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Abstract
Background  Tuberculosis is a serious health threat, particularly for people living with human immunodeficiency virus 
(HIV), and HIV-positive people are more likely than others to contract the disease. Globally, tuberculosis (TB) is one of the 
leading causes of death among people living with HIV. The purpose of the current study was to identify factors associated 
with survival rates of TB/HIV co-infected patients using survival models.
Methods  A retrospective study was conducted on TB/HIV co-infected adult patients registered and under follow-up at Tepi General 
Hospital (TGH) and Mizan-Tepi University Teaching Hospital (MTUTH), southwest Ethiopia. All TB/HIV co-infection patients 
who were registered and under follow-up from 1st January 2015 through 1st January 2020 were considered. The global Schoenfeld 
test was used to test the proportional hazard (PH) assumption. Various accelerated failure time (AFT) models were compared to 
determine the best model for the time to death of TB/HIV co-infected patients’ data set. Among the most commonly used accelerated 
failure time models (AFT models), the study used exponential, Weibull, log-logistic, and log-lognormal AFT models. AIC and BIC 
were used to compare the performance of fitted models. The data were analyzed with the statistical software R.
Results  Of 363 TB/HIV co-infected patients followed for 60 months, 79 (21.8%) died, while the remaining 284 (78.2%) 
were censored. The overall median survival time was 15.6 months. The proportional hazard assumption was checked and it 
was violated. In comparison to other models, the lognormal AFT model performed better. The results of the multivariable 
lognormal AFT model showed that age, residence, substance use, educational status, clinical stages of the disease, cluster 
of differentiation 4 (CD4 count/mm3), functional status, cotrimoxazole prophylactic therapy use (CPT use), and INH were 
all found to be significant factors, while gender, illness other than TB, and disclosure of status were insignificant variables 
at 5% level of significance.
Conclusion  Current study results revealed that older age, substance use, advanced WHO clinical stages of the disease (stage 
IV), bedridden functional status, and CD4 less than 200 count/mm3 were significantly associated with shorter survival time 
to death of HIV/TB co-infected patients while havingadvanced educational status, being from urban residence, CPT use, 
and INH significantly increase the survivaltime to death of TB/HIV co-infected patients. Patients with TB/HIV co-infection 
should be given special attention based on these important factors to improve their health and prolong their lives.

Summary 
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•	 HIV-positive patients are more likely than others to contract the TB disease.
•	 The risk of death among TB/HIV co-infected patients was found to be high.
•	 Out of all patients, 79 (21.8%) died.
•	 Accelerated failure time models are good alternatives for scenario Cox proportional hazard assumptions not met.
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Introduction

HIV/AIDS is one of the world’s most frequent and deadly 
chronic diseases, responsible for a major part of morbid-
ity and mortality [1]. Most HIV patients are afflicted with 
tuberculosis (TB), the most frequent infection among HIV 
patients [2]. It can develop at any stage of HIV infection, 
and those living with HIV are at a higher risk of contract-
ing the disease than those who do not [3, 4]. Co-infection 
of HIV with TB hastens the weakening of the host’s immu-
nological capacities when active TB is growing, increasing 
sensitivity to initial contamination, recontamination, and/
or reactivation for sufferers with latent TB [5].

Both TB and HIV are public health issues that have 
a synergistic influence on one another. People who have 
HIV and latent TB infection (LTBI) are at a substantially 
higher risk of developing active TB disease than people 
who only have latent TB infection [6]. The HIV-negative 
person has a 5–10% lifetime risk of acquiring clinical TB, 
in comparison to the HIV-positive person who has a 50% 
lifetime risk. Even if they are taking their treatment on a 
regular way, TB kills 90% of co-infected people if they are 
not treated within 6 months [7, 8].

Even though the burden of these two diseases is reduc-
ing, they nevertheless contribute significantly to mortal-
ity [9]. Globally, the incidence of TB has decreased over 
the previous 2 decades, from 172 cases per 100,000 in 
2012 to 132 cases per 100,000 in 2018, owing to improved 
coverage and efficient TB management, HIV awareness, 
and widespread use of antiretroviral therapy (ART) [10, 
11]. Despite this, more than 70 million people have been 
infected with HIV, with around 35 million dying as a result 
of the virus. In Ethiopia, 40–70% of HIV patients also 
have TB [12].

Ethiopia is one of the world’s 20 high-burden countries 
for HIV/TB co-infection, according to a WHO assessment 
[7]. As many as two-thirds of TB patients in Sub-Saharan 
Africa are HIV/AIDS co-infected, and TB is the leading 
cause of mortality among HIV/AIDS patients globally [13, 
14]. Furthermore, the number of people in Ethiopia on 
antiretroviral therapy (ART) for HIV/TB co-infection is 
continuously increasing year after year [15]. As a result, 
co-infections of TB and HIV pose unique diagnostic and 
treatment issues, putting a huge strain on healthcare sys-
tems in extensively affected nations [16]. Co-infection 
with HIV and TB causes a slew of issues in Ethiopia, 
including diagnostic and treatment hurdles in healthcare 
settings, as well as the loss of a person’s life [14, 17, 18].

There have been numerous studies on the factors that 
influence TB/HIV co-infection mortality. Age, gender, 
marital status, educational level, religion, occupation, 

residence, weight, AIDS stage, TB clinical presentation, 
and calendar year are among them [19, 20]. A high mor-
tality rate has been linked to a low CD4 count at the com-
mencement of treatment, advanced disease at the time of 
treatment, and not receiving treatment [21]. Furthermore, 
when a patient’s CD4 cell count drops, their chance of 
death rises [22, 23].

Understanding the predictors of mortality for TB-HIV 
co-infected patients in the local context is critical for Ethio-
pia to improve the co-management of TB-HIV co-infected 
patients. Although recognizing and comprehending the 
factors influencing survival time could be critical for any 
developing country attempting to achieve effective control 
of tuberculosis and HIV/AIDS, such information is scarce 
in Ethiopia [24]. Prior studies [25–28] used a semiparamet-
ric Cox regression model to identify factors associated with 
the survival and mortality of TB/HIV co-infected patients. 
However, the semiparametric Cox regression model requires 
that the assumption of PH hold. As a result, the current study 
incorporated the AFT model to identify factors associated 
with the survival time to death of TB/HIV co-infected 
patients using multi-center data. Thus, the goal of this study 
was to analyze determinants of the time to death of HIV/
AIDS and TB co-infected adult patients in Tepi General 
Hospital (TGH) and Mizan-Tepi University Teaching Hos-
pital (MTUTH), Southwest Ethiopian Peoples Region.

Material and Methods

Data Source, Study Design, and Procedure 
of Selecting Study Subjects

A retrospective study was conducted on TB/HIV co-
infected adult patients registered and under follow-up at 
Tepi General Hospital (TGH) and Mizan-Tepi University 
Teaching Hospital (MTUTH), southwest Ethiopia. All 
TB/HIV co-infection patients who were registered and 
under follow-up from 1st January 2015 through 1st Janu-
ary 2020 were considered. Each patient was followed ret-
rospectively from the start of TB treatment until death, 
loss to follow-up, treatment completion, or the end of the 
study. Those who stopped ART for any reason during TB 
treatment were excluded since it is the known risk factor 
that increases death by many folds. Additionally, patients 
who did not have full recorded information regarding the 
disease were excluded (Fig. 1). The survival time of these 
patients after treatment was determined, and patients 
transfer out, death other than TB, and still alive at the end 
of study time were considered censored. The data were 
analyzed with the statistical software R, version 4.1.1.
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Data Extraction and Quality Control

A data extraction tool adapted from national ART and anti-
TB treatment standard registries was used to extract data. 
Standard registries of ART and anti-TB treatments, elec-
tronic format, patient medical records (cards), and intake 
forms were used as data sources. The data was extracted by 
four trained nurses, two from each of the hospital’s ART 
and TB clinics. All extraction processes are overseen by a 
trained supervisor. During data extraction, both the supervi-
sor and the principal investigator checked the checklists for 
completeness and consistency daily. Socio-demographic, 
clinical, behavioral, and health service–related baseline data 
were extracted from the sources.

Study Variables

The response variable for this study was survival time to 
death of TB/HIV co-infected patients from the time of diag-
nosis to study ends.

The explanatory variables that were expected to be the 
determinant factors for the time to death of TB/HIV co-
infected patients are as follows:

Demographic Variables  Demographic Variables: gender, age 
(in years), residence, marital status, religion, educational sta-
tus, employment, and substance use.

Clinical Variables  WHO clinical stage, a cluster of differen-
tiation 4 (CD4 count/ mm3), body mass index (BMI (weight/

height2)), illness other than TB (opportunistic infection), dis-
closure status, functional status, INH (isoniazid or isonico-
tinic acid hydrazide), and CPT (cotrimoxazole prophylactic 
therapy) use were considered.

Operational Definition

Substance Use  Substance use is simply defined as a pattern 
of consuming a substance in larger quantities for a long 
period of time in order to change one’s mood, for instance, 
being alcohol user, Khat, and cigarette smoking. People 
who use such substances daily or often might be under risk 
of health issue. In the current study, substance users are 
defined as people who have used any of these substances 
in the past.

Survival Analysis

Survival analysis is an important statistical technique used 
to describe and model time-to-event data. It is a collection 
of statistical procedures for data analysis for which the 
outcome variable of interest is time until an event occurs 
[29].

Kaplan–Meier Estimator

The Kaplan–Meier estimator of the survivorship function 
[30] is also called the product-limit estimator. Suppose we 
have a sample of independent observations, their survival 

Fig. 1   Procedure for selecting 
study subjects
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times denoted by t1, t2,… tn , and indicators of censoring 
denoted by  �1, �2 , …,�n.

Thus, the survival data are denoted by (ti, �i); i = 1, 2,… n.

Kaplan and Meier (1958) develop an estimator for the 
survival function as follows:

where di is the number of patients who experienced an event 
at ti and ni is the number of patients at risk before ti.

Log‑Rank Test

This was used to compare the death rate between two distinct 
groups, conditional on the number at risk in the groups. The 
hypothesis to be tested:

H0: No difference between survival curves
H1: There is a difference between survival curves

The log-rank test statistic for comparing two groups is 
given by:

where Wi=1. The null hypothesis of equality of survival 
functions will be rejected for large values of Q [31].

Checking Proportional Hazard (PH) Assumption

Before proceeding with further survival analysis, it is man-
datory to check PH assumptions. We have checked the 
assumption of PH using the GLOBAL Schoenfeld test. The 
null hypothesis of the PH assumption holds rejected for 
small p-values [32].

Accelerated Failure Time Model

The accelerated failure time (AFT) model describes the rela-
tionship between survival probabilities and a set of covari-
ates [33]. For a group with covariates (x1, x2,… , xp) , the 
AFT model is written mathematically as.

�i =

{

1, if death occur

0, otherwise

(1)ŜKM(t) =
∏

t(i)≤t
(
ni − di

ni
)
�i

=
∏

t(i)≤t
(1 −

di

ni
)
�i

(2)Q =

�
∑m

i=1
Wi(d1i − ê1i

�2

∑m

i=1
W2

i
V̂1i

(3)S(t∕x) = So(t∕�(x))

where So(t) denotes the baseline survival function and � is 
an acceleration factor, i.e., a ratio of survival times corre-
sponding to any fixed value of S(t).

The acceleration factor is given according to the formula

It is noted that under an AFT model, the covariate effects 
are assumed to be constant and multiplicative on the time scale; 
that is, the covariate impacts on survival by a constant factor 
(acceleration factor, also called time ratio). The corresponding 
log-linear form of the AFT model to time is given by:

where � is an intercept, � denotes the vector of the regression 
coefficient, � is a scale parameter, and �i denotes a random 
error, assumed to have a particular distribution [34].

We used the exponential, Weibull, log-logistic, and log-nor-
mal AFT models to model the data. In each case, we first fitted 
the model in the univariable setting for each covariate, and 
covariates significant at 25% significance level were selected 
for multivariable analysis.

Model Selection

AIC and BIC statistics were used to compare different models 
and/or models with different numbers of parameters. The AIC 
value of the model is computed as:

where p denotes the number of covariates in the model 
without including the constant term and s is the number of 
parameters minus 1.

The BIC value for the model can be obtained as:

where L is the maximized value of the likelihood function 
of the model, n is the number of observations, and k is the 
number of parameters estimated by the model. According 
to the criterion, a model with a small AIC or BIC value is 
considered as it best fits the data [35].

Model Diagnostics Checking

The Cox-Snell residual plot was done to determine whether 
the AFT model is well fitted. Residual plots can also be used 
in the graphical assessment of the adequacy of a fitted model. 
Thus, the plot of the estimated hazard rate of the Cox-Snell 
residuals should give a straight line with unit slope and zero 
intercept if the fitted model is good [36].

(4)�(x) = exp(�1x1+�2x2+,⋯ + �pxp)

(5)
log(T) = � + �

�

x + ��i = � + �1x1i + �x2i +⋯ + �pxpi + ��i

(6)AIC = 2 ∗ log (likelihood) + 2(p + 1 + s)

(7)BIC = k ∗ ln(n) − 2ln(L)
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Results

Demographic Characteristics of TB/HIV Co‑infected 
Patients

Females made up more than half of the patients in this study 
(55.6%), of which 35.6% died during the follow-up period. 
Regarding age in years of patients, a large percentage of 
patients 167 (46.0%) were aged between 25 and 34 years, 
while only 41 (11.3%) of patients were aged ≥ 45 years of 
which 61.0% died. Furthermore, in terms of religion, 27%, 
25.3%, and 47.7% were Muslim, protestant, and orthodox 
followers, respectively. Similarly, among 161 (44.4%) mar-
ried participants, 33 (20.5%) died. Regarding the educational 
status, more than one-third, 151 (41.6%), had attended pri-
mary school and out of them more than a quarter (31.8%) 
died. Regarding employment, more than half, 201 (55.4%), 
were full-time workers of which 46 (22.9%) died. About 176 
(48.5%) of patients were substance users of which nearly 
half, 47.2%, died (Table 1).

Summaries of Clinical Features for TB/HIV 
Co‑infected Patients

Out of 363 study subjects included in this study, those with 
a baseline CD4 count of fewer than 200 cells/mm3 were 
187 (51.5%) of which 81 (43.3%) died during the follow-
up period. A large percentage of participants, 173 (47.7%), 
had WHO clinical stage III of which 35.5% died during the 
follow-up period. Regarding the functional status of partici-
pants, 185 (51.0%), 127 (35.0%), and 51 (14.0%) were work-
ing, ambulatory, and bedridden, respectively. A significant 
proportion, of the study participants, 201 (55.4%), had one 
or more illnesses (opportunistic infections) other than TB, of 
which 87 (43.3%) had the outcome of death. The proportion 
of death among CPT user participants was 28.9%. Patients 
who were treated by INH were 108 (29.8%) of which 11.1% 
died. On the other hand, among the 96 (26.4%) participants 
who did not disclose their status to anybody, 46 (47.9%) 
died (Table 2). 

Table 1   Demographic 
characteristics of patients

Covariates Categories N (%) Survival status

Censored N (%) Died N (%)

Gender Male 161 (44.4) 99 (61.5) 62 (38.5)
Female 202 (55.6) 130 (64.4) 72 (35.6)

Age (in years) 15–24 46 (12.7) 32 (69.6) 14 (30.4)
25–34 167 (46.0) 117 (70.1) 50 (29.9)
35–44 109 (30.0) 64 (58.7) 45 (41.3)
 ≥ 45 41 (11.3) 16 (39.0) 25 (61.0)

Residence Urban 171 (47.1) 74 (43.3) 97 (56.7)
Rural 192 (52.9) 155 (80.7) 37 (19.3)

Marital status Never married 92 (25.3) 42 (45.7) 50 (54.3)
Married 161 (44.4) 128 (79.5) 33 (20.5)
Separated 49 (13.5) 31 (63.3) 18 (36.7)
Divorced 39 (10.7) 20 (51.3) 19 (48.7)
Widow 22 (6.1) 8 (36.4) 14 (63.6)

Religion Muslim 98 (27.0) 61 (62.2) 37 (37.8)
Protestant 92 (25.3) 48 (52.2) 44 (47.8)
Orthodox 173 (47.7) 120 (69.4) 53 (30.6)

Educational status No education 118 (32.5) 65 (55.1) 53 (44.9)
Primary 151 (41.6) 103 (68.2) 48 (31.8)
Secondary 73 (20.1) 47 (64.4) 26 (35.6)
Tertiary 21 (5.80) 14 (66.7) 7 (33.3)

Employment Working full time 201 (55.4) 155 (77.1) 46 (22.9)
Working part-time 58 (16.0) 33 (56.9) 25 (43.1)
Not working due to ill health 67 (18.5) 20 (29.9) 47 (70.1)
Unemployed 37 (10.2) 21 (56.8) 16 (43.2)

Substance use No 187 (51.5) 136 (72.7) 51 (27.3)
Yes 176 (48.5) 93 (52.8) 83 (47.2)
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Survival Status of TB/HIV Co‑infected Patients

Of 363 TB/HIV co-infected patients followed for 60 months, 
79 (21.8%) died, while the remaining 284 (78.2%) were cen-
sored. The minimum follow-up period was 2.3 months, and 
the maximum was 50.6 months. The overall median survival 
time was 15.6 months.

Kaplan–Meier Curve for Some Covariates

Kaplan–Meier curves for some of the covariates like CD4 
count/mm3 and functional status of patients are shown in 
Fig. 2. By these plots, we can check if the TB/HIV co-
infected patient’s survival time differs across various 
subgroups.

Table 2   Clinical features of 
patients

Variables Categories Total N (%) Survival status

Censored N (%) Died N (%)

WHO clinical stage Stage I 42 (11.6) 33 (78.6) 9 (21.4)
Stage II 77 (21.2) 52 (67.5) 25 (32.5)
Stage III 173 (47.7) 111 (64.2) 62 (35.8)
Stage IV 71 (19.6) 33 (46.5) 38 (53.5)

CD4 count/mm3  < 200 187 (51.5) 106 (56.7) 81 (43.3)
 ≥ 200 176 (48.5) 123 (69.9) 53 (30.1)

BMI  < 18.5 175 (48.2) 92 (52.6%) 83 (47.4)
18.5–25 175 (48.2) 125 (71.4) 50 (28.6)
 > 25 13 (3.6) 12 (92.3) 1 (7.7)

Illness No 162 (44.6) 115 (71.0) 47 (29.0)
Yes 201 (55.4) 114 (56.7) 87 (43.3)

Disclosure No 96 (26.4) 50 (52.1) 46 (47.9)
Yes 267 (73.6) 179 (67.0) 88 (33.0)

Functional status Working 185 (51.0) 134 (72.4) 51 (27.6)
Ambulatory 127 (35.0) 82 (64.6) 45 (35.4)
Bed ridden 51 (14.0) 13 (25.5) 38 (74.5)

INH No 255 (70.2) 133 (52.2) 122 (47.8)
Yes 108 (29.8) 96 (88.9) 12 (11.1)

CPT No 114 (31.4) 52 (45.6) 62 (54.4)
Yes 249 (68.6) 177 (71.1) 72 (28.9)

Fig. 2   Survival curve of CD4 
count/mm.3 (left) and cotri-
moxazole prophylactic therapy 
(CPT) use (right)
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For the patients with covariate CD4 count/mm3, the sur-
vival curve for patients with CD4 count/mm3 ≥ 200 lies 
closely above those patients with CD4 count/mm3 < 200. 
This implies that the survival time of patients with CD4 
count/mm3 ≥ 200 differs significantly from patients with 
CD4 count/mm3 < 200.

Also, there appear to be differences in the survival time 
of cotrimoxazole prophylactic therapy (CPT) use and non-
use. The survival time of CPT users was higher than non-
users, which suggested that these groups are at a lower risk 
of death than their counterparts.

Evaluation of Proportion Hazard Assumption

We want to check the proportional hazard assumption before 
moving on to the AFT model. The goodness of fit test gives 
a significant global p-value (Table 3). Since the global null 
hypothesis that the proportionality assumption holds is 
rejected, the PH model is inappropriate in this case. As a 
result, we have used the AFT model, to analyze the survival 
time to death for TB/HIV co-infected patients.

Acceleration Failure Time (AFT) Model Fitting

In the univariable AFT model analysis, all the covariates 
are statistically significantly associated with time to death 
of TB/HIV co-infection except employment, marital status, 
and religion which were insignificant at a 25% level of sig-
nificance. We shall reanalyze the covariates selected at uni-
variable analysis using a multivariable AFT model.

Evaluation of AFT Models

To check the adequacy of the baseline hazard function, the 
plots have been done for the exponential, Weibull, logistic, 
and log-normal models (Fig. 3). Nevertheless, all models 
are almost linear and have the same structure; the plot of the 
lognormal AFT is found to be more linear than the others. 
As a result, lognormal assumptions outperform exponen-
tial, Weibull, and log-logistic models. Therefore, for the TB/
HIV co-infected patient’s data set, lognormal AFT is the 
more suitable baseline distribution in the model than others 
(Fig. 3). This is also revealed by model comparison criteria 
values shown in Table 4.

Table 3   Goodness of fit testing for PH assumption

Covariates Chi-square Df p value

Gender 0.159 1 0.689
Age in years 6.100 3 0.107
Residence 10.742 1 0.001
Substance 0.0142 1 0.905
Education status 10.863 3 0.012
Employment status 12.824 3 0.005
Marital status 4.2005 4 0.379
Religion 0.8592 2 0.650
WHO clinical stage 6.8810 3 0.076
CD4 count/mm3 0.069 1 0.792
BMI 2.753 2 0.252
Illness (opportunistic infec-

tion) other than TB
1.299 1 0.254

Function status 1.092 2 0.579
Disclosure status 3.524 1 0.060
CPT 2.446 1 0.118
INH 4.375 1 0.036
GLOBAL 63.184 31  < 0.001

Fig. 3   Graphical check of AFT 
assumption for exponential, 
Weibull, log-logistic, and log-
normal distributions
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Comparison of Fitted Models

To compare the performance of all the models, we used the 
Akaike information criterion (AIC) and the Bayesian infor-
mation criterion (BIC). The model with the smallest AIC 
or BIC is considered to provide the best fit. Based on the 
two criteria, the lognormal model is found to have mini-
mum information criteria values, hence the appropriate AFT 
model for the TB/HIV co-infection data (Table 4).

Results of Multivariable Lognormal AFT Model

The results of the multivariable lognormal AFT model 
(final model) fitted are presented in Table 5. Age is a sig-
nificant predictor of the time to death of TB/HIV co-infected 
patients, and older age is at a slightly higher risk of death 
as compared to the younger age group. In other words, 
the survival time to death of TB/HIV co-infected patients 
aged ≥ 45 years was decelerated/shortened by a factor of 

0.712 [ � =0.712, 95%CI: 0.57–0.89]. When compared to 
rural residents, the survival time to death of patients living 
in cities was increased by a factor of 3.75 [ � =3.75, 95%CI: 
2.02–6.96].

Substance use is a significant predictor of time to death 
of TB/HIV co-infected patients, and users are at a slightly 
higher risk of death as compared to non-users 0.51 [ � 
=0.712, 95%CI: 0.28–0.92]. As compared to those who 
have no education at all, patients who have secondary 
education had a higher survival time to death from TB/HIV 
co-infection with an acceleration factor of 2.56 [ � =2.56, 
95%CI: 1.10–5.93].

Regarding WHO clinical stages of the disease, those 
who have stage IV had a lower survival time to death from 
TB/HIV co-infection with an acceleration factor of 0.15 [ � 
=0.15, 95%CI: 0.05–0.51] than those with stage I. Patients 
with a CD4 count of greater than two hundred cells per 
cubic millimeter was significantly associated with good sur-
vival of TB/HIV co-infected patient with a factor of 1.88 
[ � =1.88, 95%CI: 1.05–3.36]. Survival time to death of 
a bedridden group of patients was significantly associated 
with poor survival as compared to working functional sta-
tus. This is revealed by a time ratio of less than one 0.30 
[ � =0.30, 95%CI: 0.13–0.67] indicating a shorter survival 
time and greater risk of death. Patients who used CPT were 
nearly two times 2.12 [ � =2.12, 95%CI: 1.13–3.95] higher 

Table 5   Results of multivariable 
lognormal AFT model

� =2.13, AIC = 1417.317, BIC = 1499.099.
*Statistically significant at 5% level of significance; β, coefficient, ϕ = exp(β), an acceleration factor; AIC, 
Akaike information criteria; BIC, Bayesian information criteria; CI, confidence interval for � ; S.E., stand-
ard error; Ref, reference; � , scale parameter. Source: TGH and MTUTH from 1 January 2015 through 1 
January 2020

Variables Categories β S.E p-value � 95%CIfor�

Gender (Ref: female) Male  − 0.063 0.303 0.8363 0.94 [0.52, 1.70]
Age in years (Ref: 15–24) 25–34 0.184 0.488 0.7062 1.20 [0.46, 3.13]

35–44 0.057 0.508 0.9101 1.06 [0.39, 2.87]
 ≥ 45  − 0.339 0.516 0.0085* 0.712 [0.57, 0.89]

Residence (Ref: rural) Urban 1.323 0.315  < 0.001* 3.75 [2.02, 6.96]
Substance use (Ref: No) Yes  − 0.681 0.304 0.0251* 0.51 [0.28, 0.92]
Education (Ref: no education) Primary 0.464 0.353 0.1885 1.59 [0.79, 3.18]

Secondary 0.939 0.429 0.0288* 2.56 [1.10, 5.93]
Tertiary  − 0.416 0.632 0.5110 0.66 [0.19, 2.28]

WHO clinical stages (Ref: I) II  − 0.867 0.612 0.1566 0.42 [0.13, 1.39]
III  − 0.508 0.577 0.3784 0.60 [0.19, 1.86]
IV  − 1.868 0.611 0.0022* 0.15 [0.05, 0.51]

Illness other than TB (Ref: no) Yes 0.154 0.309 0.6187 1.17 [0.64, 2.14]
CD4 count/mm3 (Ref: < 200)  ≥ 200 0.632 0.297 0.0330* 1.88 [1.05, 3.36]
Functional status (Ref: working) Ambulatory  − 0.257 0.344 0.4560 0.77 [0.39, 1.52]

Bedridden  − 1.204 0.409  < 0.001* 0.30 [0.13, 0.67]
Disclosure of status (Ref: no) Yes 0.008 0.329 0.9801 1.01 [0.53, 1.92]
CPT use (Ref: no) Yes 0.749 0.318 0.0185* 2.12 [1.13, 3.95]
INH (Ref: no) Yes 1.649 0.402  < 0.001* 5.21 [2.37, 11.44]

Table 4   Model comparison

Model Exponential Weibull Log-logistic Lognormal

AIC 1438.661 1427.638 1421.110 1417.317
BIC 1516.549 1509.420 1502.893 1499.099
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survival time to death, and hence, taking CPT was sig-
nificantly associated with prolonged survival among TB/
HIV co-infected patients during TB treatment. INH-treated 
patients had a prolonged survival time to death from TB/
HIV co-infection by a factor of 5.21 [ � =5.21, 95%CI: 
2.37–11.44].

Overall Goodness of Fit

Cox-Snell residuals are used in survival models to deter-
mine how well the model fits the data set. Using the Cox-
Snell residuals plot, we evaluated the lognormal AFT 
model’s goodness of fit. It was calculated by fitting the 
lognormal model to the data set of a TB/HIV co-infected 
patient using maximum likelihood estimation (Fig. 4). This 
plot shows that when the Cox-Snell residuals of the lognor-
mal models were compared to the exponential, lognormal, 
and log-logistic baselines (not shown here), the line was 
closest to the line through the origin, indicating that this 
model accurately characterizes the data set of TB/HIV co-
infected patients.

Checking Adequacy of Accelerated Failure Time 
(AFT) Models

When two populations are used, a Q-Q plot (also known as a 
quantile–quantile plot) is used to ensure that the accelerated 
failure time fits the data well. By comparing some signifi-
cantly different groups, we could check the AFT’s adequacy 
graphically. We have shown a Q-Q plot for CPT use, CD4 
count/mm3, and functional status among significant covari-
ates in the current study (Fig. 5). The figures appear to be 
nearly linear for all covariates. As a result, an accelerated 
failure time model with lognormal as the baseline best 
described the TB/HIV data set.

Discussion

This 5-year retrospective cohort study of TB/HIV co-
infected patients on ART provides insight into survival and 
its determinants in a hospital setting at TGH and MTUTH. 
The death rate was high in this retrospective study, with 
21.8% of TB/HIV co-infected patients dying during TB 
treatment. This is consistent with the previous study in 
Northern Ethiopia, 22% [28]. However, the death rate of 
HIV/TB co-infected patients in the current study is higher 
than the 13.7% found in Myanmar [37] and 7.7% in Harar 
town [38]. These discrepancies could be due to differences 
in follow-up periods, study areas, and/or facility existence. 
Furthermore, our study revealed that the median time to 
death was 15.6 months. Age, residence, substance use, edu-
cational status, clinical stages of the disease, CD4 count/
mm3, functional status, CPT use, and INH were all found to 
be significant factors in the multivariable lognormal AFT 
model, whereas gender, illness other than TB, and disclosure 
of status were insignificant variables.

The effect of a covariate is to accelerate or decelerate the 
survival time of TB/HIV co-infected patients. To understand 
this better, an acceleration factor also called time ratio (TR) 
is estimated. The acceleration factor for a given covariate is 
the (natural) exponent of the corresponding coefficient (i.e., 
exp(�) ). A positive coefficient means the effect of the covari-
ate is to prolong the survival time while a negative coeffi-
cient is to shorten the time to death of TB/HIV co-infected 
patients. Relatively, a time ratio greater than 1 implies that 
the effect of the covariate increases the survival time and 
otherwise decreases (“speeds up”) the time to death of TB/
HIV co-infected patients.

The survival time to death of patients in urban was 
enhanced by a factor of 3.75 when compared to rural people. 
Previous research supports this result [39]. This could be 

Fig. 4   Cox-Snell residual plot 
for the lognormal AFT model
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attributed to a lack of access to TB services to ensure rapid 
diagnosis and treatment among rural residents in resource-
constrained areas. Results of the current study revealed that 
substance use is a significant predictor of time to death in 
TB/HIV co-infected individuals, and users are at a slightly 
higher risk than non-users. This is consistent with the lit-
erature [40], which states that substance use harmed HIV-
infected drug users’ health, resulting in higher morbidity and 
death in HIV-infected drug users than in infected people who 
did not use drugs [40].

Age was found to be a significant predictor of time to 
death in TB/HIV co-infected individuals in our study. The 
time it took for TB/HIV co-infected patients of advanced 
age to die was reduced by a factor of 0.712. This could be 
attributable to the diminishing immunity level of patients at 
an older age. According to the findings of a study conducted 
in Brazil [19], and Southwest Ethiopia [25], study partici-
pants over the age of 65 had a nearly threefold increased risk 
of death compared to younger patients. Patients were aged 
41–60 years, and those aged more than 60 years were 7.8 and 
21.34 times more likely to die early than patients aged less 
than 20 years, according to an Indian study [41]. Another 
study [42] found that for every year of age gained, the death 
rate increased by 4% [42]. This could be explained by the 
fact that elderly people are more likely to be diagnosed with 
HIV and/or TB later. It is widely known that late diagnosis 
aids poor prognosis and mortality owing to immune insuf-
ficiency from rapid advancement to AIDS and extrapulmo-
nary TB [43–46].

In terms of functional status, bedridden co-infected 
patients’ survival time to death was substantially connected 

with a shorter survival time and a higher risk of mortality 
than those who were working. A study [26, 47–49] sup-
ported this conclusion. In keeping with this, a prior study at 
Jimma found that bedridden patients had a threefold higher 
risk of death than those who were working [25]. Our find-
ings were consistent with those of another study conducted 
in Bahir Dar, Ethiopia [28], which found that bedridden 
patients were approximately four times more likely to die 
than patients who were working. These findings are not 
shocking because bedridden patients are more likely to be 
exposed to infections and have a poorer health outcomes 
due to a vicious cycle of reduced immunity, which can lead 
to patients falling to opportunistic infections and mortality 
[50]. As a result, it is reasonable to advocate for mandatory 
and frequent screening for opportunistic infections and other 
diseases to implement early and effective management tech-
niques and reduce preventable deaths.

A substantial statistical connection between the WHO 
clinical stage and time to death of TB-HIV co-infection was 
discovered in the current investigation. Previous research 
has shown that those co-infected patients with WHO clinical 
stage IV have a shorter survival time than co-infected patients 
with stage I [14]. Previous studies reported that advanced 
WHO clinical stages enhanced mortality among TB patients 
with HIV, and the WHO clinical stage is a risk factor for HIV-
TB co-infection [27, 38]. Individuals with a WHO clinical 
stage of IV were 8.6 times more likely to die than those with 
a WHO clinical stage of III, according to a study conducted 
at Gondar University Hospital [14]. This could be because 
individuals with advanced WHO clinical stages were more 
likely to get additional opportunistic infections.

Fig. 5   QQ plot of Accelerated 
failure time models
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Several studies looked at the impact of CD4 cell count on 
survival rates, and the results showed that a low CD4 cell 
count was related to a greater risk of mortality [26, 47, 51, 
52]. In support of this, a current study found that patients with 
a CD4 count of more than 200 cells per cubic millimeter had a 
higher chance of surviving. A study conducted in Barcelona, 
Spain [20], found that patients with CD4 cell counts of less 
than 200/mm3 had the lowest chance of survival [20, 53]. This 
is because a low CD4 count makes it difficult for the body 
to fight against additional infections, making even a simple 
infection like a cold considerably more severe. This is due to 
the body’s inability to respond to new infections.

The patient’s educational level was also found to be a 
significant determinant factor in the longevity of HIV/TB 
co-infected individuals, according to this study. This result is 
in line with the previous findings. The co-infected patient’s 
survival time appears to increase with their level of educa-
tion. The findings are consistent with this finding [54, 55]. 
Therapeutic failure and poor adherence to therapy are more 
common among those with low income and education levels 
[56, 57]. This could be because people with low education 
put off seeking healthcare or face obstacles in doing so. As 
a result, patients have a hard time getting diagnosed and 
treated, which can lead to mortality [58, 59].

Taking CPT during TB treatment was linked to a higher 
rate of survival among TB/HIV co-infected individuals. 
Patients who received CPT had 2.12 times longer survival 
time to death than those who did not. This is in line with 
a study conducted in Tehran, Iran, which found that cotri-
moxazole preventive therapy had a significant impact on 
patient survival, with patients who did not receive cotri-
moxazole preventive therapy having a 3.68 times higher risk 
of death than patients who received cotrimoxazole preven-
tive therapy [60]. Furthermore, the current study found that 
INH-treated TB/HIV co-infected patients had a 5.21-fold 
longer survival time to death than non-treated TB/HIV co-
infected patients.

Limitation of the Study

This study is not without limitations. First, because the study 
was retrospective, data was taken from the patient’s medi-
cal history and registry, which could lead to selection bias. 
Second, because the studies included all deaths regardless of 
the cause of death, there is a chance that the cause of death 
was misclassified. Furthermore, socioeconomic parameters 
(living situation, social support, distance to the health insti-
tution), as well as treatment and disease-related variables 
(adherence level, virus load, drug resistance), were not 
documented. Despite the constraints highlighted, this study 
was undertaken at two major health facilities with a bigger 
sample size to better understand the issue.

Conclusion

The lognormal accelerated failure time model outperformed 
the other models in the current study. These study findings 
showed that older age, residence, substance use, educational 
status, WHO clinical stages of the disease (stage IV), CD4 less 
than 200 count/mm3, bedridden functional status, CPT use, and 
INH use all had a significant impact on TB/HIV co-infected 
patients’ survival time to death. To improve their health and 
extend their lives, patients with TB/HIV co-infection should 
be given special attention based on these important factors.
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