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Nowadays, Tuberculosis remains the major cause of HIV‑associated mortality, which accounts for 1 
out of every 5 HIV‑related mortality worldwide. This study aimed to determine the survival rate and 
predictors of mortality among TB/HIV co‑infected patients. An institution‑based retrospective cohort 
study was undertaken on adult TB/HIV co‑infected individuals between 1st February 2014 and 30th 
January 2022 at Mettu Karl Referral Hospital. A Cox regression model was used to identify predictors 
of survival time to death among TB/HIV co‑infected patients. This study comprised 402 TB and HIV 
co‑infected adult patients. Among these, 84 (20.9%) died, and 318 (79.1%) were censored. The study 
subjects have been followed up for 6920 person‑months with an overall median survival time of 
17.6 months. The overall incidence rate was 12.1 per 1000 person months [95% CI: 9.77–14.98]. The 
results of a multivariable Cox regression analysis showed that being at an older age, urban residence, 
WHO clinical stage II & IV, CD4 count of ≥ 200 cells/mm3, bedridden functional status, using INH, and 
using CPT were associated with the survival time of TB and HIV co‑infected patients at a significance 
level of alpha = 0.05. This retrospective study found that high mortality of TB/HIV co‑infected patients 
occurred in the earlier months of treatment initiation. Close monitoring of patients with low CD4, who 
do not utilize CPT, who are in advanced WHO stages, and who have poor functional levels can help 
them improve their health and live longer.
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Tuberculosis (TB) is the most frequent opportunistic illness among people living with HIV, and people who 
are co-infected with TB and HIV are at significant risk of mortality due to the bidirectional link between the 
two  infections1. TB has been shown to hasten the progression of HIV infection to  AIDS2. Persons living with 
HIV have a 30-fold higher risk of developing TB compared to people who do not have the virus, and the risk of 
mortality among co-infected persons is nearly twice that of HIV-infected people  alone3. In 2017, over 0.3 million 
people died worldwide due to TB and HIV co-infection4.

The devastating repercussions of the syndemic interaction between the TB and HIV epidemics have been felt 
all across the world, with Africans bearing a disproportionate share of the  burden5. In many countries, particu-
larly in SSA, HIV is fueling the TB  epidemic6. HIV has also resulted in social, economic, and political catastro-
phes. Stigma, high vulnerability to additional comorbidities such as mental diseases, the expense of treatment, 
a rising number of orphans, lower productivity as a result of long-term illness, and the absence of people from 
the workplace are the most typical  outcomes7,8. In most cases, co-infection of TB and HIV affects the productive 
portion of the population, exacerbating the crisis, particularly in low-income nations such as  Ethiopia9.

According to a report by the world health organization (WHO), Ethiopia is among 20 countries in the world 
with the highest prevalence of TB and HIV co-infection10. In Ethiopia, from 40 up to 70% of HIV patients also 
have  tuberculosis11,12. To battle the disease’s spread and timeliness, WHO suggests a variety of combined measures 
for HIV/TB co-infection, such as initiating antiretroviral therapy (ART) to minimize the risk of morbidity and 
mortality related to HIV, or improving the life quality for HIV-positive  peoples13. Despite the WHO recom-
mendation that all TB/HIV co-infected patients start ART regardless of their baseline CD4 cell level, Ethiopia’s 
national annual performance report found that ART coverage of patients co-infected with TB and HIV was 70%14.

The bidirectional connection between HIV and TB has been observed in the retrospective cohort and case-
control studies undertaken in various locations in Ethiopia. For example, a nationwide retrospective cohort 
study found that 9.0% of HIV patients on treatment were also co-infected with  TB15. Another study in Ethio-
pia’s Amhara region found that 27.7% of HIV patients on antiretroviral therapy (ART) got tuberculosis (TB)16. 
According to a study conducted in Bahirdar, 30.6% of TB patients were also HIV positive, and one-fifth of TB-
HIV cases were  deadly6. Furthermore, in most studies, TB-HIV-related mortalities were found to be substantially 
correlated with baseline CD4 cell count, baseline functional level, WHO clinical stage, cotrimoxazole prophylaxis, 
and co-existence of other OIs among persons co-infected with HIV/TB6,15,17–20. Age, gender, occupation, edu-
cational status, place of residence, weight, and clinical presentation of TB are also found to be risk factors for 
death among TB/HIV co-infected  patients21,22.

Despite the existence of ART in the country, mortality among people who are co-infected with TB and HIV 
has not  decreased3. Although, co-infection with TB and HIV is bidirectional and a dual public health burden 
worldwide, TB/HIV co-infected patients have not received enough attention. Furthermore, the current study 
location is close to Gambella, one of Ethiopia’s regions with the highest rates of TB/HIV co-infection, and a 
large number of TB/HIV co-infected patients visit Mettu Karl Referral Hospital (MKRH), but no study has been 
conducted on the survival rate of TB/HIV co-infected patients in the study area. Generally, this study answered 
the following basic research questions: (i) What are the survival rates of TB/HIV co-infected patients? (ii) What 
is the overall median survival time and the overall incidence rate per person-month of mortality among TB/
HIV co-infected patients? (iii) Which factors are statistically significant predictors of mortality in TB/HIV 
co-infected patients? Hence based on these questions, the goal of this study was to determine the survival rate 
and predictors of mortality among TB/HIV co-infected patients in the case of Mettu Karl Referral Hospital. 
Knowing the predictors impacting survival time is crucial for a country striving to achieve successful TB and 
HIV control, and to enhance TB/HIV co-management. Furthermore, this could lessen the human suffering and 
economic burden connected with both diseases, as well as provide recommendations to the relevant authority 
for the implementation of healthcare infrastructures to reduce diagnostic and clinical care issues in hospitals.

Material and methods
Study design and setting. A current study utilized a retrospective cohort study design. The data set was 
obtained from Mettu Karl Referral Hospital (MKRH), Oromia region. In this health institution, patients were 
tested under any of the HIV counseling and testing procedures, including voluntary counseling testing (VCT) 
and provider-initiated HIV counseling and testing units. After HIV is identified in a patient with TB, he/she will 
be enrolled to start co-trimoxazole preventive therapy (CPT) and, HIV chronic  care23.

Sample size and sampling procedure of study subjects. All patients co-infected with TB and HIV 
who were registered and receiving follow-up care from 1 February 2014 to 30 January 2022 were included in the 
current study. During the study period, a total of 2775 individuals were enrolled in the ART clinic for HIV care. 
All HIV patients are routinely examined for tuberculosis, and 491 people were found to be TB/HIV coinfected 
during the same time period. Each patient in the cohort was retrospectively studied starting from the initiation 
of TB/HIV co-infection until death, loss to follow-up, or the end of the study period. Since it is known that stop-
ping ART during TB therapy raises the chance of death by many times, those who did so were eliminated. Addi-
tionally, those who lacked complete disease documentation were excluded from the study. We provided a brief 
explanation in the diagram (Fig. 1). As a result, 89 were rejected due to the aforementioned exclusion criteria. As 
a result, 402 patients with both TB and HIV were included in the study. These patients’ post-treatment survival 
times were calculated, and those who died from causes other than HIV/TB, were alive/not died at the end of the 
study, or whose data were unavailable after a certain period of time, were regarded as censored.

Extraction of data and quality control. To extract data, the study employed a data extraction method 
that is adapted from standard registries of the national ART and anti-TB therapy. Sources of data included 
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standard ART and anti-TB therapy registries, electronic formats, medical records of the patient (cards), and 
intake forms. Five nurses who are trained and worked in the hospital’s ART and TB clinics participated in the 
data extraction process. An experienced supervisor had a follow-up on the extraction procedures, to ensure data 
quality. The checklists were continually reviewed for consistency and completeness by the researchers and the 
supervisor during the data extraction process. Data on baseline characteristics of sociodemographic, clinical, 
behavioral, and health services were taken from the sources.

Variables in the study. Dependent variable. The dependent variable in the current study was the survival 
time to death of patients co-infected with TB and HIV from diagnosis to the end of the follow-up time.

Explanatory variables. The following were the predictor factors used in the current study: Patient demograph-
ics include sex, age of patients (in years), place of residence, marital status, religion, level of education, and 
employment status. Clinical parameters include the WHO clinical stage, a cluster of differentiation 4 (CD4 
count/mm3), BMI, opportunistic infection, sickness other than tuberculosis, disclosure status, functional state, 
INH, and CPT use.

Methods of data analysis. To report descriptive results, the current study used frequency, percentages, 
tables, and graphs. Further, the study used Kaplan–Meier to look at the difference between survival curves. Study 
subjects were followed until the end of the period, and at the end, subjects were dichotomized as either experi-
encing an event (death) or not (called censored). To identify predictors of survival time to death among TB and 
HIV co-infected patients Cox regression was utilized. Before proceeding with multivariable analysis univariable 
analysis was done for all covariates included in the study and covariates with a p value ≤ 25% and/or their clini-
cal importance were identified as candidates for the final model. Covariates with a p value of less than 0.05 were 
considered significant in the final model.

Figure 1.  Overall enrollment of the adult patients co-infected with TB/HIV on ART at Mettu Karl Hospital, 
Ethiopia, 2014–2022 (n = 402).
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Ethical approval. Mettu University’s College of Natural and Computational Sciences Research and Eth-
ics Review Board granted ethical permission and human subject research approval for this study, with ethics 
approval number MeU/IRRB/016/22. This research was carried out per the Helsinki Declaration.

Consent to participate. Mettu University Research Review Board waived the requirement for written 
informed consent of study participants, but data were kept anonymous and confidential.

Results
Baseline socio‑demographic characteristics of study subjects. Of all study subjects included in 
the current study, 176(43.8%) were males, while more than half, 226(56.2%) were females of which 40(22.7%) 
and 44(19.5%) males and females have experienced death respectively. When we look at age of TB/HIV co-
infected patients, a significant portion of 187(46.5%) were aged 25–34 years, of which 28(15.0%) died. A high 
percentage of death was recorded among patients those aged 45 years and above. More than half of the par-
ticipants were rural dwellers, 218(54.2%), while 184(45.8%) were urban residents. Furthermore, in terms of 
religion, 103(25.6%), 101(25.1%), and 192(47.8%) were followers of Muslim, Protestant, Orthodox, and other 
religions, respectively. A large percentage of patients with 178(44.3%) were married. Out of 402 study individu-
als, 171(42.5%) had attended primary school followed by no formal education 127(31.6%). A large percentage of 
death was experienced among those who had no education (illiterate), with 35(27.6%). Regarding the employ-
ment status of patients, more than half, 229(57.0%) were full-time workers followed by 70(17.4%) patients who 
were not working due to different reasons like ill health and/or studying (Table 1).

Clinical features of TB and HIV co‑infected adult patients. Our findings showed that nearly half 
of the participants, 192(47.8%) had WHO clinical stage III followed by WHO clinical stage IV, 75(18.7%). Of 
all study participants, patients with a CD4 count < 200 cells/mm3 made up 205(51.0%) of the total study par-
ticipants, of which 47(56.0%). Out of 282(70.1%) cotrimoxazole preventive therapy (CPT) user participants, 
the proportion of death was 12.1%, while among non-users was 41.7%. Patients who were treated with Iso-
niazid or isonicotinic acid hydrazide (INH) were 126(31.3%). Almost half 203(50.5%) of study participants 
had normal weight, followed by underweight with 183(45.5%). Regarding the functional status of participants, 
212(52.7%), 136(33.8%), and 54(13.4%) were working, ambulatory, and bedridden respectively. Around three-

Table 1.  The baseline demographic characteristics of study subjects of TB/HIV co-infected adults on ART at 
Mettu Karl Referral Hospital, Ethiopia, 2014–2022 (n = 402).

Covariates Categories Total n (%)

Survival status

Censored Died

n (%) n (%)

Sex
Male 176 (43.8) 136 (77.3) 40 (22.7)

Female 226 (56.2) 182 (80.5) 44 (19.5)

Age

15–24 54 (13.4) 45 (83.3) 9 (16.7)

25–34 187 (46.5) 159 (85.0) 28 (15.0)

35–44 117 (29.1) 85 (72.6) 32 (27.4)

> 45 44 (10.9) 29 (65.9) 15 (34.1)

Residence
Urban 184 (45.8) 123 (66.8) 61 (33.2)

Rural 218 (54.2) 195 (89.4) 23 (10.6)

Religion

Muslim 103 (25.6) 78 (75.7) 25 (24.3)

Protestant 101 (25.1) 73 (72.3) 28 (27.7)

Orthodox 192 (47.8) 162 (84.4) 30 (15.6)

Others 6 (1.5) 5 (83.3) 1 (16.7)

Marital

Never married 103 (25.6) 76 (73.8) 27 (26.2)

Married 178 (44.3) 154 (86.5) 24 (13.5)

Separated 56 (13.9) 46 (82.1) 10 (17.9)

Divorced 41 (10.2) 28 (68.3) 13 (31.7)

Widow 24 (6.0) 14 (58.3) 10 (41.7)

Education status

No education 127 (31.6) 92 (72.4) 35 (27.6)

Primary 171 (42.5) 143 (83.6) 28 (16.4)

Secondary 79 (19.7) 64 (81.0) 15 (19.0)

Tertiary 25 (6.2) 19 (76.0) 6 (24.0)

Employment

Working full time 229 (57.0) 198 (86.5) 31 (13.5)

Working part-time 62 (15.4) 47 (75.8) 15 (24.2)

Not working/studying/due to ill health 70 (17.4) 43 (61.4) 27 (38.6)

Unemployed 41 (10.2) 30 (73.2) 11 (26.8)
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fourth, 293(72.9%) of participants disclosed TB treated while 109(27.1%) were not. A significant proportion, 
218(54.2%) of the study subjects had opportunistic infections (one or more illnesses) other than TB, of which 
52(61.9%) died (Table 2).

Survival status of TB, and HIV co‑infected adult patients. The study results revealed that out of 402 
adult patients co-infected with TB and HIV who were followed for 96 months, 84(20.9%) patients died, and 318 
(79.1%) were censored (Table 2). Twenty-nine (29/84, 34.5%) deaths occurred among co-infected patients in the 
first five-month period of starting treatment of anti-TB. The study participants were followed for a total of 6920 
person-months. It is also revealed that adult patients with TB and HIV co-infections had an overall incidence 
rate of 12.1 per 1000 person-months with a 95% confidence interval of [9.77–14.98]. Survival rates were 91%, 
88%, and 85% respectively, at 5, 15, and 25 months after initiation of TB treatment (Table 3).

Overall Kaplan–Meier curve of adult patients co‑infected with TB/HIV. The overall survival curve 
is continuously falling, implying that survival time is decreasing over time. According to the findings of the cur-

Table 2.  Summaries of clinical features of TB and HIV co-infected adults on ART at Mettu Karl Referral 
Hospital, Ethiopia, 2014–2022 (n = 402).

Covariates Categories Total n (%)

Survival status

Censored Died

n (%) n (%)

WHO

WHO stage I 45 (11.2) 41 (12.9) 4 (4.8)

WHO stage II 90 (22.4) 74 (23.3) 16 (19.0)

WHO stage III 192 (47.8) 154 (48.4) 38 (45.2)

WHO stage IV 75 (18.7) 49 (15.4) 26 (31.0)

CD4
< 200 count/mm3 205 (51.0) 158 (49.7) 47 (56.0)

≥ 200 count/mm3 197 (49.0) 160 (50.3) 37 (44.0)

CPT
No 120 (29.9) 70 (58.3) 50 (41.7)

Yes 282 (70.1) 248 (87.9) 34 (12.1)

INH
No 276 (68.7) 203 (63.8) 73 (86.9)

Yes 126 (31.3) 115 (36.2) 11 (13.1)

BMI

< 18.5 183 (45.5) 127 (39.9) 56 (66.7)

18.5–25 203 (50.5) 176 (55.3) 27 (32.1)

> 25 16 (4.0) 15 (4.7) 1 (1.2)

Function

Working 212 (52.7) 178 (56.0) 34 (40.5)

Ambulatory 136 (33.8) 109 (34.3) 27 (32.1)

Bedridden 54 (13.4) 31 (9.7) 23 (27.4)

Disclosure
No 109 (27.1) 80 (25.2) 29 (34.5)

Yes 293 (72.9) 238 (74.8) 55 (65.5)

Opportunistic infection
No 184 (45.8) 152 (47.8) 32 (38.1)

Yes 218 (54.2) 166 (52.2) 52 (61.9)

Total 402 (100) 318  (79.1) 84 (20.9)

Table 3.  The overall life table of adult patients co-infected with TB, and HIV on ART follow-up at Mettu Karl 
Referral Hospital, Ethiopia, 2014–2022 (n = 402). Source: MKRH from 1st February 2014 to 30th January 2022, 
CPS: Cumulative Proportion Surviving at End of Interval.

Interval start time (months) No. exposed to risk No. of events Proportion events Proportion surviving *CPS

0 390.50 29 .07 .93 .93

5 343.00 7 .02 .98 .91

10 318.00 13 .03 .97 .88

15 293.00 5 .02 .98 .85

20 274.50 3 .04 .96 .80

25 252.50 5 .02 .98 .78

30 235.00 4 .02 .98 .76

35 217.50 1 .00 1.00 .76

40 203.50 3 .01 .99 .75
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rent study, adult patients who were co-infected with TB and HIV had a median survival period of 17.6 months 
(Fig. 2).

Kaplan–Meier curves of some significant variables of TB, and HIV co‑infected adult 
patients. Some of the significant covariates such as CD4 count/mm3 and Cotrimoxazole Prophylactic Ther-
apy (CPT), were represented as Kaplan Meier curves (Fig. 3). We may use these graphs to see if the survival 
time of TB/HIV co-infected patients varies by subgroup. Accordingly, the survival curve of TB/HIV co-infected 
patients with CD4 count/mm3 ≥ 200 lies above those with CD4 count/mm3 < 200. It suggests that those with a 
CD4 count/mm3 of greater than 200 had a considerably prolonged survival time to death than those with a CD4 
count/mm3 of less than 200. In addition, there appears to be a difference in survival time between those who 
utilize Cotrimoxazole Prophylactic Therapy (CPT) and those who do not. CPT users had a longer survival time 
than non-users, implying that they are relatively at a lower risk of mortality than CPT non-users.

Figure 2.  Overall Kaplan–Meier curve of survival proportion of TB/HIV co-infected adults on ART at Mettu 
Karl Referral Hospital, Ethiopia, 2014–2022 (n = 402).

Figure 3.  Survival curves for CD4 count/mm3, and CPT use of TB, and HIV co-infected adults who were on 
ART at Mettu Karl Referral Hospital, Ethiopia, 2014–2022 (n = 402).
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Predictors of mortality among HIV and TB co‑infected patients. TB/HIV co-infected individu-
als aged above 45 had a 2.054(AHR = 2.054; 95%CI: 1.025–4.115) times higher probability of death than those 
aged 15–24. Patients who lived in urban areas were 0.422(AHR = 0.422; 95%CI: 0.282–0.633) times less likely to 
die than those who lived in rural areas. Patients who have a CD4 count ≥ 200 cells/mm3 (AHR = 0.719; 95% CI: 
0.536–0.966) have a lower risk of dying than those who have a CD4 count < 200 cells/mm3.

The risk of death is 2.596 (AHR = 2.596, 95%CI: 1.175–5.734) and 1.344 (AHR = 1.344; 95%CI: 1.024–5.370) 
times higher for co-infected patients with WHO clinical stages IV and II, respectively than it is for patients with 
WHO clinical stage I. Bedridden patients had a mortality risk that was 2.188 (AHR = 2.188; 95% CI: 1.353–3.539) 
times higher than those who were working. Moreover, the current study discovered that patients with TB/HIV 
co-infection who were receiving INH had a 0.310 (AHR = 0.310; 95%CI: 0.168–0.574) times lower mortality rate 
than those who were not receiving INH (Table 4).

Discussion
The purpose of this study was to look at an eight-year retrospective cohort of Tuberculosis and HIV co-infected 
patients on ART to learn more about survival rates and predictors of mortality in the hospital setting at Mettu 
Karl Referral Hospital. To estimate and compare survival times, the Kaplan Meier survival curve and log-rank 
tests were utilized. For each explanatory variable, a bivariate Cox-proportional hazards regression model was 
fitted, and a multivariable Cox model was utilized to find predictors of mortality among TB/HIV co-infected 
subjects. To determine the strength of the link, the adjusted Hazard Ratio with its 95 percent confidence interval 
was employed, and the p value of 0.05 was considered statistically significant. The assumption of proportional 
hazard was examined and found to be satisfactory.

In this retrospective analysis, the death rate was significantly high, with 20.9% of TB, and HIV co-infected 
patients dying during the follow-up period. This is in agreement with prior studies in various parts of the world. 
For instance; death rates reported from Jimma University Teaching Hospital were 20.2%18, Bahir Dar, Northwest 
Ethiopia 18.0%6, a multi-center study from Southwest Ethiopia 21.8%24, and from Mekelle, Northern Ethiopia 
23.0%3, Malawi 20%25. However, it is significantly higher than the reported study conducted in the southwest 
part of Ethiopia (6.4%)26, Somali Region, Eastern Ethiopia, 11.1%27, Northwest Ethiopia (4.2%)28, South Omo, 
Ethiopia, 10%29, Harar town 7.7%1, and Maynmar 13.7%30. But, when compared to this result, a study in Debre 
Markos reported higher findings (43%)31. These disparities might be attributed to differences in the time follow-
up, research locations, and availability facility.

A significant proportion of the deaths, 29 (34.5%), took place within the first five months of starting anti-TB 
medication. This is more than twice as high as the South African  findings32, however, it is lower than the results 
from Mizan-Tepi University teaching  hospital4. This suggests that pharmacological interactions and overlap-
ping toxicities of anti-TB and ART treatments, immunological reconstitution inflammatory syndrome, and 
other opportunistic infections, all of which have been linked to early death among TB/HIV co-infected patients, 
should be managed appropriately. In addition, our findings showed that the median time until death was found 
to be 17.6 months, which is longer than the previous study’s finding which was 10 months reported from the 

Table 4.  Results of Multivariable Cox-regression analysis for predictors of survival time to death among TB/
HIV co-infected adult patients on ART at Mettu Karl Referral Hospital, Ethiopia, 2014–2022 (n = 402). Source: 
MKRH from 1st February 2014 to 30th January 2022, AHR: Adjusted Hazard Ratio. Coef: coefficients, AHR: 
Adjusted hazard ratio, Se(coef): standard error of coefficients, CI: 95% confidence interval for AHR(Adjusted 
Hazard Ratio).

Covariates Categories Coef AHR Se(coef) p value 95%CI for AHR

Gender of patients (Ref: female) Male − 0.218 0.804 0.171 0.509 [0.575, 1.124]

Age of patients (in years) (Ref: 15–24)

25–34 0.178 1.194 0.317 0.576 [0.642, 2.221]

35–44 0.213 1.237 0.328 0.517 [0.650, 2.354]

 ≥ 45 0.719 2.054 0.355 0.042 [1.025, 4.115]

Residence (Ref: rural) Urban − 0.863 0.422 0.207 < 0.001 [0.282, 0.633]

Education (Ref: No education)

Primary − 0.234 0.791 0.228 0.303 [0.506, 1.236]

Secondary − 0.236 0.790 0.261 0.367 [0.473, 1.318]

Tertiary − 0.179 0.835 0.425 0.672 [0.363, 1.922]

CD4 count/mm3 (Ref: < 200) ≥ 200 − 0.329 0.719 0.190 0.008 [0.536, 0.966]

WHO clinical stages (Ref: I)

II 0.852 1.344 0.423 0.044 [1.024, 5.370]

III 0.518 1.679 0.386 0.179 [0.788, 3.577]

IV 0.954 2.596 0.404 0.018 [1.175, 5.734]

Opportunistic infection (Ref: No) Yes − 0.088 0.916 0.035 0.653 [0.855, 0.981]

Functional status (Ref: working)
Ambulatory 0.252 1.286 0.226 0.055 [0.826, 2.01]

Bedridden 0.783 2.188 0.245 0.001 [1.353, 3.539]

INH (Ref: No) Yes − 1.169 0.310 0.314 < 0.001 [0.168, 0.574]

CPT use (Ref: No) Yes − 0.627 0.534 0.198 0.0185 [0.363, 0.787]

Status of disclosure (Ref: No) Yes 0.041 1.042 0.192 0.832 [0.715, 1.518]
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Mizan-Tepi university teaching  hospital4. Another multicenter study from southwest Ethiopia reported that 
the median time of death was 15.6 months, which is comparable to the results found in this  study24. The overall 
incidence rate was 12.1 per 1000 person months. The incidence rates per 1000 person-year were 3.0 and 5.4, 
respectively, in studies done at Dilla University  Hospital33 and seven Ethiopian university teaching  hospitals34. 
This indicated that the incidence rate was higher in the current study, which may have been due to differences 
in the study’s design and the hospitals’ facility levels.

In our investigation, the age of patients was revealed to be a major factor associated with the death of TB/
HIV co-infected people. TB/HIV co-infected individuals aged above 45 had a 2.054 higher probability of death 
than those aged 15–24. This could be attributed to patients’ declining immunity as they become older. A study 
conducted in Southwest  Ethiopia18, and  Brazil21, found that study participant aged older than 65 had a nearly 
threefold greater risk of death when compared to those younger patients. According to an Indian study, patients 
aged 41–60 years and those above 60 years were 7.8 and 21.34 times more likely to die earlier than patients aged 
less than 20  years35. A previous  study2 discovered that the death rate of TB and HIV co-infection increased by 
4% for every year of age added. This may be due to the fact that elderly people are more likely to be diagnosed 
with HIV and/or tuberculosis later in life. It is well recognized that diagnosis at a later stage contributes to 
poor prognosis and mortality due to immunological weakness caused by rapid progression to AIDS and extra-
pulmonary  tuberculosis36–39.

This study indicated that among HIV-positive patients who are on ART, residency was revealed to be a major 
factor in death. Patients who lived in urban areas were 0.422 times less likely to die than those who lived in rural 
areas. This is supported by findings of previous  studies24,40. This could be related to rural people’s lack of access 
to TB services to ensure quick diagnosis and treatment in resource-constrained locations.

As observed in this analysis, the CD4 cell count has a significant association with survival rates, and studies 
argued that a low CD4 cell count was associated with a higher risk of  mortality20,41–43. TB and HIV infection have 
a bidirectional and synergistic effect on the survival time of TB/HIV co-infected patients. HIV captures CD4 
cells activated by latent or active TB, and HIV depletes CD4 cells, hastening the progression of latent TB to the 
form of active TB illness. Similar to this report, patients who have a CD4 count ≥ 200 cells/mm3 have a lower risk 
of dying than those who have a CD4 count < 200 cells/mm3. According to a  study22 done in Barcelona, Spain, 
patients who had CD4 cell counts under 200/mm3 had lower chances of  surviving22,44. This is due to the fact that 
a low CD4 count makes it challenging for the body to combat additional infections, making even a straightfor-
ward infection like a cold significantly worse. The body’s inability to react to fresh infections is the cause of this.

The current investigation found a significant statistical relationship between the WHO clinical stage with the 
risk of death from TB-HIV co-infection. The risk of death is 2.596 and 1.344 times higher for co-infected patients 
with WHO clinical stages IV and II, respectively than it is for patients with WHO clinical stage I. This is consist-
ent with earlier studies that found that advanced WHO clinical stages increased death among TB patients who 
live with  HIV1,45. To a report of a study done at the University of Gondar Hospital, TB-positive people who live 
with HIV and who had a WHO clinical stage of IV were an 8.6 times higher probability of death as compared to 
those with stage  III46. This may be due to the increased risk of opportunistic infections in people with advanced 
WHO clinical stages.

In the literature  like20,43,47,48, it is found that the functional status of bedridden people with TB and HIV co-
infection had a significantly higher death risk compared to those who were at working status. Similarly, previous 
research conducted at Jimma, Southwest Ethiopia found that patients who were bedridden in functional status 
had a threefold greater risk of dying than those who were at working  status18. Current study findings were in line 
with an investigation carried out in Bahir Dar,  Ethiopia6, which found that patients who were bedridden had a 
mortality risk that was roughly four times higher than those who were working. These results are not surprising 
because bedridden patients have a worse prognosis for health because of a relentless immunity-lowering cycle, 
which can result in patients contracting opportunistic infections and  dying49. Therefore, it makes sense to sup-
port regular and necessary opportunistic infection and other illness screening to deploy prompt and effective 
management techniques. and decrease avoidable deaths.

Additionally, the current study discovered that patients with TB/HIV co-infection who were receiving INH 
had a 0.310 times lower mortality rate than those who were not receiving INH. Individuals with HIV and drug-
susceptible TB should get standard anti-TB therapy, which includes 2 months of isoniazid (INH), rifampin, 
pyrazinamide, and ethambutol (intensive phase), followed by 4 months of isoniazid (INH) and rifampin (continu-
ation phase)50. Studies from various parts of the world reported CPT as a significant predictor of mortality among 
patients co-infected with TB and HIV. For instance, according to research from South India and Sub-Saharan 
Africa, not taking CPT significantly increased  mortality51,52. Another study from Harar, Ethiopia reported that 
those who did not take co-trimoxazole prophylaxis (CPT) had a greater risk of having their TB treatment fail. Our 
research supported these reports by demonstrating a relationship between taking CPT during TB treatment and 
a decreased risk of death in TB/HIV co-infected  people1. The risk of death was 0.534 times lower for patients who 
received CPT compared to those who did not. This finding is consistent with a  study24, conducted in southwest 
Ethiopia. Cotrimoxazole preventive therapy significantly increased patient survival, according to a study carried 
out in Tehran, Iran. In their findings, patients who did not receive preventive therapy had a 3.68 times greater 
risk of passing away than those who  did53. The greater risk of mortality among people who are CPT nonusers 
may be due to malaria and serious bacterial infections, both of which can be effectively prevented both from 
happening by co-trimoxazole preventative  treatment14,54,55. In tuberculosis patients with HIV, co-trimoxazole 
preventative treatment (CPT) lowers morbidity and death.
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Limitations, and strengths of the study
The retrospective nature of the study might lead to selection bias. Also, some socio-economic parameters like 
situations of living, social support, and distance of health centers were not documented, but they might be fac-
tors for survival based on literature. Further variables on this issue, a larger sample, and multicenter studies are 
recommended for studies to give a better conclusion.

Conclusion
In this retrospective study, 20.9 percent of the patients on ART died during the follow-up period, which is still 
high. The overall incidence rate in the current study was 12.1 per 1000 person months. It is also shown that high 
mortality of TB and HIV co-infected patients occurred in the earlier months of initiation of treatment. To reduce 
TB-related mortality, targeted therapies that can keep patients free of TB in the early phases of treatment are 
needed. Patients’ survival can be improved if those with low CD4 counts, those in advanced WHO stages, and 
those with poor functional levels are continuously followed and if CPT is begun immediately with encouraging 
HIV status disclosure.

Data availability
All data generated and used in the current study are available from the corresponding author upon reasonable 
request.
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