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Background: Human immune virus/tuberculosis co-infection in one’s immune system 
potentiates each other and hastening the weakening of the host’s immunological cap-
abilities while growing active TB, which will increase susceptibility to primary con-
tamination, re-contamination, and/or reactivation for sufferers with latent TB. The goal 
of this study was to identify determinant factors associated with the survival time to 
death of HIV/TB co-infected adult patients under HAART at Debre Tabor referral 
hospital.
Methods: A retrospective follow-up analysis was undertaken for 243 HIV/TB co- 
infected patients who were receiving ART treatment and had follow-ups between 
January 2014 and December 2019. To compare the survival experiences of different 
patient groups, the Log rank test was performed. The Weibull accelerated failure time 
gamma shared frailty model was used to find determinants of HIV/TB co-infected 
patients’ survival time.
Results: Among HIV/TB co-infected patients, 87 (35.39%) died of whom 77 (88.5%) 
patients were females. The Weibull AFT gamma shared frailty model showed that sex, 
baseline age, adherence status, educational status of respondents, functional status, 
WHO clinical stage, baseline hemoglobin and type of TB were among the potential 
determinants of survival time of HIV/TB co-infected patients. Furthermore, the findings 
of this study demonstrated that there is a clustering impact on patient time to death that 
results from the residency of HIV/TB co-infected patients’ survival time.
Conclusion and Recommendation: The majority of patients reside in rural area, have 
poor adherence to treatment, and have low CD4 cell counts. Educational status, WHO 
clinical stages, adherence status, and hemoglobin levels of patients are all important 
determinants of HIV/TB co-infected patients’ survival. As a result, to improve the 
survival of HIV/TB co-infected patients at the start of and during some stages of anti- 
TB treatment, the concerned body, FMOH, in collaboration with Regional Health 
Bureau, should emphasize the importance of following treatment for HIV/TB co- 
infected patients with poor adherence status, advanced WHO clinical stages, and 
a low CD4+ count.
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Background
HIV/AIDS is one of the most common and fatal chronic 
illnesses in the world, accounting for a significant propor-
tion of morbidity and mortality.1 Most HIV patients are 
exposed to infectious disease (TB), which is the most 
common infection once HIV infected persons and co- 
infected people are at high risk of death.2 TB can arise at 
any stage of HIV disease3,4 and people living with HIV are 
at a greater risk of acquiring TB than those who do not 
have HIV. Furthermore, when patients’ CD4 cell counts 
decline, their risk of mortality rises dramatically.4,5 A TB- 
infected individual has a 5–10% lifetime chance of devel-
oping clinical TB compared to an HIV-negative person 
and a 50% lifetime risk in an HIV-positive person. TB 
kills 90% of co-infected people if they are not treated 
within six months, even if they are taking their medication 
on a regular basis.2,6

Globally, more than 70 million individuals have been 
infected with HIV, and about 35 million have died as 
a result of the virus.1 According to a WHO report, 
Ethiopia is one of the world’s 20 high burden countries 
for HIV/TB co-infection.7 In Ethiopia, 40–70% of HIV 
patients are also infected with TB.8,9 However, to combat 
the transmission and deadliness of the diseases, WHO 
recommends different joint activities for HIV/TB co- 
infections like initiation of ART to reduce the risks of 
death and HIV-related morbidities, or improvement of 
quality of life for people living with HIV.10

HIV/TB co-infection constitutes several problems, 
including diagnostic and therapeutic challenges in healthcare 
settings and a person’s life.11–13 It is supported by a study 
conducted in the USA that revealed treatment of TB in co- 
infected patients differs from those patients who are infected 
with TB only.14 However, the number of people living with 
HIV/TB co-infection on ART is rapidly rising from year 
to year in the country, specifically in the northern part of 
Ethiopia. Due to this, this study has significant clinical merit 
because TB especially among HIV+ individuals may experi-
ence a more rapid development of the disease to acquired 
immune deficiency syndrome (AIDS) and lead to wasting, 
failure to thrive, and increased mortality due to TB itself or 
other opportunistic infections. Similarly, HIV increases the 
resistance of the TB mycobacterium to existing treatment 
regimens and leads to treatment failures and relapses. 
Therefore, identifying and understanding the factors affect-
ing survival time could be of significant importance to any 
developing nation striving towards achieving adequate 

control over TB and HIV/AIDS. Additionally, this could 
also decrease the human suffering and economic burden 
associated with both diseases and to forward recommenda-
tion for the concerned body to realization of healthcare 
infrastructures to reduce diagnostic and clinical care chal-
lenges in the hospital.15

Moreover, numerous studies are being conducted asso-
ciated with HIV/TB co-infection to investigate the risk 
factors associated with the survival time of HIV/TB co- 
infected patients in developing countries, including 
Ethiopia, and worldwide.12,16–23 While the majority of 
the studies used a small number of variables, this may 
have resulted in scholars making inefficient inferences 
about parameter estimates. In addition, most of these stu-
dies used survival time statistical analysis, which is 
assumption-based modeling without incorporating the 
existence of frailty. However, considering accelerated fail-
ure time shared frailty statistical modeling is more appro-
priate for such types of population data (survival 
correlated data) to account for association and unobserved 
heterogeneity rather than treating it as homogeneous by 
assuming that all individuals sampled in that study are 
subject in principle to the same risk as the risk of death.

Materials and Methods
Study Area and Study Design
A hospital-based retrospective follow-up study design was 
conducted on 243 HIV/TB co-infected patients under 
HAART at Debre Tabor referral Hospital, North central 
Ethiopia. The hospital serves all HIV/TB co-infected 
patients with mostly full-sized regional laboratory 
equipment.

Study Population and Data Collection
The target population for this study was all HIV/TB co- 
infected patients in the northern part of Ethiopia and the 
study population was HIV/TB co-infected patients receiv-
ing ART treatment at the Debre Tabor referral hospital. 
Secondary data is data that has been collected from indi-
viduals by health workers for treatment purposes. The 
data, therefore, is recorded on each patient’s card and 
documented in the ART section of the hospital, whose 
follow-ups are from January 2014 up to December 2019. 
A total of 1248 HIV/TB co-infected patients were under 
treatment whose follow-ups were from January 2014 to 
December 2019. Among these patients, 243 were HIV/TB 
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co-infected patients and were considered as a sample. 
Hence, the sample size was determined using purposive 
sampling and taking 243 HIV/TB co-infected patients as 
eligible for the current study.

Study Variables and Inclusion 
Criteria
Outcome Variable
The current study’s outcome variable was the survival time 
to death in months of HIV/TB co-infected patients. Death 
is considered as the event of the study and the response 
time is the time when the patient dies. HIV/TB co-infected 
patients under ART who were alive up to the end of the 
study, lost, dropped out, transferred out to the nearest 
respective clinic for both cases and died due to other 
causes, are considered to be censored, while patients who 
took their treatment for either HIV or TB cases only in 
their respective nearest clinic and one case in Debre Tabor 
Referral hospital separately were not included in this 
study.

Independent Variables
Baseline CD4 cell count, body weight (baseline), age in 
years, marital status (single, married, separate, divorced, 
widowed), residence (urban, rural), educational level (non- 
educated, primary, secondary, tertiary), adherence status 
(good for patients with more than 85% treatment adher-
ence, poor for patients with less than 85% treatment 
adherence), type of TB developed (pulmonary, extrapul-
monary), WHO-clinical stages (stage-1, stage-2, stage-3, 
stage-4), functional status (ambulatory, bedridden, work-
ing), disclosure of the diseases (yes, no), sex (male, 
female), occupational status (unemployed, employed, 
others), social support (yes, no), opportunistic infectious 
disease (yes, no), baseline hemoglobin, BMI category 
(normal, underweight, overweight) and distance to ART 
clinic (less-than or equal to five kilometers (5Km), greater- 
than five kilometers (5Km)). The current study included 
all HIV/TB co-infected patients aged at least 15 years old 
who had at least two follow-ups at Debre Tabor referral 
hospital between January 2014 and December 2019.

Data Entry and Statistical Analysis
Data was coded and double entered into SPSS version 20 
by two trained data clerks and then cross checked for 
consistency. Data was exported to STATA version 13 
(Stata Corp, College Station, TX, USA) and R version 

4.1.1 for data checking, cleaning, and analysis. During 
the preliminary analysis, we looked for errors and cor-
rected them by rechecking the data collection form. AFT 
shared frailty regression analysis was done to identify 
independent variables associated with time to death. 
Variables with a P-value of <0.05 in the analysis were 
considered as significant predictors.

Methods of Data Analysis
In the current study, for data analysis, descriptive statistics 
and inferential statistical analysis were employed to iden-
tify determinant predictors of the response variable. The 
two common functions, the survivor and the hazard func-
tion, are used to present numerical or graphical summaries 
of survival time and summarize survival data in a specific 
group, as in using the Log rank test, the median survival 
time for the existence of the censored and positively 
skewed nature of survival time data.24

Cox Proportional Hazard Model
One of the most popular types of regression models used in 
survival analysis is the Cox proportional hazard model 
introduced by Cox.25 The Cox model estimates the hazard 
ratio, which is always non-negative, as well as its confidence 
interval. It is also based on the assumption of proportional 
hazards, and no particular form of probability distribution is 
assumed for the survival times. The hazard function is 
h t; w; γð Þrelated to the covariates as a product of 
a baseline hazard h0 tð Þ and a function of covariatesr w; γð Þ. 
The Cox proportional hazard function is given as:

h t;w; γð Þ ¼ h0 tð Þ exp wT γ
� �

where h0 tð Þ= the baseline hazard function that charac-
terizes how the hazard function changes as a function of 
survival time; h t; w; γð Þ ¼ The hazard function at time 
t with covariates w ¼ w1;w2; . . . ;wp

� �
and a column 

vector of regression parametersIEBT A 1955099; 
exp wT γð Þ ¼ Characterizes how the hazard function 
changes as a function of subject covariates;h0 tð Þ: is the 
baseline hazard function, and t ¼ the failure time, where 
all values of the covariates are zero, i.e.r w ¼ 0; γð Þ ¼ 1.

Parameter Estimation
Parameters in the current study were estimated using 
a maximum likelihood (ML) that can be obtained by 
maximizing the joint probability (likelihood function) for 
the values of the data.
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Parametric Survival Models
Well-behaved, log-normal, log-logistic, and generalized 
gamma distributions are examples of popular parametric 
survival models.

Weibull Distribution
It is parameterized as both a proportional hazard (PH) and 
an accelerated failure time (AFT) model and it is suitable 
for modeling data with monotone hazard rates that either 
increase or decrease exponentially with time. The global 
distribution is as follows:

f tð Þ ¼ λγtγ� 1e� λtγ
whereγ; λ>0 

s tð Þ ¼ e� λtγ 

IEBT A 1955099 

Log-Logistic Distribution
It is preferable in situations when the hazard function 
changes direction and could arise. The distribution is 
defined as:

f tð Þ ¼
eθktk� 1

ð1þ eθtkÞ
2 

s tð Þ ¼
1

1þ eθtkð Þ
for0 � t � 1; k>0andh tð Þ ¼

eθktk� 1

1þ eθtk 

The Lognormal Distribution
Defined for random variables that take positive values and 
so maybe used as a model for survival data. The distribu-
tion is given below as:

f tð Þ ¼
1

σ
ffiffiffiffiffi
2π
p t� 1 � logt � μð Þ

2

2σ2

 !

h tð Þ ¼
f tð Þ
s tð Þ

s tð Þ ¼ 1 � ϕ logt� μ
σ

� �
, where ϕ(.) is standard normal distri-

bution function and given by:

ϕ zð Þ ¼
1
ffiffiffiffiffi
2π
p ò

z

� 1
exp

� ðuÞ2

2

 !

du 

The Gamma Distribution
The probability density function of a gamma distribution is 
defined as follows.

f tð Þ ¼
λρtρ� 1e� λt

Γ ρð Þ
for0 � t 1andρ; λh i0 

s tð Þ ¼ 1 � Γλt ρð ÞwhereΓλt ρð Þ ¼ ò
λt

0
uρ� 1e� udu 

and

h tð Þ ¼
f tð Þ
s tð Þ

Accelerated Failure Time Model
Is an alternative to Cox PH and parametric models for the 
analysis of survival time data. Unlike the proportional 
hazards model, the regression parameter estimates from 
AFT models are robust for omitted covariates, less 
affected by the choice of probability distribution, The 
effect of the covariates is a multiplication of the expected 
survival time and we measured the direct effect of the 
predictor variables on the survival time instead of 
hazard.26 The common distributions of the AFT model 
include exponential AFT, Weibull AFT, log-logistic AFT, 
log-normal and gamma AFT distributions. The following 
is a general formulation for the AFT hazard for an indivi-
dual with covariates summarized in the vector.

hi tð Þ ¼ eηi hi
t

eηi

� �

Where,
ηi ¼ a0X ¼ a1x1i þ a2x2i þ . . .þ apxpi is the linear 

component of the model in which xjiis the jthvalue of 
explanatory variable Xjfor the ith individual and 
exp � ða1x1i þ a2x2i þ . . .þ apxpiÞ is acceleration factor, 
where a1; a2; . . . ; ap are unknown regression coefficients 
of the explanatory variablesx1; x2; . . . ; xp. The correspond-
ing survivor function will be:

Si tð Þ ¼ S0 t=eηið Þ; Where; S0 tð Þis the baseline survival 
function.

Results
Descriptive results: The baseline characteristics of partici-
pants for current investigation are indicated in Table 1.

The characteristics of patients given in the table indi-
cate that out of 243 patients, large numbers (78.6%) of 
patients were females of whom about 58.4% were rural 
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residents and the majorities (46.5%) were married. Among 
the patients, most (44.4%) were employed, of whom 
68.3% were able to work and 25.5% were ambulatory. 
14.4% of co-infected patients were at clinical stage IV, 

32.1% of the patients were non-educated, and 73.7% of the 
co-infected patients developed extrapulmonary 
Tuberculosis. In the study period, out of the patients 
under treatment, 35.8% of them died, whereas 64.2% 

Table 1 Baseline Characteristics of Categorical Variables of HIV/TB Co-Infected Patients

Variables Categories Number of Patient (%) Number of Death (%)

Sex Female 191(78.6) 77(31.7)
Male 52(21.4) 10(4.1)

Residence Urban 101(41.6) 36(14.8)
Rural 142(58.4) 51(21)

Marital status Single 52(21.4) 22(9.05)
Married 112(46.1) 36(14.8)

Separated 19(7.8) 5(2.1)

Divorced 44(18.1) 14(5.8)

Widowed 16(6.6) 10(4.1)

Educational level Non-educated 77(32.1) 35(14.4)
Primary 66(27.2) 24(9.9)

Secondary 57(23.5) 15(6.2)

Tertiary 42(17.3) 13(5.3)

Occupation Unemployed 69(28.4) 23(9.5)
Employed 108(44.4) 38(15.6)
Others 66(27.2) 26(10.7)

WHO clinical stages Stage I 72(29.6) 31(12.8)
Stage II 70(28.8) 23(9.5)

Stage III 66(27.2) 22(9.1)
Stage IV 35(14.4) 11(4.5)

Functional status Ambulatory 62(25.5) 32(13.2)
Bedridden 15(6.2) 5(2.1)

Working 166(68.3) 50(20.6)

Type of tuberculosis Pulmonary 64(26.3) 18(7.4)
Extra-pulmonary 181(73.7) 69(28.4)

Adherence of patients Poor 35(14.4) 15(6.2)
Good 208(85.6) 72(29.6)

Opportunistic infectious diseases No 144(59.3) 45(18.5)
Yes 99(40.7) 42(17.3)

Disclosure of diseases No 112(46.1) 41(16.9)
Yes 131(53.9) 46(18.9)

BMI category Under weight 24(9.9) 9(3.7)
Normal 135(55.6) 47(19.3)

Obesity 84(34.6) 31(12.8)

Social support No 155(63.8) 50(20.6)
Yes 88(36.2) 37(15.2)

Distance to ART clinic Less than or equal to 5Km 191(78.6) 69(28.4)
Greater than 5Km 52(21.4) 18(5.3)

Abbreviations: ART, antiretroviral treatment; BMI, body mass index; WHO, World Health Organization.
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were censored. Of all the patients who have died, the 
majority of them (31.7%) were females (Table 1).

The baseline characteristics of the continuous variables 
table also indicate that the average age of HIV/TB co- 
infected patients at enrollment in an ART clinic was 33.1 
years with a standard deviation of 7.7 years. The average 
median initial CD4 cell count of HIV/TB co-infected 
patients was 357.1 with a standard deviation of 75.8 and 
the mean weight of HIV/TB co-infected patients at base-
line was 53.3 with a standard deviation of 9.5. In addition, 
the mean baseline hemoglobin level of co-infected patients 
is 11.3 (g/dL) with a standard deviation of 2.5 (g/dL) 
(Table 2).

Test of Proportional-Hazards Assumption
In order to validate the Cox proportional hazard model 
assumption, the Schoenfeld residuals and the formal statis-
tical test were conducted to check the proportional assump-
tion. In the plots of Schoenfeld residuals for each covariate 
against time in Figures 1–5 for covariates of HIV/TB co- 
infected patients showed that the existence of a pattern of 
randomness and the smooth curve is not like a horizontal 
straight line and the slope is far from zero. Therefore, the PH 
assumption is not satisfied. Even so, the graphical test is not 
enough to be certain of the proportionality assumption of the 
model. The reason for this is that it is open to different 
interpretations by different people. Hence, the proportional 
hazards assumption is tested using a formal statistical test 
that reveals the p-value of the rho-statistic (global test) is 
less than 5% for a given covariate, which indicates the 
rejection of the null hypothesis of the proportionality of 
the Cox-proportional hazard model (Table 3).

Accelerated Failure Time Model
Because the proportional hazard assumption was not met, 
we used a robust and alternative model, the accelerated 
failure time model, with a Weibull, log-normal, and log- 
logistic distribution as a baseline distribution, to analyze 
the survival data. Among those, the final reduced best 

model for describing the given HIV/TB co-infected patient 
data is the Weibull AFT model due to having the smallest 
AIC (219.057) and BIC (334.328) values (Table 4).

Parametric Shared Frailty Model Results
Among the AFT baseline distributions, the selected appro-
priate distribution for the current study that was used to 
analyze the survival time of HIV/TB co-infected patients 
is the Weibull accelerated failure time shared frailty 
model, since it has smaller values of AIC (221.057) and 
BIC (339.821). In this study, the variance of frailty was 
significant for all baseline distributions with a gamma and 
an inverse Gaussian shared frailty distribution. This sig-
nificance indicates the existence of random components 
(heterogeneity) in the population cluster, and it indicates 
that using a frailty model is appropriate (Table 5).

The Weibull Gamma Shared Frailty Model 
Result
Frailty is assumed to have a gamma distribution with 
a mean of one and a variance equal to theta (θ). The 
likelihood ratio test for the frailty parameter (θ) is sig-
nificant with a P-value of less than 0.05 and a chi-square 
value of 1.38 with one degree of freedom. This shows 
that incorporating group variable (residence) as frailty 
component had a significant contribution to the model; in 
addition, the frailty term indicates that there is hetero-
geneity between residences. Our research also revealed 
the Kendall’s tau (τ=0.0061) value for the Weibull- 
gamma frailty model, which measures the presence of 
dependence within clusters. Moreover, this study shows 
that the shape of the hazard functions increases as time 
increases, since the estimated value of the shape para-
meter for the Weibull-gamma frailty model was greater 
than unity (p=6.4045) (Table 6).

Sex
The estimated acceleration factor for patients who were 
male was ɸ = 1.1009 [95% CI: 1.0340–1.1720, p < 0.05]. 

Table 2 Baseline Characteristics of Continuous Variables of HIV/TB Co-Infected Patients

Variables N Average Std. Dev

Age (year) 243 33.1 7.8

CD4 cell count (blood per litter) 243 357.1(median) 75.8

Weight (Kg) 243 53.3 9.5
baseline hemoglobin (g/dL of blood) 243 11.3 2.5

Abbreviations: CD4, classification of determinant four; Kg, kilogram; Std. Dev, standard deviation.
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This means that male co-infected patients’ survival has 
increased when compared to female patients.

Follow-Up Time
The estimated acceleration factor for follow-up time ɸ = 
1.0187 [95% CI: 1.0122–1.0252, p < 0.05]. This shows 
that the survival time of co-infected patients can be pro-
longed as their follow-up time rises.

CD4+ Count
The estimated accelerated factor for patients CD4+ count 
was ɸ = 0.9998 [95% CI: 0.9979–0.9999, p < 0.05]. This 

reveals that the rate of survival for patients with HIV/TB 
co-infection decreases as the CD4+ count decreases.

Adherence Status
The estimated accelerated factor for patients who were 
good adherent ɸ = 0.9402 [95% CI: 0.9073–0.9743, 
p<0.05]. This indicates that the survival time of patients 
was shortened when they did not adhere regularly to the 
treatments in the ART clinic.

Hemoglobin Level
The estimated accelerated factor for patients’ hemoglobin 
level was ɸ = 0.9800 [95% CI: 0.9726–0.9875, p < 0.05]. 
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This shows that, when the patients’ hemoglobin levels 
were reduced, the survival time of patients was shortened 
by a factor of 0.9800.

Distance to ART Clinic
The estimated accelerated factor for patients comes from 
far away more than 5km to ART clinic was ɸ = 0.8948 
[95% CI: 0.8618–0.9389, p < 0.05]. This indicates HIV/ 
TB co-infected patients who come from more-than 5km 
away from the hospital have a shortened survival time 
compared to patients who come from less-than 5km 
away from the hospital.

Functional Status
Patients with working and bedridden functional status had ɸ 
= 1.1398 [95% CI: 1.0933–1.1833, p < 0.05] and ɸ = 1.0673 
[95% CI: 1.0221–1.1144, p < 0.05], respectively. These 
results showed that patients whose functional status was 
working and bedridden survival time was prolonged by 
a factor of 1.1398 and 1.0673 times greater-than those who 
were ambulatory at the initiation of treatment, respectively.

WHO Stages
For patients at advanced WHO stages III and IV stages, the 
estimated accelerated factor ɸ = 0.9079 [95% CI: 0.8667– 
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Figure 4 Test of PH assumption for the covariate time versus WHO clinical stages.
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Figure 3 Test of PH assumption for the covariate time versus occupational status.
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0.951, p < 0.05] and ɸ = 0.6212 [95% CI: 0.5687–0.6785, p < 
0.05] in comparison to that of stages I. This revealed that 
patients in stage III and IV have had survival time reduced by 
factors of 0.9079 and 0.6212, respectively.

Education Level
For patients’ educational status at primary, secondary, and 
tertiary level, the accelerated factor ɸ = 1.0539 [95% CI: 
1.0153–1.0940, p < 0.05], ɸ = 1.1726 [95% CI: 1.1127– 
1.2355, p < 0.05] and ɸ = 1.1722 [95% CI: 1.1158–1.2295, 
p < 0.05], respectively, compared to non-educated implies 
that; increasing survival time of patients.

Marital Status
The covariate marital status was statistically determined 
for time to death of HIV/TB co-infected patients. The 
acceleration factor and its 95% confidence interval of 
marital status for a group of married, separate, divorced, 
and widowed was ɸ = 1.0887 [95% CI: 1.0460–1.1330, 
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Figure 5 Test of PH assumption for the covariate time versus religion.

Table 3 Result for Test of Proportional-Hazards Assumption

Variables Rho Chi-Square DF p-value

Sex 0.0875 9.7090 1 0.0018

Educational level 0.0089 5.6721 3 0.1287
Occupations 0.0063 5.8803 2 0.0529

WHO stages 0.0256 1.1853 3 0.7565

Functional status 0.0368 2.1767 2 0.3368
Social support 0.0342 1.6984 1 0.1925

Disclosure of diseases 0.1644 0.0719 1 0.7886

Distance to ART clinic 0.0451 0.2304 1 0.6312
BMI category 0.1214 2.2421 2 0.3259

Adherence status 0.0065 1.5900 1 0.2073

OIs 0.0041 0.0940 1 0.7592
Weight 0.1193 0.0047 1 0.9456

CD4 cell count 0.0076 1.7379 1 0.1874

Type of TB 0.0728 0.0538 1 0.8166
Baseline hemoglobin 0.1984 0.4448 1 0.5048

Global NA 39.8518 22 0.0113

Abbreviations: ART, anti retroviral therapy; BMI, body mass index; CD4, classifi-
cation of determinant four; DF, degree of freedom; NA, not applicable; OIS, 
opportunistic infections; TB, tuberculosis; WHO, World Health Organization.

Table 4 Result for Selection of Accelerated Time Failure Model

AFT Models AIC BIC

Weibull 219.0572 334.3283

Log-logistic 230.1579 345.429
Log-normal 249.1314 364.4024

Abbreviations: AFT, accelerated failure time; AIC, Akaike’s information criteria; 
BIC, Bayesian information criteria.

Table 5 Result for Comparison of Gamma and Inverse Gaussian 
Shared Frailty Model with Different Baseline Distribution

Baseline 
Distribution

Frailty 
Distribution

AIC BIC

Exponential Gamma 390.747 506.017
Inverse-Gaussian 390.834 506.023

Weibull Gamma 221.057 339.821
Inverse-Gaussian 222.032 340.181

Log-logistic Gamma 232.153 350.022
Inverse-Gaussian 232.867 350.952

Log-normal Gamma 251.131 368.653

Inverse-Gaussian 251.003 369.910

Abbreviations: AIC, Akaike’s information criteria; BIC, Bayesian information 
criteria.
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Table 6 Result for Weibull-Gamma Shared Frailty Model for HIV/TB Co-Infected Patients

Parameters Coefficient Std. Error Acceleration Factor (ɸ) P-value 95% Conf. Interval for ɸ

Lower Upper

Follow-up time 0.0185 0.0033 1.0187 0.0001* 1.0122 1.0252

Sex Female (Ref)

Male 0.0961 0.0320 1.1009 0.003* 1.034 1.172

Age −0.1129 0.0212 1.1195 0.0001* 0.0768 0.9117

Marital status Single (Ref)

Married 0.0850 0.0204 1.0887 0.0001* 1.0460 1.1330

Separate −0.2143 0.0466 0.8071 0.0001* 0.7366 0.8843

Divorced 0.1917 0.0263 1.2113 0.0001* 1.1505 1.2753

Widowed −0.1034 0.0307 0.9018 0.001* 0.8491 0.9576

Educational level Non-educated (Ref)

Primary 0.0525 0.0190 1.0539 0.006* 1.0153 1.0940

Secondary 0.1592 0.0267 1.1726 0.0001* 1.1127 1.2355

Tertiary 0.1591 0.0242 1.1725 0.0001* 1.1181 1.2295

Occupations Unemployed (Ref)

Employed −0.0127 0.0207 0.9874 0.540 0.9481 1.0283

Others 0.1149 0.0210 1.1218 0.0001* 1.0765 1.1689

Weight −0.0008 0.0009 0.9992 0.380 0.9974 1.0010

WHO clinical stages Stage 1 (Ref)

Stage 2 0.0186 0.0182 1.0188 0.305 0.9831 1.0558

Stage 3 −0.0966 0.0237 0.9079 0.0001* 0.8667 0.9511

Stage 4 −0.4761 0.0450 0.6212 0.0001* 0.5687 0.6785

Developing OIs No (Ref)

Yes −0.0778 0.0214 0.9252 0.0001* 0.8872 0.9646

Functional status Ambulatory (Ref)

Bedridden 0.0651 0.0220 1.0673 0.0030* 1.0221 1.1144

Working 0.1308 0.0213 1.1398 0.0001* 1.0933 1.1883

CD4 cell count −0.0002 0.0003 0.9998 0.0070* 0.9979 0.9999

Type of TB site Extra-pulmonary (Ref)

Pulmonary −0.0153 0.0232 0.9848 0.5100 0.9412 1.0306

Adherence Non-adherent (Ref)

Adhere −0.0617 0.0182 0.9402 0.0010* 0.9073 0.9743

Disclosure of diseases No (Ref)

Yes −0.0183 0.0196 0.9819 0.3510 0.9449 1.0203

BMI category Under (Ref)

Normal 0.1111 0.0216 1.1175 0.0001* 1.0712 1.1658

Obesity 0.1447 0.03107 1.1557 0.0001* 1.0874 1.2286

Social support No (Ref)

Yes 0.0289 0.0183 1.0293 0.1140 0.9930 1.0669

Baseline HGB −0.0202 0.0039 0.9800 0.0001* 0.9726 0.9875

Distance Less-than or equal to 5km (Ref)

>5km −0.1112 0.0192 0.8948 0.0001* 0.8618 0.9389

Shape parameter (ρ) 6.4045 0.3388 604.5594 5.7739 7.1040

1/ρ 0.1561 0.0083 1.1689 0.1408 0.1732

Variance of random effect(θ) 0.0121 0.0191 1.0122 0.0005 0.2684

Notes: *Stands for statistically significant predictors at 5% level of significance. LR test of θ=0: Chi-square (chibar2 (01)) = 1.38; Kendall’s tau (Ʈ) = θ/(θ+2) = 0.0061, Probability (prob≥ 
chibar2) = 0.0120; Scale parameter (λ). 
Abbreviations: BMI, body mass index; CD4, classification determinant four; HGB, hemoglobin level; Conf. Interval, confidence interval; LRT, likelihood ratio test; OIs, 
opportunistic infections; Ref, reference; TB, tuberculosis; Std. Error, standard error; WHO, World Health Organization.
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p < 0.05], ɸ = 0.8071 [95% CI: 0.7366–0.8843, p < 0.05], 
ɸ = 1.2113 [95% CI: 1.1505–1.2753, p < 0.05] and ɸ = 
0.9018 [95% CI: 0.8491–0.9576, p < 0.05], respectively. 
At a 5% level of significance, this showed that patients 
who were married and divorced had a longer survival time, 
whereas patients who were separated and widowed by 
their married parents had a shorter survival time compared 
to singles.

Opportunistic Infectious Diseases
Acceleration factor and its 95% CI for patients who have 
previous opportunistic infectious disease were ɸ = 0.9252 
[95% CI: 0.8872–0.9646, p < 0.05] who had previously 
developed opportunistic infectious diseases were reduced 
by a factor of 0.9252 when compared to patients who had 
not developed them.

Discussion
Our finding revealed that age is an important socio- 
demographic predictor for the survival of co-infected 
patients, which is supported by a study conducted by 
Gezie and Mageda et al.17,18 This study also showed that 
CD4+ count was a significant predictor of survival of co- 
infected patients, in which as the CD4 cell count 
decreases, the survival of patients will reduce in line 
with another study.16–19 Furthermore, patients with good 
adherence to their treatment had a higher survival rate than 
those with poor adherence. This could be due to the 
immune system being rebuilt and the current CD4+ level 
being raised as a result of strict adherence to ART medica-
tions. This result is correlated with a study.20 Our study 
revealed that the TB site (type of TB developed) was 
a significant determinant factor for HIV/TB co-infection 
supported by a study.16,19

The significant result of our study demonstrates that 
WHO clinical stages (IV, III, and II) are factors of in the 
survival time of co-infected patients who have had 
a shortened survival time than patients who were at 
stage I. According to our findings, patients with advanced 
WHO clinical stages have a higher risk of developing 
tuberculosis and other opportunistic infections and this 
leads to a shorter survival time, which is also supported 
by previous longitudinal studies.12,18,20,27–29 This study 
also found that the functional status of the co-infected 
patients was a significant predictor of the survival time of 
patients, supported by another study.16,17,22,23,30 This 
finding found that male patients have a longer survival 
time than females. This finding is consistent with those of 

Taha et al and Mashimbye.21,31 This finding, however, 
contradicts other studies18,20 found no association 
between gender and patient survival time. This discre-
pancy might be due to sample size differences, study 
population and study periods or statistical models built 
to estimate the coefficients. For instance, the study was 
conducted in Biharamulo Tanzania using Cox regression 
analysis.18 This study also revealed that the patient’s 
educational level was the major significant determinant 
factor that affected the survival of the HIV/TB co- 
infected patients. This finding is consistent with the 
findings.21,31 In our study, being employed and other 
occupations were among the determinant factors that 
increased the survival times of HIV/TB co-infected 
patients. This result was supported by a study.31 Our 
findings again showed that patients’ hemoglobin status 
was the significant determinant factor that affected the 
survival time for HIV/TB co-infected patients, supported 
by Taha et al.21

Conclusion
In this study, the majority of the HIV/TB co-infected 
patients were found in rural areas. The Weibull AFT 
gamma shared frailty model showed that sex, baseline 
age, adherence status, educational status of respondents, 
functional status, WHO clinical stage, baseline hemoglo-
bin and type of TB were significantly associated with HIV/ 
TB co-infected patients’ survival time. Furthermore, the 
outcomes of this study showed that the residency of HIV/ 
TB co-infected patients has a clustering effect on patient 
survival time at 5% level of significance.

Recommendation
As a result, to improve the survival of HIV/TB co-infected 
patients at the start of and during some stages of anti-TB 
treatment, the concerned body, FMOH, in collaboration with 
Regional Health Bureau and other health-related agencies, 
should emphasize the importance of following treatment for 
HIV/TB co-infected patients with poor adherence status, 
advanced WHO clinical stages, and a low CD4+ count.

Strengths and Limitations of the 
Study
In its design, we properly formulate the subcategories of 
the independent variables and covariates to control the 
existence of confounding. To remove the clustering effect, 
we used the AFT shared frailty model. Even if maximum 
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effort has been done to maintain the data quality standards, 
data completeness could be an issue because of the lack of 
laboratory equipment and, due to this, some important 
socioeconomic and clinical variables, like viral load from 
the HIV/TB co-infected patients’ data, could be missed.
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