance-report-2023/summary/national.html

TB rates in the United States increased after 2020 to 2.4 per 100,000 in 2021 and
2.5 per 100,000 in 2022. By 2023, TB rates in the United States had increased to 2.9 per
100,000 (CDC, 2024b; Deutsch-Feldman et al., 2021). Overall, TB incidence rates
increased from 2021 to 2023. In 2023, TB incidence rates were above the pre-pandemic
rate of 2.7 in 2019 (CDC, 2024b).

TB mortality rates were 0.2 per 100,000 (rn = 602) in 2022, representing a 6.5%
decrease from 2021 (CDC, 2024b; CDC, 2024d). Overall, TB mortality continues to
decrease, although there were increases in the number of deaths in 2020 and 2021 (see
Figure 2).

Figure 2

TB-Related Deaths and Mortality Rates in the United States, 1993-2022

TB-Related Deaths” and Mortality Rates, United States, 19932022
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https://www.cdc.gov/tb-surveillance-report-2023/summary/national.html
https://www.cdc.gov/tb-surveillance-report-2023/summary/national.html

Note. Reported Tuberculosis in the United States 2023. https:/www.cdc.gov/tb-

surveillance-report-2023/summary/national.html

In 2021, the most recent year for which data on TB treatment completion were
available, 86.8% of patients completed treatment within 1 year, while 6.2% completed
treatment after 1 year in the United States (CDC, 2021b). The target for TB treatment
completion in the United States is 95% by 2025. In addition to below-target TB treatment
completion rates, “lost to follow-up”, death, and adverse reactions to treatment are other
indicators of unsuccessful TB treatment outcomes (National Tuberculosis Surveillance
System [NTSS], 2015). Diagnosis and successful treatment are crucial components of TB
disease elimination in the United States, as unsuccessful outcomes can lead to death, drug
resistance, and disease recurrence (Alsayed & Gunosewoyo, 2023; Schildknecht et al.,
2023).

This study involved identifying and measuring risk factors for unsuccessful TB
treatment outcomes among confirmed TB cases in the United States. The study is crucial
because it contributes to understanding the risk factors associated with poor TB treatment
outcomes.

It is essential to address underlying risk factors associated with unsuccessful
treatment outcomes among high-risk populations in the United States. This includes risk
factors for unsuccessful TB treatment outcomes and targeted interventions to improve
treatment success. | aimed to measure associations between risk factors (LTC residency
at diagnosis, correctional facility at diagnosis, homelessness within the past 12 months,

HIV, diabetes, excess alcohol consumption within the past 12 months, and illicit drug use


https://www.cdc.gov/tb-surveillance-report-2023/summary/national.html
https://www.cdc.gov/tb-surveillance-report-2023/summary/national.html

within the past 12 months ) and TB treatment outcomes in California, Ohio, and
Maryland. Advances in TB treatment outcomes will lead to positive social change in the
United States in terms of programs to reduce unsuccessful treatment outcomes among at-
risk populations.

Chapter 1 introduces the study, including background information, a problem
statement, research questions and hypotheses, a theoretical framework, the nature of the
study, definitions of key terms, assumptions, scope and limitations, the study's
significance, and a summary.

Background

TB remains one of the deadliest conditions caused by an infectious disease, with
1.6 million deaths globally in 2021 (WHO, 2022). It is caused by the bacterium
Mycobacterium tuberculosis (MTB) and can lead to zoonotic diseases in animals and
non-zoonotic diseases in humans (WHO, 2022). The focus of this study was PTB in
humans. There are two types of TB: inactive via latent tuberculosis infections (LTBIs),
and active TB (Cleveland Clinic, 2025). TB can exist in different forms because it can
infect other sites and organs of the human body. Extrapulmonary TB involves infection
of TB outside the pulmonary system, while pulmonary TB affects the lungs and is the
most common site of TB infection in humans (Cleveland Clinic, 2025; WHO, 2022).
Symptoms associated with pulmonary TB include night sweats, weight loss, persistent
cough, fever, and fatigue (Cleveland Clinic, 2025; WHO, 2022). PTB is transmitted via
respiratory droplets and requires airborne isolation to limit its spread. In exposure

settings, quarantine of cases is essential to prevent person-to-person transmission.
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Diagnosis of TB requires assessment of clinical presentations and laboratory tests.
Screening tests for MTB include the Mantoux Tuberculin Skin Test and interferon-
gamma release assay, which detect both active and latent infections. Sputum tests include
Acid Fast Bacilli (AFB), which test sets of sputum for MTB. Blood tests include MTB
Polymerase Chain Reaction, which detects MTB nucleic acid. Additionally, microscopy
tests can be used to verify the presence of microorganisms once they have been isolated
from cultures. Additionally, imaging tests, such as chest X-rays, may reveal disease in the
lungs and pulmonary system and are used in conjunction with other tests to confirm a TB
diagnosis (Mayo Clinic, 2025).

Treatment for TB varies based on patient factors, type of TB, whether the disease
is active or latent, and susceptibility or resistance to medication. Treatment can last 4 to 9
months (CDC, 2025a; Saukkonen et al., 2024). Four monthly regimens include isoniazid
(INH) and rifampin (RIF, a proxy for rifapentine), pyrazinamide (PZA), and
fluoroquinolones (CDC, 2025b). Six- to nine-month regimens include RIF, INH, PZA,
and ethambutol (EMB), collectively referred to as the "RIPE" regimen (CDC, 2025b;
Saukkonen et al., 2024). TB-sensitive strains are easily treatable via first-line TB therapy.
Multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB may require
second-line drugs or more extended treatment regimens (Saukkonen et al., 2024).
Although TB treatment is effective, unsuccessful treatment outcomes persist among high-
risk groups such as individuals with HIV and diabetes, who have increased TB mortality
rates (Armstrong et al., 2020; Houck et al., 2023; Lee-Rodriguez et al., 2020; Nguyen et

al., 2019).



Although the most sensitive strains of TB are curable via therapy, unsuccessful
outcomes associated with the disease persist. Successful TB treatment is crucial to TB
control and global efforts to eliminate the disease. Incomplete TB treatment leads to
resistant strains, disease recurrence, and unsuccessful prognosis, especially among
patients with comorbidities (Alsayed & Gunosewoyo, 2023; Schildknecht et al., 2022). In
low-transmission settings such as the United States, some groups, such as PEHs, people
with excessive alcohol habits, those with HIV, and diabetic cases, are at increased disease
risk and experience unsuccessful treatment outcomes when compared to the general
population (Crosby et al., 2019; Holden et al., 2019; Houck et al., 2023; Pradipta et al.,
2019).

Specific clinical and demographic risk factors influence TB treatment outcomes.
TB treatment completion rates have leveled off since 2009 in the United States, but there
are still groups that experience disparities in terms of TB treatment outcomes (Armstrong
et al., 2020; Nguyen & Graviss, 2019a; Wu et al., 2022). Individuals demonstrating
unsuccessful treatment outcomes include those who are 65 and older, male, homeless,
drug users, have diabetes, and excessively consume alcohol (D1 Gennaro et al., 2022;
Holden et al., 2019; Houck et al., 2023; Korhonen et al., 2020; Wu et al., 2022).
Understanding and targeting risk factors associated with unsuccessful treatment
outcomes, including mortality, are crucial to successful cure and control, as well as
elimination of TB.

Persons experiencing homelessness were more likely to have less access to care,

which was linked with late symptom recognition and delays involving receiving care and
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diagnosis, which led to unfavorable treatment outcomes (Agarwal et al., 2019; Lui et al.,
2020). Additionally, death and delays in TB treatment resulted from HIV and weakened
immunity in some cases (Coorey et al., 2022; Houck et al., 2022; Nguyen & Graviss,
2019a; Schechter et al., 2018). Diabetic patients experience increased mortality; however,
mortality among patients with TB and diabetes comorbidity is not well understood,
although some studies have cited synergic effects that may be responsible for increased
mortality and morbidity in these cases. For persons who excessively consume alcohol, the
probability of unsuccessful TB treatment increases by 10-20% over those who do not
consume or moderately consume alcohol (Ragan et al., 2020; Wigger et al., 2022).

The WHO recommended that states with low TB incidences (<10 cases per
100,000) should focus on vulnerable groups, including people experiencing
homelessness, those with HIV, and alcohol users. Specific sociodemographic and clinical
risk factors are associated with unsuccessful treatment outcomes. Age greater than 65,
male gender, homelessness, diabetes, excess alcohol consumption, and HIV were
associated with unsuccessful treatment outcomes (Di Gennaro et al., 2022; Holden et al.,
2019; Houck et al., 2023; Korhonen et al., 2020; Wu et al., 2022).

In 2021, the US TB incidence rate was 2.4 per 100,000, and in 2020, the TB
incidence rate was 2.2 per 100,000 population, representing approximately a 9.4%
increase from 2020 (CDC, 2024d; Filardo et al., 2022). The proportion of U.S. TB
patients eligible for <I2-month therapy who completed treatment within one year rose
from 63.4% in 1993 to about 89.9% in 2019. However, by 2021, the most recent year

with complete data, only 86.8% completed therapy within one year, the lowest such rate



since 2008 (CDC, 2021a). There is a need to identify factors that are responsible for
unsuccessful treatment outcomes to improve national TB goals. This study aligns with
global goals to eliminate TB and improve outcomes for people with TB.

I aimed to address the knowledge gap regarding risk factors or predictors of
unsuccessful TB treatment outcomes (see Table 1), which presents definitions of TB
outcomes from the National TB Surveillance System (NTSS). I focused on California,
Ohio, and Maryland, which all had treatment outcomes that were below the national
average from 2017 to 2019 and the 2025 target of 95% treatment completion rates, as
determined by the CDC. I examined data from 2017 to 2021 and determined associations
between community factors, individual risk factors, and TB treatment outcomes. I
selected participants who were positive for pulmonary TB (PTB) within selected
locations.

Table 1

TB Treatment Outcomes and Definitions Used by the NTSS

Treatment Outcome Definition
Completed The primary reason therapy was ended
and not resumed b/c therapy was
completed.
Died Primary reason therapy was ended and
not resumed b/c the patient died.
Lost Primary reason therapy was ended and

not resumed b/c patient lost to follow-up

Adverse Primary reason therapy was ended and
not resumed b/c of an adverse treatment
event

Moved Discontinued - The primary reason

therapy was ended and not resumed was
that the patient moved.




Other Primary reason therapy was ended and
not resumed b/c of some other reason.
Refused Primary reason therapy was ended and

not resumed b/c patient was
uncooperative or refused.

Unknown The primary reason was unknown why
therapy was ended and not resumed.

The impact of community and societal factors has rarely been studied, and even

fewer studies have explored associations between individual and community factors and
TB treatment outcomes. Most research on TB treatment outcomes has focused on clinical
and demographic factors. The literature gap suggests that further studies are necessary to
establish the relationship between specific risk factors and unsuccessful treatment
outcomes. This study is the first in the United States to address these variables and their
associations with TB treatment outcomes.

The urgency and relevance of this study were supported by the literature, which
indicated that the relationship between TB treatment outcomes and certain risk factors
was undefined. Therefore, it is crucial to measure risk factors associated with treatment
outcomes among states that do not meet national average completion rates within 12
months and are below the 2025 95% treatment completion target. I aimed to describe and
measure predictors of unsuccessful TB treatment outcomes using the social ecological
model (SEM).

Problem Statement

TB is a public health threat and a significant cause of morbidity and mortality
worldwide (WHO, 2022). Current studies in low-transmission settings, such as the United
States, showed an insufficient literature base to support the association between societal

and community-level individual risk factors and TB treatment outcomes (Collins et al.,
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2019; Gafar et al., 2019). Additionally, TB treatment completion rates failed to reach the
desired threshold of 95%, and some states fell below the national average (CDC, 2021a).
Although significant progress has been made in the United states with treatment
completion which was at 89.9% for 2019, there are still unfavorable treatment outcomes
such as high mortality that persist in specific risk populations including homeless, older
individuals, HIV and individuals that consume excess alcohol, ( Alkabab et al., Amstrong
et al., 2020; Coorey et al., 2022; Holden et al., 2020; Houck et al., 2023; Huangfu et al.,
2019; Lee-Rodriguez et al., 2020; Marks et al., 2019; Nguyen & Graviss, 2019a, 2019b;
Wigger et al., 2022). In low-TB-transmission settings, strategies to improve TB treatment
outcomes and efforts towards TB elimination should focus on reducing latent
tuberculosis infection (LTBI), reducing TB resistance, targeting high-risk populations for
testing, conducting prompt contact investigations, and ensuring successful treatment of
cases (Shrestha et al., 2019).

Known risk factors for TB include access to health care providers, correctional
facilities, Long-Term Care (LTC), homelessness, HIV, diabetes, and drug use, which can
impact TB treatment completion (Mitruka et al., 2016). Studies also showed that persons
experiencing homelessness or persons who use illicit drugs may be less likely to seek
primary care and management of their TB and diabetes comorbidity (Gupta et al., 2018).
Previous studies have supported improvements in TB treatment outcomes and the
identification and mitigation of risk factors associated with unsuccessful treatment. A
meaningful gap identified was the lack of studies that measure the association between

known risk factors for TB within the SEM framework. Therefore, the research problem
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addressed in this study is the association between community factors (LTC, correctional
facility, homelessness), individual factors (HIV, diabetes, excess alcohol, illicit drug use),
and TB treatment outcomes.
Purpose

This quantitative study aimed to identify risk factors associated with unsuccessful
treatment outcomes among U.S. states that failed to meet the treatment completion target.
The purpose of the study was to explore the association between correctional facilities,
long-term care (LTC), diabetes diagnosis, HIV, homelessness, excess alcohol
consumption, illicit drug use, and TB treatment outcomes (died, lost to follow-up, and
refused treatment compared to treatment completion). The study focused on TB treatment
outcomes among non-drug-resistant pulmonary TB cases while controlling for age, sex,
ethnicity, and origin of birth. Lastly, the study results aimed to guide the prevention and
control of unsuccessful TB treatment outcomes.

Research Questions and Hypotheses

Research questions (RQ) and hypotheses (H) that guided this study were:

RQ1: Is there an association between LTC and TB treatment outcomes among
patients with TB while controlling for sex, age, ethnicity, and origin of birth?

Hol: There is no association between LTC and TB treatment outcomes while
controlling for sex, age, ethnicity, and origin of birth among patients with TB.

Hal: There is an association between LTC and TB treatment outcomes while

controlling for sex, age, ethnicity, and origin of birth among patients with TB.
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RQ2: Is there an association between correctional facilities and TB treatment
outcomes among patients with TB while controlling for sex, age, ethnicity, and origin of
birth?

Ho2: There is no association between correctional facility and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

H.2: There is an association between correctional facilities and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

RQ3: Is there an association between homelessness and TB treatment outcomes
among patients with TB while controlling for sex, age, ethnicity, and origin of birth?

Ho3: There is no association between homelessness and TB treatment outcomes
while controlling for sex, age, ethnicity, and origin of birth among patients with TB.

H.3: There is an association between homelessness and TB treatment outcomes
while controlling for sex, age, ethnicity, and origin of birth among patients with TB.

RQ4: Is there an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes among patients with TB while controlling for
sex, age, ethnicity, and origin of birth?

Ho4: There is no association between diabetes, HI'V, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for sex, age, ethnicity, and

origin of birth among patients with TB.
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H.4: There is an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for age, sex, ethnicity, and
origin of birth among patients with TB.

Theoretical Framework for the Study

I used the SEM created by Bronfenbrenner. The SEM is an ecological model
derived from the tenets of child psychology and human development. It is a multilevel
model that shows the interrelatedness between multiple levels of influence in facilitating
behavior change and health outcomes. Tenets of SEM encompass various levels of
influence, including societal, interpersonal, community, and individual levels, enabling
interventions to be scaled simultaneously across these levels. There is interrelatedness or
interconnectedness between the levels of influence, meaning that changes at one level can
affect changes at another.

SEM was initially adopted to understand the role of the environment in human
development and growth; however, the model has since evolved from its original
constructs and is now widely used across diverse topics (Bronfenbrenner, 1994; Glanz,
2015; McLeroy et al., 1988). The constructs of SEM include societal factors, community,
interpersonal relationships, and individual factors, and how each hierarchy of SEM
affects health (McLeroy et al., 1988; Centers for Disease Control and Prevention (CDC),
2024a). The study used SEM to determine how community factors (LTC, correctional
facility incarceration, homelessness), and individual factors (diabetes, HIV, excess
alcohol, and illicit drug use) affect TB treatment outcomes. SEM creates a lens through

which the research questions associated with this study were analyzed. A more detailed
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description of the origins of SEM, the model construct and assumptions, study variables,
and the barriers to applying SEM is provided in the following chapter. The extra barriers
to applying SEM and the rationale for selecting SEM are discussed in Chapter 2.
Nature of the Study

I employed a quantitative cross-sectional design to address the research questions
in this study. A quantitative research methodology enabled me to determine the
mathematical relationship, specifically the significance, odds, and Confidence Interval
(CI), between the dependent and independent variables. Additionally, the literature
supported the use of a quantitative study, as prior studies had employed quantitative
research methods to investigate the outcome variable (Alkabab et al., 2023; Baltas et al.,
2023; Coorey et al., 2022).

The datasets used in this study were individual state-level data from California,
Ohio, and Maryland. Data for the outcome variable, i.e., TB treatment outcomes
(completed therapy, lost to follow-up, refused treatment, and died), were measured
among TB cases with the independent variables factors, which include correctional
facility, LTC, HIV, diabetes, excess alcohol consumption, and illicit drug use while
controlling for age, sex, ethnicity, and origin of birth. Secondary data from California,
Ohio, and Maryland for the five years from 2017 to 2021 for persons with TB were
abstracted from state-level TB data. The sample included laboratory-confirmed cases of
pulmonary TB and extrapulmonary TB for individuals 15 years old and above from the
States of California, Ohio, and Maryland from 2017 to 2021. Multidrug-resistant (MDR)

or extensively drug-resistant (XDR) TB cases were exempt from the study. Laboratory-
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confirmed cases were included in the study, consisting of culture-positive, Nucleic acid-
positive (NAA+), and culture or smear-positive confirmed TB cases.

The specific data points that were used to answer the research question included
diabetes (DIABETES), correctional facility (CORRINST), long-term care
(LONGTYPE), homeless (HOMELESS), non-IDU drug use (NONIDU/IDU), HIV,
excess alcohol (ALCOHOL), and treatment completion reason (STOPREAS) -
(completed therapy, loss to follow-up, uncooperative or refused, adverse treatment event,
died) covariates data include sex, age, ethnicity, and origin of birth. Additional variable
descriptions are included in Table 2 of Chapter 3. Challenges and limitations of the study
arose from secondary datasets, which may contain incomplete or missing data.

Definitions

Congregate Settings: Institutional nonhealthcare settings where people reside
close to each other. The congregate settings include correctional facilities (prisons and
jails), homeless shelters, refugee camps, army barracks, hospices, dormitories, and
nursing homes (WHO, 2022).

Homeless: An Individual or person who lacks a fixed, regular, and adequate
nighttime residence, such as those living in emergency shelters, transitional housing, or
places that are not meant for habitation. Also, persons who were homeless within the past
twelve months of TB diagnosis.

Extensive Drug-Resistant TB (XDR): Resistance to any fluoroquinolone and at
least one of three second-line injectable drugs (capreomycin, kanamycin, and amikacin),

in addition to multidrug resistance.
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Extrapulmonary tuberculosis (ETB): Any bacteriologically confirmed or
clinically diagnosed case of TB involving organs other than the lungs, e.g., pleura, lymph
nodes, abdomen, genitourinary tract, skin, joints and bones, meninges (WHO, 2022).

High TB transmission setting or High TB burden countries: 20 countries with the
highest estimated numbers of incident TB cases, plus 10 countries with the highest
estimated TB incidence that are not in the top 20 by absolute number (threshold: > 10,000
estimated incident TB cases per year; WHO, 2022).

IDU: Patient who injected illegal drugs within the past 12 months.

Incidence: number of new TB cases per year per 100,000 people.

Low TB Transmission/Burden Settings: Countries or distinct parts of countries
characterized by a low burden of TB (TB incidence <10/100,000 population). These
usually include high-income countries (WHO, 2022).

Latent Tuberculosis (LTBI): An inactive form of TB disease in which affected
individuals do not show any signs or symptoms.

Monoresistance: Resistance to one first-line anti-TB drug only.

Multidrug Resistance: Resistance to at least both isoniazid and rifampicin.

Non-IDU: Patient who has not injected illegal drugs in the past 12 months.

Polyresistance: Resistance to more than one first-line anti-TB drug other than
both isoniazid and rifampicin.

Pulmonary Tuberculosis (PTB): Any bacteriologically confirmed or clinically
diagnosed case of TB involving lung parenchyma or the tracheobronchial tree (WHO,

2022).
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TB Elimination: Elimination of TB as a public health problem is defined as < 1

notified TB case (all forms) per million people per year.
Assumptions

I assumed the data were accurate and provided a rigorous, precise representation
of the study information. I also assumed that the data were free of recall bias and manual
errors. These assumptions were necessary because it was impossible to go back and find
or rectify inaccuracies in the data. Data from state health departments were highly
reliable and represented a valuable source of information regarding TB.

Scope and Delimitations

The study's purpose was to determine the independent association between LTC,
correctional facility, homelessness, diabetes, HI'V, excess alcohol, illicit drug use, and TB
treatment outcomes. The study was delimited in its scope to focus on variables spanning
the SEM framework. Although smoking and COVID-19 are recognized risk factors for
TB, the effects of these variables on TB treatment outcomes were not measured in this
study due to the unavailability of data for these specific variables. Also, the study does
not measure association due to synergy when multiple risk factors for TB treatment
outcomes are present in the same case, which helped control the study's scope and narrow
its focus. Other delimitations for the study included the study population, which consisted
of individuals 15 years and older, and excluded individuals under 15 years of age. Such
delimitations were necessary because the under-15 population included pediatric cases,

which may have introduced selection bias and compromised the study's generalizability.
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There were only three states included in the analysis, out of 50 States in the U.S.
The States selected for analysis in this study belonged to the category with the highest
number of TB case counts from 2017 to 2019. These states did not meet the national
average for TB treatment completion from 2017 to 2019 and fell below the CDC's 2025
treatment completion target of 95%. In determining the eligibility criteria for States to
participate in the study, it was noted that Baltimore cases were recorded separately from
the Maryland treatment completion case count for 2017-2019 (see Figs. 4-6 below). The
separate designations were based on funding and resource allocation by federal entities.
However, this information was only helpful in determining which States to include in the
study; the Maryland (MD) dataset contained all cases, including Baltimore case counts
from 2017 to 2021.

Additionally, the CDC treatment completion case count for San Francisco and
San Diego for 2017-2019 was reported separately from the California state treatment
completion case count. This information was also relevant to the selection of states.
However, the dataset analyzed in the study included all cases in California, including
those from San Francisco and San Diego. The study excluded individuals under 15 years
old and individuals from 47 other U.S. states, as the focus would be too broad. The study
also included only cases of PTB or a combination of pulmonary and ETB. Cases with
ETB only, and cases with MDR multidrug or XDR extensive drug-resistant cases of TB
were excluded from the study. The generalizability of the study was limited to low-
transmission settings and cases with sensitive, non-multidrug-resistant, or non-

extensively drug-resistant pulmonary TB. The study examined whether there was any
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association between the independent and dependent variables of this study. This study
enabled more robust research to contribute to the body of knowledge on risk factors that
affect unsuccessful TB treatment outcomes and was intended to help policymakers
understand how to intervene to address poor TB treatment outcomes.
Limitations

There were limitations in the study design, as cross-sectional studies offer less
scientific validity than randomized studies. Additionally, TB treatment completion data
are typically 2 to 3 years behind, meaning the years of study for these outcomes, from
2017 to 2021, are several years outdated and may not accurately reflect current TB
treatment outcomes in the states in this study. Limitations that could affect the internal
validity of the study include fields that are consistently left unfilled, which may result in a
low cell count and lead to the omission of those variables from the study. This leads to a
situation in which it is unknown whether there were true associations between those
variables and TB treatment outcomes. Due to limited resources, I selected a cross-
sectional study design for the analysis and utilized secondary datasets. The study's
limitations include the body of evidence available to justify the study. Although the
literature established that diabetes, HIV, and excess alcohol were linked to unsuccessful
TB treatment outcomes, there was limited literature showing the association between
LTC, homelessness, correctional facilities, and illicit drug use on TB treatment outcomes.
There was limited literature showing how specific risk factors affect TB treatment
outcomes in low TB transmission settings. Because the study did not involve human

participant recruitment, informed consent was waived for individual participants.
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Additional information bias, including recall and measurement errors, can also affect the
study. Additional factors included the use of secondary data and incomplete or missing
datasets that may have originated from the original data collectors. These concerns may
be valid, but the reliability of the data source and the verification steps included in the
validation by the data owners offset these concerns. There were also limitations to the
study due to an inadequate minimum sample sizes for MD, and OH state-level analysis
could not be conducted.
Significance

The study enhanced understanding of TB treatment outcomes and informed
interventions to promote positive social change. The study is crucial to identifying
marginalized and at-risk populations for death, adverse consequences, loss to follow-up,
and treatment refusal, which impacts positive social change. Additionally, the study has a
significant impact on efforts to eliminate TB in the US, as it informs policies for further
follow-up and the application of the study's evidence to promote successful TB treatment.
For States to meet the CDC's 95% target for TB treatment completion, they must
understand the treatment outcomes and risks that affect specific groups and develop
policies and practices that remove barriers to treatment adherence.

Summary

Chapter 1 of this study justified the study. The study demonstrated that a research
project to investigate the relationships among community and individual risk factors and
TB treatment outcomes, particularly in States below the TB treatment completion average

and the 2025 target of 95% treatment completion set by the Centers for Disease Control
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and Prevention, was justified. The chapter also described the study's theoretical
framework, the research questions that guided it, and its purpose and nature. Because TB
elimination in the U.S. is impacted by unsuccessful treatment outcomes, high-risk
populations with unsuccessful treatment provide an opportunity to affect positive social
change. The literature suggested that further studies were needed to define the association
between the independent and dependent variables in this study. Furthermore, this chapter
outlined the study's assumptions, limitations, and delimitations. Hence, this study's aim
aligned with the national goal of improving TB treatment outcomes and contributing to

the elimination of TB. Chapter 2 of this study includes the literature review.
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Chapter 2: Literature Review

The purpose of this study was to measure the association between residents of
LTC, correctional facilities, homelessness, HI'V, diabetes, excess alcohol consumption,
illicit drug use, and TB treatment outcomes of death, lost to follow-up, and treatment
refusal while controlling for age, sex, ethnicity, and origin of birth. I directly addressed
the limited literature on associations between risk factors and TB treatment outcomes.
The study population included PTB cases in California, Ohio, and Maryland.

Chapter 2 includes an introduction to the study, a description of the literature
search strategy, and a discussion of the theoretical foundation. Additionally, this chapter
includes a detailed review of the literature, including variables. The chapter ends with a
summary and conclusion.

Literature Search Strategy

Initial searches began in August 2023. I identified the current body of literature on
TB treatment outcomes and risk factors in the United States from 2018 to 2024, as well
as in low-TB-transmission settings. I used the Walden University Library, the Ohio State
University Health Science Library, Google Scholar, PubMed, Embase, CINAHL, and
ProQuest to search for articles published between 2018 and 2024 on this topic. I also
conducted additional searches for sentinel articles and current guidelines on the WHO TB
webpage and CDC TB websites.

Search terms included TB treatment outcomes, such as completed therapy,

mortality or death, adverse outcomes, loss to follow-up, moving, and refusal. I used the
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following key terms in this study: tuberculosis, TB, risk factors, treatment outcome,
therapy outcome, United States, USA, and US.
Theoretical Foundation

Origin of the SEM

The SEM was created by Bronfenbrenner, a human developmental psychologist,
in the early 1900s. The goal of the model was to guide health behavior change by
providing a framework to foster multilevel interventions (Glanz, 2015). Since its early
implementation, ecological models have focused on the influence of environmental and
behavioral factors on health outcomes (Bronfenbrenner, 1994; Glanz, 2015; McCormack
et al., 2016). These models explored the physical and social contexts that influence an
individual's behavior at a multidimensional level (Bronfenbrenner, 1994; Glanz, 2015;
McCormack et al., 2016). Bronfenbrenner's five levels of the ecological model were
microsystems, mesosystems, ecosystems, macrosystems, and chronosystems
(Bronfenbrenner, 1994; McCormack et al., 2016). McLeroy redefined the model to five
levels of influence: interpersonal, intrapersonal, community, environmental, and policy
(McLeroy et al., 1988). Additionally, the early utilization of the ecological model focused
on understanding the factors that influence human development (Bronfenbrenner, 1994).
However, the utilization of the ecological model and SEM, by extension, has championed
adaptations in various fields, including health and disease prevention models, assault and
violence prevention, and diverse topics and issues (Bronfenbrenner, 1994; CDC, 2024a;

Glanz, 2015).
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SEM Constructs and Assumptions

The SEM has been widely used as a global prevention model to understand public
health problems and outcomes, including specific topics such as HIV, TB, and smoking
(Glanz, 2015; Kwena et al., 2023; Roux et al., 2022). SEM (see Figure 3) is an ecological
prevention model with four levels of influence: Individual, interpersonal, community, and
societal factors (CDC, 2024a; Ramosevac, 2021; Williams et al., 2022). The model
describes the level of influence that impacts a specific outcome or behavior. The model's
framework evolved from the idea that interventions can be adapted at each level of
influence — individual, interpersonal, community, or societal — to change behaviors
(Glanz, 2015). It is crucial to implement interventions at all levels of influence and to
ensure they are initiated simultaneously at multiple levels, which is most effective (CDC,
2024a; Glanz, 2015). The individual-level factors include biological and personal
attributes, such as substance abuse, age, and education (CDC, 2024a). Interpersonal
factors, on the other hand, explained how relationships, social circles, and peer networks
influence disease outcomes through connections with family and friends (CDC, 2024a).
Community factors focus on the settings and how their environments influence disease
outcomes (CDC, 2024a). In contrast, societal factors affect the population through
policies or the lack thereof at the State or federal level (CDC, 2024a; McLeroy et al.,
1988). Change is adopted through SEM at each level of influence through environmental
or behavioral modification (CDC, 2024a; Glanz, 2015). SEM encompasses the effects of

social and environmental factors on a desired outcome.
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Figure 3

SEM

Individual Relationship Societal

Variables in the Study and the SEM

I used the SEM by examining how community factors (LTC, homelessness, and
correctional facilities) and individual risk factors (illicit drug use, HIV, diabetes, and
alcohol) affected TB treatment outcomes. This study excluded the interpersonal
relationships construct because the dataset lacked information on family support or friend
networks to analyze it in the SEM. The justification for placing the variable in each
category relied on how the variable was previously described in the literature or on the
level description (CDC, 2024a).

Community factors show that specific settings attribute the risk of TB to
congregate settings. In this study, community factors included LTC, homelessness, and
correctional facilities. Individual-level factors in this study included diabetes, HIV,
excess alcohol, and illicit drug use.

Previous studies demonstrated the use of SEM in understanding risk factors
associated with TB disease (Ramosevac, 2021; Roux, 2021; Roux et al., 2022; Williams
et al., 2022). The model's multilevel construct (see Figure 4) enabled the identification

and targeting of interventions across the ecological landscape of TB disease. Recent SEM
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studies conducted in high-incidence settings were used to identify multivariable risk
factors for TB prevention (Roux et al., 2022; Williams et al., 2022). SEM analyses were
used to examine the social factors that influence TB treatment outcomes (Williams et al.,
2022). In a dissertation study by Ramosevac (2021), SEM was used to understand factors
associated with TB/ HIV/ homelessness among foreign vs US-born individuals in
Georgia.

Figure 4

SEM Framework with Levels of Influence

Societal

(religion, culture,
societal norms,
policy)

Community
(workplace,
school,
neighborhood)

.
Interpersonal
Relationship
(peers, family,

partners)
> '/—

Individual
(biological,
personal)

Rationale for Selection of the SEM
According to Glanz (2015), ecological models are beneficial for targeting specific
behaviors. Although ecological models have been used to target public health problems

such as tobacco, HIV, and obesity, the implementation of SEM and its operationalization



27

were inconsistent. Another barrier to using ecological models is that they are non-
specific, as models rather than theories (Glanz, 2015). However, using an ecological
model provided the flexibility and adaptability needed to study ongoing changes in
disease risk factors and narratives. The US is a low-incidence TB setting, and the use of
SEM allows for in-depth analysis of risk factors that affect TB treatment outcomes. There
was a need to understand the effects of each TB risk factor from a multidimensional
social and ecological perspective. There was a need to include a comprehensive,
multifaceted, evidence-based intervention to understand the risk factors for TB treatment
outcomes. SEM was the model that best fit the research questions addressed by this
study. The justification for using SEM relied on how previous literature and recent
dissertations have utilized SEM to analyze risk factors and social determinants associated
with TB (Ramosevac, 2021; Roux, 2021; Roux et al., 2022; Williams et al., 2022). The
model's versatility enabled the study of numerous variables and subject matters using this
framework. SEM in this study provided a unique framework for thinking and initiating
interventions at all levels of society; however, it did not account for the specific problems
associated with individuals who experienced single or multiple risk factors within the
SEM framework. Another benefit of SEM is its connection to education, as individuals
can also benefit from a multilevel approach to education and literacy. Additionally,
patient engagement and interventions can be implemented at multiple levels (McCormack

et al., 2016).
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Literature Review Related to Key Variables and/or Concepts

LTC and TB Treatment Outcomes

A limited number of studies existed on the association between LTC and TB
treatment outcomes in low TB transmission settings. Individuals in LTCs had an
increased risk for TB disease exposure and transmission due to congregate settings of
LTC facilities (CDC, 2023; Wu et al., 2022). Additionally, age was a risk factor for TB in
LTCs. Older residents aged 65 or older may have weakened immune systems or other
comorbidities that increase the risk of TB in this setting (CDC, 2023; Wu et al., 2022).
This study was conducted to advance knowledge and understanding of the association
between LTC and TB treatment outcomes.
Correctional Facility and TB Treatment Outcomes

Congregate settings, such as correctional facilities, prisons, and detention centers,
are associated with an increased risk of TB compared to the general population (CDC,
2021a; Collins et al., 2019; Laycock et al., 2021). Among individuals 15 years and older
in 2021, 2.3% (179) of TB cases occurred while incarcerated (CDC, 2021a).
Incarceration was a risk factor for unsuccessful treatment outcomes, including
undocumented or incomplete treatment, and lack of follow-up (Mitruka et al., 2016;
Pradipta et al., 2019). Homelessness, substance abuse, and untimely linkage to care were
other risk factors common among incarcerated individuals (Evenden et al., 2019; Gupta
et al., 2018; Mikuta et al., 2016). Studies have shown that timely detection of cases in
congregate settings, along with screening, linkage to care, and treatment, is essential for

managing cases in these settings (Gupta et al., 2018; Stewart et al., 2022). Congregate
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prison settings were shown to impact unsuccessful treatment; however, the literature did
not support whether death was an outcome associated with TB treatment among this
patient population.
PEHs and TB Treatment Qutcomes

The literature supported that homelessness was a risk factor for TB due to most
homeless people finding shelter in congregate settings (Coorey et al, 2022; Evenden et al,
2019; Holden et al, 2019; Langer et al, 2019). “Among persons aged >15 years with TB
in 2021, 341 (4.5%) reported experiencing homelessness within the 12 months preceding
TB diagnosis. This compares with 290 (4.3%) TB cases in 2020 among persons aged >15
years with reported homelessness in the past year” (CDC, 2022b, congregate settings,
para. 1). The incidence of TB was more than ten times higher in persons experiencing
homelessness compared to the general population (Marks et al., 2023; Parriott et al.,
2018). The risk factors for TB in persons experiencing homelessness included latent TB,
which was 7-20 times more persistent in persons experiencing homelessness, exposures
and outbreaks, access to healthcare, late recognition of symptoms, and delayed diagnosis
(Bedmar et al., 2022; Gupta et al., 2018; Langer et al., 2019; Marks et al., 2023).
Delayed diagnosis was an indicator of TB deaths and, therefore, a significant risk factor
among persons experiencing homelessness (Coorey et al., 2022; Langer et al., 2019).
Other comorbidities such as HIV, substance abuse, and mental health issues were also
prevalent among this population (Khan et al., 2018). Homelessness was linked to

treatment outcomes of treatment failure, loss to follow-up, and increased mortality or



30
death (Agrawal et al, 2019; Di Gennaro et al, 2022; Holden et al, 2019; Lui et al, 2020;

Pradipta et al, 2019).
Diabetes and TB Treatment Outcomes

Studies have shown that diabetes is a significant risk factor associated with TB
morbidity and mortality (Armstrong et al., 2020; Houck et al., 2023; Huber et al., 2022;
Nguyen & Graviss, 2019b). In 2021, diabetes mellitus (23.9%) was the most reported
medical risk factor among persons with TB disease (CDC, 2025a). Individuals with
diabetes have two to four times the risk of developing TB (Baltas et al., 2023; Huber et
al., 2022). Studies have shown that diabetes is associated with increased mortality in TB
patients (Alkabab et al., 2023; Armstrong et al., 2020; Houck et al., 2023; Huangfu et al.,
2019; Lee-Rodriguez et al., 2020). There was a 9.1% - 30% risk of death associated with
TB-DM during TB treatment (Nguyen & Graviss, 2019a; Nguyen & Graviss, 2019b;
Armstrong et al., 2020). Diabetes was linked to less favorable TB treatment outcomes
overall and can result in delays in sputum conversion and prolonged treatment (Alkabab
et al., 2023; WHO, 2022).

Conversely, other studies argue that diabetes was not an independent risk factor
for unsuccessful TB treatment outcomes (Baltas et al., 2023; Coorey et al., 2022). A
study by Baltas et al. 2023 stated that diabetes was not an independent predictor for
unsuccessful treatment outcomes in people with TB. Coorey et al. 2022 found that
diabetes was a risk factor for TB but was not associated with unsuccessful treatment
outcomes. Lee-Rodriguez et al. (2020) stated that diabetes was associated with delayed

mortality or mortality after one year. Although substantial evidence supported that
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diabetes was linked to unsuccessful TB treatment outcomes and mortality, the association
between diabetes and TB treatment outcomes still requires further research, as there are
conflicting findings.

HIV and TB Treatment Outcomes

According to the WHO (2022), in 2021, among the 10.6 million new active TB
cases, 6.7% were also HIV-positive, and of the 1.6 million people who died from TB,
11.7% were HIV-positive (WHO, 2022). TB is one of the leading causes of death among
people living with HIV because the evidence shows that HIV increases the risk of
acquiring active TB (Lee-Rodriguez et al, 2020; Marks et al., 2019). HIV was linked to
mortality in people with TB and especially in Blacks (Marks et al., 2019).

Outcomes associated with HIV-TB include increased death (Houch et al., 2023;
Nguyen & Graviss, 2019a, 2019b), delays in treatment completion, which are linked to
adverse TB outcomes, were observed in individuals with HIV-TB coinfection (Coorey et
al.,2022; Schechter et al.,2018). Evidence showed that when Antiretroviral Treatment
(ART) was introduced as an intervention among at-risk HIV-TB or latent TB patients,
more favorable outcomes were observed (Collins et al., 2019; Schechter et al., 2018).
However, the timing of ART in individuals at risk was crucial to the success of treatment.
Blacks were at increased risk for HIV compared to Whites, although HIV-TB rates were
similar across Blacks and Whites (61% vs 57%), and mortality was comparable among
Blacks and Whites (Marks et al., 2019). Targeted antiretroviral prophylaxis for
individuals at high risk of HIV and latent TB infection was shown to reduce TB risk

(Collins et al., 2019). In summary, individuals with HIV-TB experience adverse
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outcomes and mortality, and there is a race disparity in risk, although the rates in Blacks
and Whites are similar.
Illicit Drug Use and TB Treatment Outcomes

Multiple studies have demonstrated that illicit drug use was a risk factor for TB,
and a more extended injection history was an increased risk for TB and HCV (Armenta et
al., 2017; Coorey et al., 2022; Mitruka et al., 2016). Drug abuse was linked to
unfavorable TB treatment outcomes and was found to result in increased mortality, late
diagnosis, resistance, and delayed treatment completion (Armenta et al., 2017; Coorey et
al., 2022; Gupta et al., 2018; Laycock et al., 2021; Pradipta et al., 2018; Wigger et al.,
2022). Studies also showed that people who abuse drugs were less likely to have
documentation of treatment completion (Mitruka et al., 2016).
Excess Alcohol and TB Treatment Outcomes

Individuals who misuse alcohol have an increased risk of progression to active TB
disease (Gupta et al., 2018; Langer et al., 2019; Laycock et al., 2021; Ragan et al., 2020).
Studies showed that between 10-20% of all TB deaths worldwide were attributed to
alcohol use, and excess alcohol is associated with increased mortality in TB patients
(Ragan et al., 2020; Wigger et al., 2022). Alcohol was identified as an independent risk
factor for TB, with increased risk as consumption increases (Coorey et al., 2022 ; Wigger
et al., 2022). Outcomes such as treatment failure, loss to follow-up, longer time to culture
conversion, late diagnosis, and disease relapse are associated with alcohol use among
individuals with TB (Ragan et al., 2020; Wigger et al., 2022). Excess alcohol

consumption was associated with adverse treatment outcomes such as increased mortality
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(Coorey et al., 2022; Holden et al., 2020; Wigger et al., 2022). Individuals who misuse

alcohol were also more likely to experience delayed treatment completion and late
diagnosis, which resulted in a resistant TB strain (Coorey et al., 2022; Gupta et al., 2018;
Laycock et al., 2021; Wigger et al., 2022). Other factors, such as HIV, homelessness, and
poor nutrition in this population, may also have a synergic effect on the outcomes
experienced in individuals who misuse alcohol (Gupta et al., 2018).
Age and TB Treatment Outcomes

In low-transmission settings, previous studies on TB treatment outcomes have
shown an association between unsuccessful outcomes and specific age groups (Kohonen
et al., 2020; D1 Gennaro et al., 2022; Nguyen & Graviss, 2019a; Holden et al., 2019). The
clinical and demographic factors associated with TB treatment outcomes were studied in
all age groups, including children, youth, adolescents, young adults, and older adults
(Korhonen et al., 2020; Wu et al., 2022; Pradipta et al., 2019). The group with the
increased risk for mortality and severe disease of TB infection in the U.S. is children
under the age of 15 (Jaganath et al, 2022). “1.1 million children develop TB worldwide
with 230,000 deaths annually” (Jaganath et al, 2022, p. 1). “In 2021, the US had 4% new
TB cases in children” (CDC, 2022a, TB incidence rate by group, para. 1). Children with
parents from countries with high TB incidence experience disproportionately high TB
(Cowger et al., 2019). The burden in children was associated with non-specific symptoms
in children under five and difficulty in diagnosis and treatment of pediatric TB cases; this
group may experience severe forms of the disease (CDC, 2022a; Cowger et al., 2019).

However, the incidence of TB is higher in adults over 15 than in children (CDC, 2022a).



34

Age 18-24 years was a predictor of unsuccessful treatment outcomes in the U.S.
(Pradipta et al., 2019). TB incidence increases with age, and studies in older individuals
showed a disparity in treatment outcomes associated with individuals in the age group of
65 and older (Di-Gennaro et al., 2020; Korhonen et al., 2020). Individuals aged 65 and
above were at a higher risk of treatment failure and adverse outcomes, including death
(Di Gennaro et al., 2020; Holden et al., 2020; Korhonen et al., 2020; Pradipta et al., 2019;
Wu et al., 2022). Due to multiple risk factors, such as living in congregate settings or in
LTC and a less-than-adequate immune response, treatment failure may persist more often
in this population (Wu et al., 2022). Adults 65 and older had the highest incidence rate in
2021 (CDC, 2024c). The population of this study focused on adults 15 years and older
who have a higher incidence of TB than the under-15 population (CDC, 2024c).
Although TB risks span all ages, mortality outcomes are higher amongst children, elderly
individuals, and high-risk populations (Holden et al, 2020; Jaganath et al, 2022;
Korhonen et al., 2020).

U.S.-Born Status, Origin of Birth, and TB Treatment Qutcomes

TB in non-US-born individuals is a significant risk factor. In the US, 71.4% of TB
cases in 2021 and 73% in 2022 occurred in non-US-born persons, consistent with
previous years, when, in 2019 and 2020, TB rates were approximately 70% in this
population (CDC, 2022a; Deutsch-Feldman et al., 2021; Schildknecht et al., 2023).
Studies showed a disproportionate rate of latent tuberculosis infection and active TB
disease in individuals who were non-US-born compared to natives (CDC, 2022a;

Jaganath et al., 2023; Langer et al., 2019; Schildknecht et al, 2023; Talwar et al., 2021).
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Additionally, immigrants from high-burden TB settings (> 20 per 100,000 population)

were at increased risk of developing the disease after immigrating to the US (Deutsch-
Feldman et al., 2021; Schildknecht et al., 2023). Studies on treatment outcomes on
immigrants in the US are sparse; however, in a low-transmission settings study, no
difference in TB treatment outcomes among natives and foreign-born individuals was
observed, although foreign-born incarcerated individuals had greater odds of non-
documentation of TB treatment completion (Mitruka et al., 2016; Pradipta et al., 2019).
Immigrants are vital drivers of TB in the US, and studies on treatment outcomes for this
population are essential for TB prevention, control, and elimination in the United States.
Sex and TB Treatment Outcomes

Males have a higher risk of TB compared to females. Men contribute 60% of TB
cases globally and 65% of deaths (Horton et al., 2020). Sex was a risk factor for TB, and
studies show that male gender was associated with higher TB mortality (Korhonen et al,
2020; Chidambaram, 2021). Male gender was also associated with unsuccessful TB
treatment outcomes since males were less likely to seek timely TB treatment (Horton et
al., 2020; Korhonen et al, 2020; Murphy et al, 2018). Other risks associated with the male
gender were a higher number of sputum and culture-positive results after treatment,
indicating treatment failure (Chidambaram, 2021).
Race, Ethnicity, and TB Treatment Outcomes

The Black race was a risk factor for HIV-TB coinfection, although not a predictor
of mortality (Marks et al., 2023). US data for 2021 showed that among non-US-born

individuals, TB was more common amongst Asians, followed by Hispanic Latinos, and
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Blacks or African Americans, then Whites (CDC,2025a; Deutsch-Feldman et al., 2021).

The White race was associated with “presentation delay”, which is the time from the first
symptom to seeking healthcare intervention (Evenden et al., 2019). In 2021, TB rates
were nine times higher in Hispanic or Latino compared to Whites (Filardo et al., 2022).
Additionally, the rates of TB amongst non-Hispanic blacks were eight times higher
compared to non-Hispanic whites (Filardo et al., 2022).
U.S. State Profile and TB Treatment Outcomes

According to the CDC (CDC, n.d.-a; CDC, n.d.-b), data from 2017 to 2019 (see
Figures 5, 6, and 7) showed that some states had treatment completion rates below the
national average for newly diagnosed cases. States in the category with the most cases
and below the national average treatment completion rate of 89.9% included San Diego,
California; Georgia; Houston; Maryland; Ohio; and Texas (CDC, n.d.-a). In 2018, seven
states and one city had a TB treatment completion rate below average. Among States and
cities with 140 or more cases per year, California, North Carolina, Ohio, Arizona, San
Diego, Texas, Massachusetts, and Maryland had treatment completion rates below the
national average of 89.1% in 2018 and below the projected 95% target for 2025 (CDC,
n.d.-b). In 2019, the national average treatment completion rate among newly diagnosed
cases was 89.9%, up from the previous year. Eight locations had a treatment completion
rate below the target. States and cities with TB of 132 or more cases that did not meet the
national average were California, New York, Los Angeles, Ohio, San Diego, Texas,
Massachusetts, and Maryland (CDC). States for analysis belong to the category with the

highest number of TB cases from 2017 to 2019; that did not meet the national average for
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TB treatment completion from 2017 to 2019 and fell below the CDC’s 2025 treatment
completion target of 95%. These States include California, Ohio, Texas, and Maryland.
There was a need to assess risk factors for TB treatment completion in these States and
develop a plan for TB treatment elimination, along with strategic goals to meet the 2025
expectations for TB treatment completion. Additionally, there existed opportunities for
improvement of treatment completion among the homeless and incarcerated or other
marginalized populations. Researchers should conduct risk-factor studies in the States
most affected by TB to identify opportunities for improvement.

Figure 5
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Figure 6
Percentage of Newly-Diagnosed TB Cases Completing Treatment < 12 Months in the

United States, 2018
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California

California was among the States below the national average for TB treatment
among newly diagnosed cases in 2017, 2018, and 2019 (CDC, n.d.-a, n.d.-b; CDC,

2021a). According to the CDC, 89.4% of TB cases in California completed TB treatment
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in 2019. In 2020, 13% of individuals with TB in California died. Consistent with global

and national trends, there were decreased cases of TB in California in 2020, due to the
COVID pandemic, which resulted in underreporting of TB cases due to overextension of
public health resources (Louie et al., 2021). In 2021, California had a national incidence
rate of almost 4.4 per 100,000 population, almost twice the national average of 2.4 per
100,000 population, according to the California Department of Public Health (CDPH,
2021). Risk factors for TB in California include progression from LTBI to active disease.
87% of TB cases in California in 2021 were due to progression of latent TB to active
disease. Immigrant status, diabetes, and drug resistance were other identified risk factors
(CDPH, 2021). The California TB Elimination Advisory Committee (CTEAC) has
established strategic goals to achieve pre-elimination status by 2035 and ultimately
eliminate TB by 2050. Additionally, specific interventions focus on LTBI testing and
treatment (CPHD, 2021). Assessment of the risk factors for TB and their association with
TB treatment outcomes will help determine areas of opportunity to help California
achieve its TB elimination goals.
Ohio

In 2017, 2018, and 2019, Ohio's TB treatment completion rate was below the
national average (CDC, n.d.-a; CDC, n.d.-b; CDC, 2021a). TB treatment completion rate
in 2019 was 85.5% among homeless individuals. In 2019, the TB completion rate was
83.3% and 100% among incarcerated individuals (CDC, 2021a). In 2022, diabetes,
excess alcohol consumption, and foreign-born persons were among the leading risk

factors for TB in Ohio (Stokes, 2023). In 2022, 72% of TB cases in Ohio were associated
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with a risk factor of diabetes (Stokes, 2023). Although TB rates decreased consistently
from 2012 to 2022, a significant decline was observed in 2020, mainly due to the
COVID-19 pandemic, as evidenced in other States and globally (Stokes, 2023). TB rates
in Ohio returned to pre-pandemic levels in 2021, from 1.1 to 1.3 cases per 100,000
population; however, there was a slight decrease in 2022, with 1.2 cases per 100,000,
which is below the national average of 2.5 cases per 100,000 in 2022 (Stokes, 2023). TB
treatment data showed one TB-related death in 2022 (Stokes,2023). The State continues
to focus on appropriate testing and treatment of cases addressing multidrug-resistant TB.
Maryland

TB treatment completion rates in Maryland improved in 2019, though they
remained below the national average. TB treatment completion was 83.4% in 2019;
among people experiencing homelessness, TB treatment was 100%, and among
incarcerated individuals 15 years and older, treatment completion was also 100% (CDC,
2021a). However, in 2018 and 2019, the TB treatment completion rates were 77.4% and
83.4%, respectively (CDC,n.d.-b; CDC, 2021a). This study was relevant to understanding
risk factors and TB treatment outcomes in Maryland.
Methodology and Instrumentation

Quantitative and qualitative study design methods have been previously used to
analyze TB treatment outcomes. However, in low-transmission settings, over 70% of
studies assessing TB treatment outcomes in the literature review employed quantitative
methods (Di Gennaro et al., 2022; Korhonen et al., 2020). Few studies used qualitative

methodology to study perceptions of disease and prevention in high-incidence settings



42

(Laycock et al., 2021; Wu et al., 2022). In low-transmission settings, the most common
study designs were cross-sectional surveys and retrospective cohort studies, which used
national or state tuberculosis data. The National Tuberculosis Surveillance System
(NTSS) served as a shared data source for U.S. studies that measured outcome variables
(Armstrong et al., 2019; Marks et al., 2023; Nguyen & Graviss, 2019b).

Additionally, some studies focused on one outcome of mortality (Nguyen &
Graviss, 2019b; Holden et al., 2020; Holden et al.,2022), while other studies focused on
multiple outcomes, including successful treatment, loss to follow-up, and treatment
failure (Di Gennaro et al., 2022; Gafar et al., 2019; Pradipta et al., 2019). Multiple studies
focused on a single risk factor, such as diabetes or alcohol misuse (Armstrong et al.,
2020; Ragan et al., 2020). Quantitative studies in the literature review employed
multivariate or regression analysis statistical methods to measure the association between
the study variables. Studies show NTSS was a highly reliable, consistent, and accurate
source of U.S. TB data (Woodruff, 2023)

Based on the literature review and the research questions for this study, I used a
quantitative cross-sectional study methodology and design to determine the effects of
LTC, correctional facility, homelessness, HIV, diabetes, excess alcohol, and illicit drug
use on TB treatment outcomes (completed, lost to follow-up, died, refused). Secondary
data from state-level TB surveillance and multinomial logistic regression analyses using

SPSS statistical software were used for the study.
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Summary and Conclusions

TB remains one of the deadliest infectious diseases, although there is a cure
(WHO et al., 2022). As the world focuses on TB elimination and the End TB initiative,
which is a global goal set by the World Health Organization, there is a need to identify
marginalized populations for TB and develop interventions for people with unsuccessful
treatment outcomes (Crosby et al., 2019; Holden et al., 2019; Holden et al., 2020;
Korhonen et al., 2020; Pradipta et al., 2019; Rodriguez et al., 2020). Successful TB
treatment outcomes are crucial to patient care and TB elimination (Holden et al., 2019;
Gupta et al., 2018).

The literature review showed that individual and community factors affect TB
risk and treatment outcomes. A summary of the key variables showed that TB increased
with age; individuals 15 and older had a higher incidence of TB, and individuals 65 and
older had a higher risk for death associated with the disease (D1 Gennaro et al., 2020,
Holden et al., 2020; Korhonen et al., 2020; Pradipta et al., 2019; Wu et al., 2022).
Children were found to have a high burden of undiagnosed cases of TB and may
experience more severe outcomes of the disease (CDC, 2025a; Cowger et al., 2019).
Individuals in congregate settings (LTC, prison or correctional facility, and people
experiencing homelessness may also have a higher risk of disease compared to the
general population (Collins et al., 2019; Coorey et al., 2022; Evenden et al., 2019; Holden
et al., 2019; Langer et al., 2019; Laycock et al., 2021; Marks et al., 2023; Parriott et al.,
2018). Homelessness was linked to treatment outcomes of loss to follow-up, treatment

failure, and death. Incarceration was linked to unsuccessful treatment outcomes of loss to
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follow-up and incomplete treatment, but it is not well understood in terms of its effect on
mortality.

TB incidence is high in non-US-born; however, there is not enough scientific
evidence to support that immigrant status was an indicator of unsuccessful treatment
outcomes (Jaganath et al., 2023; Langer et al., 2019; Schildknecht et al., 2023). Male
gender was associated with mortality and unsuccessful treatment outcomes
(Chidambaram, 2021; Korhonen et al., 2020). The literature established that diabetes was
a risk factor for unsuccessful treatment outcomes (Alkabab et al., 2023; Armstrong et al.,
2020; CDC, 2025a; Huangfu et al., 2019; Houck et al., 2023; Huber et al., 2022; Lee-
Rodriguez et al., 2020; Nguyen & Graviss, 2019b). However, other studies have not
supported this conclusion (Baltas et al., 2023; Coorey et al., 2022). Additionally, diabetes
was the most common comorbidity among TB patients (CDC, 2025a). Further studies
would help define the association between diabetes and TB treatment outcomes. The
literature showed that HIV was one of the leading causes of death in TB patients. At the
same time, alcohol misuse was linked to TB treatment outcomes of death, and alcohol
misuse and substance abuse were indicators of unsuccessful treatment outcomes of
treatment failure and loss to follow-up. Additionally, the role of multiple variables may
present synergistic risks and inform understanding of TB treatment outcomes; however,
this was beyond the scope of this study.

More studies on TB treatment outcomes are needed to fully evaluate the
association between Long-Term Care (LTC) and TB treatment outcomes. There were

limited studies in low-transmission settings that describe the association between LTC
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and TB treatment outcomes. Variables that are strongly linked to TB mortality in the
literature include age greater than 65 years, HIV, male gender, homelessness, and drug
abuse. Substance or drug abuse, excessive alcohol, and homelessness were linked to other
unsuccessful treatment outcomes of loss to follow-up, treatment failure, and incomplete
treatment. This study addressed several gaps in the literature, including the role of
diabetes in TB treatment outcomes and the association between community and
individual risk factors and treatment outcomes.

Chapter 3 of this study introduces the methodology, including the population and
sampling procedure, the recruitment and participation process, and the data collection
methods. The section also includes instrumentation, operationalization, and threats to

internal validity, followed by a summary.
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Chapter 3: Research Method

TB is a curable disease; however, it is the leading cause of infectious disease-
related mortality globally (WHO, 2022). Death, adverse events, loss to follow-up, disease
resistance, and treatment refusal are significant outcomes that contribute to problems
associated with TB. There are risk factors associated with TB that facilitate unsuccessful
treatment outcomes, which must be studied further. The purpose of this analysis was to
explore associations between LTC, homelessness, correctional facility, diabetes, HIV,
excess alcohol, illicit drug use, and TB treatment outcomes while controlling for age, sex,
ethnicity, and origin-of-birth. I aimed to identify risk factors contributing to unsuccessful
treatment outcomes by analyzing cases of PTB or PTB+ETB that resulted in unsuccessful
outcomes, compared with individuals with successful outcomes. The study’s sample
population consisted of individuals from California, Ohio, and Maryland between 2017
and 2021. I aimed to provide insights regarding TB risk factors and their impact on
treatment outcomes. This will aid in preventing and controlling the disease and in TB
elimination efforts in the United States.

Chapter 3 includes the research design and rationale for the research questions. It
also includes a description of covariates, independent variables, and dependent variables.
I outline the methodology, including the study population and justification for archival
data. The chapter also includes the data analysis plan, instrumentation, and
operationalization of constructs, threats to internal and external validity, ethical

considerations, and a summary.
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Research Design and Rationale

I used a quantitative cross-sectional study design with TB secondary datasets
from California, Maryland, and Ohio. I considered three factors to determine the most
suitable research design for the study: the study variables, the research questions, and
support from the existing literature. The study included multiple independent variables
(LTC, homelessness, correctional facility, diabetes, HIV, excess alcohol, and illicit drug
use), a dependent variable with multiple categories (completion of treatment, refusal, loss
to follow-up, and death), and covariates, which were sex, age, ethnicity, and origin of
birth. Most of the variables in the study were measured numerically. The independent
variables were categorical or nominal, and the dependent variable had more than 2
categories, making a multiple logistic regression appropriate. Additionally, the literature
supported the use of quantitative over qualitative or mixed -methods studies, as
quantitative designs were more frequently employed to examine TB treatment outcomes.

The literature supported the study’s rationale and the need for research questions,
as no recent comprehensive study had explored community and individual risk factors
responsible for unsuccessful TB treatment outcomes in the California, Maryland and
Ohio Additionally, literature supported that individuals with HIV, diabetes, people who
excessively consume alcohol, and PEHs experienced disparities involving unsuccessful
TB treatment outcomes compared to the general population (Di Gennaro et al., 2022;
Holden et al., 2019; Houck et al., 2023; Korhonen et al., 2020; Wu et al., 2022).

However, no recent studies have explored Ohio, Maryland, and California. Another
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justification for the study is that associations between correctional facilities, LTC, and
unsuccessful TB treatment outcomes are unknown or have not been sufficiently studied.

Furthermore, the study was timely, as California, Maryland, and Ohio did not
meet the CDC's 2025 TB treatment target of 95% based on 2019 data. This study
included timely recommendations to improve TB treatment outcomes in these locations.
California, Maryland, and Ohio had high numbers of TB cases between 2017 and 2019
that did not meet the national average for TB treatment completion.

Two drawbacks to a cross-sectional study design are that it does not establish
causality and is used to establish the prevalence of a phenomenon at a specific time,
rather than being generalizable to a broader time period (Pérez-Guerrero et al., 2024).
There are advantages, however, to using Cross-sectional studies using secondary data.
For example, they are less time-consuming than longitudinal or randomized controlled
trials. In randomized controlled trials, outcome results may take time to emerge, as the
effects of the intervention must be observed to draw meaningful conclusions. Cross-
sectional studies using secondary data are also less expensive and can help alleviate
resource constraints associated with randomized controlled trials. Sampling enabled a
more robust sample size, which, in turn, affected the study's power.

I chose to use Cross-sectional methods due to their advantages. To guide this
study, four research questions and four logistic regression models were formulated to
investigate relationships between independent and dependent variables:

RQ1: Is there an association between LTC and TB treatment outcomes among

patients with TB while controlling for sex, age, ethnicity, and origin of birth?
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HO1: There is no association between LTC and TB treatment outcomes while
controlling for sex, age, ethnicity, and origin of birth among patients with TB.

Hal: There is an association between LTC and TB treatment outcomes while
controlling for sex, age, ethnicity, and origin of birth among patients with TB.

RQ2: Is there an association between correctional facilities and TB treatment
outcomes among patients with TB while controlling for sex, age, ethnicity, and origin of
birth?

HO02: There is no association between correctional facility and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

Ha2: There is an association between correctional facilities and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

RQ3: Is there an association between homelessness and TB treatment outcomes
among patients with TB while controlling for sex, age, ethnicity, and origin of birth?

HO3: There is no association between homelessness and TB treatment outcomes
while controlling for sex, age, ethnicity, and origin of birth among patients with TB.

Ha3: There is an association between homelessness and TB treatment outcomes
while controlling for sex, age, ethnicity, and origin of birth among patients with TB.

RQ4: Is there an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes among patients with TB while controlling for

sex, age, ethnicity, and origin of birth?
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HO04: There is no association between diabetes, HI'V, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for sex, age, ethnicity, and
origin of birth among patients with TB.

Ha4: There is an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for age, sex, ethnicity, and
origin of birth among patients with TB.

Methodology
Sampling and Sampling Procedures

The study population consisted of confirmed PTB cases from California, Ohio,
and Maryland from 2017 to 2021. Criterion sampling was used to include cases that meet
a specific definition. According to Memon et al. (2025), criterion sampling is:

Selecting participants who meet specific, predefined criteria directly related to the

research objectives (Edmonds & Kennedy, 2017). This method is particularly

effective when researchers require a well-defined group of participants who share
characteristics central to the study. To apply criterion sampling, researchers
establish clear and justified criteria that align with the study's aims. The
specificity of these criteria enhances the rigor of the research, ensuring that the
selected participants contribute directly to answering the research questions

(Andrade, 2021). Once the criteria are set, participants can be identified through

approaches such as targeted recruitment, contacting relevant organizations, or

utilizing professional databases and networks.” (p. 4)
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Cases that met the criteria for confirmed PTB cases from 2017 to 2021 in the
States of California, Maryland, and Ohio were included in the dataset for the study. The
state TB dataset included active surveillance of confirmed TB cases from each State
(CDC, 2021Db). TB State data were derived from surveillance of yearly reported cases
from territories, local, and State health departments. States' TB reports represent a highly
reliable dataset.

Additionally, I used inclusion criteria to narrow the case samples. The study
included laboratory-confirmed non-MDR or non-XDR cases of pulmonary TB from
California, Maryland, and Ohio. I included participants aged 15 years and older with
pulmonary TB who were alive at the time of diagnosis from 2017 to 2021 in the study.
Cases with other forms of resistance, such as polyresistance and monoresistance, to at
least one first-line drug were also included in the study. I excluded from the study cases
with extrapulmonary TB only, MDR or XDR-TB strains, individuals with TB under age
15, cases outside 2017-2021, cases that were dead at diagnosis, and duplicate cases
within 2017-2021.

Sample Size Determination

The minimum required sample size was determined using established heuristic
criteria for regression modeling rather than formal power calculations. For multinomial
logistic regression with a three-category outcome, two logits are estimated relative to the
reference category, resulting in regression coefficients for each predictor across both
logits. With 11 predictors (7 independent variables and four covariates), this yields 22

estimated regression parameters. Methodological guidance for logistic regression
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commonly recommends a minimum number of observations per estimated parameter to
ensure stable coefficient estimation and limit overfitting, with traditional rules suggesting
approximately 10—15 observations per parameter (Peduzzi et al., 1996; Harrell, 2015),
while later work emphasizes that these rules should be applied conservatively and in
relation to model complexity and outcome distribution (Vittinghoff & McCulloch, 2007,
van Smeden et al., 2016). Additionally, multinomial-specific research emphasizes the
importance of sufficient observations across outcome categories to ensure reliable
estimation of multiple logits (Pate et al., 2023). More generally, research on regression
methodology focusing on model identification and inferential stability demonstrates that
very small sample sizes are prone to unreliable inference, recommending a baseline
minimum of approximately 25 observations to consistently identify regression patterns
under moderate to high variance conditions (Jenkins & Quintana-Ascencio, 2020).
Building on this evidence, a more conservative threshold of approximately 25
observations was adopted as a safer minimum per analytical unit to reduce instability
further and enhance robustness. Based on these considerations, a minimum total sample
size of approximately 550 observations (22 x 25) was deemed appropriate for the present
analysis. The dataset comprised 11,161 participants, of whom 7,589 were eligible
candidates, exceeding the minimum number required for the study. N=7589 cases that
met the represented sampling population were included in the study.
Procedures for Recruitment, Participation, and Data Collection

There was no direct recruitment of cases associated with the study. Study

participants were obtained through state surveillance data. The instrument used to collect
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TB data is the Reports of Verifiable Cases of TB (RVTC) form. The procedure for

recruiting cases by State entities was facilitated by the RTVC form, which served as the
primary instrument for collecting TB data for the State TB surveillance dataset. The form
is included in Appendix A as an “Annotated RTVC Form.” The RTVC form was revised
in 2009 and in 2020 and consists of different sections that capture demographic, clinical,
laboratory information, and sensitive information, including HIV status, alcohol, drug
use, residence in a correction facility, occupation status, homelessness, and demographic
information such as date of birth and zip code (CDC, 2021b). The variables in this study
were protected, and the data owners took measures to ensure participants' confidentiality.
HIV status and other sensitive information are not traceable to specific individuals
(NTSS, 2015). The RTVC form is comprehensive and provides a valid and reliable tool
for reporting cases of TB in the U.S. and surrounding territories in real time (CDC,
2021b; NTSS, 2015).

The RTVC form is used by reporting entities, such as local, state, and territorial
governments, to notify federal entities, including the CDC and the Division of
Tuberculosis Elimination (DTBE), as well as the National Tuberculosis Surveillance
System (N'TSS), about TB cases (CDC, 2021b). Cases are verified at the State level using
laboratory, clinical case definition, or provider diagnosis (‘“Healthy People 2030, n.d.;
NTSS, 2015). NTSS has been collecting surveillance data on confirmed TB cases since
1953 and is the sole source of comprehensive national TB data in the U.S. (CDC,2021b;

NTSS, 2015).
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Participation by reporting entities is covered under sections 306 and 308(d) of the
Public Health Service Act [42 U.S.C. 242k], which allowed reporting States and entities
to report sensitive and case-identifying information to the CDC for national surveillance
purposes (Armstrong, 2020; NTSS, 2015). An investigation by the reporting entities,
along with the completion of pertinent forms, ensured that information on risk factors,
testing, and other parameters covered in the surveillance system was recorded (CDC,
2021b). State-level TB surveillance data represent a reliable and comprehensive dataset
on confirmed TB cases in the U.S. and were best suited for this study because of their
historical use as a reliable source and because their goals and purpose aligned with the
study.
Archival Data

Consideration for the TB dataset was initially meant to be fulfilled by National
Tuberculosis Surveillance Systems (NTSS); however, due to time constraints, State-level
TB surveillance data were acquired from CA, MD, and OH. The datasets used in this
study were state-level, containing Reports of Verifiable Cases of TB (RVTC) for each
State (CDC, 2021b). Cases were verified using laboratory, clinical case definition, or
provider diagnosis (CDC, 2021b; “Healthy People 2030, n.d.). According to NTSS, data
from laboratories, providers, hospitals, public health agencies, and state health
departments from all 50 U.S. states and territories contribute to their datasets. The
datasets contain demographic information, laboratory and testing information, risk
factors, and other matrices. State-level data utilizes a web-based reporting system that

ensures real-time reporting, although aggregate data may take years for complete analysis
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or study. The dataset was collected to reduce TB and aid efforts toward TB elimination
goals in the US (CDC, 2021b; NTSS, 2015).

State-level datasets for TB were obtained from the individual states with IRB
approval. Once the IRBs were approved, the requester received confirmation to proceed
with the data request and worked with the State epidemiologists to fulfill it.
Instrumentation and Operationalization of Constructs and Variables

State-level TB data were received electronically from State epidemiologists via
Excel sheets. Data cleaning, data merging, and operationalization of each variable were
conducted consecutively. Descriptions of the variables are shown in Table 2. The
response options for each variable are also listed in Table 2, along with the variable
abbreviation in parentheses, as recorded in the dataset. All variables in the study
consisted of categorical or nominal data, and the dataset included demographic (sex, age,
race, ethnicity, and US-born status or origin of birth), comorbidities (HIV, diabetes), and
risk factors (homelessness, alcohol, illicit drug use, LTC, correctional facility). Age was
stratified into the following categories: 15-24, 25-34, 35-44, 45-54, 55-64, and 65+ years.

No variable was designated as a treatment outcome reason; however, the Stop
Therapy (STOPREAS) variable includes options for why treatment was stopped. The
options include (adverse, completed, died, loss to follow-up, moved, refused, unknown,
and other). The reasons for treatment outcomes were derived from the STOPREAS
variable. The outcomes “Not TB,” “unknown” (UNK), and “other” were not assessed in
this study because they are not outcomes of interest. The outcome of adverse events was

not assessed due to the small cell count of responses associated with that outcome.
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Variables and Definitions
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Variable Name Type of Variable

Level of
Measurement

Options / Variable
Definitions

Treatment Dependent
completion
(STOPREAS)

Long-term care Independent
(LONGTERM)

Categorical

Categorical

COMPLETED-
Primary reason
therapy was ended
and not resumed b/c
therapy was
completed.

DIED- Primary
reason therapy was
ended and not
resumed b/c the
patient died.
LOST- Primary
reason therapy was
ended and not
resumed b/c patient
loss to follow-up
REFUSED-
Primary reason
therapy was ended
and not resumed b/c
patient was
uncooperative or
refused.

No- This patient
was NOT a resident
of a long-term care
facility at the time



Correctional
Facility
(CORRINST)

Homeless
(HOMELESS)

Diabetes
(RISKDIAB)

Independent

Independent

Independent

Categorical

Categorical

Categorical
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of the TB diagnostic
evaluation.

Y- This patient was
a resident of a long-
term care facility at
the time of the TB
diagnostic
evaluation.

UNK- Unknown
whether this patient
was a resident of a
long-term care
facility at the time
of the TB diagnostic
evaluation.

Y-Resident of
Correctional
Facility at Time of
Diagnosis

N-NOT a Resident
of Correctional
Facility at Time of
Diagnosis

N-This patient was
NOT homeless at
any time during the
past 12 months
prior to the TB
diagnostic
evaluation

Y -This patient was
homeless at any
time during the past
12 months prior to
the TB diagnostic
evaluation.

the TB diagnostic
evaluation

Y- This patient has
a diagnosis of
diabetes mellitus



HIV Status
(HIVSTAT)

Alcohol
(ALCOHOL)

Illicit drug
use/Injected drug

use
NONIDU/IDU

Age
(AGE3)

Independent

Independent

Independent

Covariate

Categorical

Categorical

Categorical

Categorical
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(Type I or Type II)
either before or at
the time of TB
diagnosis.

Neg- Laboratory
HIV test result is
negative.
Pos - Laboratory
HIV test result is
positive.

N-This patient has
not used alcohol to
excess within the
past 12 months.

Y -This patient has
used alcohol to
excess within the
past 12 months.

N- This patient has
NOT injected illegal
drugs within the
past 12 months.

Y - This patient has
injected illegal
drugs within the
past 12 months

Patient age 15-24
years old at report
date.

Patient age 25-34
years old at report
date.

Patient age 35-44
years at report date.
Patient age 65 or
older at report date.
Patient age
unknown at report
date.



Sex
(SEX)

U.S. born

Ethnicity
(ETHNIC)

Covariate

Covariate

Covariate

Categorical

Categorical

Nominal
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M- Patient’s sex at
birth is male.

F- Patient’s sex at
birth is female.
UNK- Patient’s sex
at birth is unknown.

N- Indicates the
person was NOT
born in the U.S. and
neither parent was a
U.S. citizen.

Y- Indicates the
person was U.S.-
born (or born
abroad to a parent
who was a U.S.
citizen). To be U.S.-
born, the person
must either 1) be
born in 1 of the 50
states or the District
of Columbia, or 2)
be born outside the
U.S. to at least one
parent who was a
U.S. citizen.

UNK- Unknown
whether the person
was born in the U.S.

HISP- Indicates this
patient considers
himself or herself to
be of Hispanic
origin

NONHISP-
indicates this patient
considers himself or
herself NOT to be
of Hispanic origin
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UNK- Unknown
ethnicity.

Data Analysis Plan

The data analysis software used in this study was IBM SPSS version 29. I used
SPSS to conduct all statistical tests and answer the study's research questions. Data
cleaning involved assessing missing values, excluding cases that did not meet the
inclusion criteria, converting responses to binary values, and transforming the age
measure from a ratio to a categorical variable. State-level TB surveillance data were
assessed for missing values using SPSS's missing value analysis. Once I identified the
missing values in the dataset, I conducted further assessment to determine whether the
missing data levels were below the 5% or 10% thresholds. Studies suggest that missing
data at a 5% level or below does not create significant bias in the study. In contrast,
studies with more than 10% missing data may introduce bias (Dong, 2013). The dataset
contained fewer than 10% missing values; therefore, no further steps, such as deleting
cases or performing mean imputations, were taken to optimize the dataset. Table 3 shows
the missing values associated with each variable.

Testing of each model assumption was conducted in SPSS for multinomial
logistic regression. Additionally, I utilized SPSS to determine the association between
LTC, correctional facility, homelessness, HIV, diabetes, excess alcohol consumption,
illicit drug use, and TB treatment completion. Statistical analysis included multinomial
logistic regression to estimate odds ratios (exp(B)). An exp(B) > 1 indicated that the odds

of the outcome occurring increase with an increase in the predictor variable, while an
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exp(B) < 1 indicated that the odds of the outcome decrease with each increase in the
predictor variable. I calculated the percentage odds in the study using the formula (1-
Exp(B) *100). Furthermore, I analyzed Pearson's chi-square statistic (X?) to determine
how well the model fit the dataset. A Pearson correlation with p>.05 indicated the model
was a good fit. The confidence interval (CI) was also included in the analysis at the 95%
confidence level.

Four research questions guided the study. The data analysis was framed by the
study's research questions and hypotheses, and the calculated associations for each
research question were incorporated into the interpretation of the results. Table 4
summarizes the variables and tests associated with each research question. Each research
question and its corresponding statistical test are shown in the table. The covariates were
selected based on previous studies that show that older age, male sex, non-Hispanic
ethnicity, and non-U.S. origin of birth were associated risk factors for TB or associated
with unsuccessful treatment outcomes (CDC, 2022a; 2022b; Di Gennaro et al., 2022;
Korhonen et al., 2020; Schildknecht et al., 2023; Wu et al., 2022).

Table 3

Missing Values of Variables

N Lab verified Age Sex Race
Valid 7589 7589 7589 7589
Missing 0 0 0 0
Origin of birth  Correctional LTC Homelessness
facility
Valid 7570 7570 7574 7565
Missing 19 19 15 24
Illicit drugs Excess alcohol  Diabetes HIV
Valid 7431 7433 7140 6957

Missing 158 156 449 632
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Site of TB Treatment with Reason TB Pansucepetibility
(RIF, NIH, therapy status
PZA, EMB( stopped
RIPE)
Valid 7589 7212 7332 7589
Missing 0 377 377 0
Table 4
Research Questions, Variables, and Statistical Analysis
Research Data collected/ Variables Statistical Analysis
Question
RQ1 IND- long-term care Multinomial logistic
regression:
DEP- TB treatment outcomes Pearson chi-square statistic
(Completed therapy, died, lost to X2
follow-up, and refused) Significant result p <.05
COV- age, race, ethnicity, and Exp(B)- or Odds Ratio
origin of birth
CI — Confidence Interval
RQ2 IND- correctional facility or Multinomial logistic
incarceration regression:
Pearson chi-square statistic
DEP- TB treatment outcomes Xz
(Completed therapy, died, lost to Significant result p <.05
follow-up, and refused)
Exp(B)- or Odds Ratio
COV- sex, age, race, ethnicity, and
origin of birth CI — Confidence Interval
RQ3 IND — homelessness Multinomial logistic

DEP- TB treatment outcomes
(Completed therapy, died, lost to
follow-up, and refused)

COV- sex, age, race, ethnicity, and
origin of birth

regression:

Pearson chi-square statistic
X2

Significant result p < .05

Exp(B)- or Odds Ratio
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CI — Confidence Interval

RQ4 IND - HIV, diabetes, excess Multinomial logistic
alcohol, and illicit drug use) regression:
Pearson chi-square statistic
DEP- TB treatment outcomes X2

(Completed therapy, died, lost to Significant result p <.05
follow-up, and refused)

Exp(B)- or Odds Ratio
COV- sex, age, race, ethnicity, and
origin of birth CI — Confidence Interval

Threats to Validity

Validity refers to the extent to which the study's findings accurately represent the
intended concept or measure (Babbie, 2015). Internal validity refers to the extent to
which the instruments, data, and measurements accurately represent the relationship and
accuracy of the study's findings. It refers to the study's rigor, including its design,
instrumentation, and measurement methods (Andrade, 2018; Babbie, 2015). External
validity refers to the extent to which the study's findings can be applied to a broader
population (Andrade, 2018; Babbie, 2015). External validity refers to the generalizability
of the study (Babbie, 2015; Patino & Ferreira, 2018). Randomized trials have more
internal validity than descriptive studies, such as cohorts or cross-sectional studies
(Andrade, 2018).

Threats to external and internal validity were considered in the design of this
study. The threats of interaction effect of selection and experimental variables were
considered in the study; however, there was no evidence to suspect that the way cases
were selected, for example, about selections of laboratory confirmed cases only, and

exclusion of cases that were not laboratory confirmed ( physician diagnosed), would
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present threats to external validity. Additionally, the age-group selection, which excluded
individuals under 15, is not considered a threat to external validity and is unlikely to
affect the outcome.

Several issues can arise when using pre-existing or secondary data.

Because I did not collect the data, there may be issues with missing data for specific
variables, incomplete data, and human error that can affect the measurement and internal
validity of the study. This study's internal validity threats included missing and
incomplete data. According to the data owners, some fields may contain incomplete data,
which can affect the analysis; therefore, careful consideration is required (NTSS, 2015).
Internal and external validity may be affected by synergistic effects or bias, as well as
multiple risk factors, which can cause a more significant effect or mask specific effects in
the study. Threats to the generalizability of the study exist, as CA cases accounted for
87.7% of participants, potentially skewing the results and making them more
representative of CA outcomes than of MD and OH outcomes. Sensitivity analyses were
conducted by re-estimating the models with additional state adjustments to assess the
robustness of the primary findings.

Ethical Procedures

Walden University requires that all dissertation studies be reviewed by the
Institutional Review Board (IRB) for approval. The board reviewed the ethical
considerations of the study to ensure it met all safety standards for human research and
adhered to the principles of the Belmont Report of respect for persons, beneficence, and

justice (Nagai et al., 2022; U.S. Department of Health and Human Services, 1979;
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Walden University, n.d.). The IRB determined the risk category for each study and the

level of protection required, including assurance that all necessary safety measures were
in place to protect human participants. The study received four IRB approvals: one from
each of the states represented in the study (California, Maryland, and Ohio) and one from
the Walden IRB, ensuring that there was no risk of harm to participants (see Appendices
B, C, D, and E). The IRBs also ensured the research complied with the ethical principles
in the Belmont Report (Department of Health, Education, and Welfare, 1979) and the
Declaration of Helsinki (World Medical Association, 2013). There was minimal risk
associated with this study, and because no cases were recruited, informed consent was
waived (CITI Program, n.d.; Shah, 2024). Other protection measures included
downloading datasets, storing files in a protected format, and ensuring that files were
destroyed after the study's conclusion or after 5 years (CITI Program, n.d.). Additionally,
measures were taken to ensure participant privacy by using de-identified data. The
dataset was stored on a password-protected device, and the results were presented in a
manner that minimized the stigmatization of specific groups.
Summary

A rigorous methodology was employed in this study. The methodology chapter
outlined the study's steps and presented the data analysis. The section outlined the study
population, including the inclusion and exclusion criteria. The measures and instruments
used in the study demonstrated rigor and were supported in the literature, thereby
ensuring the study's internal validity. This section included definitions of the dependent

and independent variables and the covariates.
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The appropriate tests for the study and type of analysis were discussed in this
chapter. Issues related to external validity were discussed, including the exclusion of
some TB outcomes due to insufficient cell counts. TB treatment outcomes, such as
adverse events and treatment discontinuation, were not analyzed in the study, potentially
compromising external validity. The study is generalizable to any subpopulation similar
to the sampled population, controlling for age, sex, ethnicity, and origin of birth. In
conclusion, the methodology section clearly communicated and addressed the study's
rigor, including its design, measurement, and analysis.

The following chapter focuses on data analysis and study results. It consists of the
parameters associated with data collection and the study's trustworthiness. Additionally,

the limitations of the study results are included in this section.
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Chapter 4: Results

I aimed to determine factors associated with unsuccessful treatment outcomes. I
measured associations between LTC, correctional facility or incarceration status,
homelessness, diabetes, HIV, excess alcohol consumption, illicit drug use, and TB
treatment outcomes among individuals with PTB between 2017 and 2021 in California,
Maryland, and Ohio while controlling for age, sex, ethnicity, and origin of birth. I
investigated which risk factors were associated with unsuccessful treatment outcomes
rather than TB treatment completion.

RQI, RQ2, and RQ3 examine associations between setting or community
factors (LTC, correctional facility status, homelessness) and TB treatment outcomes.
RQ4 included four variables based on individual factors, which are HIV, diabetes, excess
alcohol, and illicit drugs.

RQ1: Is there an association between LTC and TB treatment outcomes among
patients with TB while controlling for sex, age, ethnicity, and origin of birth?

Ho1: There is no association between LTC and TB treatment outcomes while
controlling for sex, age, ethnicity, and origin of birth among patients with TB.

Hal: There is an association between LTC and TB treatment outcomes while
controlling for sex, age, ethnicity, and origin of birth among patients with TB.

RQ2: Is there an association between correctional facilities and TB treatment
outcomes among patients with TB while controlling for sex, age, ethnicity, and origin of

birth?
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Ho2: There is no association between incarceration in correctional facilities and
TB treatment outcomes while controlling for sex, age, ethnicity, and origin of birth
among patients with TB.

Ha2: There is an association between incarceration in correctional facilities and
TB treatment outcomes while controlling for sex, age, ethnicity, and origin of birth
among patients with TB.

RQ3: Is there an association between homelessness status and TB treatment
outcomes among patients with TB while controlling for sex, age, ethnicity, and origin of
birth?

Ho3: There is no association between homelessness status and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

Ha3: There is an association between homelessness status and TB treatment
outcomes while controlling for sex, age, ethnicity, and origin of birth among patients with
TB.

RQ4: Is there an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes among patients with TB while controlling for
sex, age, ethnicity, and origin of birth?

Ho4: There is no association between diabetes, HI'V, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for sex, age, ethnicity, and

origin of birth among patients with TB.
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H.4: There is an association between diabetes, HIV, excess alcohol consumption,
illicit drug use, and TB treatment outcomes while controlling for age, sex, ethnicity, and

origin of birth among patients with TB.

Chapter 4 presents information on the data collection process, the population, the

statistical analysis, the interpretation of the results, and a summary of the findings.
Data Collection

Data collection began in September 2024. IRB applications and requests for State
TB data from California, Ohio, and Maryland were submitted to individual state health
departments from September to December 2024. A data dictionary showing the variables
of interest, along with a brief proposal, was submitted to each state health department
between September and December 2024. The data request specified the need for TB data
from 2017 to 2021 for each state (see Appendix F). State IRB approvals were obtained
between October and December 2024. Data sets were received, cleaned, and prepped for
analysis between December 2024 and March 2025. The total number of cases in the
dataset for each state from 2017 to 2021 was 9,715 in California, 687 in Maryland, and
759 in Ohio.

There were deviations from the data collection and analysis plan. The research
was initially intended to involve four states; however, only three participated. The initial
proposal for the study also included an analysis of societal factors such as types of health
providers, insurance status, and delayed treatment to measure access to care. These

variables were excluded from the study due to data limitations. A total of 11,161
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participants were eligible for the study. The total number of eligible participants from
2017 to 2021 was 6,666 in California, 546 in Maryland (n=546), and 377 in Ohio. The
number of participants who met the inclusion criteria was 7,589 (see Figure 9).
Figure 8

Participants Who Were Eligible for the Study

(N=11.161) TB cases from
CA. MD, OH [2017-2021]

@cluded cases: (n=3572) \

Age below 15 (n=329)

MDER or XDR. TB (n=109)

Extrapulmonary TB (n=1198)

Dead at diagnosis (n=37 )

Non lab confirmed (n=1412)
*QOther (n=487)

*(Duplicates, Onset before 2017)

(n=7589) eligible participants
nca = 6666 (87.8%)
oD = 546 (7.2%)
nop =377 (5.0%)

Note. Other (N = 480) includes duplicates (cases counted previously within 2017-2021)
and individuals with onset before 2017 who were excluded from the study.
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Results

The baseline descriptive and demographic characteristics of the study population
are presented in Table 5. There were (n=7589) participants who met the inclusion criteria.
Of these, (n=6666) 87.8% were California participants, (n=546) 7.2% were Maryland
participants, and (n=377) 5.0% were Ohio participants. The study's covariates include
age, sex, place of birth, and ethnicity. Among all age categories, the highest-sampled
category was 65+ (n = 2793), accounting for 36.8%. There were 8.0% participants in the
15-24 age group, 13.4% in the 25-34 age group, 10.5% in the 35-44 age group, 13.5% in
the 45-54 age group, and 17.9% in the 55-64 age group. The mean age was 52.7, and the
mean age category was 45-54. There were almost twice as many males (64%) as females
(36%). Approximately 66% of participants were non-Hispanic, while Hispanics were
about 34%. Non-U.S.-born individuals account for approximately 84% of participants,
while U.S.-born individuals account for 16% of participants in the study. The sample is
representative of the population, including individuals with pulmonary TB aged 15 years
and above.

Table 5

Descriptive Characteristics of Participants (n=7589)

Characteristics Value description N Percent (%)
Reason TB therapy Completed Tx 6333 83.4
was stopped Loss to follow-up 114 1.5
Refused Tx 48 0.6
Died 837 11.0
Age 15-24 604 8.0
25-34 1017 13.4

35-44 794 10.5



45-54 1024 13.5
55-64 1357 17.9
65+ 2793 36.8
Sex Male 4866 64.1
Female 2723 35.9
Ethnicity Hispanic 2559 33.7
Non-Hispanic 5026 66.2
Origin of birth U.S.-Bormn 1246 16.4
Non-U.S.-Born 6324 83.5
Correctional facility Yes 162 2.1
No 7408 97.6
Homelessness Yes 408 54
No 7157 94.3
Long Term Care Yes 174 2.3
(LTC) No 7400 97.5
Diabetes Yes 2355 31.0
No 4785 63.1
HIV status Yes 288 3.8
No 6669 87.9
Excess alcohol Yes 548 7.2
No 6885 90.7
Illicit drug Yes 535 7.0
No 6896 90.9
Site of TB disease PTB 6400 84.3
PTB+EP 1188 15.7
Pan-susceptibility Pan-susceptible 6549 86.3
status
Resistant to at least 1016 13.4
one of INH, RIF,
PZA, EMB
Laboratory test type Positive culture 7384 97.3
Positive smear/tissue 3 0
Positive NAA 202 2.7
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Incarcerated individuals at the time of diagnosis accounted for 2.1% of
participants, while those experiencing homelessness were 5.4%. Individuals in LTC
accounted for 2.3% of participants. Diabetes was the most common risk factor, with

thirty-one percent of the participants having diabetes before or at the time of diagnosis,



73

and 63% were non-diabetic. When diabetes was stratified by age, it accounted for 8% in
the 15-24 age group, 15.4% in the 25-34 age group, 14.2% in the 35-44 age group, 14.3%
in the 45-54 age group, 14.9% in the 55-64 age group, and 32.9% in the 65" age group.
The participant pool consisted of 3.8% of individuals who were HIV positive, and 7.2%
of participants had excess alcohol use. The history of illicit drug use accounted for 7.0%
of participants. Individual risk factors (HIV, diabetes, excess alcohol, and illicit drugs)
were more predominant compared to community risk factors, which were based on
setting (LTC, correctional facility, homelessness). Eighty-four percent of participants had
Pulmonary TB only, while 15.7% had a combination of pulmonary and extrapulmonary
TB. 86.3% of the participants had TB that was pan-susceptible and was treated with first-
line drugs (INH, RIF, PZA, and EMB) while 13.4% were resistant to at least one first-
line drug (INH, RIF, PZA, EMB). Most cultures (97.3%) were confirmed by laboratory
culture, while some were confirmed by Nucleic Acid Amplification (NAA).

Figure 9 shows the number of TB cases that completed treatment for the years
2017-2021. Treatment completed was the most common outcome, followed by death.
The average treatment completion rate slightly decreased in 2020 and 2021 compared to
the previous years from 2017 to 2019. Lost to follow-up and treatment refusal were other
outcomes experienced by cases, but were less common compared to treatment completion

and death.
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Figure 9

TB Treatment Qutcomes CA, MD, OH [2017-2021]
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Statistical Assumptions

Before analysis, I tested the assumptions for multinomial logistic regression
models. The six assumptions tested include the dependent variable being measured on a
nominal scale, multiple independent variables being measured on a nominal scale,
independence of observations, no multicollinearity, linearity, and absence of outliers.
(Leard Statistics, n.d.). Through observation, I determined that the data met the
assumptions for a dependent nominal variable. Additionally, the independent variables
were also nominal. There was independence of observations and mutual exclusivity of
the dependent variables. Additional assumptions for the test of multicollinearity between

independent and dependent variables, as well as the absence of outliers, were assessed
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using SPSS. A multicollinearity test, conducted in SPSS, showed that all Variance
Inflation Factor (VIF) scores were below 1.3, indicating no significant multicollinearity
among the predictor variables. I assumed linearity because all variables of the study were
nominal. There were no violations of the test's six assumptions. There were fewer than
10% missing values in the dataset, indicating less likelihood of bias (Dong & Peng,
2013).

Statistical Analysis

Four independent multinomial logistic regression models were conducted to
determine the association between the independent and dependent variables. All four
models were statistically significant (p <.05).

For RQ1, a multinomial logistic regression analysis was conducted to determine
the association between (TB) treatment outcomes (completed treatment, died, refused,
loss to follow-up) and the predictor variables: Long Term Care (LTC), age, sex, ethnicity,
and origin of birth.

Based on the model-fitting information (Table 6), the null model, compared to the
full model, was statistically significant and showed that the model with the variables
performed better than the intercept-only (null) model. The variable model distinguished
the factors associated with TB treatment outcomes (¥*(15) = 694.2, p < .001). Based on
the Pearson statistics shown in the “goodness of fit” (Table 7), the model was not a good
fit for the data y* (237) =282.3, p<.023. For a model to show a good fit using Pearson

statistics, the p-value must be greater than 0.05.
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Table 6

Model Fitting Estimate for RQ1

Model Fitting
Criteria
-2 Log
Model Likelihood Likelihood Ratio Tests
Intercept Only 1268.614 Chi-Square  df Sig.
Final 574.335 694.280 15 <.001
Table 7
Goodness of Fit for RQ1
Chi-Square df Sig.
Pearson 282.345 237 .023
Deviance 242.868 237 .383

For the treatment outcome of “loss to follow-up” (instead of completing
treatment), age, sex, and ethnicity were significant predictors, p<.05. Origin of birth and
LTC were not statistically significant predictors of “loss to follow-up,” p>.05.

For every 10-year increase in age, the odds of a case being lost to follow-up
(instead of completing treatment) decrease by approximately 23% (B =-0.269, SE = 0.58,
Wald =21.23,df = 1, Exp(B) = 0.764, 95% C.I. = 0.68, 0.85, p <.001). Compared to
females, male sex was associated with an increased odds of case being lost to follow-up
(instead of completing treatment) by approximately 132% (B = 0.843, SE =0.23, Wald =
12.64, df=1, Exp(B) = 2.324, 95% CI = 1.46, 3.69, p<.001). Compared to non—Hispanic,
Hispanic ethnicity was associated with an increased odds of loss to follow-up (instead of
completing treatment) by approximately 114% (B=0.721, SE=0.20, Wald=12.97,

Exp(B)=2.057, df=1, 95% C.1=1.39, 3.04, p <.001).
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For the treatment outcome of refused treatment, ethnicity was a significant
predictor of treatment refusal, p<.05. Age, sex, origin of birth, and residence at Long-
term care were not statistically significant predictors of treatment refusal (instead of
completing treatment). Compared to non-Hispanics, Hispanic ethnicity was associated
with an increased odds of treatment refusal (instead of completing treatment) by
approximately 80.9% (B = 0.593, SE =0.29, Wald = 3.950, Exp(B) = 1.809, df = 1, 95%
CI=1.00, 3.24, p = .047).

For the treatment outcome of died LTC, age, sex, and origin of birth were
significant predictors, p<.05; ethnicity was not a significant predictor of “died,” p>.05.

For every ten-year increase in age, the odds of death (instead of completing
treatment) increased by approximately 96% (B=0.676, SE=0.03, Wald=315.1, df=1,
Exp(B)=1.966, 95% C.I.=1.82, 2.11, p <.001). Compared to a Non-resident of LTC, a
LTC resident at diagnosis was associated with an increased odds of death (instead of
completing treatment) by approximately 308% (B = 1.407, SE=0.17, Wald=65.56, df=1,
Exp(B)=4.084, 95% CI=2.905, 5.741, p<.001). Compared to females, male sex was
associated with increased odds of death (instead of completing treatment) by
approximately 24% (B=0.218, SE=0.08, Wald=6.819, df=1, Exp(B)=1.244, 95% C.1I.
=1.05,1.46, p=0.009). Compared to individuals of non-U.S. origin of birth, individuals
with U.S origin of birth had increased odds of death (instead of completing treatment) by
approximately 42% (B= 0.350, SE=0.11, Wald=9.711, df=1, Exp(B)= 1.419, 95%C.1.=
1.13, 1.76, p=0.002). A forest plot of the RQ1 odds ratio and confidence intervals is

shown in Figure 9.
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Figure 9
RQ1 Forest Plot
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For RQ2, I conducted a multinomial logistic regression analysis to determine the
association between TB treatment outcomes (completed treatment, died, refused, loss to
follow-up) and the predictor variables: incarceration status, age, sex, ethnicity, and origin
of birth. Based on the model-fitting information (Table 8), the fit between the “intercept
only model” and the full model improved with the addition of the variables. The model
was statistically significant and successfully distinguished the factors associated with TB
treatment outcomes (}*(15) = 686.2, p<.001). Based on the Pearson statistics shown in the
“goodness of fit” (Table 9), the model was not a good fit for the data > (216)=260.6,

$<.020.

8.0000
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Table 8

Model Fitting Estimate for RQ2

Model Fitting
Criteria
-2 Log
Model Likelihood Likelihood Ratio Tests
Intercept Only 1228.830 Chi-Square df Sig.
Final 542.616 686.214 15 <.001
Table 9
Goodness of Fit for RQO2
Chi-Square df Sig.
Pearson 260.658 216 .020
Deviance 215.368 216 499

For the treatment outcome of loss to follow-up, correctional facility at time of
diagnosis, age, sex, and ethnicity were statistically significant predictors of loss to
follow-up (instead of treatment completion), p<.05. Origin of birth was not a statistically
significant predictor of loss to follow-up (instead of completing treatment), p>.05.
Compared to individuals who are not incarcerated, persons in correctional facilities have
an increased odds of case being lost to follow-up (instead of completing treatment) by
approximately 745.7% (B =2.135, SE = 0.26, Wald = 64.43, Exp(B) = 8.457, df =1,
95% C.I. = 5.02, 14.24, p<.001). For every 10-year increase in age, the odds of a case
being lost to follow-up (instead of completing treatment) decrease by approximately
17.9% (B =-0.197, SE = 0.06, Wald = 10.65, df = 1, Exp(B) = 0.821, 95% C.I. = 0.72,

0.92, p=.001). Compared to females, male sex was associated with increased odds of
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being lost to follow-up (instead of completing treatment) by approximately 95 %
(B=0.668, SE=0.24, Wald=7.662, df=1, Exp(B)=1.950, 95%C.1.=1.21, 3.12, p=.006).
Compared to non-Hispanics, Hispanic ethnicity was associated with increased odds of
being lost to follow-up instead of completing treatment. by 71% (B=0.539, SE=0.20,
Wald=6.733, Exp(B)= 1.714, df=1, 95%C.1.=1.14, 2.57, p=.009).

Correctional facility/Incarceration status was a statistically significant predictor of
treatment refusal (instead of completing treatment), p<.05. Age, sex, ethnicity, and origin
of birth were not statistically significant predictors of treatment refusal (instead of
completing treatment), p>.05. Compared to non-incarcerated individuals in correctional
facilities at the time of diagnosis, persons in correctional facilities have an increased odds
of treatment refusal instead of completing treatment by 499% (B=1.740, SE=0.51,
Wald=11.46, Exp(B)=5.99, df=1, 95%C.1.=2.08, 15.6, p<.001).

Age, sex, and origin of birth were statistically significant predictors of death
(instead of completing treatment), p<.05, while incarceration status and ethnicity were
not statistically significant predictors of death (instead of completing treatment), p>.05.
For every 10-year increase in age, the odds of death (instead of completing treatment)
increase by approximately 100% (B =0.691, SE = 0.38, Wald =328.2, df = 1, Exp(B) =
1.996, 95% C.I. = 1.85, 2.15, p<.001). Compared to females, male sex is associated with
increased odds of death (instead of completing treatment) by approximately 23% (B=
0.207, SE= 0.08, Wald= 6.202, df=1, Exp(B)=1.230, 95%C.1.= 1.04, 1.44, p=0.013).
Compared to non-U.S.-born individuals, individuals with U.S. origin of birth have an

increased odds of death (instead of completing treatment) by approximately 53.4% (B
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0.422, SE 0.11, Wald 16.84, df=1, Exp(B)=1.571, 95%C.1.= 1.26, 1.95, p<.001). A

forest plot of the RQ2 odds ratio and confidence intervals is shown in Figure 9.

Figure 10
RQ?2 Forest Plot
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For RQ3, I conducted a multinomial logistic regression analysis to determine the
association between Tuberculosis (TB) treatment outcomes (completed treatment, died,
refused, loss to follow-up) and the predictor variables of homelessness, age, sex,
ethnicity, and origin of birth.

Based on the model-fitting information (Table 10), the null model, compared to
the full model, was statistically significant and distinguished the factors associated with

TB treatment outcomes (y* (15) = 673.0, p<.001). Based on the Pearson statistics shown
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in the “goodness of fit” (Table 11), the model was not a good fit for the data y* (255) =

382.8, p<.001.

Table 10

Model Fitting Estimate for RQ3

Model Fitting
Criteria
-2 Log
Model Likelihood Likelihood Ratio Tests
Intercept Only 1308.990 Chi-Square df Sig.
Final 635.921 673.069 15 <.001
Table 11
Goodness of Fit RO3
Chi-Square df Sig.
Pearson 382.833 255 <.001
Deviance 263.881 255 263

For the TB treatment outcome of loss to follow-up, age, homelessness, sex, and
ethnicity were statistically significant predictors of loss to follow-up (instead of treatment
completion), p<.05. Origin of birth was not a statistically significant predictor of loss to
follow-up (instead of completing treatment), p>.05.For every 10-year increase in age, the
odds of case being lost to follow-up (instead of completing treatment) decrease by
approximately 23% (B =-0.269, SE = 0.06, Wald = 19.76, df = 1, Exp(B) = 0.764, 95%
C.1.=0.67, 0.86, p<.001). Compared to non-homeless persons, homeless individuals
within the past 12 months of diagnosis had approximately 355% increased odds of being

lost to follow-up (instead of completing treatment) (B = 1.516, SE = 0.24, Wald = 38.67,
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Exp(B) =4.553,df =1, 95% CI =2.82, 7.33, p<.001). Compared to females, male sex

was associated with increased odds of being lost to follow-up (instead of completing
treatment) by approximately 100% (B=0.696, SE=0.24, Wald=8.369, df=1,
Exp(B)=2.007, 95%C.1.=1.25, 3.21, p=.004). Compared to non-Hispanic individuals,
Hispanic ethnicity was associated with approximately 85% increased odds of being lost
to follow-up (instead of completing treatment) (B = 0.619, SE = 0.20, Wald = 8.952,
Exp(B) =1.856, df =1, 95% CI = 1.23, 2.78, p = 0.003).

Homelessness was a statistically significant predictor of treatment refusal (instead
of completing treatment), p<.05. Age, sex, ethnicity, and origin of birth were not
statistically significant predictors of treatment refusal (instead of completing treatment),
p>.05. Compared to non-homeless persons, Persons experiencing homelessness within
the past 12 months of diagnosis had increased odds of treatment refusal instead of
completing treatment, increased by 224% (B=1.177, SE=0.41, Wald=7.905 Exp(B)=
3.246, df=1, 95%C.1.= 1.42, 7.37, p<0.005).

Age, homelessness, sex, and origin of birth were statistically significant predictors
of death (instead of completing treatment), p<.05, while ethnicity was not a statistically
significant predictor of death (instead of completing treatment), p>.05.

For every 10-year increase in age, the odds of death increase instead of
completing treatment. increase by approximately 102% (B=0.705, SE = 0.39, Wald =
333.60, df =1, Exp(B) =2.024, 95% C. 1. = 1.87, 2.18, p<.001). Compared to non-

homeless persons, Persons experiencing homelessness within the past 12 months of
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diagnosis have increased odds of death (instead of completing treatment) by 76% (B=

0.566, SE=0.17, Wald= 10.38,

df=1, Exp(B)=1.761, 95%C.1.= 1.24, 2.48, p=.001).

Compared to females, males had an increased odds of death (instead of

completing treatment) by approximately 19.9% (B = 0.182, SE = 0.08, Wald =4.731, df

=1, Exp(B)=1.199, 95% CI = 1.01, 1.41, p =.030). Compared to non-U.S. Origin of

birth, persons with U.S origin of birth had increased odds of death (instead of completing

treatment) by approximately 43% (B= 0.360, SE=0.11, Wald=9.991, df=1, Exp(B)=

1.433, 95%C.1.=1.14, 1.79, p<.002). A forest plot of the RQ3 odds ratio and confidence

intervals is shown in Figure 9.
Figure 11

RQ3 Forest Plot
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For RQ4, a multinomial logistic regression analysis was conducted to examine the
association between TB treatment outcomes (completed treatment, died, refused, or lost
to follow-up) and the predictor variables: diabetes, HI'V, excess alcohol consumption,
illicit drug use, age, sex, ethnicity, and origin of birth.

Based on the model-fitting information (Table 12), the null model, compared to
the full model, was statistically significant and distinguished the factors associated with
TB treatment outcomes (¥ (24) = 501.6, p<.001). Based on the Pearson statistics shown
in Table 13, the “goodness of fit” table, the model was not a good fit for the data (¥*(984)
=1221.8, p<.001).

Table 12

Model Fitting Estimate for RQ4

Model Fitting
Criteria
-2 Log
Model Likelihood Likelihood Ratio Tests
Intercept Only 1520.504 Chi-Square  df Sig.
Final 1018.877 501.627 24 <.001
Table 13
Goodness of Fit for RO4
Chi-Square df Sig.
Pearson 1221.884 984 <.001
Deviance 593.284 984 1.000

For the TB treatment outcome of loss to follow-up, age, sex, ethnicity, and illicit
drug use were statistically significant predictors of loss to follow-up (instead of treatment

completion), p<.05. Origin of birth, diabetes status, excess alcohol consumption, and HIV
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were not statistically significant predictors of loss to follow-up (instead of completing
treatment), p>.05. For every 10-year increase in age, the odds of being “loss to follow-
up” (instead of completing treatment) decrease by approximately 21% (B = -0.230, SE =
0.07, Wald =9.670, df = 1, Exp(B) = 0.794, 95% C.I. = 0.68, 0.91, p<.002). Compared to
females, males had increased odds of being lost to follow-up (instead of completing
treatment) by approximately 85% (B=0.620, SE=0.27, Wald=5.115, df=1, Exp(B)=1.859,
95%C.1.=1.08, 3.18, p=.024). Compared to non-Hispanics, Hispanic ethnicity was
associated with approximately 76% increased odds of being lost to follow-up (instead of
completing treatment) (B = 0.567, SE = 0.23, Wald = 5.773, Exp(B) = 1.762, df = 1, 95%
CI=1.11,2.79, p = .016). Compared to individuals who do not use illicit drugs,
individuals with positive illicit drug use status have an increased odds of being lost to
follow-up (instead of completing treatment) by approximately 303% (B=1.396, SE=0.28,
Wald=24.50, Exp(B)=4.037, df=1, 95%C.1.=2.32,7.01, p <.001). A forest plot of the RQ4

odds ratio and confidence intervals is shown in Figure 9.
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RQ4 Associations with Loss to Follow-Up, Tx Refusal and Death in TB Treatment
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Illicit drug use status was a statistically significant predictor of treatment refusal

(instead of completing treatment), p<.05. Age, sex, ethnicity, origin of birth, diabetes

status, excess alcohol consumption, and HIV status were not statistically significant

predictors of treatment refusal (instead of completing treatment), p>.05.

Compared to individuals who do not use illicit drugs, individuals with positive

illicit drug use status at time of diagnosis have increased odds of treatment refusal instead

of completing treatment by approximately 197% (B=1.089 SE=0.48, Wald=5.008,

Exp(B)=2.973, df=1, 95%C.1.= 1.14, 7.71, p<.025).

Age and HIV status were statistically significant predictors of death (instead of

completing treatment), p<.05, while ethnicity, sex, origin of birth, illicit drug use status,

diabetes status, and excess alcohol consumption were not statistically significant

predictors of death (instead of completing treatment), p>.05.

12.0000
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For every 10-year increase in age, the odds of death (instead of completing
treatment) increase by approximately 105% (B=0721, SE = 0.048, Wald =225.3,df =1,
Exp(B)=2.057, 95% C.I. = 1.87, 2.26, p<.001). Compared to individuals who are not
HIV positive, individuals with positive HI'V status at time of diagnosis have increased
odds of death (instead of completing treatment), increased by approximately 110% (B=
0.746, SE=0.26, Wald= 7.771, df=1, Exp(B)=2.108, 95%C.1.= 1.24, 3.56, p=.005).

After adjusting for state in sensitivity analyses, the exponentiated coefficients
(Exp(B)) showed minor changes in magnitude; however, the direction of the associations
and the statistical significance of the key predictors remained unchanged. These findings
suggest that the primary results are robust to state-level adjustment. A summary of the
initial model findings is presented in Table 14, while the adjusted model with states as an
additional covariate is illustrated in Table 16.

Summary

A table of the independent variables associated with TB treatment outcomes is
shown in Table 14. Additionally, covariates associated with TB treatment outcomes are
shown in Table 15. For RQ1, younger age, male sex, and Hispanic ethnicity were
predictors of “lost to follow-up”, while ethnicity was associated with treatment refusal.
Increase in age, long-term care (LTC) resident, male sex, and US origin of birth were
associated with the outcome of death. In determining the association between LTC and
TB treatment outcomes while controlling for age, sex, ethnicity, and origin of birth, LTC

was associated with the outcome of death; therefore, I rejected the null hypothesis.
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For RQ2, younger age, correctional facility residency at diagnosis, male sex, and
Hispanic ethnicity were associated with loss to follow-up, and correctional facility
residency was also associated with treatment refusal. Older age, male sex, and US origin
of birth were associated with death. In determining the association between correctional
facility and TB treatment outcomes while controlling for age, sex, ethnicity, and origin of
birth, correctional facility was associated with loss to follow-up and treatment refusal;
therefore, I rejected the null hypothesis.

Table 14

Variables evaluated as possible risk factors for TB treatment outcomes (p<.05) -Primary

Model
Variable P-value Odds Ratio (95% CI) Odds Ratio ( %)
Died
LTC Resident at diagnosis <.001 4.08 (2.905 - 5.741) 308%
HIV positive at diagnosis .005 2.10 (1.248-3.561) 110%
Homeless in the past year .001 1.76 (1.248-2.484) 76%

Lost to follow-up
Correctional facility resident

at diagnosis <.001 8.45(5.021-14.243) 745.70%
Homeless in the past year <.001 4.55 (2.824-7.331) 355%
[llicit drug use in the past

year <.001 4.03 (2.323-7.015) 303%

Refused Tx

Correctional facility resident

at diagnosis <.001 5.99 (2.081-15.610) 499%
Homeless in the past year .005 3.24 (1.428-7.374) 224%
Illicit drug use in the past

year .025 2.97 (1.145-7.719) 197%

The RQ3 model showed that younger age, homelessness status within a year of

diagnosis, male sex, and Hispanic ethnicity were associated with the treatment outcome
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refusal. Older age, homelessness, male sex, and US origin of birth were associated with

the treatment outcome of death. In determining the association between history of

homelessness status and TB treatment outcomes while controlling for age, sex, ethnicity,

and origin of birth, homelessness status was associated with outcomes of loss to follow-

up and death; therefore, I rejected the null hypothesis.

Table 15

Covariates evaluated as possible risk factors for TB treatment outcomes, p<.05 for RQ1,

RQ2, RQO3, and RQ4 models

Covariate

Age

Hispanic Ethnicity

Male sex

US Origin of birth

P-value 95% CI
Lost to Follow-up
0.682-0.857
<.001 0.729-0.924
<.001 0.679-0.860
<.001 0.687-0.918
<.001
<.001 1.390-3.046
.009 1.141-2.575
.003 1.238-2.784
.016 1.110-2.798
<.001 1.460-3.699
.006 1.215-3.129
.004 1.252-3.217
.024 1.086-3.182
Died
0.002 1.139-1.768
<.001 1.266-1.950
.002 1.146-1.791

.063* 0.986-1.727

% Odds

23%
17.9%
23%
21%

114%
71%
85%
76%

132%
95%
100%
85%

42%
53.4%
43%
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<.001 1.82-2.118 96%
Age <.001 1.852-2.150 100%
<.001 1.877-2.183 102%
<.001 1.872-2.260 105%
0,
0.009 1.056-1.466 ;g O/A)
0
Male sex .013 1.045-1.447 19.9%
.030 1.018-1.413 e
.071* 0.985-1.458
Refused Tx
1.008-3.244 80.9%
.047 0.900-2.974 -
. . . .1007* 0.934-3.044 -
Hispanic Ethnicity : :
.083* 0.868-3.054 -
.129%

Note. (*) indicates models or values that are not statistically significant (p>.05)

From the RQ4 model, younger age, male sex, Hispanic ethnicity, and illicit drug
use were associated with increased odds of loss to follow-up. In contrast, illicit drug use
was associated with increased odds of treatment refusal. Increased age and positive HIV
status were associated with increased odds of death. In determining the association of
diabetes, HI'V, excess alcohol, and illicit drug use with TB treatment outcome (loss to
follow-up, treatment refusal, and death) while controlling for age, sex, ethnicity, and
origin of birth, Illicit drug use was associated with outcomes of loss to follow-up and
treatment refusal. HIV status was associated with the outcome of death. The null
hypothesis was rejected for these two variables. Diabetes and excess alcohol consumption
were not associated with any unsuccessful outcomes; the null hypothesis was accepted.
Across all four models, younger age, male sex, and Hispanic ethnicity were associated
with a higher likelihood of loss to follow-up. Across three of four models, an increase in

age, male sex, and U.S origin of birth was associated with mortality.
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Variables evaluated as possible risk factors for TB treatment outcomes (p<.05) -Adjusted

Model with State as Covariate.

Odds Ratio (95%

Odds Ratio (

Variable P-value CI) %)
Died
LTC Resident at diagnosis <.001 4.02 (2.857 - 5.662) 302%
HIV positive at diagnosis 0.005 2.14 (1.263-3.269) 114%
Homeless in the past year 0.001 1.85 (1.313-2.632) 85%
Lost to follow-up
Correctional facility resident
at diagnosis <.001 9.39 (5.531-15.956) 839.00%
Homelessness in the past
year <.001 5.02 (3.069-8.214) 402%
Illicit drug use within the
past year <.001 4.16 (2.376-7.304) 316%
Refused Tx
Correctional facility resident
at diagnosis <.001 6.05 (2.187-16.768) 505%
Homelessness in the past
year 0.004 3.44 (1.495-7.955) 244%
Illicit drug use within the
past year 0.018 3.18(1.218-8.312) 218%

The sensitivity analysis (Table 16) demonstrated that the primary associations are

robust to state adjustment, meaning they were not driven by unmeasured state-level

confounding. However, because California accounted for the majority of cases, the

findings are most directly applicable to California. While Maryland and Ohio contributed
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information to the pooled analysis, their smaller sample sizes limited state-specific
inference, so I do not claim full generalizability to those states.

Chapter 5 reiterates the study's nature and purpose, summarizes the findings, and
provides an interpretation of the results. The chapter also highlights the study's

limitations and provides recommendations.
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Chapter 5: Discussion, Conclusions, and Recommendations

I aimed to identify risk factors associated with unsuccessful PTB outcomes, so
stakeholders can implement interventions to improve treatment success. I used a
quantitative cross-sectional design. My primary focus was to determine individual
associations between homelessness, LTC, correctional facility status, HIV, diabetes,
excess alcohol consumption, illicit drug use, and TB treatment outcomes.

I obtained secondary data to analyze risk factors associated with death, treatment
refusal, and loss to follow-up among patients who were treated for PTB. There were
11,161 participants available for analysis, of whom 7,589 met the inclusion criteria. I
employed a multinomial logistic regression analysis, incorporating a chi-square test, odds
ratio (Exp(B)), p-values, confidence intervals, and descriptive statistics to identify
relationships, themes, and patterns between the dependent and independent variables. A
cross-sectional design was employed to examine population characteristics at a single
point in time. The study provided valuable information to address disparities related to
predictors of unsuccessful TB treatment outcomes.

Interpretation of the Findings

Increased age over 65, HI'V, and homelessness were associated with death of
individuals with TB (Di Gennaro et al., 2020; Di Gennaro et al., 2022; Gupta et al., 2018;
Holden et al., 2020; Houck et al., 2023; Korhonen et al., 2020; Pradipta et al., 2019; Wu
et al., 2022). The study was consistent with previous findings, which showed male sex
was associated with increased death. Homelessness was associated with loss to follow-

up. In this study, illicit drug use was associated with loss to follow-up and treatment
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refusal. It is unknown whether there are correlations between treatment refusal and
delayed or undocumented treatment completion.

Excess alcohol consumption and illicit drug use were linked with increased odds
of TB mortality in previous studies; however, that association was not detected in this
study. The study also did not show a relationship between diabetes and increased
mortality. Study findings deviate from previous findings in that excess alcohol
consumption and diabetes were not associated with unsuccessful treatment outcomes.

There were no recent studies that showed the relationship between LTC and TB
treatment outcomes in low transmission settings; hence, this was a gap that this study
filled, showing there was a 4 times higher odds of death associated with LTC status. The
reason could be age as an underlying factor or synergistic interrelations with other
comorbidities, because older individuals and those with comorbidities are more likely to
be residents of LTCs. Age increases are associated with TB deaths (Di Gennaro et al.,
2020; Holden et al., 2020; Korhonen et al., 2020; Pradipta et al., 2019).

I explored associations between incarceration/correctional facility status and TB
treatment outcomes. Incarceration status was linked with poor TB treatment outcomes
among individuals with drug-susceptible TB (Evenden et al., 2019; Pradipta et al., 2019).
Incarceration was linked with unsuccessful treatment outcomes, including loss to follow-

up (Mitruka et al., 2016; Pradipta et al., 2019).
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There were 8.4 times the odds of loss to follow-up among individuals who were
incarcerated during diagnosis. It is unclear from this study if participants were lost to
follow-up while still incarcerated or after they were released. Future studies are needed to
explore these findings further.

Findings in this study were consistent with previous studies, which showed
homelessness was associated with death and loss to follow-up. This study adds to the
literature that homelessness is also associated with treatment refusal. I showed there were
355% odds of loss to follow-up among PEHs, 225% odds of treatment refusal, and 76%
odds of death.

HIV was associated with death among TB patients. There were 110% odds of
death for TB cases with HIV. Illicit drug use was associated with the odds of loss to
follow-up by 303% and treatment refusal odds by 197%. More studies are needed to fully
understand the associations between illicit drug use and TB treatment outcomes.
Literature showed a strong association between diabetes and death. Baltas et al. (2023)
showed that diabetes was not associated with death among TB patients. The findings in
this study differed from those in previous studies, as diabetes was not associated with
death or other unsuccessful treatment outcomes. The findings of this study, which
revealed no associations between diabetes and unsuccessful tuberculosis treatment
outcomes, may warrant further investigation. Excess alcohol consumption was
associated with death and treatment failure as well as presentation delay. I found that

excess alcohol consumption was not associated with any unsuccessful treatments.
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The interpretation of findings based on the SEM framework's theoretical model
reveals that community factors, including correctional facility, homelessness, and LTC,
were associated with unsuccessful TB treatment outcomes. Correctional facilities and
homelessness were strongly linked to increased odds of loss to follow-up and treatment
refusal, while LTC and homelessness were linked to increased odds of death.
Homelessness was associated with all unsuccessful TB outcomes. At the individual level,
illicit drug use and HIV were associated with unsuccessful TB treatment outcomes.
Illegal drug use was associated with loss to follow-up and treatment refusal, while
positive HIV status was associated with the outcome of death. Correctional facilities had
the highest risks of loss to follow-up and treatment refusal, followed by homelessness.
There was an 8-fold increase in the odds of loss to follow-up among people in
correctional facilities compared to those not in correctional facilities. There was a 5.9
times increased odds of treatment refusal associated with people in a correctional facility
at the time of diagnosis compared to those not in a correctional facility. LTC had the
highest odds of death, with 4 times the odds of death for LTC residents compared to non-

LTC residents at the time of diagnosis

Limitations of the Study
The study is generally limited in its applicability to low-TB-transmission settings,
cases that are not MDR or XDR-resistant, and individuals aged 15 years and older. Since
two of the States, MD and OH, had sample sizes below the minimum required for the

study, the study findings should be applied to these States with caution. Not all disease
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outcomes were explored in the study. The study's generalizability is limited to the
outcomes included in the analysis. Specific limitations of the study that may affect its
validity or reliability include the retrospective design, which relied on secondary data that
may be subject to recall bias, missing data, and data entry errors. Not all resistance cases
were excluded from the study; mono and poly resistance cases were included in the
study, and only MDR or XDR cases were excluded. Additionally, the type of
extrapulmonary TB was not explicitly addressed, nor was the potential impact on
treatment outcomes. Pradipta et al. (2019) showed that cases with pulmonary and
extrapulmonary TB were associated with the outcome of death. The outcome of death for
pulmonary TB versus pulmonary and extrapulmonary TB was not assessed separately in
this study. Cases with pulmonary TB and extrapulmonary TB were included in the study,
regardless of the site of disease or difficulty treating specific disease sites, which may
impact TB treatment outcomes. Comorbidity data were not included in the analysis,
which may influence treatment outcomes.
Recommendations

Recommendations for political leaders include focusing policies that would
prioritize treatment monitoring, follow-up, and availability of resources, including direct
observed therapy for all TB patients and particularly for cases with multiple risk factors
for poor treatment outcomes. Healthcare administrators and public health officials should
also implement policies tailored to facilitate the more effective removal of barriers that
contribute to poor TB treatment outcomes. These policies or programs may include

optimizing current policies on Direct Observed Therapy (DOTS) implementation, and



99

assigning case workers for homeless individuals, as well as individuals who participate in
illicit drug use.

Recommendations include conducting additional studies on TB data after 2021,
exploring outcomes across all age groups, and analyzing all cases regardless of resistance
status and extrapulmonary TB, to provide more robust data on TB treatment outcomes.
State health departments and public health departments should focus on outcomes such as
HIV, homelessness, age, and LTC, which are significant risk factors for mortality
associated with TB. Additionally, a specific targeted focus on individuals with illicit drug
use and homelessness could help reduce outcomes of loss to follow-up and treatment
refusal. Interventions for these at-risk populations may include access to care, with a
focus on targeted strategies to support continued treatment completion (Parriott et al.,
2018).

At the community level, programs should also focus on reducing congregate risk
factors such as overcrowding that could facilitate TB transmission. Assigning case
workers in these settings could help with adherence to TB treatment regimens.
Community factors in this study, such as homelessness, correctional facilities, and LTC,
were linked to the risk of congregate settings, and recommendations for successful
treatment outcomes should consider the facilities and partners to design patient-centered
interventional frameworks to support treatment completion for individuals with this risk.
Health departments should also determine if cases are in deprived areas with limited
resources to sustain treatment completion (Nguipdop-Djomo et al., 2020). The use of

existing recommendations, including the use of direct observed treatment protocols for
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persons experiencing homelessness and shorter therapy, could help with the successful
treatment of at-risk groups.
Implications

I aimed to identify factors associated with unsuccessful TB treatment outcomes,
with the goal of improving successful treatment outcomes to achieve a 95% treatment
completion rate. The study identified factors at the community and individual levels
associated with unsuccessful treatment outcomes. LTC, correctional facility, and
homelessness were community factors associated with unsuccessful treatment outcomes,
including death, loss to follow-up, and treatment refusal. A key finding of the study is
that although community factors (LTC, homelessness, correctional facility) frequency of
cases was low, they had the highest risk or odds for unsuccessful outcomes of loss to
follow up, treatment refusal, and death. Therefore, when patients present with these risks,
practitioners, policymakers, public health officials, and healthcare providers should take
special precautions and preemptive measures to address TB treatment, with a focus on
potential treatment failures in patients with these risk factors.

Individual factors, including illicit drug use and HIV, were associated with
unsuccessful outcomes of loss to follow-up, treatment refusal, and death. The study
directly contributed to identifying the risk factors for poor treatment outcomes, which can
be used to provide positive social change. The study provides findings to inform
conversations and strategies for improving TB treatment outcomes. Interventions that
contribute to successful treatment outcomes also contribute to positive social change and

improved outcomes, leading to treatment completion for affected risk groups. The
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The study's implications are also relevant to TB elimination in low-transmission settings.
Conclusion

Using community and variables, I was able to determine risk factors that are
associated with unsuccessful treatment outcomes of death, loss to follow-up, and
treatment refusal. The data show that LTC, homelessness, and HIV are associated with
poor TB treatment outcomes of death. Furthermore, incarceration in a correctional
facility at the time of diagnosis, illicit drug use, and homelessness status are associated
with treatment refusal and loss to follow-up. Covariate analysis shows that increased age,
male sex, and U.S origin of birth were associated with increased outcome of death. Older
age, male sex, and Hispanic ethnicity were also associated with loss to follow-up. There
were no unsuccessful treatment outcomes related to diabetes and excess alcohol
consumption in this study. As the U.S. moves toward a national goal of a 95% TB
treatment completion rate and TB elimination, a focus on efforts to promote successful
treatment completion for the risk factors associated with poor treatment outcomes will
help the U.S. achieve its TB public health goals and bring about positive social change

for the population at risk.



102

References

Agarwal, S., Nguyen, D. T., & Graviss, E. A. (2019). Homelessness and mortality among
persons with tuberculosis in Texas, 2010-2017. Public Health Reports, 134(6),

643—650. https://doi.org/10.1177/0033354919874087

Alkabab, Y., Warkentin, J., Cummins, J., Katz, B., Denison, B. M., Bartok, A., Khalil,
A., Young, L. R., Timme, E., Peloquin, C. A., Ashkin, D., Houpt, E. R., &
Heysell, S. K. (2023). Therapeutic drug monitoring and TB treatment outcomes in
patients with diabetes mellitus. International Journal of Tuberculosis and Lung

Disease, 27(2), 135—-139. https://doi.org/10.5588/ijtld.22.0448

Alsayed, S. S. R., & Gunosewoyo, H. (2023). Tuberculosis: Pathogenesis, current
treatment regimens, and new drug targets. International Journal of Molecular

Sciences, 24(6), 5202. https://doi.org/10.3390/ijms24065202

Andrade, C. (2018). Internal, external, and ecological validity in research design,
conduct, and evaluation. Indian Journal of Psychological Medicine, 40(5), 498—

499, https://doi.org/10.4103/ijpsym.ijpsym 334 18

Armenta, R. F., Collins, K. M., Strathdee, S. A., Bulterys, M. A., Munoz, F., Cuevas-
Mota, J., Chiles, P., & Garfein, R. S. (2017). Mycobacterium tuberculosis
infection among persons who inject drugs in San Diego, California. International
Journal of Tuberculosis and Lung Disease, 21(4), 425-431.

https://doi.org/10.5588/1jtld.16.0434



https://doi.org/10.1177/0033354919874087
https://doi.org/10.5588/ijtld.22.0448
https://doi.org/10.3390/ijms24065202
https://doi.org/10.4103/ijpsym.ijpsym_334_18
https://doi.org/10.5588/ijtld.16.0434

103
Armstrong, L. R., Kammerer, J. S., & Haddad, M. B. (2020). Diabetes mellitus among

adults with tuberculosis in the USA, 2010-2017. BMJ Open Diabetes Research &

Care, 8(1), e001275. https://doi.org/10.1136/bmjdrc-2020-001275

Babbie, E. (2015). Basics of social research (7th ed.). Cengage Learning.
Baltas, 1., Sturdy, A., Kavallieros, K., McGregor, A., Corrah, T., John, L., Cooke, G., &
Whittington, A. M. (2023). Diabetes mellitus is not a predictor of poor TB

treatment outcomes. International Journal of Tuberculosis and Lung Disease,

27(2), 140-145. https://doi.org/10.5588/ijtld.22.0470

Banerjee, A., Chitnis, U., Jadhav, S., Bhawalkar, J., & Chaudhury, S. (2009). Hypothesis
testing, type I and type II errors. Industrial Psychiatry Journal, 18(2), 127.

https://doi.org/10.4103/0972-6748.62274

Bedmar, M. A., Bennasar-Veny, M., Artigas-Lelong, B., Salva-Mut, F., Pou, J., Capitan-
Moyano, L., Garcia-Toro, M., & Yafiez, A. M. (2022). Health and access to
healthcare among the homeless. Medicine, 101(7), ¢28816.

https://doi.org/10.1097/md.0000000000028816

Bronfenbrenner, U. (1994). Ecological models of human development. In International

Encyclopedia of Education (2" ed., Vol. 3). Elsevier. https:/www .ncj.nl/wp-

content/uploads/media-import/docs/6a45clad4-82ad-4f69-957¢-

1c¢76966678¢2.pdf.

California Department of Public Health. (2022). 7B in California: 2021 snapshot.

https://www.cdph.ca.gov/Programs/CID/DCDC/CDPH%20Document%20Library

/TBCB-TB-Snapshot-2021.pdf



https://doi.org/10.1136/bmjdrc-2020-001275
https://doi.org/10.5588/ijtld.22.0470
https://doi.org/10.4103/0972-6748.62274
https://doi.org/10.1097/md.0000000000028816
https://www.ncj.nl/wp-content/uploads/media-import/docs/6a45c1a4-82ad-4f69-957e-1c76966678e2.pdf.
https://www.ncj.nl/wp-content/uploads/media-import/docs/6a45c1a4-82ad-4f69-957e-1c76966678e2.pdf.
https://www.ncj.nl/wp-content/uploads/media-import/docs/6a45c1a4-82ad-4f69-957e-1c76966678e2.pdf.
https://www.cdph.ca.gov/Programs/CID/DCDC/CDPH%20Document%20Library/TBCB-TB-Snapshot-2021.pdf
https://www.cdph.ca.gov/Programs/CID/DCDC/CDPH%20Document%20Library/TBCB-TB-Snapshot-2021.pdf

104

Centers for Disease Control and Prevention. (2023, November 15). Reported TB in the
U.S., 2020- Executive commentary.

https://www.cdc.gov/tb/statistics/reports/2022/Exec Commentary.html

Centers for Disease Control and Prevention. (n.d.-a). Archive App | CDC.

https://archive.cdc.gov/#/details?url=https:/www.cdc.gov/tb/statistics/indicators/

2019/completionTherapy.htm

Centers for Disease Control and Prevention. (n.d.-b). Completion of therapy | 2020 State

and City TB Report | Data & Statistics | TB | CDC.

https://archive.cdc.gcov/iwww cdc gov/tb/statistics/indicators/2020/completionTh

erapy.htm

Centers for Disease Control and Prevention. (2021a, July 14). 2021 State and city TB

Report: Completion of therapy. https://www.cdc.gov/tb-data/202 1 -state-city-

report/completion-of-therapy.html

Centers for Disease Control and Prevention. (2021b). 2020 Report of Verified Case of
Tuberculosis (RVCT) instruction manual.

https://www.cdc.gov/tb/programs/rvct/instructionmanual.pdf

Centers for Disease Control and Prevention. (2022a). Reported TB in the U.S., 2020-
Demographics.

https://archive.cdc.gcov/iwww cdc gov/tb/statistics/reports/2021/demographics.ht

m#:~:text=0verall%2C%20in%202021%2C%204%25.4.0%20cases%20per%201

00%2C000%20persons



https://www.cdc.gov/tb/statistics/reports/2022/Exec_Commentary.html
https://archive.cdc.gov/%23/details?url=https://www.cdc.gov/tb/statistics/indicators/2019/completionTherapy.htm
https://archive.cdc.gov/%23/details?url=https://www.cdc.gov/tb/statistics/indicators/2019/completionTherapy.htm
https://archive.cdc.gov/www_cdc_gov/tb/statistics/indicators/2020/completionTherapy.htm
https://archive.cdc.gov/www_cdc_gov/tb/statistics/indicators/2020/completionTherapy.htm
https://www.cdc.gov/tb-data/2021-state-city-report/completion-of-therapy.html
https://www.cdc.gov/tb-data/2021-state-city-report/completion-of-therapy.html
https://www.cdc.gov/tb/programs/rvct/instructionmanual.pdf
https://archive.cdc.gov/www_cdc_gov/tb/statistics/reports/2021/demographics.htm#:~:text=Overall%2C%20in%202021%2C%204%25,4.0%20cases%20per%20100%2C000%20persons
https://archive.cdc.gov/www_cdc_gov/tb/statistics/reports/2021/demographics.htm#:~:text=Overall%2C%20in%202021%2C%204%25,4.0%20cases%20per%20100%2C000%20persons
https://archive.cdc.gov/www_cdc_gov/tb/statistics/reports/2021/demographics.htm#:~:text=Overall%2C%20in%202021%2C%204%25,4.0%20cases%20per%20100%2C000%20persons

105
Centers for Disease Control and Prevention. (2022b). Reported TB in the U.S., 2022-

Executive commentary.

https://www.cdc.gov/tb/statistics/reports/2022/Exec Commentary.html#:~:text=6

%E2%80%938.1.0)%20(Table%206).

Centers for Disease Control and Prevention. (2024a, April 9). About violence prevention.
Violence Prevention. https://www.cdc.gov/violence-
prevention/about/?CDC_AAref Val=https://www.cdc.gov/violenceprevention/ab
out/soc

Centers for Disease Control and Prevention. (2024b, October 31). TB by Age Group:
1993-2023. Reported Tuberculosis in the United States, 2023.
https://www.cdc.gov/tb-surveillance-report-2023/tables/table-6.html

Centers for Disease Control and Prevention. (2024c, October 31). TB by Completion of
Therapy: 1993-2021. Reported Tuberculosis in the United States, 2023.
https://www.cdc.gov/tb-surveillance-report-2023/tables/table-17.html

Centers for Disease Control and Prevention. (2024d, October 31). 7B incidence and
mortality: 1953-2023. Reported Tuberculosis in the United States, 2023.
https://www.cdc.gov/tb-surveillance-report-2023/tables/table-1.html

Centers for Disease Control and Prevention. (2025a, January 6). Clinical guidelines.
Tuberculosis (TB). https://www.cdc.gov/tb/hep/clinical-guidance/index.html

Centers for Disease Control and Prevention. (2025b, April 17). Tuberculosis in children.
https://www.cdc.gov/tb/about/children.html?CDC_AAref Val=https://www.cdc.g

ov/tb/topic/populations/tbinchildren/default.htm


https://www.cdc.gov/tb/statistics/reports/2022/Exec_Commentary.html#:~:text=6%E2%80%938,1.0)%20(Table%206).
https://www.cdc.gov/tb/statistics/reports/2022/Exec_Commentary.html#:~:text=6%E2%80%938,1.0)%20(Table%206).

106
CITI Program. (n.d.). Human subjects research (HSR) | CITI Program.

https://about.citiprogram.org/series’human-subjects-research-hsr/

Cleveland Clinic. (2025, June 2). Tuberculosis.
https://my.clevelandclinic.org/health/diseases/11301-tuberculosis

Collin, S. M., Wurie, F., Muzyamba, M. C., De Vries, G., Lonnroth, K., Migliori, G. B.,
Abubakar, 1., Anderson, S. R., & Zenner, D. (2019). Effectiveness of
interventions for reducing TB incidence in countries with low TB incidence: A
systematic review of reviews. European Respiratory Review, 28(152), 180107.
https://doi.org/10.1183/16000617.0107-2018

Coorey, N. J., Kensitt, L., Davies, J., Keller, E., Sheel, M., Chani, K., Barry, S., Boyd, R.,
Denholm, J., Watts, K., Fox, G., Lowbridge, C., Perera, R., Waring, J., Marais,
B., & Viney, K. (2022). Risk factors for TB in Australia and their association with
delayed treatment completion. The International Journal of Tuberculosis and
Lung Disease, 26(5), 399—405. https://doi.org/10.5588/ijtld.21.0111

Cowger, T. L., Wortham, J. M., & Burton, D. C. (2019). Epidemiology of tuberculosis
among children and adolescents in the USA, 2007—17: An analysis of national
surveillance data. The Lancet Public Health, 4(10), e506—e516.
https://doi.org/10.1016/s2468-2667(19)30134-3

Crosby, L., Lewer, D., Appleby, Y., Anderson, C., Hayward, A., & Story, A. (2022).
Outcomes of a residential respite service for homeless people with tuberculosis in
London, UK: A cross-sectional study. Perspectives in Public Health, 143(2), 89—

96. https://doi.org/10.1177/17579139221093544



https://doi.org/10.1177/17579139221093544

107
Department of Health, Education, and Welfare. (1979). The Belmont report.

https://www.hhs.gov/ohrp/sites/default/files/the-belmont-report-508c_FINAL.pdyf.

Deutsch-Feldman, M., Pratt, R. H., Price, S. F., Tsang, C. A., & Self, J. L. (2021).
Tuberculosis — United States, 2020. MMWR Morbidity and Mortality Weekly
Report, 70(12), 409-414. https://doi.org/10.15585/mmwr.mm7012al

Di Gennaro, F., Lattanzio, R., Guido, G., Ricciardi, A., Novara, R., Patti, G., Cotugno, S.,
De Vita, E., Brindicci, G., Mariano, M. F., Ronga, L., Santoro, C. R., Romanelli,
F., Stolfa, S., Papagni, R., Bavaro, D. F., De laco, G., & Saracino, A. (2022).
Predictors for pulmonary tuberculosis outcome and adverse events in an [talian
referral Hospital: A nine-year retrospective study (2013-2021). Annals of Global
Health, 88(1). https://doi.org/10.5334/aogh.3677

Di Gennaro, F., Vittozzi, P., Gualano, G., Musso, M., Mosti, S., Mencarini, P., Pareo, C.,
Di Caro, A., Schinina, V., Girardi, E., & Palmieri, F. (2020). Active pulmonary
tuberculosis in elderly patients: A 2016-2019 retrospective analysis from an
Italian referral hospital. Antibiotics, 9(8), 489.
https://doi.org/10.3390/antibiotics9080489

Dong, Y., & Peng, C. J. (2013). Principled missing data methods for researchers.

SpringerPlus, 2(1). https://doi.org/10.1186/2193-1801-2-222

Evenden, P., Roche, A., Karo, B., Balasegaram, S., & Anderson, C. S. (2019).
Presentation and healthcare delays among people with tuberculosis in London,

and the impact on treatment outcome. BMJ Open Respiratory Research, 6(1),

€000468. https://doi.org/10.1136/bmjresp-2019-000468


https://doi.org/10.1186/2193-1801-2-222

108
Filardo, T. D., Feng, P., Pratt, R. H., Price, S. F., & Self, J. L. (2022). Tuberculosis —

United States, 2021. MMWR Morbidity and Mortality Weekly Report, 71(12),
441-446. https://doi.org/10.15585/mmwr.mm7112al

Gafar, F., Boveneind-Vrubleuskaya, N. V., Akkerman, O. W., Wilffert, B., & Alffenaar,
J. C. (2019). Nationwide analysis of treatment outcomes in children and
adolescents routinely treated for tuberculosis in the Netherlands. European
Respiratory Journal, 54(6), 1901402. https://doi.org/10.1183/13993003.01402-
2019

Glanz, K., Rimer, B. K., & Viswanath, K. (2015). Health behavior: Theory, research,
and practice. John Wiley & Sons.

Gupta, R. K., Lipman, M., Story, A., Hayward, A., De Vries, G., Van Hest, R., Erkens,
C., Rangaka, M. X., & Abubakar, I. (2018). Active case finding and treatment
adherence in risk groups in the tuberculosis pre-elimination era. The International
Journal of Tuberculosis and Lung Disease, 22(5), 479-487.

https://doi.ore/10.5588/1jtld.17.0767

Harrell, F. E. (2015). Regression modeling strategies: With applications to linear models,
logistic and ordinal regression, and survival analysis (2nd ed.). Springer.

“Healthy People 2030. (n.d.). Access to Health Services - Healthy People 2030 |
odphp.health.gov. https://odphp.health.gov/healthypeople/priority-areas/social -
determinants-health/literature-summaries/access-health-services

Holden, I. K., Lillebaek, T., Andersen, P. H., Wejse, C., & Johansen, I. S. (2020).

Characteristics and predictors for tuberculosis-related mortality in Denmark from


https://doi.org/10.5588/ijtld.17.0767

109
2009 through 2014: A retrospective cohort study. PLoS ONE, 15(6), €0231821.

https://doi.org/10.1371/journal.pone.0231821

Holden, I. K., Lillebaek, T., Seersholm, N., Andersen, P. H., Wejse, C., & Johansen, I. S.
(2019). Predictors for Pulmonary Tuberculosis Treatment Outcome in Denmark
2009-2014. Scientific Reports, 9(1). https://doi.org/10.1038/s41598-019-49439-9

Horton, K. C., Hoey, A. L., Béraud, G., Corbett, E. L., & White, R. G. (2020). Systematic
review and meta-analysis of sex differences in social contact patterns and
implications for tuberculosis transmission and control. Emerging Infectious
Diseases, 26(5), 910-919. https://doi.org/10.3201/eid2605.190574

Houck, K., Chakhaia, T., Gorvetzian, S., Critchley, J. A., Schechter, M. C., & Magee, M.
J. (2023). Diabetes mellitus and tuberculosis Treatment Outcomes: Interaction
assessment between hyperglycemia and human immunodeficiency virus in the
State of Georgia, 2015-2020. Open Forum Infectious Diseases, 10(6).
https://doi.org/10.1093/ofid/ofad255

Huangfu, P., Ugarte-Gil, C., Golub, J., Pearson, F., & Critchley, J. (2019). The effects of
diabetes on tuberculosis treatment outcomes: An updated systematic review and

meta-analysis. The International Journal of Tuberculosis and Lung Disease,

23(7), 783-796. https://doi.org/10.5588/ijtld.18.0433

Huber, F. G., Kristensen, K. L., Holden, I. K., Andersen, P. H., Bakir, B., Jorgensen, A.,
Lorentsson, H. J. N., Bjorn-Mortensen, K., Johansen, I. S., & Ravn, P. (2022).
The prevalence of diabetes among tuberculosis patients in Denmark. BMC

Infectious Diseases, 22(1). https://doi.org/10.1186/s12879-022-07048-4


https://doi.org/10.5588/ijtld.18.0433

110
Jaganath, D., Beaudry, J., & Salazar-Austin, N. (2022). Tuberculosis in children.

Infectious Disease Clinics of North America, 36(1), 49-71.

https://doi.org/10.1016/1.1dc.2021.11.008

Jenkins, D. G., & Quintana-Ascencio, P. F. (2020). A solution to minimum sample size
for regressions. PLoS ONE, 15(2),
€0229345. https://doi.org/10.1371/journal.pone.0229345

Khan, A., Marks, S., Katz, D., Morris, S. B., Lambert, L., Magee, E., Bowman, S., &
Grant, G. (2018). Changes in tuberculosis disparities at a time of decreasing
tuberculosis incidence in the United States, 1994-2016. American Journal of
Public Health, 108(S4), S321-S326. https://doi.org/10.2105/ajph.2018.304606

Korhonen, V., Lyytikdinen, O., Ollgren, J., Soini, H., Vasankari, T., & Ruutu, P. (2020).
Risk factors affecting treatment outcomes for pulmonary tuberculosis in Finland
2007-2014: A national cohort study. BMC Public Health, 20(1).
https://doi.org/10.1186/s12889-020-09360-7

Kwena, Z. A., Amico, R. K., Masvawure, T. B., Ngure, K. K., Bukusi, E. A., Remien, R.
H., Ochwal, P. O., Nguyen, N., & Mantell, J. E. (2023). Barriers to linkage and
retention in HIV care still persist among adolescent girls and young women in
western Kenya. African Journal of AIDS Research, 22(2), 71-84.
https://doi.org/10.2989/16085906.2023.2197879

Leard Statistics. (n.d.). How to perform a Multinomial Logistic Regression in SPSS
Statistics | Leard Statistics. https://statistics.laerd.com/spss-tutorials/multinomial-

logistic-regression-using-spss-statistics.php


https://doi.org/10.1016/j.idc.2021.11.008

111
Langer, A. J., Navin, T. R., Winston, C. A., & LoBue, P. (2019). Epidemiology of

tuberculosis in the United States. Clinics in Chest Medicine, 40(4), 693—702.
https://doi.org/10.1016/j.ccm.2019.07.001

Laycock, K. M., Enane, L. A., & Steenhoff, A. P. (2021). Tuberculosis in adolescents and
young adults: Emerging data on TB transmission and prevention among
vulnerable young people. Tropical Medicine and Infectious Disease, 6(3), 148.
https://doi.org/10.3390/tropicalmed 6030148

Lee-Rodriguez, C., Wada, P. Y., Hung, Y., & Skarbinski, J. (2020). Association of
mortality and years of potential life lost with active tuberculosis in the United
States. JAMA Network Open, 3(9), €2014481.
https://doi.org/10.1001/jamanetworkopen.2020.14481

Liu, C. Y., Chai, S. J., & Watt, J. P. (2020). Communicable disease among people
experiencing homelessness in California. Epidemiology and Infection, 148.
https://doi.org/10.1017/s0950268820000722

Louie, J. K., Agraz-Lara, R., Romo, L., Crespin, F., Chen, L., & Graves, S. (2021).
Tuberculosis-associated hospitalizations and deaths after COVID-19 Shelter-In-
Place, San Francisco, California, USA. Emerging Infectious Diseases, 27(8),

2227-2229. https://doi.org/10.3201/eid2708.210670

Marks, S. M., Katz, D. J., Davidow, A. L., Pagaoa, M. A., Teeter, L. D., & Graviss, E. A.
(2019). The impact of HIV infection on TB disparities among US-born Black and
White tuberculosis patients in the United States. Journal of Public Health

Management and Practice, 26(5), ES—E12.


https://doi.org/10.3201/eid2708.210670

112
https://doi.org/10.1097/phh.0000000000000949

Marks, S. M., Self, J. L., Venkatappa, T., Wolff, M. B., Hopkins, P. B., Augustine, R. J.,
Khan, A., Schwartz, N. G., Schmit, K. M., & Morris, S. B. (2023). Diagnosis,
treatment, and prevention of tuberculosis among people experiencing
homelessness in the United States: Current recommendations. Public Health
Reports, 138(6), 896-907. https://doi.org/10.1177/00333549221148173

Mayo Clinic. (2025, April 24). Tuberculosis - Diagnosis & treatment - Mayo Clinic.
https://www.clinic.org/diseases-conditions/tuberculosis/diagnosis-treatment/drc-
20351256

McCormack, L., Thomas, V., Lewis, M. A., & Rudd, R. (2016). Improving low health
literacy and patient engagement: A social ecological approach. Patient Education
and Counseling, 100(1), 8—13. https://doi.org/10.1016/j.pec.2016.07.007

McLeroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). An ecological perspective
on health promotion programs. Health Education Quarterly, 15(4), 351-377.
https://doi.org/10.1177/109019818801500401

Memon, M. A., Thurasamy, R., Ting, H., & Cheah, J. (2025). Purposeful Sampling: A
review and guidelines for quantitative research. [Editorial]. Journal of Applied
Structural Equation Modeling, 9(1), 01-23.
https://doi.org/10.47263/JASEM.9(1)01

Mitruka, K., Volkmann, T., Pratt, R. H., & Kammerer, J. S. (2016). Disparities in
tuberculosis treatment completion by incarceration status in the U.S., 1999-2011.

American Journal of Preventive Medicine, 52(4), 483—490.



113
https://doi.org/10.1016/j.amepre.2016.10.035

Murphy, M. E., Wills, G. H., Murthy, S., Louw, C., Bateson, A. L. C., Hunt, R. D.,
McHugh, T. D., Nunn, A. J., Meredith, S. K., Mendel, C. M., Spigelman, M.,
Crook, A. M., & Gillespie, S. H. (2018). Gender differences in tuberculosis
treatment outcomes: A post hoc analysis of the REMoxTB study. BMC Medicine,
16(1). https://doi.org/10.1186/s12916-018-1169-5

Nagai, H., Nakazawa, E., & Akabayashi, A. (2022). The creation of the Belmont Report
and its effect on ethical principles: a historical study. Bioethics News, 40(2), 157—
170. https://doi.org/10.1007/s40592-022-00165-5

National Tuberculosis Surveillance System (NTSS). (2015). National Tuberculosis
Surveillance System (NTSS) Data Set Reference Guide.

Nguipdop-Djomo, P., Rodrigues, L. C., Abubakar, I., & Mangtani, P. (2020). Small-area
level socio-economic deprivation and tuberculosis rates in England: An ecological
analysis of tuberculosis notifications between 2008 and 2012. PLoS ONE, 15(10),
€0240879. https://doi.org/10.1371/journal.pone.0240879

Nguyen, D. T., & Graviss, E. A. (2019a). Development and validation of a risk score to
predict mortality during TB treatment in patients with TB-diabetes comorbidity.
BMC Infectious Diseases, 19(1). https://doi.org/10.1186/s12879-018-3632-5

Nguyen, D. T., & Graviss, E. A. (2019b). Diabetic trends and associated mortality in
tuberculosis patients in Texas, a large population-based analysis. Tuberculosis,
116, S59-S65. https://doi.org/10.1016/j.tube.2019.04.011

Parriott, A., Malekinejad, M., Miller, A., Marks, S., Horvath, H., & Kahn, J. (2018).



114

Additional file 2: Of Care Cascade for targeted tuberculosis testing and linkage to
care in homeless populations in the United States: A meta-analysis [Dataset].

Figshare. https://doi.org/10.6084/m9.figshare.6138299

Pate, A., Riley, R. D., Collins, G. S., et al. (2023). Minimum sample size for developing a
multivariable prediction model using multinomial logistic regression. Stafistical
Methods in Medical Research, 32(4), 682—699.
https://doi.org/10.1177/09622802221111440

Patino, C. M., & Ferreira, J. C. (2018). Internal and external validity: Can you apply the
research study results to your patients? Jornal Brasileiro De Pneumologia, 44(3),

183. https://doi.org/10.1590/51806-37562018000000164

Peduzzi, P., Concato, J., Kemper, E., Holford, T. R., & Feinstein, A. R. (1996). A
simulation study of the number of events per variable in logistic regression
analysis. Journal of Clinical Epidemiology, 49(12), 1373—1379.
https://doi.org/10.1016/S0895-4356(96)00236-3

Pérez-Guerrero, E. E., Guillén-Medina, M. R., Marquez-Sandoval, F., Vera-Cruz, J. M.,
Gallegos-Arreola, M. P., Rico-Méndez, M. A., Aguilar-Veldzquez, J. A., &
Gutiérrez-Hurtado, I. A. (2024). Methodological and statistical considerations for
Cross-Sectional, case—control, and cohort studies. Journal of Clinical
Medicine, 13(14), 4005. https://doi.org/10.3390/jcm13144005.

Pradipta, I., Boveneind-Vrubleuskaya, N. V., Akkerman, O., Alffenaar, J., & Hak, E.
(2018). Predictors for treatment outcomes among patients with drug-susceptible

tuberculosis in the Netherlands: A retrospective cohort study. Clinical


https://doi.org/10.6084/m9.figshare.6138299
https://doi.org/10.1590/s1806-37562018000000164

115
Microbiology and Infection, 25(6), 761.e1-761.e7.

https://doi.org/10.1016/.cmi.2018.10.009

Ragan, E. J., Kleinman, M. B., Sweigart, B., Gnatienko, N., Parry, C. D., Horsburgh, C.
R., LaValley, M. P., Myers, B., & Jacobson, K. R. (2020). The impact of alcohol
use on tuberculosis treatment outcomes: A systematic review and meta-analysis.
The International Journal of Tuberculosis and Lung Disease, 24(1), 73-82.
https://doi.org/10.5588/ijtld.19.0080

Ramosevac, S. (2021). Human Immunodeficiency Virus and Homelessness Among U.S.-
Born and Foreign-Born Tuberculosis Cases in Georgia. Walden Dissertations and
Doctoral Studies. 10398. https//scholarworks.walden.edu/dissertations/10398

Roux, S. R. L., Jassat, W., Dickson, L., Mitrani, L., Cox, H., Mlisana, K., Black, J.,
Loveday, M., Grant, A. D., Moshabela, M., Kielmann, K., & Nicol, M. P. (2022).
The role of emergent champions in policy implementation for decentralized drug-
resistant tuberculosis care in South Africa. BMJ Global Health, 7(12), e008907.
https://doi.org/10.1136/bmjgh-2022-008907

Saukkonen, J. J., Duarte, R., Munsiff, S. S., Winston, C. A., Mammen, M. J., Abubakar,
I., Acuna-Villaorduia, C., Barry, P. M., Bastos, M. L., Carr, W., Chami, H.,
Chen, L. L., Chorba, T., Daley, C. L., Garcia-Prats, A. J., Holland, K.,
Konstantinidis, I., Lipman, M., Migliori, G. B., Nahid, P. (2024). Updates on the
treatment of drug-susceptible and drug-resistant tuberculosis: An official
ATS/CDC/ERS/IDSA clinical practice guideline. American Journal of

Respiratory and Critical Care Medicine, 211(1), 15-33.



116
https://doi.org/10.1164/rccm.202410-2096st

Schechter, M. C., Bizune, D., Kagei, M., Holland, D. P., Del Rio, C., Yamin, A.,
Mohamed, O., Oladele, A., Wang, Y. F., Rebolledo, P. A., Ray, S. M., &
Kempker, R. R. (2018). Challenges across the HI'V care continuum for patients
with HIV/TB co-infection in Atlanta, GA. Open Forum Infectious Diseases, 5(4).
https://doi.org/10.1093/0fid/ofy063

Schildknecht, K. R., Pratt, R. H., Feng, P. 1., Price, S. F., & Self, J. L. (2023).
Tuberculosis: United States, 2022. MMWR Morbidity and Mortality Weekly

Report, 72(12), 297-303. https://doi.org/10.15585/mmwr.mm7212al

Serdar, C. C., Cihan, M., Yiicel, D., & Serdar, M. A. (2020). Sample size, power, and
effect size revisited: Simplified and practical approaches in pre-clinical, clinical,
and laboratory studies. Biochemia Medica, 31(1), 27-53.
https://doi.org/10.11613/bm.2021.010502

Shah, P., Kopitnik, N., & Hipskind, J. (2024). Informed consent. StatPearls Publishing.

Shrestha, S., Cherng, S., Hill, A. N., Reynolds, S., Flood, J., Barry, P. M., Readhead, A.,
Oxtoby, M., Lauzardo, M., Privett, T., Marks, S. M., & Dowdy, D. W. (2019).
Impact and effectiveness of state-level tuberculosis interventions in California,
Florida, New York, and Texas: A model-based analysis. American Journal of
Epidemiology, 188(9), 1733—1741. https://doi.org/10.1093/aje/kwz147

Stewart, R. J., Raz, K. M., Bumns, S. P., Kammerer, J. S., Haddad, M. B., Silk, B. J., &
Wortham, J. M. (2022). Tuberculosis outbreaks in state prisons in the United

States, 2011-2019. American Journal of Public Health, 112(8), 1170-1179.


https://doi.org/10.15585/mmwr.mm7212a1

117
https://doi.org/10.2105/ajph.2022.306864

Stokes, S. (2023). 2022 World, U.S., and Ohio TB epidemiology [Slide show].
https://odh.ohio.gov/know-our-programs/tuberculosis/news/world-tb-day
Talwar, A., Li, R., & Langer, A. J. (2021). Association between Birth Region and Time
to Tuberculosis Diagnosis among Non—US-Born Persons in the United States.
Emerging Infectious Diseases, 27(6), 1645—1653.
https://doi.org/10.3201/eid2706.203663

U.S. Department of Health and Human Services. (1979). Read the Belmont report.

HHS.gov. https://www.hhs.gov/ohrp/regulations-and-policy/belmont-report/read -

the-belmont-report/index.html

van Smeden, M., Moons, K. G. M., de Groot, J. A. H., Collins, G. S., Altman, D. G.,
Eijkemans, M. J. C., & Reitsma, J. B. (2016). Sample size for binary logistic
prediction models: Beyond events per variable criteria. BMC Medical Research
Methodology, 16, 163. https://doi.org/10.1186/s12874-016-0267-3

Vittinghoff, E., & McCulloch, C. E. (2007). Relaxing the rule of ten events per variable
in logistic and Cox regression. American Journal of Epidemiology, 165(6), 710—
718. https://doi.org/10.1093/aje/kwk052

Walden University. (n.d.). Academic Guides: Research Ethics: Research Ethics Review
Process by IRB. https://academicguides.waldenu.edu/research-center/research-
ethics/review-process

Wigger, G. W., Bouton, T. C., Jacobson, K. R., Auld, S. C., Yeligar, S. M., & Staitich, B.

S. (2022). The Impact of alcohol use disorder on tuberculosis: A review of


https://www.hhs.gov/ohrp/regulations-and-policy/belmont-report/read-the-belmont-report/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/belmont-report/read-the-belmont-report/index.html

118

epidemiology and potential immunologic mechanisms. Frontiers in Immunology,
13. https://doi.org/10.3389/fimmu.2022.864817

Williams, V., Vos, A., Otwombe, K., Grobbee, D. E., & Klipstein-Grobusch, K. (2022).
Epidemiology and control of diabetes: Tuberculosis comorbidity in Eswatini:
protocol for the prospective study of tuberculosis patients on predictive factors,
treatment outcomes, and patient management practices. BM.J Open, 12(6),
€059254. https://doi.org/10.1136/bmjopen-2021-059254

Woodruff, R., & Miramontes, R. (2023). Latent Tuberculosis Infection among non-US-
born persons and persons >60 years of age, United States, 2019-2020. Emerging
Infectious Diseases, 29(7). https://doi.org/10.3201/eid2907.230324

World Health Organization (WHO). (2014, March 18). Towards tuberculosis
elimination: an action framework in low-incidence countries.
https://www.who.int/publications/i/item/9789241507707

World Health Organization: WHO. (2022, October 27). Tuberculosis deaths and disease
increase during the COVID-19 pandemic. https://www.who.int/news/item/27-10-
2022-tuberculosis-deaths-and-disease-increase-during-the-covid-19-pandemic

World Health Organization (WHO), Mirzayev, F., Gegia, M., Nguyen, L., Viney, K., &
Zignol, M. (2022). WHO consolidated guidelines on tuberculosis. Module 4:
Treatment - Drug-susceptible tuberculosis treatment [Book]. World Health
Organization.

https://iris.who.int/bitstream/handle/10665/353829/9789240048126-

eng.pdf?sequence=1



https://iris.who.int/bitstream/handle/10665/353829/9789240048126-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/353829/9789240048126-eng.pdf?sequence=1

119
World Medical Association Declaration of Helsinki. (2013). JAMA, 310(20), 2191.

https://doi.org/10.1001/jama.2013.281053

Wu, L. L., Chitnis, A. S., & Jaganath, D. (2022). A narrative review of tuberculosis in the
United States among persons aged 65 years and older. Journal of Clinical
Tuberculosis and Other Mycobacterial Diseases, 28, 100321.

https://doi.org/10.1016/j.jctube.2022.100321



https://doi.org/10.1016/j.jctube.2022.100321

120
Appendix A: Report of Verifiable Cases of TB RTVC Form

State of CaRiomia—HIAEN and Human SEncE Agnty Print | Clear | Cabftenia Daganmant of Pubic Hialn
Patieni’s Nams REPORT OF VERIFIED CASE
= ] L OF TUBERCULOSIS
Strest Address ——
) ? REPORT OF VERIFIED CASE OF TUBERCULOSIS
o) DI'H
':_nmn.pm.u B N e Fupered (1Y) i e Loeaily Assigrat Iensibeation Numbas h
|”T“lTHEumllllHlH||||[ll|l
~~-AlHEH NN NEEEREREN
2. Date: Submitted Pl
wn_ o = e [ [ T TILTICT T T T T T T T[]
L D e (TT OO T T10]
S vy
ahpumulddmlbrcunﬁnurdw &. Date of Birth ™y
Mo Diisy' ‘i
el LTI T T T I T TT 1] CTICT T T
Wikis City Liswi (i Ows O
| | [ ] | | | | | | | ] l | | 9. Gex at Birth (ssisctone) | 11. Race (sefect one or mone)
e Ovaie  Oremaie priwisrroamid
(T -I T o | Do
2P Bonk 0 aﬂunrmm
- N Hispanio or Latino
O i o [N e g e
Cour as a TH case in your jusisdiction | || | || | | | | [ e
Nancountabie T8 Case - Freviaus Disgnasia of 8 Dissase (ssect vl umm:::;mmmummwmmau.s.mm
e | o, I
Vested Case: T treatment Souiry e Somch
:l infiated in another couniry IFYES, emier year of previous TB disease diagnosis: | 13. Month-Year Arrived in L5,
Specify Manth ¥oar
Vestied Case: Rzcument TH within 12 I | | ” | | | |
" months after compledon of therapy J
o ™

14. Pediatric TB Patients (<15 yeans old)
Country of Birth for Primary Guardian|s): Spooiy

16. Siite of TB Disease (saincr & thar apply)

Guardian 1 uPummarr l:lﬂnnl andior Joint
Guardian 2 O Prewal Dﬁmmnmly
Fasient Ived outside LLE. for =2 months?

p ane) Dt e O univowm DL,rrunah:: Cenvical Dlﬂnrmgld

HYES, list countnies, speaiy: DLyrrurlam:: intratheracic ] Pesiioneal

ElLyrruruh::Mllarr :lehm:&urwm:cumﬂ:]

15 Status at TA Diagnosis (sefec! one)

isoo sil:
¥ DL,rrunah:: Crher j&hﬂml stated
Dmm _Il:lnu [ Dy Y
(O] g L]

1t DEAD, enter dale of death: [ [ :

H DEAD, was caath relsted 1o TS discase? [sefect one)
' Owes One  Ounkoosn y.
Puitiic rapering Diardin of i CoBostion of STRmation & Stmatsd 10 sarage 35 ks P REponss, icuting tha m ke Foviawing NSINCons, Saiching Swsting 053 S0urees, gamang and man.
unrmgmmaMﬂmmmwmmqmmmmmmmmmwmmuw and a person is not 10 & collection of s it

displays & oy vilkd OWE conirol Ao mbar. Sand.

. this burdian
Profoct Claaancs Oficar, 1800 Cafice Fad, MS D. 74, ATnk, CA 30333, ATTH: PRA (D20 D02E) D3 101 500 1 Compiaed form 10 11 a00rss.

g i

Tl i
and will not b disclosad o ralsased without the consent of e indvidual in acoondance with Saction 306(d) of tha Publc Haalth Servios Act(42 UE.C 243m).

of any other aspact of his colecion of imonmaion, induding Suggesiions for mducing this burdan jo CDC,

Gy il N boaai Colctind wilh & QRaianied thal it will B hikd in St COnfaanca, will 50 Lo only 107 Sunoillanao purpasas,

COPH BEZ0A (173) R 1208

S OOP o 11T

REPOAT OF VERIFIED CASE OF TUBERCLL DEIE Paga 1663




Patient's Name: Seate Case No. REPORT OF VERIFIED CASE
el L) 4 OF TUBERCULOSIS

REFPORT OF VERIFIED CASE OF TUBERCULOSIS

ﬁ}.spl.llllﬁl-[mclw,l Date Collecind: -\
O postive et nare e o e
Dlbeguie Dliron LT IEr T
18. Sputum Culbure (et ona) Dt Collacind: Drate Aesult Reporied:
Oposive  Cltict Bone Hareh Gy b Monin Day aa
Dlbngatm Do LTy CIET Tl
Reporting Laboeatory Type (sokact ome D:’UM HI-:H\ Df.‘.nmm.n;-l C other
18, Smear/PathologwCytology of Tissue and Other Body Fluids (salocf ona)
Duate Collecied: Enter anatomic code: of isehect ail thaf
O eostive [ ot Dens - N - Enias ans Type of mam appiy:
20 Culture of Tisswe and Other Body Fluids (select onel Enier
Cpositve Ll et Dane Date Collected: m“" Date Aosul Reparted:
D MDLM Manith Dy ‘i Ponihy Dy T
coere ety iy eyl
Fsporting Laboeat ke 13 Pubkc Health Commarcial
= oy Typa (eeectarer [ Laberatory Dumn-ur:r U otrer
1. Nucleio Acid Amplification Test Result (seisct ona)
O ecsitve [ 3ot Dane Date Collected: Date Aesult Aeporied:
O m Clun [ Dy Vit Mt Desy s
= LI eIl LI T
DSpuum Reporiing Laboratory Type (soloct onek
oR e D:‘ DPU:II:H'Im DCDn'rnlrull o
¥ mat Sputum, enier anatomic code {sow s Laboratory Laboratory
Initial Chest Aadiograph and Other Chest Imaging Study — _
2A. :‘d"m:“hw Clhormat [ sbnamal joonsstens with T8) [ ot pane I [T—
* For ABHNOPMAL initial Chest Radiograph:  Evidence of a cavity {salect anajt D*; Otia Uu-m
Eviderce ot milkary T8 feabctongt [l ves e L Uinkocrem
”."':“m:?_::;" Clrormat Clabnamma joonsstens with T8) et one O unknawn |”U_
Study (select onal * For ABMORMAL infial Chast Radicgraph:  Evidence of a cantty [select omak Was Mo U
Evidence of mikary T8 fssiect onef [ ves (e [ Urinown
A
(;B.'I'H:Imuh[ll i) Ekin Test 25, Primary Reason Evaluied for TB Discase -‘\|
at Diagnosis jselect ong) - fosloct ore)
Date Tubssrculin Skin Test Placed: miaters {mimi|
Oecstve Tt Dena - Dn: ren o of indusation: Ove symptoms
O iegatve T Uniknown | J ” | ” I | | I | [ bvarmal Shest Radiagraph {consistent with T8)
[Cconact investigation
- Assay Pate Col . Dl'urgdlu'rlnng
far Myoot » losis at Diagnosis r— Day Vaur I Heaih C:are Warker
e LI T T T | Ooevomesmnmons e
mil
:‘Pum DNIIDC"II
[Climenigeation Medical Exam
O Magativa L riencrmn Tast type: [ incidental Lab Result
L\-Dlmhllrrrmm Spocty, Clus )
CORH SE30A (2/9] R 1208 REPORT OF VERIFIED CASE OF TUBERCULESI Paga 2ol 3

121



Patient's Name

REPORT OF VERIFIED CASE
OF TUBERCULOSIS

REFPORT OF VERIFIED CASE OF TUBERCULOSIS

ﬁ}.Spl.l:I.IIBI-[MIW.I Do Collocind: _\1
O postive et nare e o e
Dlhagute. Clusseenn. HEEEEEEN
18. Sputum Culbure (et ona) Dt Collacind: Drate Aesult Reporied:
DO eositive T ot Done arih Chay Wik Menth Day Haar
Dlkiagete. Clisien LT T T COIET T I
Raporting Labosmiory Type (selact onef D:’Ubﬂ: Heaith [ Cammeria [ xher

¥

L ¥

18, Smear/PathologwCytology of Tissue and Other Body Fluids (salocf ona)

D eosave [ mot Done Date Collected: F"Mhm” code: Type of mam (sehect ail that appiv:
500 1
20 Culture of Tisswe and Other Body Fluids (select onel Enier
Cpositve Ll et Dane Date Collected: m“" Date Aosul Reparted:
R CLCCi T [ CLIrri
Fisponting Laboeat pa {salact onel Pubkc Health Commarcial
™ v Dl_unumrr Duw.ur)' Dm'-

1. Nucleio Acid Amplification Test Result (seisct ona)

O pcsitve [ Mot Dane Date Colected:

Manit Dy Vst

HN NN EEEE

Cmegative ] Unknown

D indelerminate

Sraltsp-l:lr-nﬂp-:DSnmn

Date Aesult Aeporied:

Reporiing Laboratory Type (soloct onek

{saloct one)

DPU:N: Heaith DCDn'rnlrull COa
#mwmm.mmmmmﬂl]:' Laboratory Laboratory

Initial Chest Aadiograph and Other Chest Imaging Study — _
22A. Inftial Chest Radiograph  [Tyorny [l abearmal® joonsistent with TB) [ ot pane I [T—

* For ABHNOPMAL initial Chest Radiograph:  Evidence of a cavity {salect anajt D*; Otia U Jrikrcram
Evidence of milary TH jssiectonct [l ves (e O Uniknamms
”."':“m:?_::;" Crormat Ll bnammal joonsstens wih TRy [ ot Dame [ Unknown |_ Miliary Reset|
Etudy (sabect ona) * For ABNORMAL infial Chast Fladiograph: Evidenca of a cantty fsslectonak Ll ¥es Ldbo [ Unknown
Evidence of mikary T8 fssiect onef [ ves (e [ Urinown
A
%T\hmh{ﬂlﬂw:ﬂ Skin Test 25, Primary Reason Evaluated for TB Dissase -‘\|
at Diagnosis (solect one) (sl )
Date Tubssrculin Skin Test Placed: Milimaters {mmi)
Orositve Tt one ot Dn: (TET) - of incsation: I8 symptomes
O iegatve T Uniknown | J ” | ” I | | I | [ bvarmal Shest Radiagraph {consistent with T8)
[Cconact investigation
24. Interieron Gamma Felease Assay DOate Collected: D rargeted Tastng
fmu: -‘I 5 losis at Diagnosis Masth Day Vaur I Heaih C:are Warker
[Sakect o)
DErrunymmﬂdmlrﬂrmle\g
rossn ] ek HEEEEEN
J ) o e [Climenigeation Medical Exam
E Negate L Unnun T e incidental Lab Result
] indeterminate Spacify, Ol )
COPH 28304 {29) Raw. 12040 REPORT OF VERIFIED CASE OF TUBERCULOSIS Pagu 2ol 3

122



Patient's Name _ State Case No. REPORT OF VERIFIED CASE
] L) ny OF TUBERCULOSIS

REPORT OF VERIFIED CASE OF TUBERCULOSIS

{;E.I-I\'Smu 2t Timse of Diagnosis (sefoct one) -\
[ Hegatve J indeterminate [ o e3tiewma [ unikngwm
[ positive DO retused 0 fest bone, Resuits Uinknown
1 POSITNVE. entler:
Stasm HIVIAIDS | | | | | I CityiCiouriy HIV/AIDS | J | | | I |
Patient Mumber: Paterm Numbar:
7. Homeless Within Past Year 8. Resident of Correctional Faliity at Time of Diagnasis jsoisorangg e [ ]ves ) Unknown
(nsinct cos) HYES, (sslect ang) 1§ ¥ES, under custody of
I tion and Customs
DND Dw: Dl.lrlknuln DFaunr.IF'r&nn DLDI:a.IJmI DMmCmrumnal Faciity mm:p {sebect onal
[ ate Prison [ suwenile Comection Faciity L] Unknown Oue  Dves
29. Resident of Long-Term Care Facility at Time of Disgnosts (salect ona) Dm D\-‘n: Dthu'mn
IFYES, (seloct ane)
] hursing Home [ Besidersal Facitty [ izshal or Brug Treatmen Faciity O uninawn
L] Hospital-Based Faciity L Mermal Heatth Residentisl Facity Ll Other Long Term Care Facitty
30. Primary Occupation Within the Past Year (seloct ang)
et care wiorker Dug:m.ﬁnsma waorker L] Batired [ rien Spoking Empioyment (2. student, homemaker, disabled persan)
jl:urrmlFanlﬁErmhyul Dﬁmurﬂompaunn Dl.hnmpluwd Dl.lnknnm
31. injecting Drug Uise Within Past Year 32 NoneInjsoting Drusg Lise Within Past ¥ear 33. Excess Aloohol Use Within Past Year
[seinct one) [Eahmot ona {saloct onal
One  Oves  Clunknown Cne Oves Dunkncwn One  Ows  Dunmoen
34 Additional TB Fisk Factors (sslect 2 thar apply)
[ omtact of MOF-TE Pasient {2 yoars or less) [ incompiete LTBI Thempy ] Diabetes Melius [ Other Spacite
I contact of Infectious T& Fasent |2 yoars or less) Cliea Antagonist Therapy 0 End-Stage Renal Dissase Cnione
D Missed Conlact 2 years of lessh GPbstﬂrgln‘l‘ran:plﬂauun : Immunosuppression (not HVIADS)
35. immigration Status at First Entry to the U5, (seloct onel O A ¥isa ] Touwis: Visa Dw“ap
[ e appicatia
* 1% born® {or bom abroad to a parent wha was a L 5. citizen) L] swudent isa Dleb_.\'Fm'.l‘:a L other Immigration Stxius
+ Bomnin 1 of the U.5. Tenilones, US isiand Areas, or LLE Oullying Asas LIEm: \isa ]_]Rurl.gu Ou
35C#A i arrived in the US within the last 12 months, did pasient armive with a TB AB-notication?sefect one) [ e [lwes ] Uinienown
3 Al T
\rveeromenmmeer | | [ ] ][] ] ] ] y
{35, Date Therapy Started 7. Initial Drug Regimen jsalact ane option fov sach dnig) ™
f— Dy _— Kix Vs Uik L T Mo ‘Wes Uak
| | I| | || | | | | Esomiazid D:ID Eshionamide: DDD Mot Hoocacin :IDD
Riampin ooo Amnikacin oog Cyclosanne :I D D
Para-
Pyrazinamide OO0 Kanamycin ood S:.Ir:):?;:n ooo
Eshambutal D:lD Caprocmycin DDD Oithir JDD
Swrepioenycin D:lD Ciprofioxacin DDD e
pimtn 00 loctomen OO0 O aoo
Speaty___ 000000000000
Arzpentine D :I D Criioaacin D D I:‘
- vy
(" commants: ™
. S

COPH SEH1A {379) Fare 1204 RERORT OF VERIFIED CASE OF TUBERCULOSEE Poggas 33

123




Patient's Name _ State Case No. REPORT OF VERIFIED CASE
] L) ny OF TUBERCULOSIS

REPORT OF VERIFIED CASE OF TUBERCULOSIS

{;E.I-I\'Smu 2t Timse of Diagnosis (sefoct one) -\
[ Hegatve J indeterminate [ o e3tiewma [ unikngwm
[ positive DO retused 0 fest bone, Resuits Uinknown
1 POSITNVE. entler:
Stasm HIVIAIDS | | | | | I CityiCiouriy HIV/AIDS | J | | | I |
Patient Mumber: Paterm Numbar:
7. Homeless Within Past Year 8. Resident of Correctional Faliity at Time of Diagnasis jsoisorangg e [ ]ves ) Unknown
(nsinct cos) HYES, (sslect ang) 1§ ¥ES, under custody of
I tion and Customs
DND Dw: Dl.lrlknuln DFaunr.IF'r&nn DLDI:a.IJmI DMmCmrumnal Faciity mm:p {sebect onal
[ ate Prison [ suwenile Comection Faciity L] Unknown Oue  Dves
29. Resident of Long-Term Care Facility at Time of Disgnosts (salect ona) Dm D\-‘n: Dthu'mn
IFYES, (seloct ane)
] hursing Home [ Besidersal Facitty [ izshal or Brug Treatmen Faciity O uninawn
L] Hospital-Based Faciity L Mermal Heatth Residentisl Facity Ll Other Long Term Care Facitty
30. Primary Occupation Within the Past Year (seloct ang)
et care wiorker Dug:m.ﬁnsma waorker L] Batired [ rien Spoking Empioyment (2. student, homemaker, disabled persan)
jl:urrmlFanlﬁErmhyul Dﬁmurﬂompaunn Dl.hnmpluwd Dl.lnknnm
31. injecting Drug Uise Within Past Year 32 NoneInjsoting Drusg Lise Within Past ¥ear 33. Excess Aloohol Use Within Past Year
[seinct one) [Eahmot ona {saloct onal
One  Oves  Clunknown Cne Oves Dunkncwn One  Ows  Dunmoen
34 Additional TB Fisk Factors (sslect 2 thar apply)
[ omtact of MOF-TE Pasient {2 yoars or less) [ incompiete LTBI Thempy ] Diabetes Melius [ Other Spacite
I contact of Infectious T& Fasent |2 yoars or less) Cliea Antagonist Therapy 0 End-Stage Renal Dissase Cnione
D Missed Conlact 2 years of lessh GPbstﬂrgln‘l‘ran:plﬂauun : Immunosuppression (not HVIADS)
35. immigration Status at First Entry to the U5, (seloct onel O A ¥isa ] Touwis: Visa Dw“ap
[ e appicatia
* 1% born® {or bom abroad to a parent wha was a L 5. citizen) L] swudent isa Dleb_.\'Fm'.l‘:a L other Immigration Stxius
+ Bomnin 1 of the U.5. Tenilones, US isiand Areas, or LLE Oullying Asas LIEm: \isa ]_]Rurl.gu Ou
35C#A i arrived in the US within the last 12 months, did pasient armive with a TB AB-notication?sefect one) [ e [lwes ] Uinienown
3 Al T
\rveeromenmmeer | | [ ] ][] ] ] ] y
{35, Date Therapy Started 7. Initial Drug Regimen jsalact ane option fov sach dnig) ™
f— Dy _— Kix Vs Uik L T Mo ‘Wes Uak
| | I| | || | | | | Esomiazid D:ID Eshionamide: DDD Mot Hoocacin :IDD
Riampin ooo Amnikacin oog Cyclosanne :I D D
Para-
Pyrazinamide OO0 Kanamycin ood S:.Ir:):?;:n ooo
Eshambutal D:lD Caprocmycin DDD Oithir JDD
Swrepioenycin D:lD Ciprofioxacin DDD e
pimtn 00 loctomen OO0 O aoo
Speaty___ 000000000000
Arzpentine D :I D Criioaacin D D I:‘
- vy
(" commants: ™
. S

COPH SEH1A {379) Fare 1204 RERORT OF VERIFIED CASE OF TUBERCULOSEE Poggas 33

124




125

Appendix B: California IRB Approval

State of California—Health and Human Services Agency

L . Committee for the Protection of Human Subjects

PIAs -

Darci Delgado, PsyD. GAVIN NEWSOM

Interim Chair Govemaor
10/30/2024

Nancy Rea, PhD
Walden University

Project Title: Societal, Community and Individual Risk Factors Associated with
Tuberculosis Treatment Outcomes in the United States [2017-2021].
Project Number: 2024173

Dear Dr. Rea:

The Committee for the Protection of Human Subjects (CPHS) has determined that your
proposed project is Exempt under the federal Common Rule. This decision does not imply any
approval of the proposed activities by CPHS. Protocols determined to be Exempt are not subject
to CPHS oversight or continuing review. This decision is issued under the California Health and
Human Services Agency's Federalwide Assurance #00000681 with the Office of Human
Research Protections (OHRP).

If you later wish to make any changes in your protocol such that the project may no longer meet
the federal requirements to be considered Exempt, you must submit a new application to CPHS,
as your current protocol is no longer aclive in our records. Please contact our office if you need
assistance determining which application you should submit.

If you have any questions, you may call our office at (916) 651-5599 or email us at
CPHS@chhs.ca.gov

Sincerely,
@ /_\L-”L-’é

Agnieszka Rykaczewska
Committee for the Protection of Human Subjects Administrator



Appendix C: Maryland IRB Approval

i‘EMaryland

DEPARTMENT OF HEALTH

Wes Moore, Governor - Aruna Miller, Lt. Governor - Laura Herrera Scott, M.D.,, M.P.H,, Secretary

October 24, 2024

Naney K. Rea, PhD, MHSA, CPH
Walden University

100 Washington Ave South, Suite 1210
Minneapolis, MN 55401

REF: Protocol #24-48

Dear Dr. Rea:

Y our proposal entitled, "Societal, community and individual risk factors associated with
TB treatment outcomes in the United States [2017-2021]" was received by the Institutional
Review Board (IRB) and processed by expedited review. It has been determined that your
proposal qualifies as exempt research in accordance with 45 CFR 46.104(d)(4). No further IRB
review is required unless you modify your proposal.

Thank you for your responsiveness to the IRB process and continued success in future
endeavors. If you have any questions, please feel free to contact Gay Hutchen, IRB

Administrator at 410-767-8448.

Sincerely,

Deanna L. Kelly, PharmD, BCPP
Chairperson
Institutional Review Board

ce: Gay Hutchen
PHPA
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Appendix D: Ohio IRB Approval

Protocol Number 2024-30
Original Review 9/24/2024
Continuing Review

THE OHIO DEPARTMENT OF HEALTH

HUMAN SUBJECTS INSTITUTIONAL REVIEW BOARD
(FWAO000I963, IRBOO002180)

ACTION OF THE REVIEW BOARD
(CERTIFICATION)

With regard to the employment of human subjects in the proposed research entitled:

ODH IRB 2024-30: “Societal, Community, and Individual Risk Factors Associated with
Tuberculosis Treatment Outcomes in the United States (2017-2021)"

CDC of HHS Federal Project Number (if any):
Principal Investigator: Nancy Rea, PhD, MHSA, CPH
Agency: Walden University

The Institutional Review Board has taken the following action:

| Approved O Expedited Review O Waiver of Written Consent
] Disapproved © Full Board Review 0O Exempt
O Tabled

Requirements:

Any publication resulting from the approval of this protocol must state the following “This study
includes data provide by the Ohio Department of Health which should not be considered an
endorsement of this study or its conclusions.”

This application has been approved for the period of one (1) year and will expire on
September 24, 2025, Renewals are the sole responsibility of the principal investigator. No
reminders will be sent.

Additionally, it is the responsibility of the principal investigator to:
1) obtain approval before making procedural changes;
2) maintain the confidentiality of the research participants’ identities; and
3) retain a copy of each signed consent form for at least three (3) years beyond the termination
of the subject’s participation in the proposed activity.

Date: September 25, 2024

CC: Investigator, Division Chief/Bureau Chief
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Appendix E: Walden University IRB Approval

WALDEN UNIVERSITY

EDULEATION FOR OO0 D°

Dear Kadiatu Banjoko,

This email is to notify you that the Institutional Review Board (IRB) confirms
that your doctoral capstone entitled, "Societal, community and individual risk factors
associated with TB treatment outcomes in the United States 2017-2021," meets Walden
University’s ethical standards. Since this project will serve as a Walden doctoral
capstone, the Walden IRB will oversee your capstone data analysis and results reporting.
Y our IRB approval number is 06-28-24-0744801, which expires when your student status

ends.

This confirmation is contingent upon your adherence to the exact procedures

described in the final version of the documents that have been submitted

to IRB@mail.waldenu.edu as of this date. This includes maintaining your current status
with the university, and the oversight relationship is valid only while you are an actively
enrolled student at Walden University. If you need to take a leave of absence or are

otherwise unable to remain actively enrolled, this is suspended.


mailto:IRB@mail.waldenu.edu
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If you need to make any changes to the project staff or procedures, you must
obtain IRB approval by submitting the IRB Request for Change in Procedures
Form. You will receive confirmation with a status update of the request within 10
business days of submitting the change request form and are not permitted to implement
changes prior to receiving approval. Please note that Walden University does not accept
responsibility or liability for research activities conducted without the IRB's approval,
and the University will not accept or grant credit for student work that fails to comply

with the policies and procedures related to ethical standards in research.

When you submitted your IRB materials, you made a commitment to
communicate both discrete adverse events and general problems to the IRB within 1
week of their occurrence/realization. Failure to do so may result in invalidation of data,
loss of academic credit, and/or loss of legal protections otherwise available to the

researcher.

Both the Adverse Event Reporting form and Request for Change in Procedures
form can be obtained on the Tools and Guides page of the Walden

website: https://academicguides.waldenu.edu/research-center/research-ethics/tools-guides

Doctoral researchers are required to fulfill all of the Student Handbook’s Doctoral

Student Responsibilities Regarding Research Data regarding raw data retention and



https://academicguides.waldenu.edu/research-center/research-ethics/tools-guides
https://catalog.waldenu.edu/content.php?catoid=173&navoid=62490
https://catalog.waldenu.edu/content.php?catoid=173&navoid=62490
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dataset confidentiality, as well as logging of all recruitment, data collection, and data
management steps. If, in the future, you require copies of the originally submitted IRB

materials, you may request them from Institutional Review Board.

Both students and faculty are invited to provide feedback on this IRB experience

at the link below:

https:/www.surveymonkey.com/t/B6FDTJT

Sincerely,

Libby Munson

Research Ethics Support Specialist

Research Ethics, Compliance, and Partnerships
Walden University

100 Washington Avenue South, Suite 1210
Minneapolis, MN 55401

Email: irb@mail.waldenu.edu

Phone: (612) 312-1283

Fax: (612) 338-5092


https://www.surveymonkey.com/r/B6FDTJT
mailto:irb@mail.waldenu.edu
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Information about the Walden University Institutional Review Board, including
instructions for application, may be found at this

link: http://academicguides.waldenu.edu/researchcenter/orec



http://academicguides.waldenu.edu/researchcenter/orec
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Appendix F: Data Dictionary to Request Data from CA, MD, and OH

Variable

Age

Sex

Race

Ethnicity

U.S Born

Variable description

Patient age at time of diagnosis.

Patient sex at birth.

Patient identified or reported race.

Self reported or identifying ethnicity of the case.

To describe the patients US born status.

Site of TB disease (DIS_SITE)

The primary site of TB disease.

Case classification

Status at Diagnosis

Provider Type (PROVTYPE)

Date of illness onset/Symptom start date

Treatment start date / Theraphy start date

Date theraphy stopped

Long Term Care (LTC)

Acase that meets the clinical case definition oris
labaratary confirmed

Patient was alive attime

labaratory results confirming a

TB diagnosis were

known to the provider, or

TB medications were started

Calculated variable for type of health care
provider.

Date signs and symptoms started
for this TB episode.

Date the patient began multidrug
therapy for confirmed or possible TB
disease

Date the patient began multidrug
therapy for confirmed TB

disease

Patient was a resident of long-term care facility when
TB diagnostic evaluation
was performed or initiated.

To determine laboratory vs clinical cases
since only laboratory confirmed cases of
TB are included in the study.

To determine cases were alive at time of
diagnosis

To measure access to care

To calculate delayed treatment / access to
care

To calculate delayed treatment / access to

care

To calculate duration of treatment

To determine cases who were in LTC

To meet the inclusion criteria

To meet the inclusion criteria

Independent Variable
measure access to care. The

calculated date between symptom
start date and treatment stratment

start date would be used to
calculate delayed treatment.

Will be utalized as a proxy to
measure access 1o care.

to evaluate the dependent variable

Independent Variable

Why Variable is needed How variable would be utalized Output
individuals 15 years and older are included
in the studly. The variable may be used to
evaluate epidemiologic trends associated Age inYears
with
age. Covariate
The variable is needed as s control variable Male
and the variable may be used to evaluate Formale
epidemiologic trends associated with
sex. Covariate
Race American Indian or
The variable is needed as a control Alaskla Native lAsian Bl?Ck or African
) N American Native Hawaiian or
variable. The vanflhle ‘may be used té Other Pacific
::;‘ar:uate epidemiologic trends associated Islander (NHOPI) White Other Race
N Unknown
race. Covariate
The variable is needed as a control
variable. The variable may be used to Hispanic or Latino
evaluate epidemiologic trends associated Not Hispanic or Latino
with Unknown
ethnicity. Covariate
The variable is needed as a control Yes
variable since non US born have more No
reported TB than US born individuals. May
. Unknown
be used for evaluation of
epidemiologic trends. Covariate
BOTH
EXTRAPULM
To determine pulmonary vs other sites of ONLY
disease the studyis limited to pulmonary PULM ONLY
cases of TB To meet the inclusion criteria UNK
Clinical confimed
Labaoratory confimed

Alive
Dead

Both

Health Dept
Private Provider
Unknown/ Oth

MM/DD/YY

MM/DD/YY

MM/DD/YY

Yes
No
Unknown



Correctional Facility

Homelessness

Diabetes

HIV

Excess Alcohol

NonlDU?

Treatment Stop Reason (STOP RES)

Susceptiblility Testing

History of
Previous llness

First line TB theraphy

Second line TB theraphy

Patient has ever been incarcerated or detained ina jail,

prison, or other
detention center at time of diagnosis

Patient has experienced homelessness inthe

12months leading up to TB diagnosis.

To determine cases who wereina
correctional facility

To determine cases who experienced
homelessness

Patient had diabetes when TB diagnostic evaluation

was
performed or initiated.

Serologic test for human
immunodeficiency virus infection

Patient heavily used alcohol in the past 12 months.

To determine cases that were diabetic

To determine cases that had HIV

Patient used noninjection drugs in the past 12 months

not prescribed by a health

care provider or approved by FDA for over-the-counter

dispensing.

Patient used injection drugs inthe past 12 menths not
prescribed by a health
care provider.

To document treatment outcome

The recorded susceptibility or resistance mechanism
of the TB strain

To document history of previous TB disease or LTBI

To document type of treatment included RIPE

To document type of treatment included second line TB
regimen

To measure illicit drug use

To measure illici

To determine the outcome variable if cases
completed treatment, died,

To determine that cases do not have
resistance strains of TB as only sensitive
cases are included in the study

To ensure cases are only counted once in
the dataset within a 12 month period

To ensure that cases treated with fist line
TB theraphy are included in the study and
to excluded resistant cases

To ensure patients treated with second line
theraphy are excluded from the study

Dependent Variable

To meet inclusion criteria

To meet the inclusion criteria

To meetthe inclusion criteria
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federal prison

state prison

juvenile correctional facility
other

Independent Variable unknown

Independent Variable

Independent Variable Unknown (UNK)
Yes
No
Unknown
Independent Variable

Yes

No

Unknown

To determine case with excess alcohol use Independent Variable

Yes

No

Unknown
independent variable

Yes
No
Unknown

Independent Variable

Adverse
Completed
Died

Lost
Moved
Other
Refused
Unknown

Resistant
Susceptible
Unknown

To meet the inclusion criteria

Yes MM/DD/YY
No

Unknown

Yes

No

Unknown

Yes

No

Unknown
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