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Background: Tuberculosis (TB) remains one of the leading causes of death in Mbuji-Mayi, as in many other cities worldwide.
Despite the availability of free treatment, TB continues to spread in the city due to weaknesses in health system performance,
socioeconomic conditions, and limited financial resources. This study aimed to contribute to reducing TB-related mortality in Mbuji-
Mayi by identifying risk factors affecting the survival of patients undergoing anti-tuberculosis treatment.

Methods: A retrospective cohort study was conducted among tuberculosis patients registered and followed up in the TB treatment
centers (CDTs) of Mbuji-Mayi between January 1 and December 31, 2024. Data were collected from patient records and treatment
registers. A total of 1,633 cases were included in the analysis. Survival probabilities were estimated using the Kaplan—-Meier method,
and factors associated with survival were identified using the Cox proportional hazards model.

Results: Multivariate analysis showed that comorbid conditions such as HIV and diabetes were significantly associated with mortality
among TB patients (adjusted Hazard Ratio [aHR] = 4.65; p = 0.003). Drug resistance was strongly associated with reduced survival
time (aHR = 12.12; p < 0.001). Male sex was more exposed to mortality compared to females (aHR = 9.94; p = 0.026), and tobacco or
alcohol use was also a significant risk factor associated with decreased survival (aHR = 3.31; p = 0.046).

Conclusion: The overall survival probability remained high, ranging from 99.7% in the first month to 98.8% in the fifth month of
treatment. Most deaths occurred early during therapy. Mortality among TB patients in Mbuji-Mayi is mainly influenced by
comorbidity, drug resistance, male sex, and tobacco or alcohol consumption. Strengthening early detection, adherence support, and
management of comorbid conditions could improve patient survival.

Keywords: survival modeling, tuberculosis, treatment outcomes, cox proportional hazards, mbuji-mayi, Democratic Republic of the
Congo

Introduction
Tuberculosis (TB) remains one of the deadliest infectious diseases globally, second only to HIV/AIDS and among the top
ten causes of morbidity and mortality." The disease is particularly prevalent in sub-Saharan Africa, where control efforts
are frequently hindered by financial constraints, low living standards, and fragile healthcare systems. Prior to the
COVID-19 pandemic, TB was a leading cause of death from a single infectious agent.”

In 2022, approximately 10.6 million people developed TB, resulting in 1.4 million deaths worldwide. Although
Mycobacterium tuberculosis can infect anyone, the burden of disease disproportionately affects populations living in

poverty. Eighty-seven percent of new TB cases occur in thirty high-burden countries. Regionally, Southeast Asia
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accounts for 45% of cases, followed by Africa (23%), the Western Pacific (18%), the Eastern Mediterranean (8.1%), and
the Americas (2.9%).> Since 2000, the global incidence of TB has increased slightly, at approximately 1.5% per year.

Low-incidence countries, such as those in the European Union and European Economic Area, report fewer than 10
cases per 100,000 population. In 2021, TB incidence was 25 per 100,000 person-years, with 2.4 deaths per 100,000 per-
son-years. Vulnerable populations including migrants, prisoners, and people living with HIV remain at higher risk, with
19,663 TB cases reported among HIV-positive individuals, representing 15% of this population, up from 14.3% in 2019.*

TB incidence varies widely worldwide, ranging from <10 per 100,000 in Western countries to over 500 per 100,000
in high-burden areas such as South Africa. Africa and Southeast Asia bear the highest disease burden, while some former
Soviet Union republics report incidences exceeding 100 per 100,000. TB is preventable and curable; approximately 86%
of infected individuals can be successfully treated with a 4- to 6-month course of therapy, reducing disease transmission.
Despite these achievements, TB remains among the deadliest infectious diseases, particularly in sub-Saharan Africa.’”
Globally, approximately 10.6 million people developed TB in 2022, resulting in 1.4 million deaths. TB disproportio-
nately affects populations living in poverty.®

The Democratic Republic of Congo (DRC) faces a substantial TB burden, with an estimated incidence of 318 per
100,000 population.” It is among eight countries accounting for over two-thirds of global TB cases in 2022, reporting
260,431 cases and 4,352 deaths in 2023 a 5% increase compared to the previous year.® The DRC is also classified as
a high-burden country for TB, TB/HIV coinfection, and multidrug-resistant TB (MDR-TB).” Annually, over 112,000
cases are reported, ranking the DRC 10th globally and 3rd within the WHO African Region. The prevalence is estimated
at 549 per 100,000, with a mortality rate of 68 per 100,000. Drug resistance among previously treated cases is
approximately 13%, and 3.5% among new cases. HIV co-infection among TB patients is 14%.’

In Mbuji-Mayi, TB remains highly prevalent, with control efforts constrained by economic and systemic challenges.
Vulnerable populations include recent TB contacts, undocumented migrants, asylum seekers, the homeless, prisoners,
and healthcare workers. Risk factors for progression to active TB include immunosuppression (HIV), diabetes, smoking,
alcoholism, age extremes, and occupational exposures.'®

Despite the extensive documentation of TB burden, there are limited recent data on the time to TB onset and its
predictive factors in Mbuji-Mayi, motivating this study. This study fills a critical knowledge gap by evaluating survival
and risk factors using a multivariable Cox model in a high TB-burden urban setting. Understanding these factors is
essential for designing effective interventions and informing public health policies. Accordingly, this study was
conducted to evaluate survival probability and identify risk factors associated with mortality among TB patients receiving
treatment in the city’s Tuberculosis Treatment Centers (CDTs).

Methods

Study Setting

The study was conducted in Mbuji-Mayi, capital of Kasai-Oriental province, DRC. The city covers 168,126 km? and is
marked by precarious living conditions, including inadequate housing, low income, limited access to clean water, lack of
electricity, and poorly maintained roads. The population mainly depends on micro-trade and market gardening, with low
educational attainment, particularly among young women. Poor public hygiene and the coexistence of revivalist and

traditional religious institutions create conditions favorable to tuberculosis transmission.

Study Design and Population
This study employed a retrospective cohort design to assess patient survival under anti-tuberculosis treatment and to
identify factors associated with mortality among pulmonary tuberculosis patients. The study population consisted of all
patients registered between January 1st and December 31st, 2024, in Tuberculosis Diagnosis and Treatment Centers
(CDTs) in Mbuji-Mayi.

A cluster-based sampling approach was applied, with CDT serving as the sampling unit. Ten CDTs were selected due
to logistical and operational constraints. Within each selected CDT, all tuberculosis patients who were registered and
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initiated on treatment during the study period were exhaustively included. Consequently, the sample is representative of
patients treated in the selected CDTs but may not fully represent all CDTs in Mbuji-Mayi.

Inclusion criteria were: (1) confirmed tuberculosis diagnosis; (2) initiation of anti-tuberculosis treatment between
January Ist and December 31st, 2024; (3) treatment at one of the selected CDTs; and (4) availability of complete medical
records, including treatment registry data. Each patient was followed from the date of treatment initiation until the end of
the study period, treatment completion, loss to follow-up, or death, whichever occurred first. The follow-up duration for
each patient ranged up to 9 months, which is reflected in the survival analysis. Patients not meeting these criteria were
excluded.

Ethical Considerations
The study protocol was reviewed and approved by the Bioethics Committee of the Higher Institute of Medical
Techniques (Institut Supérieur des Techniques Médicales (ISTM) of Kinshasa, under approval number 0146/CBE/
ISTM/KIN/RDC/PMBB/2025, dated May 21, 2025. Authorization for data collection was also obtained from local
health authorities, allowing access to tuberculosis patient registries and individual medical records. Given the retro-
spective nature of the study and the use of routinely collected programmatic data, the requirement for written informed
consent was waived by the ethics committee.

Written informed consent was obtained from all individual participants included in the study. The research was
conducted in accordance with the Declaration of Helsinki. This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Data Management
Raw data from the CDTs were cleaned, recorded, and merged into a single Microsoft Excel 2010 spreadsheet.
Information on comorbid conditions and treatment resistance was extracted from individual patient medical records
and CDT treatment registries. Data were cross-checked for consistency and completeness to ensure accuracy before
analysis.

Data consistency and quality checks were performed using SPSS version 26, and results were subsequently presented
as text, tables, and figures.

Statistical Analysis

Descriptive Analysis

Categorical variables were summarized using frequencies and percentages. Continuous variables with a normal distribu-
tion were summarized using the mean and standard deviation.

Survival Analysis
The primary outcome variable was death from any cause during anti-tuberculosis treatment, as documented in patient
medical records.

Patient survival was estimated using the Kaplan-Meier method, and differences in survival were assessed using the
Log rank test. Patients lost to follow-up were censored at their last known visit to account for incomplete observation.
The probability of survival at different time points was calculated. To identify predictors of TB-related mortality,
a multivariable Cox proportional hazards regression model was applied using a stepwise selection procedure. Given
the relatively small number of deaths observed during follow-up (n = 18), caution was exercised in interpreting the Cox
proportional hazards model results. The limited number of events may lead to model instability, wide confidence
intervals, and potential overestimation of hazard ratios.

Tobacco and alcohol consumption were combined into a single binary variable in the multivariable Cox model due to
the limited number of outcome events, in order to reduce model overfitting and improve estimate stability.

Variables with a p-value < 0.05 were considered statistically significant. This model was preferred as it allows
estimation of hazard ratios while controlling multiple confounders simultaneously, providing robust survival estimates.
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Model selection was guided by the Akaike Information Criterion (AIC), with the model exhibiting the lowest AIC
retained. Model performance was assessed using concordance statistics (C-statistic) to evaluate predictive accuracy.

Operational Definitions
Comorbidity was defined as the presence of at least one chronic or concurrent medical condition documented at treatment
initiation.

At-risk occupations included professions associated with increased exposure or vulnerability to tuberculosis, such as
mining, manual labor, and informal sector work.Low level of education was defined as having no formal education or
only primary-level education.

Treatment resistance refers to documented resistance to anti-tuberculosis drugs and was categorized as Multidrug-
Resistant TB (MDR-TB) if resistant to at least isoniazid and rifampicin, or as other forms of drug resistance if resistance

was observed to a single drug or other combinations.

Results

The results in Table 1 indicate that the average age of tuberculosis patients is 39.19 &+ 15.2 years. The sex distribution
shows a male majority (56.2%) compared to women. Most of participants (80.4%) have a secondary/higher education
level, and only a small proportion (19.6%) have a low level of education. Many patients are married (63.4%), 39.7%
work in occupations at risk for TB, and 51.1% have a weight at discharge below the average of 51.8 + 6.21 kg.

The results in Table 2 show that 75.4% of patients under treatment had drug-susceptible pulmonary TB, 1.3% had
diabetes, the proportion of HIV/TB coinfection was 4.7%, 11.5% of TB patients received the nutritional package, and
13.7% had a tuberculosis-related comorbidity. TB comorbidity’ refers to any additional comorbid conditions excluding
HIV and diabetes.

The results in Table 3 indicate that 2.8% of patients had a history of treatment discontinuation, 1.8% of these patients
were cases of therapeutic failure, 5.2% of patients had a history of temporary treatment interruption (non-adherence),
4.5% of patients experienced product stock shortages, a large majority (87.2%) of patients had been vaccinated against
TB, and the majority of patients (88.2%) were new patients. Additionally, 13.4% had not adhered to the dosage and
intake of 2RHZE (first-line drug), and the TB mortality rate was 1.1%.

Table | Distribution of Cases According to
Sociodemographic Characteristics

Features n=1633 (%) mzDS
Age 39.19£15.2
Sex

Male 917 (56.2)

Female 716 (43.8)

Level of education
Low level of education 320 (19.6)
Secondary/Higher Education | 1313 (80,4)
Marital status

Bachelor 598 (36.6)

Married 1035 (63.4)
Occupation

At risk 649 (39.7)

No risk 984 (60.3)

Weight at intake

<52 835 (51.1) 51.8+6.21
>52 798 (48.9)

Note: m * SD: mean * standard deviation.
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Table 2 Distribution of Cases According to Clinical

Factors
Factors n=1633 (%)
Type of TB
Pulmonary 1232 (75.4)
Extrapulmonary 315 (19.3)
TB-RR 72 (44)
TB-MR 14 (0.85)
Presence of diabetes
Yes 21 (1,3)
HIV serological status
Yes 76 (4.7)
Benefits from the nutrition package
Yes 187 (11.5)
Other TB comorbidities
Yes 224 (13.7)

Abbreviations: TB, tuberculosis; TB-RR, rifampicin-resistant tuber-
culosis; TB-MR, multidrug-resistant tuberculosis; HIV, human immu-
nodeficiency virus.

Table 3 Distribution of Cases According to Factors Related to Care

Factors n=1633 (%)
Treatment discontinuation

Yes 45 (2.8)
Failure after treatment

Yes 29 (1.8)
Treatment temporarily interrupted (non-adherence)

Yes 85 (5.2)
Out of stock

Yes 74 (4.5)
Having been vaccinated

Yes 1424 (87.2)
Type of patients

New patient 1318 (88.2)
Relapse 315 (11,8)
Adherence to the dosage and intake of 2RHZE (first-line drug)

No 219 (13.4)
Evolution

Death 18 (1,1)

Abbreviations: RHZE, rifampicin (R), isoniazid (H), pyrazinamide (Z), and ethambutol (E).

The results in Table 4 show that 24.1% of tuberculosis patients consumed alcohol, 17.2% of participants smoked, and
2.8% of patients were prisoners.

Table 5 shows that survival probability decreased during the early months of follow-up and then stabilized from the
fifth month onward, indicating that most deaths occurred during the initial phase of treatment. The standard error
remained low (between 0.0012 and 0.0027), and the 95% confidence intervals were narrow, indicating good precision of
the estimates up to the fifth month. At the end of follow-up, most censored observations corresponded to administrative
censoring rather than loss to follow-up, which explains the observed pattern at time point six in the survival table.

Figure 1 shows that deaths occurred mainly between the first and fifth months of follow-up, indicating that mortality
was relatively rare and concentrated during the early phase of treatment.
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Table 4 Distribution of Cases
According to Environmental Factors

Features n=1633 (%)

Alcohol consumption

Yes 393 (24.1)
Tobacco consumption

Yes 280 (17.2)
Prisoners

Yes 46 (2.8)

Table 5 Presentation of Results According to the Survival Table

Time At-Risk Censored | Lost | Probability of ES 1C95%
Patients Survival

| 1633 4 8 0.997 0.0012 | [0.993-0.999]
2 1621 4 46 0.995 0.0017 | [0.990-0.997]
3 1571 2 I5 0.993 0.0019 | [0.988-0.996]
4 1552 4 12 0.991 0.0023 | [0.985-0.992]
5 1538 4 29 0.988 0.0027 | [0.982-0.992]
6 1505 0 1430 0.988 0.0027 | [0.982-0.992]
7 75 0 40 0.988 0.0027 | [0.982-0.992]
8 35 0 22 0.988 0.0027 | [0.982-0.992]
9 13 0 13 0.988 0.0027 | [0.982-0.992]

Abbreviations: ES, standard error; Cl, confidence interval.

Analysis of Table 6 indicates that, among 1,633 patients, male sex is significantly associated with increased mortality
compared to females (HR [95% CI] = 13.1 [1.75-99.1], p = 0.012). Figure 2 illustrates survival differences according to
sex. Mortality differed significantly between males and females (p = 0.001), although overall survival probabilities
remained high for both groups.

Analysis of Table 7 reveals that TB patients with diabetes have a markedly higher risk of death (HR [95% CI] = 8.07
[3.18-20.47], p < 0.001). A statistically significant difference in survival was observed according to HIV serological
status (p < 0.002). Figure 3 presents survival stratified by HIV serological status. A significant association was observed
between HIV-positive status and mortality under treatment (p < 0.001), with HIV-positive patients exhibiting lower
survival probabilities compared to HIV-negative patients. Figure 4 depicts survival according to the presence of

Kaplan-Meier survival estimates

50

0.25

—

T

0.00
|

analysis time

Evolution = 0O —  Evolution = 1

Figure | Kaplan-Meier overall survival curve of tuberculosis patients during treatment follow-up.
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Table 6 Sociodemographic Factors of Patients and Their Survival

Factors Survival Death HRb [IC95%] | p-value
n (%) n (%)

Age (Year)

<39 908 (98.1) | 10 (1.9) | 0.97 [0.93-1.00] 0.078

239 707 (98.9) | 8 (l1I)

Sex

Male 900 (98.1) | 17 (1.9) | 13.1]1.75-99.1] 0.012*

Female 715 (99.9) I (O1)

Marital status

Bachelor 591 (98.8) 7(1,2) | 0.89[0.34-2.31] 0.823

Married 1024 (98.9) | II (1,1)

Weight

<52 823 (98.6) | 12 (1,4) | 0.98[0.94-1.02] 0.480

252 792 (99.2) 6 (0.8)

Occupation

At risk (of TB) 645 (99.4) | 4 (0.6) | 2.29 [0.75-6.98] 0.142

No risk 970 (98.6) | 14 (1,4)

Note: *Statistically significant results (p < 0.05).
Abbreviation: HRb, crude hazard ratio.

additional comorbidities. The analysis shows that patients with comorbid conditions had a significantly higher risk of
mortality (p = 0.001).

As shown in Table 8, a history of treatment discontinuation is strongly associated with a more than 10-fold increased
risk of death (HRb [95% CI] = 10.65 [3.50-32.3], p = 0.000), while drug resistance is the most potent risk factor,
increasing mortality 18-fold (HRb [95% CI] = 18.3 [7.25-46.5], p < 0.001). Non-adherence to first-line drug dosage and
administration is also significantly associated with death (p < 0.001). Figure 5 shows that non-adherence to the prescribed
dosage and treatment schedule is associated with reduced survival probability. Figure 6 presents survival according to
drug resistance. Drug-resistant TB was associated with lower survival probability and was a significant risk factor for

Kaplan-Meier survival estimates

1.00
1

0.50 0.75
Il 1

0.25
1

0.00
|

(o] 2 4 6 8 10
analysis time

|—sexe=1 7sexe=2|

| Log test Rank=10.65 p-value=0.001

Figure 2 Kaplan—Meier survival curves stratified by sex.
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Table 7 Clinical Factors and Survival

Factors Survival Death HRb [1C95%] p-value
n (%) n (%)

HIV serological status

Yes 72 (94.7) 4 (5.3) 0.16[0.05-0.50] 0.002*

No 1543 (99.1) | 14 (0.9)

TB comorbidity

Yes 214 (955) | 10 (4.5) | 8.07[3.18-20.47] | <0.0001*

No 1401 (99.4) | 8 (0.6)

Benefits from the nutrition package

Yes 183 (97.9) 4 (2,1) 2.16[0.71-6.57] 0.173

No 1432 (99.0) | 14 (1,0)

Note: *Statistically significant results (p < 0.05).

mortality (p < 0.001). Figure 7 demonstrates that abandoning treatment significantly reduces the probability of survival
for tuberculosis patients.

The results in Table 9 show a significant association among prisoners (p < 0.001). Additionally, a trend toward
increased risk was observed among alcohol consumers (HR = 2.46 [0.97-6.23], p = 0.058) and smokers (HRb = 2.36

Kaplan-Meier survival estimates

§ 4
s |
<9 2 : ' 8 10
analysis time
[——— PvwiH=0 —— PvvIH =1
| Log-Rank test result: 12.88 | p-value=<0.001

Figure 3 Kaplan—Meier survival curves stratified by HIV serological status.

Kaplan-Meier survival estimates

1.00
1

0.75

050

0.25

0.00

o 2 4 6 8 10
analysis time

I — ComorbiditeTB = O — ComorbiditeTB = 1

Log-Rank test result: 27.6 p-value=<0.001

Figure 4 Kaplan—Meier survival curves stratified by presence of comorbidities.
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Table 8 Factors Related to Patient Care and Survival

Factors Survival Death HRb [IC95%] | p-value
n (%) n (%)

Treatment discontinuation

Yes 41 (91.1) 4(89) | 10.65[3.50-32.3] | <0.001*

No 1574 (99.1) | 14 (0.9)

Treatment temporarily interrupted

Yes 83 (97.6) 2 (2,4) | 2.28[0.52-9.93] 0.271

No 1532 (99.0) | 16 (1,0)

Type of tuberculosis

Case of pulmonary TB 1304 (98.9) | 14 (I,1) | 1.19[0.39-3.61] 0.759

Extrapulmonary TB case 311 (98.7) 4 (1,3)

Resistance

Yes 64 (88.9) 8 (I,1) 18.3[7.25-46.5] | <0.001*

No 1551 (99.4) | 10 (0.6)

Family history of TB

Yes 602 (98.4) | 10 (1.6) | 2.06 [0.81-5.24] 0.125

No 1013 (99.2) | 8(0.8)

Having been vaccinated

Yes 1408 (98.9) | 16 (I,1) | 1.16[0.26-5.08] 0.835

No 207 (99.0) 2 (1,0)

Adherence to dosage and administration instructions (first-line drug)

Yes 1406 (99.4) | 8 (0.6) 0.12[0.04-0.30] | <0.001*

No 209 (954) | 10 (4.6)

Note: *Statistically significant results (p < 0.05).

[0.88—6.29], p = 0.085). Figure 8 illustrates survival among tuberculosis patients in prison. Incarcerated patients exhibited
reduced survival probability and a higher risk of death compared to non-incarcerated patients.

Regarding the survival analysis, the results of the multivariate analysis with the Cox model, adjusted for all variables
(Table 10), show that:

Kaplan-Meier survival estimates

1.00
|

0.75
|

o 2 4 6 8 10
analysis time

| —— RHZE=0 ———— RHzZE=1 |

Log-Rank test result: 106.9 p-value=<0.001

Figure 5 Kaplan—Meier survival curves stratified by adherence to prescribed dosage and treatment schedule.
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Kaplan-Meier survival estimates

1

1.00

05 075

0.25

0.00

o 2 4 6 8 10
analysis time

| —  Resistance = 0O —  Resistance = 1 |

Log-Rank test result: 73.1 p-value=<0.001

Figure 6 Kaplan—Meier survival curves stratified by drug resistance status.

Kaplan-Meier survival estimates

§ n T
1

§ -

s |

< 5 2 a & 8 10

analysis time
[——— Abandon = o ——————— Abandon = 1 |
Log-Rank test result: 27.2 p-value=<0.001

Figure 7 Kaplan—Meier survival curves stratified by treatment abandonment/discontinuation.

e TB comorbidity TB comorbidity was significantly associated with increased mortality with an HRa=4.65 and
a p=0.003 and its negative B coefficient (—1.54) indicates a reduction in survival time.

e Treatment resistance is the factor most strongly associated with a reduction in survival time with an HRa = 12.12,
p < 0.001.

Table 9 Environmental Factors and Survival

Factors Survival Death | HRb [IC95%] | p-value
n (%) n (%)

Prisoners

Yes 42 (91.3) 4 (8.7) | 0.09[0.03-0.28] | <0.0001*

No 1573 (99,1) | 14 (0.9)

Alcohol consumption

Yes 385 (98.0) | 8 (2.0) | 2.46 [0.97-6.23] 0.058

No 1230 (99.2) | 10 (0.8)

Tobacco consumption

Yes 190 (97.9) | 4 (2,1) | 2.36 [0.88-6.29] 0.085

No 1425 (90.0) | 14 (1,0)

Note: *Statistically significant results (p < 0.05).
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Kaplan-Meier survival estimates

S 4
=8 = A s s 7o
analysis time
| — Prisonniers = 1 — Prisonniers = 2
Log-rank test result: 26.00 p-value=<0.001

Figure 8 Kaplan—Meier survival curves stratified by incarceration status.

e Male sex is also significantly associated with reduced survival time. Males are 10 times more likely to be affected
than females (HRa = 9.94, p = 0.026 and [ coefficient = —2.30).

e Tobacco and alcohol consumption is a significant risk factor associated with reduced survival of patients under
treatment with HRa = 3.31 p = 0.046 — and Coefficient B = —1.20). Tobacco and alcohol consumption were analyzed
as a combined exposure variable in the multivariable Cox regression model.

Discussion

The results concerning patient survival show that the overall probability of survival is high, increasing from 0.997 at the
first month to 0.988 from the fifth month onward, and remaining stable until the end of follow-up. This trend indicates
that deaths are rare and occur mainly at the beginning of the treatment period. The standard error remains low (between
0.0012 and 0.0027), and the 95% confidence intervals are narrow, demonstrating good accuracy of the estimates up to the
fifth month.

One of the most striking results is the significant association between male sex and an increased risk of death, with
an hazard ratio (HRa) of 9.94 and a p-value of 0.026 indicate that men have a more than 10 times greater risk of death
than women in this population. Our findings corroborate previous studies showing that male sex is associated with higher
mortality and worse treatment outcomes in tuberculosis patients.'""'? Our results contradict those found by
Vignesh Chidambaram, who showed that sex does not influence the follow-up of TB patients (no association was
observed in their work), but concluded that men died earlier from multidrug-resistant tuberculosis than women.'*'* This
difference could be attributed to various biological, behavioral, or social factors. For example, men may be more likely to
neglect preventive healthcare or exhibit more frequent risky behaviors, which could contribute to higher mortality.
However, our study did not collect direct data on healthcare-seeking behaviors or risk-taking patterns, so these
explanations remain speculative. Furthermore, given the limited number of deaths (n = 18) in our cohort, the Cox

Table 10 Predictive Factors of Patient Survival Under TB
Treatment Using the Cox Model

Factors HRa [1C95%] p-value
TB comorbidity 4.65 | [1.69-12.78] 0.003
Treatment resistance 12.12 | [4.59-32.02] 0.000
Sex 9.94 | [1,31-75,34] 0.026
Tobacco and alcohol use | 3.31 | [1.02-10.77] 0.046

Abbreviation: HRa, adjusted hazard ratio.
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proportional hazards model may be subject to overfitting, and the wide confidence intervals observed for some hazard
ratios reflect high uncertainty.

The results of this study show a tendency towards a high risk of death among tobacco and alcohol users with an
HRa = 3.31, p = 0.046. Alcohol and tobacco are well known for their harmful effects on health, and their consumption
could exacerbate other medical conditions, thus increasing the risk of mortality. These results underscore the importance
of awareness and intervention programs to reduce alcohol and tobacco consumption, particularly in at-risk populations.
Several studies have identified smoking and alcohol use as significant risk factors associated with poorer outcomes and
increased mortality in tuberculosis patients. Smoking has been associated with delayed diagnosis and slower sputum
conversion among pulmonary TB patients, indicating poorer clinical progression among smokers. Moreover, population-
based analyses estimate that tobacco smoking contributes substantially to TB mortality, particularly among men in high-
burden countries. These findings support the notion that lifestyle factors such as tobacco and alcohol use may worsen TB
prognosis, even though exact survival proportions vary across studies.'> '’

Our results highlighted a significant relationship between tuberculosis (TB) patients and those with comorbidities such as
HIV and diabetes. TB comorbidity increased the risk of death with a hazard ratio (HRa) of 4.65 and a p-value of 0.003. This
means that TB patients were more than four times more likely to die compared to those without this comorbidity. This
underscores the importance of integrated and tailored care for these vulnerable populations. Our findings corroborate those of
Harvey Attoh Touré et al in their study on risk factors for death among TB patients receiving treatment in five TB treatment
centers in northern Cote d’Ivoire;° they found that HIV comorbidity is a risk factor for TB-related death. The same
observation was made by R. Ngakoutou et al in 2023 in their study on risk factors for death from smear-positive pulmonary
tuberculosis in patients hospitalized in the pulmonology department of the National Reference University Hospital Center
(CHU-RN) in N’Djamena.>' Their work revealed that HIV infection was the highest risk factor for death, with a relative risk of
5.1 among tuberculosis patients. Importantly, treatment resistance was identified as the strongest predictor of reduced survival,
with an HRa of 12.12 and a p-value < 0.001. This finding highlights the critical need for early detection and management of
drug-resistant TB to improve patient outcomes. Similar observations have been reported in other high-burden settings, where
multidrug-resistant tuberculosis significantly increases mortality risk.*?

Our results are consistent with several published studies demonstrating the impact of comorbidities on tuberculosis
mortality. For example, diabetes mellitus has been associated with significantly increased risk of death during TB
treatment in cohorts from Ethiopia and the United States, where TB-diabetes comorbidity raised mortality risk by more
than twofold or more. In addition, recent analyses of drug-resistant TB cohorts have shown that HIV co-infection
significantly increases both treatment-period and post-treatment mortality. National cohort data have also indicated that
comorbid conditions such as HIV, diabetes, alcoholism, and other chronic illnesses are strong predictors of unfavorable
outcomes and higher death rates among TB patients. These findings highlight the critical importance of integrated
management of TB and comorbid diseases to reduce mortality risk.****

One limitation of this study is the small number of deaths (n=18), which may affect the stability of the Cox model
estimates and result in wide confidence intervals. Consequently, hazard ratios should be interpreted with caution.Despite
this, our results highlight that comorbidities, drug resistance, male sex, and tobacco or alcohol consumption remain key
factors influencing survival in TB patients, consistent with previous studies.

Conclusion

The probability of survival among tuberculosis patients under treatment in Mbuji-Mayi remained high, decreasing
slightly from 0.997 in the first month to 0.988 from the fifth month onward, and stabilizing thereafter. Most deaths
occurred during the early months of therapy, indicating that mortality is relatively rare and concentrated at the beginning
of treatment. Patient survival was significantly influenced by TB comorbidity, drug resistance, male sex, and tobacco or
alcohol consumption. These findings underscore the importance of early detection, adherence support, and targeted
management of comorbidities and behavioral risk factors. Tailored interventions focusing on high-risk populations are
essential to improve TB treatment outcomes in this setting.
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