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A B S T R A C T

Background: Tuberculosis (TB) continues to be a significant public health issue, especially in developing nations 
like Ethiopia. The country aims to reach a 90 % treatment success rate for TB by 2025. However, there is a 
considerable lack of recent data on treatment outcomes in the region. Current data on treatment outcomes and 
their determinants are crucial for guiding early interventions and aligning efforts with national goals and the End 
TB Strategy. Understanding the current state of TB treatment outcomes and influencing factors is vital for 
implementing effective interventions and measuring progress toward the target.
Methods: A four-year retrospective study (2019–2022) was conducted. From 323 patient files, 312 were eligible 
to be included in the final analysis, resulting in a response rate of 96.6 %. Data collection utilized a structured 
checklist, and analysis was performed with STATA version 18. The Mann-Kendall trend test was used to detect 
trends in TB incidence. Multicollinearity was checked using variance inflation factors (VIFs). A logistic regression 
model identified determinants of treatment outcomes.
Results: The study revealed that 84.94 % of participants achieved favorable treatment outcomes, while 15.06 % 
had unfavorable outcomes. A decreasing trend in unfavorable outcomes was noted, from 18.84 % in 2019 to 
10.71 % in 2022 (Kendall's tau (τ) = − 0.0686). Determinants of unfavorable outcomes included older age (AOR: 
3.59, 95 % CI: 1.23–10.56), HIV positivity (AOR: 5.43, 95 % CI: 1.65–10.83), and smear-negative pulmonary TB 
(AOR: 3.82, 95 % CI: 1.39–10.45).
Conclusion: The overall treatment success rate of 84.94 % is below the global target of >90 % for 2025. Tailored 
treatment strategies for older patients and those co-infected with HIV are recommended. Additionally, improving 
TB diagnostic capabilities is essential for early intervention and achieving better outcomes.

Introduction

Despite global efforts, tuberculosis (TB) remains a significant cause 
of mortality and morbidity worldwide. In 2021, an estimated 106 
million people experienced active TB, and 106 million fatalities were 
caused by TB [1]. According to the World Health Organization (WHO) 
study, TB is one of the top 10 main causes of mortality globally. Along 
with better service delivery, improved disease prevention and treatment 
prevented an estimated 54 million TB deaths between 2000 and 2017 
alone [2]. However, close to 10 million individuals continued to get sick 
with TB in the same year. In 2016 alone, 1.5 million TB fatalities were 
documented worldwide, of which approximately three-fourths were in 

Africa [3]. According to the WHO TB report, 20 countries account for 85 
% of all estimated TB cases worldwide, and Ethiopia falls into this 
category, implying a significant TB burden in the nation [4]. According 
to the WHO 2014 and 2015 reports, the prevalence and incidence of all 
types of TB were 211 and 224 per 100,000 people, respectively [5].

According to WHO reports, the African region ranks second in terms 
of TB cases, accounting for 23 % of the global total [6]. In sub-Saharan 
Africa, 2.5 million people were infected with TB, representing a quarter 
of the new TB cases worldwide [7]. In Ethiopia, the distribution of TB 
varies, with rates such as 25.8 % in the Gambella Region [8], 39.9 % in 
Ethiopia University Hospital [9], 26 % in Felege Hiwot Referral Hospital 
[10], 10.8 % in the Tigray Region [11], 10.7 % in southern Ethiopia 
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[12], and 9.9 % in Debre Tabor General Hospital [13].
In Ethiopia, TB killed more than 19,000 people in 2022, which 

amounts to more than two deaths every hour. The WHO estimates that 
approximately 30 % of TB cases are undetected by the healthcare system 
in Ethiopia, resulting in unnecessary deaths. Last year, approximately 
145,000 Ethiopians contracted TB [14], and while the treatment success 
rate exceeded 90 %, 30 % of infections remain undiscovered [15]. In 
Ethiopia, the total pooled percentages of patients with poor treatment 
outcomes and deaths were 17.86 % and 15.13 %, respectively. The 
current knowledge of TB treatment outcomes and its determinants will 
play an enormous role in achieving the National End TB strategy.

Precise documentation and reporting of TB treatment outcomes and 
related factors are essential for achieving the goals set by the End TB 
Strategy, particularly the goal of a 90 % TB treatment success rate by 
2025 [16]. This information is crucial for healthcare professionals, 
program managers, and policymakers to effectively plan, prioritize, and 
allocate resources. In addition, recent evidence is critical for under
standing progress toward ending TB and taking appropriate action. 
Hence, this study sought to evaluate TB treatment outcomes and their 
determinants among TB patients.

Methods

Study setting and study period

The study was conducted at Woldia Comprehensive Specialized 
Hospital. The largest hospital in North Wollo, which is living on three 
million people, has better facilities and health services than other hos
pitals. It is located 521 km away from Addis Ababa, the capital city of 
Ethiopia. Hospitals provide many health care services, including TB 
diagnosis and treatment. It also serves as a referral center for neigh
boring primary hospitals and health centers.

Study design and study participants

Retrospectively, TB treatment registration books were reviewed to 
collect data on study participants who were receiving anti-TB treatment 
from January 1, 2019, to December 30, 2022. The source population 
included all adults (≥18 years) with TB who were receiving anti-TB 
treatment at Woldia Comprehensive Specialized Hospital. Multiple re
cords were extracted for each patient, capturing all instances of treat
ment from the initiation of anti-TB therapy to the completion of 
treatment. Both hospitalized and outpatient treatment episodes were 
included in the analysis. The study population specifically comprised 
adults (≥18 years) with TB who were receiving anti-TB treatment at 
Woldia Comprehensive Specialized Hospital during the defined follow- 
up period from January 1, 2019, to December 30, 2022.

Eligibility, sample size determination, and sampling technique

All medical records of adults (≥18 years) with TB admitted to the TB 
treatment unit in the hospital during the defined follow-up period were 
eligible for inclusion in the study. The sample size was calculated using a 
prevalence of 25.8 % prevalnce of unfavorable TB treatment from a 
previous study in Ethiopia [8].

Using the single population proportion formula and considering a 
confidence level of 95 % (Z = 1.96) and a margin of error (d) of 5 % (d =
0.05) the initial sample size was 284. 

n =
Z2⋅P⋅(1 − P)

d2 = n =
(1.96)2⋅0.742⋅(1 − 0.742)

(0.05)2 = 294 

After accounting for a 10 % non-response rate, the final sample size 
was adjusted to 323.

After obtaining a four-year number of adult patients with TB, the 
final sample was selected by a random sampling technique. A total of 

589 patients were available for inclusion, and 323 patients were selected 
using simple random sampling to ensure a representative sample while 
maintaining feasibility for data collection and analysis. We selected a 
random subset of patients to minimize selection bias, and the sampling 
rate was approximately 53 %.

Variables and definitions

The dependent variable was unfavorable TB treatment outcome. This 
study considered different explanatory variables, including sociodemo
graphic factors, clinical characteristics, comorbidities and behavioral 
factors, to identify determinants of unfavorable treatment outcomes. A 
bacteriologically confirmed TB case is a person from whom a biological 
specimen has tested positive by smear microscopy, culture or WHO- 
approved rapid diagnostics, such as the Xpert MTB/RIF assay. Favor
able TB treatment was defined as the sum of cured TB treatment and 
treatment completed. An unfavorable TB treatment outcome was 
considered when the treatment of a patient ended in treatment failure, 
death or default. The patient is deemed “cured” if he or she completes 
treatment with a negative bacteriological result at the end of the treat
ment. Treatment was considered “complete” if the patient completed 
treatment but did not receive a bacteriological result. Treatment failure 
was defined as follows: a patient who remained smear-positive during 
treatment or relapsed five months later or a patient who was PTB 
negative at the start but became smear-positive at the end of the 
intensive phase. A defaulter was defined as a patient who had been on 
treatment for at least four weeks and had two or more weeks of therapy 
interrupted in a row. The patients were considered to “died” if they died 
as a result of any cause during the course of treatment [17].

Data collection tools

A structured checklist was used to collect the data. The checklist 
contains four main sections: Part I aimed at collecting information on 
basic sociodemographic variables; Part II consisted of questions required 
to gather information related to clinical characteristics; Part III included 
questions to assess comorbidity; and Part IV dealt with patient behavior- 
related factors. The records of all study participants were selected ac
cording to the eligibility criteria. The final outcomes of TB treatment 
were obtained from the medical records.

Data processing and analysis

The data were coded, cleaned, and edited. The data were entered 
into Epi- data version 4.2 and exported to STATA version 16 for analysis. 
Categorical data were computed in terms of frequency distribution. We 
performed a thorough check for missing values in the dataset. Any 
missing values were handled using multiple imputation techniques to 
ensure the robustness of the results and avoid biases associated with 
incomplete data. Continuous data were presented through basic 
descriptive analyses by computing central tendency and dispersion. The 
outcomes of the participants were dichotomized into unfavorable and 
favorable TB treatment outcomes. A Mann–Kendall trend test was also 
conducted to evaluate trends (decreasing, increasing, or constant) in 
unfavorable TB treatment outcomes over time. A logistic regression 
model was used to identify the determinants of dependent variables. The 
linearity of the logit assumption was assessed using the Box-Tidwell test 
and found that the relationship between the predictors and the log-odds 
of the outcome is linear. Therefore, the linearity assumption for the lo
gistic regression model is fulfilled. A systematic backward elimination 
approach to build the model. However, variables were retained if their 
exclusion caused a ≥ 10 % change in the odds ratio of other key vari
ables, suggesting potential confounding effects. We also considered 
domain knowledge to ensure the relevance of the predictors. Model fit 
was assessed using the Hosmer-Lemeshow test and found that the model 
fit the data well. Multicollinearity was checked using Variance Inflation 
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Factors (VIF), and cross-validation was performed to ensure the model's 
generalizability. A VIF above 4 or a tolerance below 0.25 indicated that 
multicollinearity might exist [18–22]. Least Absolute Shrinkage and 
Selection Operator (LASSO) technique were also used for variable se
lection. This method helps in identifying the most relevant predictors by 
shrinking the coefficients of less important variables to zero. Variables 
with non-zero coefficients are considered important and were included 
in the multivariable model, while those with zero coefficients were 
excluded. Crude odds ratio (COR) and adjusted odds ratio (AOR) with 
95 % confidence intervals (95 % CIs). Finally, the findings are presented 
in the text, tables, and graphs.

Results

From 323 patient files, 312 were eligible to be included in the final 
analysis, resulting in a response rate of 96.6 %. The remaining charts 
were excluded due to missing outcome status information. Out of the 
total variables in the dataset, the following variables had missing data: 
BMI (8 %) and TB treatment outcomes (3.4 %). The rate of missingness 
for these variables ranged from 3.4 % to 8 %, with BMI showing the 
highest percentage of missing values. For the variables with missing 
data, we used the Multiple Imputation by Chained Equations (MICE) 
method to impute missing values, ensuring the dataset remained robust 
and minimizing potential biases. However, for patients with missing TB 
treatment outcomes, those records were excluded from the study, as this 
outcome variable is central to our analysis.

Sociodemographic and clinical characteristics of the participants

A total of 312 confirmed TB patients were included. The mean (SD) 
age of the participants was 40.38 years (SD = 17.61). The mean (SD) 
body mass index was 27.5 kg/m2 (SD = 4.2). The majority of the par
ticipants (62.5 %) were male. Of the 312 TB patients, 15.4 % were HIV 
positive. The majority of the patients (84.3 %) had pulmonary TB. Of 
them, 75.9 % had smear-positive results. A total of 5.1 % of the TB cases 
were presumptive multidrug-resistant TB Table 1).

Outcome and trends of TB treatment outcome

During the follow-up period, 84.94 % of the 312 patients had a 
favorable treatment outcome, while 15.06 % had an unfavorable treat
ment outcome. Among them, 30 patients (9.62 %) were cured, 17 (5.45 
%) died, 5 (1.60 %) were lost to follow-up, 235 (75.32 %) completed 
their treatment regimen, and 25 (8.01 %) experienced treatment failure. 
The prevalence of unfavorable treatment outcome declined from 18.84 
% in 2019 to 10.71 % in 2022. In addition, The Mann–Kendall trend test 
revealed Kendall's tau (τ) = − 0.0686 (95 % CI, − 0.1262 to − 0.0110), 
indicating decreasing trend in unfavorable TB treatment outcomes over 
time. (Fig. 1). (See Tables 1–4.)

Determinants of unfavorable TB treatment outcomes

Multicollinearity test
The variance inflation factor (VIF) and tolerance values were used to 

check for the presence of multicollinearity between variables. In this 
study, the maximum VIF was 1.51, with a mean VIF of 1.22, and the 
minimum tolerance value was 0.66. Thus, there was no multicollinearity 
between covariates.(Table 2).

Box-Tidwell test
The Box-Tidwell test was used to assess the linearity assumption for 

continuous variables, specifically age and BMI, in relation to the 
outcome. This test examines the interaction between each continuous 
variable and its log-transformed counterpart. Below is a summary of the 
test results for age and BMI. (Table 3).

According to multivariable logistic regression analysis, age, HIV 
Fig. 1. Trends of unfavorable TB treatment outcomes from 2019 to 2022.

Table 1 
Sociodemographic and clinical characteristics of TB patients in northeastern 
Ethiopia, 2023.

Variables Categories Favorable 
outcome (%)

Unfavorable 
outcome (%)

(Total) 
%

Sex Female 102 (32.7 %) 15 (4.8 %) 117 
(37.5 %)

Male 163 (52.2 %) 32 (10.3 %) 195 
(62.5 %)

Marital status Divorced 11 (3.5 %) 3 (1.0 %) 14 (4.5 
%)

Married 167 (53.5 %) 32 (10.3 %) 199 
(63.8 %)

Single 81 (26.0 %) 5 (1.6 %) 86 (27.6 
%)

Windowed 6 (1.9 %) 7 (2.2 %) 13 (4.2 
%)

Residence Urban 119 (38.1 %) 18 (5.8 %) 137 
(43.9 %)

Rural 146 (46.8 %) 29 (9.3 %) 175 
(56.1 %)

Cigarate smoking 
history

No 234 (75.0 %) 41(13.1 %) 275 
(88.1 %)

Yes 31 (9.9 %) 6 (1.9 %) 37 (11.9 
%)

Initial 
Patient 
category

New 232 (74.4 %) 26 (8.3 %) 258 
(82.7 %)

Failure 3 (1.0 %) 4 (1.3 %) 7 (2.2 
%)

New 
Transfer in

17 (5.4 %) 6 (1.9 %) 23 (7.4 
%)

Relapse 13 (4.2 %) 11 (3.5 %) 24 (7.7 
%)

Year of treatment ≤2020 140 (44.9 %) 29 (9.3 %) 214 
(68.6 %)

>2020 125 (40.1 %) 18 (5.8 %) 98 (31.4 
%)

HIV status Negative 236 (75.6 %) 28 (9.0 %) 264 
(84.6 %)

Positive 29 (9.3 %) 19 (6.1 %) 48 (15.4 
%)

Any comorbidity 
(other than 
HIV)

No 212 (67.9 %) 23 (7.4 %) 235 
(75.3 %)

Yes 53 (17.0 %) 24 (7.7 %) 77 (24.7 
%)

Type of TB Pulmonary 230 (73.7 %) 33 (10.6 %) 263 
(84.3 %)

Extra 
pulmonary

35(11.2 %) 14 (4.5 %) 49 (15.7 
%)

Smear result Positive 176 (67.4 
%))

22 (8.4 %) 198 
(75.9 %)

Negative 43(16.5 % 20 (7.7 %) 63 (24.1 
%)

Presumptive MDR 
TB

No 257 (82.4 %) 39 (12.5 %) 296 
(94.9 %)

Yes 8 (2.6 %) 8 (2.6 %) 16 (5.1 
%)
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status, and smear results were found to be determinants of unfavorable 
TB treatment outcomes. Each additional year of age increases the odds 
of a unfavorable TB treatment outcome by 1.33 times (AOR = 1.33, 95 % 
CI: 1.11 to 2.03).Compared with HIV-negative patients, HIV-positive 
patients had a 5.43-fold greater chance of experiencing an unfavorable 
treatment outcome (AOR: 5.43, 95 % CI: 1.65, 10.83). Smear-negative 
pulmonary TB was also associated with a 3.82-fold greater chance of 
experiencing an unfavorable treatment outcome than was smear- 
positive pulmonary TB (AOR: 3.82, 95 % CI: 1.39, 10.45).(Table 4).

Independent interaction testing of determinants
To evaluate interactions between determinants, we used logistic 

regression models with interaction terms. The significance of the inter
action terms was assessed using the Wald test.

Logit(P(Unfavorable Outcome)) = β₀ + β₁(Age) + β₂(HIV status) +
β₃(Smear status) + β₄(Age × HIV status) + β₅(Age × Smear status) + β₆ 
(HIV status × Smear status) + ε.

Interaction Interaction Term Conclusion

Age and HIV 
Status

Age * HIV Status No interaction. The effect of age on 
unfavorable outcome does not differ by 
HIV status.

Age and Smear 
Status

Age * Smear 
Status

No interaction. Age does not modify the 
effect of smear status on unfavorable 
outcome.

HIV Status and 
Smear Status

HIV Status * 
Smear Status

No interaction. HIV status does not modify 
the effect of smear status on unfavorable 
outcome.

Discussion

This study was conducted among TB patients receiving care at 
Woldia Comprehensive Specialized Hospital in Northeast Ethiopia. 
Among the patients included, 15.06 % presented with unfavorable TB 

treatment outcomes. Older age, HIV positivity, and smear-negative 
pulmonary TB were identified as determinants of these unfavorable 
outcomes.

The rates of unfavorable outcomes among TB patients in this study 
were lower than those found in a study conducted five years ago in this 
area, which reported that 20.0 % of TB patients had unsuccessful 
treatment outcomes [23]. This disparity can be attributed to several 
factors. First, improvements in TB diagnosis and treatment protocols 
over the past five years might have contributed to better patient man
agement and outcomes. Enhanced access to healthcare services, 
increased awareness, and education about TB among the population 
could also play a significant role in reducing the incidence of unfavor
able outcomes. Additionally, the implementation of more effective TB 
control programs and adherence to treatment regimens may have 
contributed to this positive trend.

These findings are also lower than those reported in studies con
ducted in Brazil (20 %) [24], Pakistan (28.4 %) [25], Colombia (26.6 %) 
[26], Africa (21 %) [27], and Malaysia (19.3 %) [28]. Other studies 
conducted in Ethiopia have reported higher rates of unfavorable TB 
treatment outcomes than did the findings of this study, for example, 
25.8 % in the Gambella Region [8], 39.9 % in the Ethiopian University 
Hospital [9], and 26 % in the Felege Hiwot Referral Hospital [10]. In 
contrast, these findings are greater than those reported in studies con
ducted in China (1.4 %) [29], the Tigray Region (10.8 %) [11], southern 
Ethiopia (10.7 %) [12], and Debre Tabor General Hospital (9.9 %) [13]. 
The findings highlight significant regional disparities in TB treatment 

Table 2 
Multicollinearity test to examine the relationship between explanatory 
variables.

Variables VIF 1/VIF

Age in year 1.51 0.663918
HIV status 1.46 0.684012
Any comorbidity (other than HIV 1.30 0.770878
Presumptive MDR TB 1.24 0.803418
Body mass index (mean) initial 1.22 0.817252
Marital status 1.22 0.819258
Sex 1.18 0.846833
Patient category 1.16 0.864950
Smear result 1.15 0.868758
Type of TB 1.14 0.874416
Cigarette smoking history 1.11 0.901514
Residence 1.08 0.922493
Year of treatment 1.08 0.923584
Mean VIF 1.22

Table 3 
Box-Tidwell Test for Linearity Assumption.

Continuous 
Variable

Interaction 
Term

Test 
Statistic

Linearity 
Assumption

Interpretation

Age Age * log 
(Age)

1.57 Assumption 
not violated

No departure from 
linearity (p = 0.078), 
confirming age is 
linearly related to the 
outcome.

BMI BMI * log 
(BMI)

2.13 Assumption 
not violated

no departure from 
linearity (p = 0.112), 
confirming BMI is 
linearly related to the 
outcome.

Table 4 
Binary and multivariable logistic regression analyses of determinants of unfa
vorable TB treatment outcomes among adult patients in northeastern Ethiopia, 
2023.

Variables Categories COR (95 %CI) AOR (95 %CI)

Age in year 1.45 
(1.21–2.61)

1.33 
(1.11–2.03)

Sex Female 1 1
Male 1.33(0.69, 

2.87)
1.45(0.59, 
3.56)

Marital status Married 1 1
Not married 0.79(0.41, 

1.55)
0.65(0.24, 
1.76)

Residence Urban 1 1
Rural 1.31(0.69, 

2.48)
2.18(0.88, 
5.41)

Cigarate smoking history No 1 1
Yes 1.10(0.43, 

2.81)
2.72(0.86, 
8.59)

Body mass index 1.61 
(0.51–3.89)

1.51 
(0.43–3.45)

Initial 
Patient category

New 1 1
Transfer in 3.15(1.14, 

8.69)
2.91(0.82, 
10.24)

Retreated 8.36(3.71, 
18.85)

3.81(0.98, 
11.73)

Year of treatment ≤2020 1 1
>2020 0.69(0.37, 

1.31)
0.75(0.52, 
1.62)

HIV status Negative 1 1
Positive 5.52(2.75, 

11.11)
5.43 
(1.65,10.83)

Any comorbidity (other 
than HIV)

No 1 1
Yes 4.17(2.18, 

7.97)
2.48(0.98, 
5.94)

Type of TB Pulmonary 1 1
Extra 
pulmonary

2.79(1.36, 
5.72)

2.62(0.29, 
8.89)

Smear result Positive 1 1
Negative 3.72(1.86, 

7.42)
3.82(1.39, 
10.45)

Presumptive MDR TB No 1 1
Yes 6.59(2.34, 

18.57)
2.14(0.46, 9.98

NB: COR: Crude odds ratio, AOR: Adjusted odds ratio.
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outcomes, indicating varying levels of healthcare effectiveness and 
infrastructure across different countries and regions. Higher rates of 
unfavorable outcomes in certain areas of Ethiopia and other countries 
underscore the need for targeted interventions to improve TB manage
ment, including strengthening healthcare systems and enhancing pa
tient support programs. Conversely, regions with lower rates of 
unfavorable outcomes offer valuable lessons into successful TB man
agement strategies that can inform efforts elsewhere. Contextual factors 
such as socioeconomic status and healthcare infrastructure play a crucial 
role in this process, emphasizing the importance of tailored in
terventions. Continuous monitoring and evaluation are essential for 
tracking progress, identifying areas for improvement, and optimizing TB 
control efforts globally.

The unfavorable treatment outcomes showed a decline from 18.84 % 
in 2019 to 10.71 % in 2022. Similarly, previous studies in other parts of 
Ethiopia have found that unsuccessful TB treatment outcomes have 
shown a decreasing trend [30]. The significant reduction in unfavorable 
TB treatment outcomes from 18.84 % in 2019 to 10.71 % in 2022 re
flects improvements in TB management in Northeast Ethiopia. Enhanced 
diagnostic capabilities, timely treatment interventions, better patient 
follow-up, and expanded healthcare access likely contributed to this 
positive trend. This decline is consistent with trends observed in other 
parts of Ethiopia, indicating the effectiveness of nationwide TB control 
programs and interventions. Successful public health strategies, such as 
Directly Observed Treatment, Short-course (DOTS) strategies, and in
tegrated TB and HIV care, are key to these improvements. These findings 
underscore the importance of continuing investment in TB control 
programs, scaling up diagnostic and treatment infrastructure, and 
strengthening healthcare systems. Such efforts are crucial for main
taining progress and achieving global TB control targets, such as the End 
TB Strategy's goal of a 90 % treatment success rate by 2025.

The influence of age on TB treatment outcomes is significant. This 
finding is also supported by previous studies [31–35]. As individuals 
grow older, they often encounter a multitude of health challenges that 
can exacerbate the complexities of TB treatment. Older age is frequently 
accompanied by the presence of comorbidities, such as diabetes, car
diovascular disease, or respiratory conditions [36], which can compli
cate TB management and increase the risk of treatment complications. 
Additionally, the immune system naturally weakens with age, making 
older individuals more susceptible to infections like TB and less capable 
of mounting an effective immune response against the bacteria [37]. 
This diminished immune function can prolong the course of TB treat
ment and increase the likelihood of adverse outcomes. Older patients 
may also face challenges in adhering to rigorous TB treatment regimens 
due to factors such as cognitive decline, mobility issues, or poly
pharmacy [38–40]. This nonadherence can lead to treatment failure or 
the development of drug-resistant TB strains. Consequently, it is 
imperative to implement tailored healthcare interventions for older TB 
patients. These interventions should include close monitoring of treat
ment progress, comprehensive care strategies that address both TB and 
any coexisting conditions, and robust support systems to assist older 
individuals in adhering to their treatment plan. By addressing the 
unique needs and challenges faced by older TB patients, healthcare 
providers can effectively mitigate the impact of age-related factors and 
improve treatment success rates in this vulnerable population.

This study revealed that smear-negative pulmonary TB is linked to 
unfavorable outcomes. Likewise, other studies have reported similar 
findings [33,41,42]. This could be because smear-negative TB poses a 
diagnostic challenge due to the limitations of conventional smear mi
croscopy in detecting bacteria. As a result, delayed diagnosis and 
treatment initiation can occur, leading to more advanced disease states 
and poor prognoses. In addition, sputum smear-negative and culture- 
positive pulmonary TB twice more common in HIV-infected patients 
[43]. This results from their compromised immune response, which 
causes less cavity formation, leading to poor outcome [44]. From a 
public health perspective, addressing the challenges posed by smear- 

negative TB is imperative for TB control programs. Strategies aimed at 
improving diagnostic infrastructure, enhancing healthcare provider 
awareness, and expanding access to advanced diagnostic technologies 
can help reduce diagnostic delays and improve case detection rates. 
Additionally, targeted efforts to increase awareness among at-risk pop
ulations and promote early healthcare-seeking behavior are essential for 
timely diagnosis and treatment initiation.

TB patients who were HIV-positive had a greater chance of experi
encing an unfavorable treatment outcome. This finding is consistent 
with findings from other studies [28,45–48]. HIV-positive individuals 
face a higher risk of unfavorable treatment outcomes in TB due to their 
compromised immune systems, which can result in more severe disease 
and delayed treatment initiation. Managing both HIV and TB simulta
neously adds complexity to treatment regimens, leading to increased 
risks of medication nonadherence and drug interactions. Additionally, 
HIV infection is associated with higher rates of drug-resistant TB [49], 
further complicating treatment. Socioeconomic factors, such as limited 
access to healthcare and social support, exacerbate these challenges. 
These findings underscore the need for early detection and integrated 
care services for TB and HIV. Routine screening for infections among at- 
risk populations, coupled with accessible diagnostic and treatment ser
vices, is essential for timely intervention and improved outcomes. 
Strengthening linkage and retention in care programs is vital to ensure 
that coinfected individuals receive continuous and coordinated man
agement throughout the course of their illnesses. One of the limitations 
of this study is the potential for unmeasured confounding. While we 
have controlled for a range of known confounders, there may be other 
factors that we were unable to account for, which could still influence 
the results. Additionally, the cross-sectional nature of the study limits 
our ability to draw causal conclusions. Future research with longitudinal 
designs and more comprehensive data collection would help mitigate 
these limitations and provide a clearer understanding of the relation
ships explored in this study. Furthermore, the study's significant limi
tation lies in its retrospective nature, which restricts the ability to 
comprehensively explore further determinants of unsuccessful treat
ment outcomes. The small sample size and single-site data collection 
may also limit the generalizability of the findings to broader 
populations.

Conclusion and recommendations

The study revealed that 84.94 % of participants achieved a favorable 
treatment outcome, while 15.06 % experienced an unfavorable 
outcome. These findings indicate that more efforts are necessary to 
enhance the overall success rates of treatment. This percentage falls 
below the 90 % target set by the End TB strategy, indicating a gap in 
achieving optimal outcomes. Older age, HIV positivity, and smear- 
negative pulmonary tTB emerged as determinants of unfavorable out
comes, highlighting the need for tailored approaches. It is crucial to 
implement targeted interventions focused on subgroups facing unfa
vorable outcomes. Additionally, screening protocols should be 
strengthened, particularly considering age and HIV status, which 
emerged as determinants of unfavorable outcomes. Tailored treatment 
plans should be developed for older patients and those coinfected with 
HIV, taking into account their increased risk. Furthermore, enhancing 
diagnostic capabilities to promptly identify smear-negative pulmonary 
TB, which is identified as a determinant of unfavorable outcomes, is 
essential. Integrating TB and HIV care services can ensure comprehen
sive management of coinfected individuals, ultimately improving 
treatment outcomes and helping individuals move closer to achieving 
the goals outlined by the End TB strategy.
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