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Abstract 

Background  India grapples with an alarming burden of tuberculosis (TB), reporting 2.6 million incident cases 
in 2023, necessitating intensified efforts toward TB elimination. The prevalence of catastrophic costs, defined 
as expenses exceeding 20% of annual household income, varies widely. Our objective was to determine the associa-
tion between catastrophic costs from TB-HIV and TB-diabetes care and unfavorable TB treatment outcomes.

Methods  We conducted a cohort study in Bhavnagar, India, from July 2019 to January 2021, involving 234 TB-HIV 
and 304 TB-diabetes patients. Catastrophic costs were assessed using the World Health Organization’s tool. Unfa-
vorable TB treatment outcomes included positive results from sputum smear, nucleic acid amplification, or culture 
tests at treatment completion, death during treatment, or treatment cessation for a month (for drug-sensitive TB) 
or two months (for drug-resistant TB). Firth regression was employed to address quasi-separation issues and identify 
predictors.

Results  Among TB-HIV patients, 12% faced catastrophic costs, with 20% experiencing unfavorable TB outcomes. In 
this group, significant predictors included weight (OR: 0.93, 95% CI: 0.89–0.98), family type (OR: 2.5, 95% CI: 1.2–5.5), 
and initial hospitalization (OR: 2.6, 95% CI: 1.1–6.3). For TB-diabetes patients, 5% faced catastrophic costs, and 14% 
had unfavorable outcomes, with significant predictors being below the poverty line (BPL) (OR: 2.9, 95% CI: 1.5–5.9) 
and initial hospitalization (OR: 3.4, 95% CI: 1.1–11.1). Catastrophic cost incidence was higher in TB-HIV (12% vs. 4% in TB 
only) and TB-diabetes (5% vs. 4% in TB only) patients. However, catastrophic costs did not show a direct association 
with unfavorable outcomes in either group.

Conclusions  Our study found no direct association between catastrophic costs and unfavorable TB outcomes 
among TB-HIV/TB-diabetes patients. Instead, factors such as weight, family type, BPL status, and initial hospitaliza-
tion were significant predictors. These findings underscore the importance of socio-economic conditions and initial 
hospitalization, advocate for enhanced support mechanisms including nutritional and financial aid, especially for BPL 
families.
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Background
India has long held the unenviable distinction of having 
the highest tuberculosis (TB) burden worldwide, report-
ing a staggering 2.6 million cases in 2023 alone [1]. In 
2022, India accounted for nearly 27% of the global TB 
cases, out of a total of 10.6 million cases worldwide [2]. 
This persistent challenge has prompted India to inten-
sify its efforts towards TB elimination, a disease that has 
plagued populations worldwide for many years [3].

Apart from reducing the incidence and deaths due to 
TB, one of the targets of elimination is reaching to zero 
catastrophic costs due to TB by 2020 [4]. Catastrophic 
costs, defined as costs exceeding 20% of annual house-
hold income, can push families below the poverty line [5, 
6]. Globally, recent estimates indicate that 43% of house-
holds affected by TB face these catastrophic costs [7]. In 
India, the prevalence of such costs varies widely, rang-
ing from 4 to 68%, contingent upon factors such as study 
location, site of disease, and drug resistance patterns [6, 
8].

Various studies conducted in different countries—Peru, 
Indonesia, Brazil, and the Republic of Moldova—have 
delved into the relationship between catastrophic costs 
and TB treatment outcomes [9–12]. While the former 
three countries revealed an association between cata-
strophic costs and unfavorable TB treatment outcomes, 
the Moldova study found no significant link for patients 
with drug-resistant TB. A recent study in China found 
some evidence of association of catastrophic costs with 
loss to follow up among patients with TB [13].

The presence of two primary comorbidities associated 
with TB—human immunodeficiency virus (HIV) and dia-
betes—has been consistently linked to adverse impacts 
on TB treatment outcomes [9, 14]. Furthermore, the 
financial burden of managing HIV and diabetes along-
side TB care has proven substantial, effectively doubling 
the costs incurred when dealing solely with TB among 
patients grappling with these concurrent health chal-
lenges [15–17]. Specifically, the additional complication 
of HIV co-infection has been demonstrated to elevate the 
occurrence of catastrophic costs arising from TB care by 
8%, underscoring the heightened economic toll placed on 
individuals with overlapping health conditions [16]. In a 
parallel vein, the presence of diabetes comorbidity has 
been associated with a modest 1% increase in the occur-
rence of catastrophic costs attributed to TB care [15].

In Bhavnagar, India, our previous research has shed 
light on the prevalence, predictors, coping strategies, 
and enablers of catastrophic costs stemming from TB-
HIV co-infection and TB-diabetes comorbidity [15, 16, 
18, 19]. However, the potential correlation of these cata-
strophic costs with unfavorable TB treatment outcomes 
remains unexplored. In light of this, our study aims to fill 

this knowledge gap by investigating the possible connec-
tion between catastrophic costs resulting from combined 
TB-HIV and TB-diabetes care and unfavorable TB treat-
ment outcomes. Through this effort, we aim to uncover 
insights that might highlight the importance of improved 
financial support for individuals with both TB and other 
health conditions.

Methods
Study design, duration, and setting
We conducted a cohort study among patients with TB-
HIV and TB-diabetes co-prevalence from July 2019 to 
January 2021 in Bhavnagar region in the state of Gujarat 
in western part of India. This paper is a part of a larger 
study and the median costs incurred and percentage of 
catastrophic costs incurred due to TB-HIV co-infection 
and TB-diabetes comorbidity are reported in other pub-
lished studies [15, 16]. The Bhavnagar region comprises 
both a district, which is predominantly rural, and a semi-
urban conglomerate city. With a population of 2.8 mil-
lion, the Bhavnagar district is primarily rural, while the 
Bhavnagar city, under the municipal corporation, houses 
around 0.6 million people [20]. This region witnesses an 
annual occurrence of approximately 2500–3000 incident 
cases of TB [21].

Study population, tool, and procedures
The study involved 234 patients with TB-HIV co-infec-
tion and 304 patients with TB-diabetes comorbidity, all of 
whom were notified in the public sector between January 
2017 and December 2020 under the National TB Elimi-
nation Program (NTEP) in the Bhavnagar region [15, 
16]. Under the NTEP, all TB patients are systematically 
tested for HIV and diabetes, and conversely, all patients 
diagnosed with HIV and diabetes are screened for TB as 
part of a bidirectional screening initiative [22, 23]. The 
diagnosis of HIV and diabetes was confirmed through 
standard laboratory procedures using blood samples, 
as reported by the NTEP. TB diagnosis followed NTEP 
guidelines, involving symptom screening, sputum test-
ing, and chest X-ray findings. It is important to note that 
we included only those TB-HIV/TB-diabetes patients 
who were notified in the NTEP program; therefore, the 
investigators did not perform any diagnostic tests them-
selves but obtained the list of comorbid patients from the 
district TB officer.

The cost assessment employed a tool derived from the 
World Health Organization’s validated questionnaire 
designed to estimate costs incurred by TB patients [5, 
6]. This tool facilitated the calculation of catastrophic 
costs—defined as instances where combined TB-HIV or 
TB-diabetes costs exceeded 20% of the annual household 
income [5, 6, 15, 16]. The study’s methodologies and cost 
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calculations have been previously outlined in our earlier 
research [15, 16].

Cost estimation duration
The costs incurred by patients due to TB were calcu-
lated from the onset of symptoms until the completion 
of treatment [15, 16]. For patients with HIV or diabetes, 
the costs were estimated from the time of diagnosis and 
initiation of treatment until the completion of TB treat-
ment [15, 16]. Thus, the combined costs for TB-HIV or 
TB-diabetes represented the sum of TB-related costs and 
the costs associated with managing HIV or diabetes over 
the same treatment period [15, 16].

Follow up
The follow up for the TB treatment outcomes was pas-
sive, that is, the treatment outcomes were extracted from 
the Nikshay online portal (https://​niksh​ay.​in/), a registry 
of patients notified under the national TB program in 
India.

Variables
The study’s outcome variable pertained to unfavora-
ble TB treatment outcomes, classified as either positive 
sputum smear, nucleic acid amplification, or culture test 
results at TB treatment completion, patient death dur-
ing TB treatment (regardless of the underlying cause of 
death), or continuous treatment cessation for a month 
(for drug-sensitive TB) or two months (for drug-resistant 
TB) [24]. Conversely, treatment success was defined by 
negative sputum or culture tests post-treatment, or suc-
cessful completion of treatment without clinical dete-
rioration as determined by the treating physician [24]. 
Exposure variables encompassed the catastrophic costs 
incurred due to TB-HIV co-infection or TB-diabetes 
comorbidity, measured against the threshold of 20% of 
annual household income [15, 16].

Various confounding variables were considered, includ-
ing age, gender, marital status, weight, education, family 
structure, below poverty line (BPL) status, standard of 
living (SLI) index, residence type, and health-related fac-
tors [15, 16, 18, 19]. Additionally, the site of TB and drug 
resistance were included as confounding variables. The 
site of TB was identified through the Nikshay notification 
register as reported by the NTEP program, but informa-
tion on combined pulmonary-extrapulmonary TB was 
not available. Drug-resistant TB was defined as resist-
ance to any anti-TB drug, including MDR/RR, mono-H, 
and other types of drug resistance [25]. Patients not on 
a drug-sensitive TB regimen were classified as having 
drug-resistant TB according to NTEP program defini-
tions [25].

Families possessing the below poverty line (BPL) ration 
card were categorized as belonging to a BPL family, 
while those having the above poverty line (APL) ration 
card were categorized as belonging to a non-BPL fam-
ily. The standard of living index (SLI) was derived from 
asset ownership data, including details such as the type 
of housing, the number of rooms, and possession of vehi-
cles like cars or trucks (see Additional file  1) [6, 15, 16, 
26, 27]. The SLI scores ranged from 1 to 23, with scores 
from 1 to 7 categorized as low SLI, and scores from 8 to 
23 categorized as middle/high SLI [15, 16].

Statistical analysis
We conducted logistic regression analysis using logit 
function in the R software, given that our outcome vari-
able was binary in nature. However, we encountered 
a significant challenge during this analysis due to the 
quasi-separation of the fitted logistic model. This situa-
tion led to difficulties in accurately estimating coefficients 
and generating reliable confidence intervals. The issue 
of quasi-separation resulted in inflated standard errors 
of the regression coefficients, rendering the model inad-
equate for our purposes.

To address this challenge, we turned to the Firth regres-
sion approach, a specific form of penalized likelihood 
regression. This technique proved robust in overcoming 
the issues posed by quasi-separation. It effectively dealt 
with data separation, which can hinder the convergence 
of standard logistic regression estimates. Our application 
of the Firth regression method demonstrated its effec-
tiveness in this analysis.

Both the TB-HIV and TB-diabetes fitted models 
yielded similar log-likelihood values and achieved statis-
tical significance, underscoring the strength of the Firth 
regression technique. To implement Firth logistic regres-
sion, we employed the logistf() function from Heinze’s 
logistf package within the R programming environment. 
The fitting process employed the Iteratively Reweighted 
Least Squares (IRLS) method, with a maximum of 100 
iterations.

We conducted univariate Firth logistic regression, 
including variables with a p-value ≤ 0.2 in subsequent 
multivariable Firth logistic regression models. To ensure 
the integrity of the analysis, we examined potential co-
linearity among measures of impoverishment such as 
below poverty line status, standardized living index 
(SLI), and catastrophic spending. Variables exhibiting 
multicollinearity, indicated by a variance inflation factor 
(VIF) > 10 or tolerance < 0.1, were excluded from the mul-
tivariable model.

In addition, for sensitivity analysis, we explored the 
association of catastrophic costs due to TB-HIV and 
TB-diabetes at various lower annual household income 
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thresholds, utilizing univariable Firth logistic regres-
sion. Throughout our analyses, a p-value threshold of 
0.05 was maintained to determine the statistical signif-
icance of predictor variables, ensuring the robustness 
and reliability of our findings.

Results
Characteristics of patients
We enrolled 234 patients with TB-HIV co-infection 
and 304 patients with TB-diabetes comorbidity from 
a total of 10,278  TB cases recorded in the notifica-
tion register between 2017–2020 [15, 16]. For TB-HIV, 
exclusions included 2,651 without HIV, 5,653 from the 
private sector, 1,028 under 18  years of age, 304 with 
diabetes, and 408 previously treated cases [16]. For 
TB-diabetes, exclusions included 2,651 non-diabetic 
patients, 5,653 from the private sector, 1,028 under 
18  years of age, 234 with HIV, and 408 previously 
treated cases [15].

The median age was 37  years (IQR: 29–48) for TB-
HIV patients and 52 years (IQR: 42–61) for TB-diabetes 
patients (Table 1). The majority were male, comprising 
78% of TB-HIV and 72% of TB-diabetes patients. Most 
participants were married (79% TB-HIV, 92% TB-dia-
betes) and lived in extended families (80% TB-HIV, 
87% TB-diabetes). Economic characteristics showed 
that 70% of TB-HIV and 80% of TB-diabetes patients 
received cash assistance for TB, with a median amount 
of INR 3000 (~ US$ 44). Below poverty line (BPL) card-
holders were 50% of TB-HIV and 34% of TB-diabetes 
patients. Initial hospitalization due to TB was observed 
in 13% of TB-HIV and 8% of TB-diabetes patients. 
Within the cohort of 234 patients with TB-HIV co-
infection, 20% experienced unfavorable TB treatment 
outcomes, while among the 304 patients with TB-dia-
betes comorbidity, this figure stood at 14% [15, 16].

Percentage of catastrophic costs
When considering the 20% threshold of annual house-
hold income, 4% of patients with TB-HIV co-infection 
and TB-diabetes comorbidity faced catastrophic costs 
specifically related to TB alone, excluding additional 
costs from HIV or diabetes comorbidity (Fig.  1) [15, 
16]. In contrast, the percentage of patients facing cata-
strophic costs due to combined TB-HIV co-infection 
was 12%, while those with TB-diabetes comorbid-
ity faced a 5% occurrence of such combined costs.[15, 
16] This indicates that while TB-related costs alone 
impacted a smaller proportion of patients, the inclusion 
of comorbidity-related costs significantly increased the 
percentage of catastrophic costs.

Combined TB‑HIV catastrophic costs and unfavorable TB 
treatment outcomes
On Firth penalized logistic regression analysis, factors 
including weight, family type, and initial hospitalization 
for TB emerged as significant predictors of unfavorable 
TB treatment outcomes among TB-HIV co-infected 
patients (Table  2). Patients who were initially hospi-
talized for TB had 2.6 (95% CI: 1.1–6.3) times higher 
odds of experiencing unfavorable treatment outcomes. 
Each additional kilogram of weight corresponded to a 
7% reduction in the likelihood of unfavorable TB treat-
ment outcomes (adjusted OR = 0.93, 95% CI: 0.89–0.98, 
p-value = 0.002). This relationship reflects an exponen-
tial decline in the likelihood of unfavorable outcomes. 
Specifically, the reduction percentage compounds 
with each additional kilogram, rather than being sim-
ply additive. To illustrate this, we provide a line chart 
(Fig.  2) showing the percentage reduction in the like-
lihood of unfavorable TB treatment outcomes for dif-
ferent weight increases. Notably, individuals residing 
in nuclear families exhibited 2.5 (95% CI 1.2–5.5) times 
higher odds of unfavorable TB treatment outcomes 
compared to those in extended families. However, it’s 
important to highlight that catastrophic costs due to 
TB-HIV did not prove to be a statistically significant 
predictor of unfavorable TB treatment outcomes in our 
study.

Even when considering lower thresholds of annual 
household income, the association between catastrophic 
costs attributed to TB-HIV and unfavorable TB treat-
ment outcomes remained statistically non-significant 
(Table 3).

Combined TB‑diabetes catastrophic costs and unfavorable 
TB treatment outcomes
On Firth penalized logistic regression analysis, factors 
such as living below the poverty line (BPL) and under-
going hospitalization during the initial TB clinic visit 
emerged as significant predictors of unfavorable TB 
treatment outcomes among patients with TB-diabetes 
comorbidity (Table  4). Individuals from BPL families 
exhibited 3 (95% CI 1.5–5.9) times higher odds of unfa-
vorable TB treatment outcomes, while those who were 
hospitalized during their first TB clinic visit faced 3.4 
(95% CI 1.1–11.1) times higher odds of unfavorable TB 
treatment outcomes. Notably, there was no observed 
association between catastrophic costs due to TB-diabe-
tes and unfavorable TB treatment outcomes.

Even when considering lower thresholds of annual 
household income, the impact of catastrophic costs due 
to TB-diabetes on unfavorable TB treatment outcomes 
remained statistically insignificant (Table 5).
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Table 1  Characteristics of TB-HIV and TB-diabetes patients from January 2017 to December 2020 in Bhavnagar

Characteristic TB-HIV patients (n = 234) TB-diabetes patients (n = 304)
Number (%) or median (IQR)

Socio-demographic characteristics
  Age in years 37 (29-48) 52 (42-61)

  Male 182 (78) 220 (72)

Educational status

  No formal education 156 (68) 242 (80)

  Primary (7th pass) 59 (25) 43 (14)

  Secondary (10th pass) and above 19 (8) 19 (6)

  Married 184 (79) 281 (92)

  Scheduled caste (SC)/scheduled tribe (ST) 20 (9) 22 (7)

  Extended family (vs nuclear family) 186 (80) 266 (87)

  Urban residence 125 (53) 195 (64)

  Current tobacco smoking 65 (28) 81 (27)

  Current regular alcohol consumption 3 (1) 5 (2)

Economic characteristics
  Cash assistance received for TB 97 (70) [n = 139] 152 (80) [n = 190]

  Amount of cash assistance received in INR 3000 (0–3000) [~ US$ 44 (0–44), n = 139] 3000 (750–3000) [~ US$ 44 (11–44), n = 190]

  Monthly family income in INR 9000 (7500–11000) [~ US$ 132 (110–162)] 9000 (8000–11000) [~ US$ 132 (118–162)]

  Below poverty line (BPL) card 117 (50) 103 (34)

Standard of living (SLI) index

  Low (SLI score 1–7) 44 (19) 36 (12)

  Middle/high (SLI score 8–23) 190 (81) 268 (88)

  Employed in paid work before TB diagnosis 144 (62) 116 (38)

  Currently in paid work 122 (52) 97 (32)

  Sole earner in the family 41 (18) 30 (10)

Clinical characteristics—TB
  Sputum acid-fast bacillus smear grade

    Negative 170 (73) 107 (35)

    Scanty 22 (9) 55 (18)

    1 +  27 (12) 77 (25)

    2 +  10 (4) 37 (12)

    3 +  5 (2) 28 (9)

    Extrapulmonary TB 66 (28) 33 (11)

    Drug-resistant TB 9 (4) 6 (2)

  Phases of treatment

    Intensive phase of TB treatment 25 (11) 41 (13)

    Continuation phase of TB treatment 51 (22) 42 (14)

    Treatment completed 158 (67) 221 (73)

    First TB visit with a private provider 91 (39) 57 (19)

    Hospitalized due to TB at the first visit 30 (13) 25 (8)

  Treatment outcomes

    Successful treatment outcomes

    Treatment completed 43 (18) 61 (20)

    Cured 143 (61) 201 (66)

  Unfavorable treatment outcomes

    Death while on treatment 33 (14) 30 (10)

    Lost to follow up 8 (3) 6 (2)

    Treatment failure 7 (3) 6 (2)
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Table 1  (continued)

Characteristic TB-HIV patients (n = 234) TB-diabetes patients (n = 304)
Number (%) or median (IQR)

Clinical characteristics—HIV/ diabetes
  On ART​ 224 (96) -

  CD4 count in mm3 350 (218–420) -

  First visit with a private provider 55 (24) 34 (11)

  Hospitalized at the first visit 16 (7) 13 (4)

Fig. 1  Comparison of percentage of catastrophic costs due to TB-HIV coinfection and TB-diabetes comorbidity vs. TB alone

Table 2  Firth penalized logistic regression for predictors of treatment outcomes of tuberculosis among TB-HIV co-infected patients 
(n = 234)

Model statistics: Likelihood ratio test = 32.36 at degrees of freedom 8 with a p-value < 0.001; Wald test statistic = 70.33 at degrees of freedom 8 with a p-value < 0.001

HIV Human immunodeficiency virus, TB Tuberculosis, OR Odds ratio, CI Confidence intervals, SLI Standard of living index

Predictors Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Catastrophic costs (TB + HIV) at 20% of annual household 
income (vs. ≤ 20%)

1.8 (0.7–4.2) 0.201 1.5 (0.5–3.9) 0.423

Age (years) 0.99 (0.97–1.02) 0.772 - -

Female gender (vs. male) 0.93 (0.41–1.93) 0.846 - -

Single (vs. married) 0.49 (0.18–1.13) 0.096 0.5 (0.2–1.1) 0.097

Education (years) 0.96 (0.88–1.04) 0.279 - -

Weight (in kilograms) 0.93 (0.89–0.98) 0.003 0.93 (0.89–0.98) 0.002
Nuclear family (vs. extended family) 2.4 (1.18–4.82) 0.016 2.5 (1.2–5.5) 0.019
Urban residence (vs. rural residence) 1.15 (0.61–2.18) 0.666 - -

BPL family (vs. non-BPL family) 0.8 (0.4–1.5) 0.518 - -

Tobacco smoking (vs. not smoking) 0.55 (0.24–1.16) 0.122 0.6 (0.2–1.3) 0.176

Low SLI index (vs middle/high SLI index) 0.47 (0.16–1.12) 0.099 0.5 (0.2–1.2) 0.124

Currently in paid work (vs. not currently in paid work) 0.48 (0.24–0.91) 0.023 0.6 (0.3–1.3) 0.186

Sputum smear positive (vs. negative) 1.1 (0.5–2.4) 0.813 - -

Extrapulmonary TB (vs. pulmonary TB) 1.38 (0.69–2.67) 0.363 - -

Drug resistant TB (vs. drug sensitive TB) 1.29 (0.24–4.97) 0.741 - -

First TB visit at private facility (vs. public facility) 0.9 (0.6–1.5) 0.843 - -

Hospitalized in first TB visit (vs. not hospitalized) 3.12 (1.38–6.92) 0.007 2.6 (1.1–6.3) 0.036
First HIV visit at private facility (vs. public facility) 0.9 (0.2–3.9) 0.962 - -

Hospitalized in first HIV visit (vs. not hospitalized) 1.4 (0.4–4.8) 0.558 - -
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Discussion
TB remains a disease of poverty, influenced by various 
social and structural determinants such as unemploy-
ment and socioeconomic status [28, 29]. Families affected 
by TB often find themselves tangled in a cycle of high 
TB-related costs, impoverishment, malnutrition, and 
complicated forms of TB, collectively affecting treatment 
outcomes [10]. Notably, the coexistences of HIV and dia-
betes with TB hold the potential to directly impact TB 
treatment outcomes [9, 14]. However, the repercussions 
of costs associated with managing HIV and diabetes on 
TB treatment outcomes have remained unexplored until 
now—highlighting the focal point of our investigation.

Summarizing our findings, the combined catastrophic 
costs due to TB-HIV and TB-diabetes comorbidity did 

not show an association with unfavorable TB treat-
ment outcomes in our study setting, possibly due to the 
study’s small sample size. Nonetheless, various factors, 
including weight, family type, living below the poverty 
line, and initial hospitalization, emerged as signifi-
cant predictors of unfavorable TB treatment outcomes 
among these patients. In our study setting, patients 
with TB experienced lower catastrophic costs, attrib-
uted partly to the decentralized model of TB care and 
the semi-urban, rural environment [6, 15, 16]. Despite 
the nearly doubled economic burden incurred by HIV 
and diabetes care alongside TB [15–17], the overall 
prevalence of combined catastrophic costs remained 
below the global and Indian averages [7, 8]. The exclu-
sion of patients treated in the private sector may have 
contributed to underestimated cost estimations. Fur-
thermore, the notable achievement of high TB treat-
ment completion rates in India, as evidenced by an 
85% rate reported in a recent annual report [30], might 
clarify the absence of an apparent link between cata-
strophic costs and unfavorable TB treatment outcomes 
in our study setting.

We wish to highlight the intriguing and thought-
provoking nature of our findings regarding the statisti-
cally insignificant yet protective association between 
catastrophic costs and unfavorable treatment outcomes 
among patients with TB-diabetes comorbidity. This phe-
nomenon mirrors a similar discovery in our previous 

Fig. 2  Exponential reduction in unfavorable TB treatment outcomes with increasing patient weight

Table 3  Association of catastrophic costs due to TB-HIV with 
unfavorable treatment outcomes at lower cut-offs of annual 
household income (n = 234)

CI Confidence intervals

Cut-off percentage of annual 
household income

Odds Ratio (95% CI) P-value

Catastrophic costs > 20% (vs. ≤ 20%) 1.8 (0.7–4.2) 0.201

Catastrophic costs > 15 (vs. ≤ 15%) 2 (0.9–4.2) 0.085

Catastrophic costs > 10% (vs. ≤ 10%) 1.6 (0.8–3.1) 0.159

Catastrophic costs > 5% (vs. ≤ 5%) 1.1 (0.6–2.3) 0.705
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study involving patients with silico-tuberculosis [31], 
where TB-diabetes bidirectional screening appeared to 
safeguard against unfavorable TB treatment outcomes. 
Patients with diabetes often opt for care in the private 
sector, potentially enhancing their adherence to treat-
ment regimens and, consequently, improving their out-
comes [15]. Paradoxically, the financial burden might 
act as a driving force, compelling strict adherence to the 
prescribed treatments. This observation underscores the 
need for further investigation and collaborative develop-
ment of targeted support interventions, shedding light on 

the complex interplay between financial strain, motiva-
tion, and treatment adherence.

In both the TB-HIV and TB-diabetes groups, the cata-
strophic costs due to TB-HIV co-infection or TB-diabe-
tes comorbidity did not show a statistically significant 
association with unfavorable TB treatment outcomes in 
our study. It’s important to note that there is a dearth of 
studies examining this particular association among TB 
comorbid patients, making our research novel in this 
context. While the majority of existing studies investigat-
ing the linkage between catastrophic costs and treatment 
outcomes primarily focus on TB patients without comor-
bidities, our findings align with those from a Moldovan 
study, which also reported no significant link between 
catastrophic costs and unfavorable TB treatment out-
comes [9]. However, contrasting findings have emerged 
from studies conducted in other countries, revealing 
a notable relationship between catastrophic costs and 
unfavorable treatment outcomes [10–12]. Notably, some 
of these studies focused on drug-resistant TB patients, 
a factor in itself that can elevate the risk of unfavorable 
treatment outcomes [10]. Unfavorable TB treatment 
outcomes can be influenced by various factors, includ-
ing lower income, malnutrition, alcohol, and tobacco 

Table 4  Firth penalized logistic regression for predictors of treatment outcomes of tuberculosis among TB-diabetes comorbid 
patients (n = 304)

Model statistics: Likelihood ratio test = 32.68 at degrees of freedom of 7 with a p-value < 0.001; Wald test statistic = 107.9 at degrees of freedom of 7 with a 
p-value < 0.001

TB Tuberculosis, OR Odds ratio, CI Confidence intervals, SLI Standard of living index

Predictors Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Catastrophic costs (TB + diabetes) at 20% of annual household 
income (vs. ≤ 20%)

0.184 (0.002–1.443) 0.130 0.132 (0.001–1.326) 0.096

Age (years) 1.01 (0.98–1.04) 0.255 - -

Male gender (vs. female) 1.42 (0.68–3.22) 0.224 - -

Single (vs. married) 1.94 (0.64–5.04) 0.223 - -

Weight (in kilograms) 0.98 (0.95–1.01) 0.241 - -

Sputum smear positive (vs. negative) 0.47 (0.24–0.91) 0.025 0.7 (0.3–1.4) 0.287

Education (years) 0.95 (0.85–1.03) 0.293 - -

Extended family (vs. nuclear family) 0.8 (0.3–2.1) 0.622 - -

Urban residence (vs rural residence) 0.7 (0.4–1.4) 0.302 - -

BPL family (vs. non-BPL family) 3.06 (1.59–5.94)  < 0.001 2.9 (1.5–5.9) 0.002
Low SLI index (vs. middle/high SLI index) 1.1 (0.4–2.7) 0.88 - -
Currently in paid work (vs. not currently in paid work) 0.47 (0.2–1.01) 0.053 0.5 (0.2–1.3) 0.120

Tobacco smoking (vs. not smoking) 0.9 (0.4–1.8) 0.701 - -

Previously affected with TB (vs. not previously affected) 1.7 (0.7–3.7) 0.235 - -

Extra-pulmonary TB (vs. pulmonary TB) 3.9 (1.7–8.3) 0.001 2.1 (0.7–5.8) 0.149

Drug-resistant TB (vs. drug-sensitive TB) 3.5 (0.6–16.8) 0.146 3.4 (0.4–25.8) 0.226

TB’s first visit at private facility (vs. at public facility) 1.1 (0.4–2.3) 0.884 - -

Hospitalized in first TB visit (vs. not hospitalized) 2.8 (1.06–6.75) 0.039 3.4 (1.1–11.1) 0.039
Diabetes’ first visit at private facility (vs. at public facility) 1.2 (0.4–2.9) 0.767 - -

Hospitalized in first diabetes visit (vs. not hospitalized) 0.7 (0.1–3.1) 0.703 - -

Table 5  Association of catastrophic costs due to TB-diabetes 
with unfavorable treatment outcomes at lower cut-offs of annual 
household income (n = 304)

CI Confidence intervals

Cut-off percentage of annual 
household income

Odds Ratio (95% CI) P-value

Catastrophic costs > 20% (vs. ≤ 20%) 0.184 (0.002–1.443) 0.130

Catastrophic costs > 15 (vs. ≤ 15%) 1.4 (0.4–3.7) 0.566

Catastrophic costs > 10% (vs. ≤ 10%) 2.2 (0.9–5.0) 0.084

Catastrophic costs > 5% (vs. ≤ 5%) 1.8 (0.8–3.8) 0.122
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abuse [32]. While increased costs have been associated 
with delayed TB diagnosis [32], poverty has also been 
linked to unfavorable treatment outcomes [9]. Irrespec-
tive of the factors at play, the reduction of catastrophic 
costs attributed to TB has been proposed as a crucial step 
towards achieving TB elimination [11].

While catastrophic costs due to TB-HIV co-infection 
did not exhibit an association with unfavorable treat-
ment outcomes, our study revealed several other signifi-
cant predictors. A decrease in weight, membership in a 
nuclear family, and initial hospitalization were all factors 
that significantly predicted unfavorable TB treatment 
outcomes. In the context of TB management, absolute 
body weight (measured in kilograms) is often consid-
ered an indicator of nutritional status [33]. Improved 
nutritional status, reflected by increased body weight, 
has been shown to positively impact TB outcomes [33, 
34]. This aligns with our findings, where being under-
weight was similarly identified as a predictor of unsuc-
cessful treatment outcomes, a conclusion shared by other 
researchers [32, 35, 36]. The relationship between weight 
and TB outcomes highlights the importance of address-
ing malnutrition in TB management [33]. Likewise, our 
study’s correlation between smaller family size and poor 
TB treatment outcomes finds resonance in research con-
ducted in Somalia, which also observed an association 
between smaller family units and poor treatment out-
comes for TB [37]. These insights underscore the impor-
tance of addressing these multifaceted factors to improve 
TB treatment effectiveness and outcomes.

Among patients with TB-diabetes, belonging to a fam-
ily below the poverty line (BPL) and initial hospitalization 
during the TB visit emerged as significant predictors of 
unfavorable treatment outcomes in our study. The intri-
cacies of multiple socioeconomic determinants interact 
to impact treatment interruption and mortality among 
TB patients. Essential to the elimination of TB from India 
is the eradication of poverty, a pivotal social determinant 
[38]. Lower income levels inherently place families at 
risk of malnutrition, overcrowding, poor ventilation, and 
infections—some of these factors are also implicated in 
unfavorable TB treatment outcomes [32, 39].

An important consideration arising from our findings 
is the potential benefit of using BPL status as an early 
indicator for identifying patients at risk of poor treatment 
outcomes. Rather than relying solely on catastrophic cost 
assessments, which can be time-consuming and labor-
intensive, assessing BPL status at the beginning of TB 
treatment could serve as a more efficient strategy for tar-
geting interventions. This approach aligns with the differ-
entiated TB care strategy, which already considers several 
risk factors such as HIV, diabetes, smoking, harmful use 
of alcohol, and undernourishment for early TB deaths 

[40–43]. Therefore, we recommend incorporating BPL 
status assessment into the differentiated TB care model 
in India to improve patient outcomes.

Evidence underscores improved TB treatment out-
comes with financial interventions [44–46]. A systematic 
review and meta-analysis reported lowered treatment 
interruptions and enhanced cure rates through social 
protection mechanisms, however, the same analysis did 
not find notable impacts on failure or death rates [47]. 
Notably, targeted cash transfer schemes cover a smaller 
population, potentially excluding those in need [48, 49]. 
In contrast, the implementation of universal, uncondi-
tional cash transfer schemes could offer poverty reduc-
tion, diminish under-nutrition, and foster better TB 
treatment outcomes [28, 38]. In recent years, the National 
TB Elimination Program (NTEP) has implemented 
various measures to mitigate costs for TB patients. The 
Nikshay Poshan Yojana provides INR 500 (~ US$6) per 
month for nutritional support to all TB patients [28, 45, 
50, 51]. Additionally, collaborative TB-HIV and TB-dia-
betes activities, along with their successful implementa-
tion, have improved outcomes through early detection 
and prompt management [22, 23]. Moreover, expensive 
drugs such as Bedaquiline, Pretomanid, and Delamanid 
have been introduced under the programmatic manage-
ment of drug-resistant TB in India, further enhancing 
patient support and treatment outcomes [25].

Our study also revealed a significant association 
between hospitalization during the initial visit to a TB 
clinic and unfavorable treatment outcomes among 
patients both with TB-HIV co-infection as well as TB-
diabetes comorbidity. Notably, similar findings have been 
reported in other studies, identifying initial hospitaliza-
tion as a risk factor for early treatment interruption and 
other adverse treatment outcomes [52, 53]. In India, the 
Ayushman Bharat Pradhan Mantri Jan Arogya Yojana 
(PM-JAY) program, launched in 2018, stands as a sig-
nificant healthcare initiative [54]. This program aims to 
extend financial protection of Indian Rupee (INR) 0.5 
million to more than 12 crore vulnerable and economi-
cally disadvantaged families by providing comprehensive 
health insurance coverage for a wide array of medical 
treatments [54]. The integration of the Ayushman Bharat 
PM-JAY program with the National Tuberculosis Elimi-
nation Program (NTEP) could offer a transformative 
approach, allowing TB patients to access costly medical 
services free of charge at empaneled hospitals [55, 56].

Strengths and limitations
This is the first study determining the association 
between catastrophic costs and unfavorable TB treat-
ment outcomes among TB-HIV co-infected and TB-
diabetes comorbid patients. The absence of a significant 
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association may be attributed to the study’s limited 
sample size, which could have hindered the detection of 
established predictors, including drug-resistant TB. It 
is essential to emphasize that the absence of an associa-
tion in a small study does not negate the possibility of a 
relationship; instead, it underscores the necessity for 
larger-scale investigations to establish definitive con-
clusions. The study’s longitudinal duration of four years 
led to the enrollment of participants at various points in 
time, resulting in the receipt of TB treatment outcomes 
at differing intervals. Additionally, cost calculations were 
conducted over the entire TB treatment period, while 
outcomes were reported immediately after treatment 
completion. This temporal proximity limited the time gap 
between catastrophic cost exposure and TB treatment 
outcomes. As a result, we opted for adjusted odds ratios 
over adjusted relative risks.

We acknowledge the potential for misclassification in 
our study due to the nature of data entry into the Nikshay 
online portal. The treatment outcomes, crucial for our 
analysis, were extracted from the Nikshay online portal, 
where data is entered based on the information from TB 
treatment cards maintained by the diligent TB health 
staff. It’s essential to note that treatment outcomes, par-
ticularly the classification of ‘treatment completed’, rely 
significantly on clinical assessment rather than exclusive 
dependence on sputum testing [57]. Furthermore, exist-
ing studies have highlighted challenges related to staff 
familiarity with the software and the increased workload 
associated with managing both manual treatment reg-
isters and the online portal [58]. These challenges can 
inadvertently lead to data entry errors and misclassifica-
tion. The misclassification of treatment outcomes is likely 
to lead to an underestimation of the rate of unfavorable 
outcomes. This underestimation may have contributed 
to our study not identifying a significant association 
between catastrophic costs and poor treatment out-
comes. Additionally, because the data was extracted from 
the Nikshay portal, we lack information on whether the 
HIV-positive patients had progressed to AIDS, which is 
a significant limitation in evaluating TB treatment out-
comes. The complexities of the Nikshay portal, coupled 
with issues of missing data, necessitate targeted interven-
tions [59, 60]. Comprehensive training programs and sys-
tematic quality improvement initiatives are imperative to 
mitigate misclassification risks and enhance the accuracy 
of data recorded in the Nikshay portal [59, 60].

Another limitation of this study is that the NTEP pro-
gram records any death during TB treatment as a TB-
related death, regardless of the actual cause, which may 
include unrelated causes such as accidents [61]. The 
Nikshay portal does not specify the underlying cause of 
death [61]. Additional limitations of our study have been 

comprehensively outlined in previously published works 
[15, 16]. Nonetheless, we believe that our findings hold 
generalizability for analogous semi-urban and rural Indian 
settings. The decentralized structure of TB care, a corner-
stone of the National TB Elimination Program (NTEP) 
in India, ensures uniformity in healthcare delivery across 
diverse regions. Importantly, our study region mirrors the 
socioeconomic and healthcare characteristics prevalent in 
a significant portion of India, where approximately 65% 
of the population resides in rural areas [62]. The presence 
of a standardized three-tier healthcare system, compris-
ing primary, secondary, and tertiary centers at the village, 
town, and district levels, respectively, further enhances 
the applicability of our findings to similar semi-urban and 
rural Indian settings. The study also follows the STROBE 
reporting guidelines for observational studies [63].

Conclusions
In conclusion, our study’s findings highlight that while 
catastrophic costs due to TB-HIV/TB-diabetes do not 
exhibit a significant association to unfavorable TB treat-
ment outcomes, several factors including weight loss, 
TB-related hospitalization, and membership in a below 
poverty line (BPL) family emerge as notable predictors 
of adverse treatment outcomes. These findings reinforce 
our recommendation for the implementation of a com-
prehensive approach, including the provision of nutri-
tional support and increased financial assistance to TB 
patients with co-infections/comorbidities to counter 
under-nutrition and improve treatment outcomes. The 
potential integration of NTEP with the world’s largest 
health insurance initiative, the Ayushman Bharat PM-
JAY, also warrants exploration for its potential to aug-
ment the effectiveness of TB treatment strategies.
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