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Abstract
Background

Tuberculosis remains a major global public health challenge despite the availability of effective
treatment. Treatment interruption undermines tuberculosis control by increasing disease transmission,
treatment failure, and mortality. In Kenya, men account for most tuberculosis cases and experience
poorer treatment outcomes, yet determinants of treatment interruption among men in urban settings
remain insufficiently studied. In this study we examined the association between comorbidities, therapy-
related factors, and health system factors and tuberculosis treatment interruption among males in
Nairobi, Kenya.

Methods

A retrospective cohort study was conducted using routinely collected tuberculosis surveillance data
from Nairobi County between January 2019 and June 2023. The data included 24,794 males aged 15
years and older who were newly diagnosed with tuberculosis and notified within Nairobi. The primary
outcome was treatment interruption. Variables included comorbidities (diabetes and malnutrition),
therapy-related factors (adverse drug reactions), and health system engagement measured by the
frequency of clinic visits for sputum monitoring and drug refills. Descriptive statistics summarized
patient characteristics, and bivariate associations were assessed using chi-square tests. Multivariable
logistic regression models were used to estimate adjusted odds ratios and 95% confidence intervals for
factors associated with treatment interruption.

Results

Overall, 7.9% of patients experienced treatment interruption. Malnutrition was independently associated
with higher odds of interruption (adjusted odds ratio 1.23, 95% confidence interval 1.12-1.35). Adverse
drug reactions, though based on few recorded events, were strongly associated with interruption
(adjusted odds ratio 10.62, 95% confidence interval 3.53-31.95). In contrast, consistent clinic
attendance demonstrated a strong protective effect; each additional clinic visit was associated with a
substantial reduction in the likelihood of treatment interruption (adjusted odds ratio 0.30, 95%
confidence interval 0.28-0.31). Alcohol use and pulmonary tuberculosis were also associated with
higher interruption risk.

Conclusions

Treatment interruption among men receiving tuberculosis care in Nairobi was influenced by both patient
vulnerabilities and health system engagement. Integrating nutritional support, strengthening monitoring
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and management of adverse drug reactions, and expanding patient-centered service delivery models
that facilitate regular clinic follow-up may improve treatment continuity. Targeted interventions
addressing these factors could strengthen treatment outcomes and support progress toward
tuberculosis control goals in urban high-burden settings.

BACKGROUND

Tuberculosis (TB) remains one of the leading causes of mortality and morbidity globally despite being
preventable and curable [1]. In 2024, an estimated 10.7 million people fell ill with tuberculosis and

1.23 million died from the disease, making TB the leading cause of death from a single infectious agent,
having surpassed both HIV/AIDS and COVID-19 [1, 2]. Global efforts aim to eliminate TB as a public
health threat by 2030 [3-5]. Achieving these goals requires strengthening the entire TB care cascade,
particularly ensuring treatment completion among populations at highest risk of poor outcomes.

Treatment interruption, often referred to as loss to follow-up (LTFU) remains a major barrier to TB control
[6, 7]. Patients who interrupt treatment remain infectious for longer periods, experience worse clinical
outcomes, and face substantially higher risks of relapse, mortality, and drug-resistant TB [8—11].
Evidence from multiple settings demonstrates that treatment interruption is driven by complex and
interrelated factors including socioeconomic constraints, gender, stigma, patient mobility, pill burden,
adverse drug reactions, and health system barriers [10, 12-14]. In Kenya, the 2018 national TB non-
adherence survey indicated that nearly 35% of TB patients did not fully adhere to treatment, with risk
factors including older age, male sex, HIV-negative status, intensive treatment, and extrapulmonary TB
[15]. These findings highlight persistent structural and clinical barriers that undermine treatment
continuity.

Kenya remains among the 30 high TB and TB/HIV burden countries globally, which together account for
nearly 80% of the global TB burden [16]. In 2021, there were an estimated 32,000 TB deaths in Kenya,
making it one of the country’s leading causes of mortality [17]. The 2016 Kenya TB Prevalence Survey
revealed marked gender disparities. TB prevalence among men was more than twice that of women (809
versus 359 per 100,000 population), and men accounted for the majority of undiagnosed infectious
cases [18, 19]. Nearly 40% of TB cases remained undiagnosed in the community, with men
disproportionately represented among these “missing people with TB.” [20, 21]. These disparities
suggest that gender-specific barriers influence both TB care engagement and treatment outcomes.

Men accounted for more than 65% of TB notifications in Kenya, with the highest burden among young
adults aged 25-34 years and older men aged 65 years and above, particularly in urban settings [18, 19,
22]. Compared with women, men have been more likely to experience delayed diagnosis, poorer
engagement with TB services, advanced disease at presentation, and treatment interruption. These
patterns are influenced by gendered health-seeking behaviours, occupational mobility, higher alcohol and
tobacco use, economic pressures, stigma, reliance on informal healthcare care [23-27]. Despite the

Page 4/19



central role of men in TB transmission dynamics, TB programs in Kenya and similar high burden settings
remain largely gender-neutral and often fail to address barriers that uniquely affect men [28]

Studies from Sub-Saharan Africa and other high-burden settings have identified stigma, food insecurity,
long distances to health facilities, pill burden, and treatment fatigue as key contributors to TB treatment
interruption [23—27]. In Kenya, alcohol use, HIV status, low education, and treatment phase have been
identified as predictors of non-adherence and treatment interruption [29-32]. However, important
knowledge gaps remain. Comorbidities such as diabetes and malnutrition; both increasingly recognized
as contributors to poor TB outcomes, have not been adequately examined in relation to treatment
interruption among men in Kenya. Additionally, adverse drug reactions (ADRs), widely documented as
drivers of treatment interruption globally [13], have received limited attention in the Kenyan context [23-
25]. Health system engagement, particularly the frequency of clinic visits for sputum monitoring and
drug refills, has also been understudied despite evidence that patient-provider contact supports
adherence [33].

Urban settings introduce additional complexities. Nairobi City County, Kenya's capital and largest
metropolis, is characterized by dense informal settlements, high population mobility and heterogeneous
health-seeking behaviours [34, 35]. Although Nairobi has relatively strong health infrastructure compared
with rural counties, treatment interruption remains common particularly among men[1]. Understanding
how clinical comorbidities, therapy-related factors, and health system characteristics interact to
influence treatment continuity in such settings is therefore critical for designing effective interventions.

Guided by the WHO adherence conceptual framework domains [36], we aimed to examine how
comorbidities (diabetes and malnutrition), therapy-related factors (adverse drug reactions), and health
system factors (frequency of clinic visits for sputum monitoring and drug refills), influence tuberculosis
treatment interruption among males aged 15 years and older receiving TB treatment in the urban City of
Nairobi, Kenya.

METHODS
Study Design and Setting

We employed a retrospective cohort design using secondary analysis of routinely collected TB
surveillance data from Nairobi City County, Kenya. Patients reviewed included those initiated on
treatment from January 2019 to June 2023. These patients were followed until treatment interruption or
completion, according to national TB program definitions. This study is reported in accordance with the
STROBE guideline for observational studies (Additional file 1).

Nairobi County is Kenya's most populous and densely populated urban city county, comprising twelve
sub-counties with marked socioeconomic heterogeneity [34]. Nairobi contributes approximately 13.6% of
all TB notifications nationally [37] and TB care is delivered through an integrated public—private network
[35]. All health facilities report patient-level data to the National TB Program’s electronic surveillance
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system (TIBU). Urban TB prevalence is markedly higher than in rural areas (760 vs. 453 per 100,000
population) [19], driven by dense informal settlements, overcrowded housing, high population mobility,
and socioeconomic inequalities that sustain transmission hotspots. Despite relatively strong health
infrastructure; including 267 public and 738 private health facilities, and geographic access to care for
over 99% of residents within one hour [35], Nairobi paradoxically reports a lower TB treatment success
rate than the national average (82.5% vs. 84.3%) [37]. Treatment interruption remains a persistent
challenge, particularly among men. Against this backdrop, we examined whether comorbidities, therapy-
related, and health system factors were associated with TB treatment interruption among males in this
complex urban setting.

Study Population

The study population consisted of all males aged 15 years and older who were newly diagnosed with TB
within the study period and notified within Nairobi County. Of the 41,839 individuals diagnosed with TB
during these years, 26,973 were male. After excluding females and patients diagnosed outside Nairobi
County, 24,794 males met the inclusion criteria, of whom 1,969 (7.9%) were recorded as having
interrupted treatment and 22,825 (92.1%) successfully continued care without interruption (Fig. 1).
Patients with missing treatment outcomes, those transferred out to facilities outside Nairobi County, and
records with incomplete key variables required for analysis were excluded. Treatment interruption was
defined programmatically as any episode recorded as loss to follow-up, non-adherence, or default. This
binary outcome reflected standard definitions used in TB control programs and previous literature [6].

Data Sources and Data collection

De-identified patient-level data were extracted from the National Tuberculosis Program’s electronic
surveillance system (TIBU) following authorization from the Division of National TB, Leprosy and Lung
Disease Program.

Study Variables

The primary outcome (dependent variable) was tuberculosis treatment interruption, defined
programmatically as loss to follow-up during treatment according to national TB program definitions.
The primary exposures of interest (independent variables) included comorbidities (diabetes and
malnutrition), therapy-related factors (adverse drug reactions, or ADRs), and health system factors
(frequency of clinic visits for sputum follow-up tests and drug refills). Diabetes was recorded as present
or absent based on clinician documentation. Malnutrition was measured using body mass index (BMI),
classified per WHO and USAID guidelines, with BMI < 18.5 kg/m? categorized as malnutrition. ADRs
reflected any unintended harmful reaction to TB medication, documented by clinicians. The number of
completed sputum test visits and drug-refill visits, ranging from zero to four, was used as an ordinal
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measure and as a proxy for treatment adherence and engagement with care. Because visit count and
treatment interruption are temporally linked, this measure was analyzed only among bacteriologically
confirmed cases with scheduled monitoring and is interpreted as engagement with care rather than a
causal effect. Covariates were selected a priori based on theoretical relevance. These included age,
alcohol use, HIV co-infection, type of TB (pulmonary or extrapulmonary), bacteriologic confirmation,
presence of a treatment supporter, year of TB diagnosis, and sub-county of residence. These covariates
reflect known determinants of TB treatment outcomes and potential confounders of the exposure-
outcome relationships under investigation. All covariates were measured at baseline at the time of TB
treatment initiation.

Statistical Analysis

The conceptual framework guided the selection of exposure variables and covariates included in the
regression models. The data cleaning process involved validating age distributions, reviewing
comorbidity entries for accuracy, and addressing implausible values. Missing data accounted for only
8.6% of the dataset. Missing data mechanisms were assessed using Little’s test, and a complete-case
analysis was used, with records missing key analytic variables excluded; Little’s test was consistent with
data missing completely at random. The final dataset contained demographic, clinical, and TB treatment-
monitoring variables. Because we analyzed the complete cohort of eligible TB patients recorded during
the study period, a formal sample size calculation was not required.

Descriptive statistics, including means, standard deviations, frequencies, and proportions, were used to
characterize patient demographics and clinical profiles. Bivariate analyses using Pearson’s chi-square
test evaluated associations between treatment interruption and individual patient characteristics. To
address the three research questions, unadjusted and adjusted binary logistic regression models were
constructed. The models were used to estimate odds ratios (ORs) and adjusted odds ratios (AORs) with
corresponding 95% confidence intervals to determine the magnitude and direction of associations.
Statistical significance was defined as p < 0.05 with associations that remained significant at a more
conservative threshold of p < 0.01 considered robust. Model development was guided by both theoretical
considerations and empirical associations observed in bivariate analyses. All analyses were conducted
using SPSS version 20. Multicollinearity among independent variables was assessed using variance
inflation factors (VIFs) to ensure that predictor variables included in the regression models were not
highly correlated. Model fit for the final multivariable logistic regression models was evaluated using the
Hosmer—Lemeshow goodness-of-fit test.

Ethical considerations

Ethical approval

for this study was obtained from the Walden University Institutional Review Board (Approval Number 10-
02-24-0990091). The Kenya National TB Program subsequently granted permission to access
anonymized, de-identified programmatic data. All procedures were conducted in adherence to the Kenya
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Data Protection Act (2021). Because only anonymized secondary data were used, informed consent was
not required. Risks associated with analysis of potentially stigmatizing conditions such as TB,
malnutrition, alcohol use, and HIV co-infection were minimized by aggregating results and presenting
findings at a population level.

RESULTS

Study Participant Characteristics

Between January 2019 and June 2023, a total of 24,794 eligible adult males (15+ years diagnosed with
TB in Nairobi County) were included in the analysis. The mean age was 36 years (standard deviation 12).
Nutritional assessments showed that 42.3% (10,496) of patients were underweight, 47.1% (11,679) had
normal BMI, and 6.9% (1,713) were overweight or obese as shown in Table 1. The majority of patients
had pulmonary TB, accounting for 83.8% (20,783) of all cases, and 60.8% (15,086) were bacteriologically
confirmed at diagnosis. Nearly all patients, 99.6% (24,696), had a documented treatment supporter, and
3.5% (861) reported alcohol use at baseline. Diabetes was rare, affecting 0.8% (188) of patients, while
adverse drug reactions (ADRs) were reported in 0.1% (13) of cases (Table 2). Clinic attendance patterns
showed that only 29.4% (4,433) of bacteriologically confirmed patients completed all four recommended
sputum tests and drug-refill visits during treatment. Overall, 7.9% (1,969/24,794) of male TB patients
experienced treatment interruption during the study period.

Bivariate Analysis

Bivariate analyses showed substantial variation in treatment interruption across patient characteristics
as shown in Table 3. Underweight patients experienced interruption at 9.2% (964), compared with 7.2%
(839) among those with normal BMI and lower proportions among the overweight and obese groups.
Patients with bacteriologically confirmed TB had interruption rates of 8.6% (1,291) compared with 7.0%
(678) among those without confirmation. Pulmonary TB was associated with greater interruption, with
8.5% (1,771) interrupting treatment compared with 4.9% (198) among patients with extrapulmonary TB.
Alcohol use was strongly associated with interruption, with 13.8% (119) of alcohol users interrupting
treatment compared with 7.7% (1,850) among non-users. Interruption rates varied across sub-counties,
exceeding 10% in Roysambu 11.5% (125) and Embakasi 10.2% (555). Yearly fluctuations were modest
but peaked in 2021 at 8.8% (457).

Comorbidities and therapy-related characteristics also displayed clear contrasts. Malnutrition was
associated with higher interruption, with 9.2% (964) of malnourished patients interrupting care compared
with 7.0% (1,005) among non-malnourished patients. Diabetes did not demonstrate meaningful
differences in interruption rates, with 7.4% (14) of diabetic patients interrupting compared with 7.9%
(1,955) among non-diabetic patients. ADRs were strongly associated with interruption; 46.2% (6) of
patients with an ADR interrupted treatment compared with 7.9% (1,963) of those without an ADR. Clinic
attendance showed the strongest gradient: patients who completed all four recommended visits had
extremely low interruption rates of 0.6% (27), while those attending zero sputum visits had an
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interruption rate of 25.0% (363), and those attending only one visit had the highest interruption at a rate
of 35.0% (538), as shown in Table 4.

Multivariable Regression Analyses

Multivariable analysis (Table 5) addressing the first research question showed that malnutrition was
significantly associated with increased odds of treatment interruption. In unadjusted analysis,
malnourished patients had 33.8% higher odds of treatment interruption (OR = 1.338, 95% Cl 1.220 -
1.467, p<0.001). Further, after adjusting for age, alcohol use, HIV co-infection, bacteriologic confirmation,
type of TB, treatment supporter, sub-county, and year of diagnosis, Malnourished patients had 23%
higher odds of treatment interruption compared with patients with normal nutritional status (AOR = 1.23,
(95% CI 1.120 - 1.353, p<0.001). Diabetes, however, showed no significant association with treatment
interruption in either unadjusted or adjusted models. In the fully adjusted model, several covariates were
independently associated with treatment interruption, including alcohol use, pulmonary TB, and
residence in sub-counties such as Dagoretti, Mathare, and Ruaraka. HIV status, age, presence of a
treatment supporter, and bacteriologic confirmation were not significant predictors.

In examining therapy-related factors for the second research question, ADRs emerged as one of the
most potent predictors of treatment interruption. Patients experiencing ADRs had nearly tenfold higher
odds of interruption in unadjusted analysis (OR = 9.963, 95% Cl 3.345 - 29.676, p<0.001). After adjusting
for covariates, patients who experienced ADRs had more than tenfold higher odds of treatment
interruption compared with those without ADRs (AOR = 10.62, 95% Cl 3.527-31.948, p < 0.001). The
adjusted model again showed significant contributions from alcohol use, pulmonary TB, and several sub-
counties. HIV co-infection, age, and treatment supporters were not significantly associated with
interruption.

Analysis of health system factors was restricted to bacteriologically confirmed cases with complete
sputum monitoring records (n = 15,086). The third research question was used to evaluate health
system-related factors, specifically the frequency of clinic visits for sputum monitoring and drug refills.
Clinic attendance demonstrated a strong protective effect. In unadjusted analysis, each additional visit
reduced the odds of interruption by approximately 62% (OR = 0.382, 95% CI 0.364 -0.401, p<0.001). After
adjustment, this effect increased in magnitude; each additional visit was associated with a 70.5%
reduction in odds of interruption (AOR = 0.295, 95% Cl 0.278 - 0.312, p<0.001). Patients who completed
all four visits had interruption rates near zero, whereas those who made minimal visits faced
substantially higher risk. The adjusted model similarly identified alcohol use, pulmonary TB, and
residence in Embakasi, Kamukunji, Mathare, and Roysambu as significant predictors of interruption,
while HIV co-infection, age, and treatment supporters did not demonstrate statistically significant
effects. Among the predictors examined, adverse drug reactions showed the strongest positive
association with treatment interruption, while consistent clinic attendance demonstrated the strongest
protective effect.
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DISCUSSION

We examined the association between comorbidities, therapy-related factors, and health system factors
with TB treatment interruption among males in Nairobi County using a large retrospective cohort of
nearly 25,000 patients. Three key findings emerged: (i) malnutrition was independently associated with
increased odds of treatment interruption, (ii) adverse drug reactions (ADRs), although rare, were
associated with a ten-fold increase in the likelihood of interruption, and (iii) consistent clinic attendance
strongly protected against interruption, with each additional visit reducing the odds by approximately
70%. These findings highlight the interplay between clinical vulnerability and health system engagement
in shaping treatment continuity in a high-burden urban setting.

Malnutrition was significantly associated with treatment interruption even after adjusting for
demographic and clinical characteristics. Undernutrition compromises physical strength, tolerance to TB
medicines, and the ability to attend clinic visits. Malnourished patients may experience appetite loss or
gastrointestinal discomfort, which could contribute to missed doses or treatment discontinuation [23,
24]. In Kenya, nearly half of TB patients are undernourished, reflecting the country’s high TB—malnutrition
comorbidity burden [38]. These findings reinforce the role of nutrition not only in TB incidence but also in
continuity of care. Integrating nutritional support within TB programs may therefore help reduce
treatment interruption among vulnerable patients.

In contrast, diabetes was not associated with treatment interruption in this cohort. This finding differs
from studies conducted in Ethiopia, Brazil, and Asia, where diabetes was reported as a predictor of non-
adherence and loss to follow-up, often attributed to polypharmacy, treatment complexity or side effects
[39-42]. Several factors may explain this lack of association. The recorded prevalence of diabetes in this
cohort was extremely low (0.8%), suggesting possible underdiagnosis within routine program data.
Limited statistical power may also have contributed to the finding.

The most pronounced association with treatment interruption was observed among patients
experiencing ADRs. Individuals reporting ADRs had more than tenfold higher odds of interrupting
treatment compared with those without ADRs. This finding aligns with previous studies showing that
medication side effects including nausea, neuropathy, hepatotoxicity, and hypersensitivity reactions were
important drivers of treatment discontinuation [13, 43]. Although ADRs were infrequently documented in
this dataset (0.1%), the magnitude of their association suggests that reactions may be underreported in
routine clinical practice. The wide confidence interval reflects the few recorded ADR events, so this
association warrants cautious interpretation. In many resource-limited settings, ADR monitoring is often
limited by time constraints, insufficient pharmacovigilance systems, and competing clinical priorities. For
working-age men managing long treatment regimens alongside employment responsibilities, even mild
side effects may discourage continued treatment unless promptly recognized and managed.
Strengthening ADR monitoring, patient counselling, and early clinical management, particularly during
the intensive phase, may reduce treatment interruption.
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Health system engagement emerged as the most actionable determinant of treatment continuity.
Completing all four recommended clinic visits for sputum monitoring and drug refills was associated
with extremely low levels of treatment interruption, supporting the WHO adherence framework which
highlights the importance of continuous patient-provider interaction. Conversely, patients who attended
none or only one clinic visit had interruption rates of 25-35%, suggesting early disengagement from
care. Similar patterns have been observed in Kenyan studies demonstrating that treatment interruption
often occurs during the early phases of treatment [15, 30, 31]. Structural barriers, including travel
distance, opportunity costs, and clinic congestion, may contribute to missed visits in urban low-income
settings [15, 33]. For Nairobi's predominantly working-age male population, rigid clinic schedules may
further exacerbate attrition. Differentiated service delivery approaches, including flexible clinic hours,
workplace-based directly observed therapy (DOT), community drug refills, and digital adherence
technologies, may improve retention in care.

Several covariates were also associated with treatment interruption. Alcohol use significantly increased
the likelihood of interruption, consistent with evidence linking alcohol consumption with impaired
adherence and disrupted routines [29, 31]. Pulmonary TB was also associated with higher interruption,
potentially reflecting greater symptom burden, more intensive monitoring requirements, or perceived
clinical improvement leading to premature discontinuation of therapy [10]. Geographic variation in
treatment interruption was observed across several Nairobi sub-counties including Mathare, Kibra,
Kamukunji, Embakasi, and Roysambu, mirroring evidence that socioeconomic deprivation, informal
settlements, and barriers to healthcare access influence TB outcomes [19].

Some factors commonly associated with treatment interruption were not significant in this analysis. HIV
co-infection was not associated with treatment interruption, differing from studies in Kiambu and
Western Kenya where HIV was linked to higher attrition [30, 31]. This difference may reflect
improvements in Kenya's integrated TB-HIV care model. Similarly, age and treatment supporter status
were not significant predictors. The extremely high prevalence of treatment supporters in this cohort
(99.6%), as documented in national TB program reports [15], may have limited variability in this variable
and reduced its predictive value.

Study Strengths and Limitations

This study has several strengths. We analyzed a large cohort of TB patients using multi-year surveillance
data, providing strong statistical power to detect associations. The use of routine program data
enhances real-world relevance and reflects programmatic conditions within Kenya's TB control system.
However, several limitations should be considered. The retrospective design limits causal inference, and
misclassification may have occurred due to underreporting of conditions such as diabetes, ADRs, or
alcohol use. Although missing data were relatively low, residual confounding may persist. In addition,
because monitoring visits accrue over time, patients who interrupted early necessarily recorded fewer
visits, so the strong protective association partly reflects this temporal relationship and is not interpreted
as fully causal. In addition, the TIBU surveillance system does not capture socioeconomic and behavioral
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factors known to influence adherence, including income, stigma, migration, and mental health. Finally,
findings may not be fully generalizable beyond urban high-burden settings such as Nairobi.

Implications for Policy and Programming

These findings have important implications for TB control programs in Kenya and other urban high-
burden settings. Integrating nutrition assessment and food support into TB care could address a key
patient-level vulnerability identified in this study. Strengthening ADR monitoring systems and patient
education may further improve treatment continuity. Finally, expanding differentiated and patient-
centered service delivery models, particularly those accommodating the schedules and mobility patterns
of working-age men, may substantially reduce treatment interruption. Targeted interventions in high-
burden sub-counties may further address localized structural barriers to TB care.

CONCLUSION

Among nearly 25,000 males with TB in Nairobi County, treatment interruption was associated with
malnutrition, adverse drug reactions, and poor clinic attendance. While malnutrition modestly increased
the likelihood of interruption, ADRs had a substantial effect despite their low recorded frequency. In
contrast, consistent clinic attendance strongly protected against interruption, highlighting the
importance of sustained patient—provider engagement during treatment. These findings underscore the
need for integrated nutritional support, strengthened monitoring and management of adverse drug
reactions, and patient-centered service delivery models to improve treatment continuity for men.
Targeted interventions in high-burden urban settings, particularly for men with additional risk factors
such as alcohol use, may further strengthen treatment outcomes and reduce preventable interruptions in
TB care. Strengthening these patient-and system-level interventions will be critical for improving
treatment completion and accelerating progress toward national and global TB control targets.
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Participant flow through the study: male tuberculosis patients aged =15 years, Nairobi County, January
2019-June 2023.
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