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Introduction

Tuberculosis (TB) is a contagious disease and the leading cause of death from a single chronic
infectious agent, transmitted by the bacterium Mycobacterium tuberculosis, which primarily attacks the
lungs and spreads when an infected person expels the bacteria into the air, for example through coughing
(WHO, 2024). TB is a disease that can be both cured and prevented (WHO, 2025). However, comorbid
conditions can worsen the health of someone who is already suffering from TB.

TB remains a major cause of mortality and morbidity among infectious diseases (Selvaraju et al.,
2023). The World Health Organization (WHO) in 2023 reported 10.8 million people worldwide were
infected with TB, including 6 million men, 3.6 million women, and 1.3 million children. India has the
highest number of TB cases in the world, with an estimated TB incidence of 2.77 million cases in 2022.
Indonesia ranks second globally, with 1,090,000 TB cases and 125,000 deaths annually (WHO, 2024). In
2024, approximately 885,000 TB cases were detected, with distribution showing 496,000 cases among
men, 359,000 among women, and 135,000 in children aged 0-14 years. These statistics underscore the
urgent need to strengthen prevention and treatment efforts across Indonesia (Ministry of Health of the
Republic of Indonesia, 2025).

Several factors influence TB incidence in Indonesia, including sociodemographic factors (sex, age,
education level, marital status, family income, type of occupation, BMI), environmental factors (exposure
to sunlight in the home, presence of artificial ventilation, history of contact with TB patients, and
household size), host-related factors (smoking habits), and comorbidities (HIV, diabetes, and asthma)
(Handayani and Palino, 2025; Pralambang and Setiawan, 2021).
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A person suffering from TB with comorbidities has a higher risk of death due to greater immune
system weakness, and TB treatment can also become more complex and require special attention
(Maharani, 2024). TB with comorbid HIV poses a significant burden, accounting for about 6.1% of new
cases and being a leading cause of death among people with HIV (Wikipedia, 2025). Data from the CDC in
2023 also shows that 23.4% of TB patients in the U.S. have diabetes, making it the most common medical
risk factor (CDC, 2025).

TB conditions with comorbidities require serious attention, as they have a negative impact on the
patient's body. Although various studies have identified risk factors for tuberculosis (TB) in patients with
comorbidities, most literature still focuses on single relationships such as TB-HIV or TB-diabetes, while
studies on multi-comorbidities remain limited. The author is conducting a systematic review to
summarize the scientific phenomenon regarding the risk factors for TB occurrence in patients with
comorbidities. This aims to provide an overview of the condition of patients with TB and comorbidities.

Methods

This study uses a systematic review methodology. The databases used for literature search are
Proquest, PubMed, Google Scholar, and various other online databases. The combinations of keywords
used in the literature search are "comorbid pulmonary TB," "causal factors of pulmonary TB," and "TB
with comorbidities.” The author also utilized Boolean operators: ("Pulmonary Tuberculosis” OR "Lung
Tuberculosis") AND ("Comorbidity" OR "HIV" OR "Diabetes Mellitus" OR "Asthma" OR "Chronic disease")
AND ("Risk factor" OR "Determinant").

Article selection and quality assessment were conducted by the researchers according to the
established criteria using a checklist. The inclusion criteria are that the articles must be quantitative
studies published in either English or Indonesian between 2020 and 2025. Exclusion criteria include
qualitative research articles, articles not accessible as full text, systematic reviews, literature reviews, and
meta-analyses. Data extraction was performed using a standard Excel form that included study identity
information, research design, population characteristics, type of TB, comorbid diseases, risk factors,
outcomes, and effect sizes. Two researchers independently conducted the extraction, and any
discrepancies were resolved through discussion until consensus was reached. The extracted data were
then summarized in a study characteristics table for further analysis. Article selection was conducted
following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow.
At the identification stage, a total of 10,286 articles were obtained from various databases. Ultimately, 7
articles met the criteria and were analyzed further. The entire selection process is illustrated using a
PRISMA diagram. The article selection following the PRISMA 2020 guidelines is presented in the following
figure.

Identification of studies via databases and registers

Records identified from databases : -
Records removed before screening
(n=11,286) (n =3.542)

Excluded records **(n=6500)

Records screened (n=6,744)

A 4

Y

Full-text journals assessed for eligibility
(n=244)

'

Studies included in review (n=7)

Reports not taken (n =237)

[ Screening ][ Identificatio]

Included

Figure 1. Systematic review flowchart: PRISMA
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Results

The results of the systematic review process indicate that seven primary journals met the inclusion
criteria and relevance requirements, with a primary focus on tuberculosis (TB) patients who have
comorbid conditions. These journals were selected because they presented significant associations
between the presence of comorbidities and an increased risk of TB occurrence, in terms of incidence,
clinical severity, and treatment outcomes. The selected literature originated from reputable databases and
underwent a rigorous selection process based on topic relevance, methodological rigor, data
completeness, and publication within the last five years. To ensure transparency and traceability of the
selection process, the search results are presented in a table summarizing the characteristics and key

findings of each journal.

Table 1. Systematic review
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Based on a synthesis of seven journals, it is known that sociodemographic factors, nutritional
status, and comorbidities such as HIV, diabetes, and CKD play an important role in increasing vulnerability
and worsening the course of TB. Differences in regional contexts show that HIV is more dominant in
Africa, while diabetes and metabolic diseases dominate in Asia, and CKD/cancer is more prominent in
developed countries. From a clinical perspective, these findings emphasize the importance of comorbidity
screening (T2DM, HIV, CKD) from the beginning of TB diagnosis, integration of TB-NCD services, and
targeted nutritional interventions especially in children and vulnerable groups. The implementation of
this integrated approach not only has the potential to increase the success of therapy, but also prevent
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recurrence and reduce mortality, thus becoming a key strategy in the prevention and management of TB
comprehensively.

Discussion

Sociodemographic Risk Factors

The results of the journal review above show that sociodemographic factors play an important role
in increasing susceptibility to TB. A study in Yogyakarta found that female type 2 diabetes mellitus
patients had a higher risk of developing TB (aOR = 9.60) than men, while older age appeared to be
protective (aOR = 0.24) (Nuraisyah et al., 2024). These results are different from the national population
study in Indonesia which shows that old age (>60 years) is a strong predictor of the occurrence of TB-
NCD comorbidities (aOR = 5.16) (Prasiska et al.,, 2024). These differences indicate that sociodemographic
factors can affect TB risk through different pathways, both through biological and structural vulnerability.
Biological susceptibility to TB is related to internal factors such as age, sex, immune status, and the
presence of comorbidities, while structural vulnerability is more influenced by access to health services,
education level, type of employment, and economic conditions. The theory of social determinants of health
asserts that socio-economic factors have an important role in the distribution of infectious diseases,
including TB. Recent evidence reinforces this, with a survey of TB prevalence in Vietnam showing that
men have three times the risk of developing TB than women (OR = 3.0; CI 1.7-5.0), especially related to
differences in behavior and environmental exposure (Nguyen et al., 2023). In line with these findings, the
new study also reported that the prevalence of latent TB infection tends to be higher in adult men than in
women, indicating a complex interaction between biological and social factors in increasing susceptibility
to TB (Gaifer et al.,, 2025). Thus, the variation in research results in Indonesia is consistent with the global
literature that emphasizes that the risk of TB is not only influenced by individual factors, but also very
closely with the social conditions of the community.

Nutritional Risk Factors

Poor nutritional status appears consistently to be an important risk factor for TB. Research in
Lampung shows that 60% of pulmonary TB patients are thin and 80% have energy deficits, especially
carbohydrates (80%), proteins (46.7%), and fats (53.3%)(Girinaha et al., 2022). Similar results were
obtained in children with TB, where 25% were at high risk of malnutrition and 70% were at moderate risk
(Riska Nur Suci Ayu & Rahmayati, 2023). In the global context, the prevalence of undernutrition reaches
35.8% in TB patients, and is exacerbated by the presence of HIV (aOR = 6.18) and diabetes (aOR = 17.5)
(Musuenge et al., 2020). This condition confirms that malnutrition is not only a consequence of TB, but a
predisposing factor that worsens the course of the disease. Targeted nutrition interventions, including
routine malnutrition screening and micronutrient supplementation, are urgently needed as part of TB
management.

Biologically, deficiencies in energy and nutrients lower cellular immunity which is essential in
fighting Mycobacterium tuberculosis, thus increasing the risk of latent infection progressing to active TB. A
cohort review and prognosis study found that undernutrition increased the risk of active TB by about 2.23
times (HR 2.23; 95% CI 1.83-2.72) over a <10-year period compared to individuals with normal
nutritional status (Franco et al., 2024). WHO in Global Tuberculosis Report 2023 estimates that by 2022,
around 2.2 million new TB cases worldwide could be directly attributed to undernourishment as a risk
factor (WHO, 2025). In addition, studies in Ethiopia in patients with undernourished Rifampisin/MDR
Resistant TB showed that they had a much higher chance of experiencing unsuccessful treatment
outcomes (therapy failure, discontinuation, death) than those with normal or more nutritional status
(Siraj et al,, 2025). Therefore, screening of nutritional status from the beginning of TB diagnosis, the
provision of nutritional support—whether through energy and protein supply, micronutrients, or feeding
interventions—as well as health policies that prioritize vulnerable groups (children, low-income
communities) are crucial to be included in national TB control programs.

HIV-Related Risks

TB is still the main opportunistic infection in people with HIV. A study in South Sumatra showed
that 41.9% of HIV patients had TB, with the majority of respondents being poorly educated and unmarried
(Argista et al., 2024). Globally, the burden of TB-HIV is highest in Africa, while in Asia the burden of HIV is
relatively lower but other factors such as diabetes predominate. These differences show contextual
variations: in countries with a high HIV burden, strengthening early detection and adherence to
antiretroviral therapy (ART) is key, while in Asia there is a need to integrate TB programs with metabolic
disease management.

CKD and the other NCD Comorbidities

Other chronic diseases also contribute to an increased risk of TB. A cohort study in the UK showed
that CKD patients had a higher risk of developing TB (aRR = 1.42; CI 1.01-1.85), with a stronger risk in
ethnic minority groups (aRR = 2.83) (Ruzangi et al., 2020). In Indonesia, national data confirms that the
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prevalence of NCD comorbidities in TB patients reached 11.8%, with COPD (4.71%), DM (4.2%), and CVD
(2.22%) as the dominant comorbidities (Prasiska et al.,, 2024). These differences in patterns reflect the
different double burdens between regions: in Africa HIV is the main driver, in Asia diabetes and metabolic
diseases dominate, while in developed countries CKD and cancer are more prominent.

Cross-study findings suggest that comorbidities amplify TB risk by different mechanisms according
to regional contexts. HIV weakens cellular immunity thereby accelerating the progression of TB infection,
predominant in Africa. Meanwhile, in Asia, diabetes worsens glucose control which impacts macrophage
function, thereby increasing TB susceptibility. In developed countries, CKD and cancer play a role through
immunosuppression due to chronic conditions and therapy. Therefore, TB prevention and control
strategies should be tailored to the regional epidemiological profile.

These findings underscore the importance of more targeted public health interventions, namely TB
screening integrated with HIV and NCD programs, nutritional support programs that emphasize not only
protein but also energy and micronutrient balance; and strengthening health literacy and community-
based interventions in low-educated and low-income groups. Cross-program integration will increase the
effectiveness of TB prevention and control.

Various research results show that there is a link between TB and comorbid diseases, but there are
a number of research limitations, namely the need for longitudinal studies to assess the long-term causal
relationship between comorbidities and TB, the limitations of specific research for children who have
higher nutritional susceptibility; and the lack of cross-country data comparisons that can explain
contextual variations in more depth. Focusing on this area will strengthen the evidence base in designing
more responsive TB policies.

Conclusion

This review confirms that tuberculosis is closely associated with a variety of comorbidities,
including type 2 diabetes mellitus, chronic kidney disease, HIV, and poor nutritional status, with different
variations in risk burden between regions. Clinically, comorbidities worsen the course of the disease,
increase susceptibility, and slow recovery, especially in vulnerable groups such as children and patients
with low immunity. Therefore, the urgent practical implications are the implementation of comorbidity
screening (T2DM, CKD, HIV) in an integrated manner with TB services, as well as comprehensive
nutritional support that emphasizes the balance of energy, protein, and micronutrients. From a policy
perspective, integrated TB-NCD programs and population-based nutrition interventions are needed to
reduce the double burden, especially in low-middle-income countries. However, the limited number of
articles and the dominance of cross-sectional designs in this review signal the need for longitudinal and
cross-cross-sectional comparative research to strengthen the scientific evidence and support more
targeted policymaking.
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