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ABSTRACT 

 

Background: Despite the large number of TB 

patients on ART in Ethiopia, their mortality 

remains high. This study reports the effect of TB 

on HIV related mortality and determinants of 

TB/HIV co-infection related mortality.  

Methods: A longitudinal study design was 

employed as part of the Advanced Clinical 

Monitoring of ART (ACM) in Ethiopia. All 

patients started on ART at or after January 1, 

2005 were included. Survival analysis was done 

to compare survival patterns of HIV patients with 

TB against HIV patients without TB. In addition, 

determinants of survival among TB/HIV co-

infected patients were analyzed. Adjusted effects 

of the different factors on time to death were 

generated using Cox-proportional hazards 

regression.  

Results: A total of 3,889 patients were enrolled in 

the ACM study, of which 355 TB cases were 

identified, making the crude prevalence 9% (95% 

CI 8.3 – 10.2). Overall, incidence of TB was 2.2 

(95% CI 1.9-2.4) per 100 person-years. TB was 

highest in the first 2 months and declined with 

time on ART to reach 1 per 100 person years 

after 24 months on ART. TB was significantly 

associated with mortality among HIV patients on 

HAART (AHR 2.0, 95% CI 1.47-2.75). Male 

gender was associated with mortality among 

TB/HIV co-infected patients. 

Conclusion: Tuberculosis plays a key role in 

HIV associated mortality. Targeted interventions 

which can keep patients free of TB in the early 

stages of their treatment are required to reduce 

TB related mortality.  

Key Words: Tuberculosis, Antiretroviral therapy, 

Mortality 
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INTRODUCTION   
 

People living with HIV (PLHIV) and latent 

tuberculosis infection (LTBI) are at much higher 

risk for progressing to active TB disease than 

people with latent TB infection alone. TB remains 

a major illness for people living with HIV/AIDS 

(PLHIV) (1). According to the World Health 

Organization (WHO), of the 9 million new TB 

cases in 2009, more than 1.2 million (13%) were 

PLHIV (2). While PLHIV accounts for only 0.5% 

of the world population, 13% of TB cases across 

the globe are among those with PLHIV. Even 

though there is an improvement in the actual 

number of TB cases, the 2014 WHO global report 

states that out of the 9 million who fell ill with TB 

in 2013, 1.1 million (12.2%) were PLHIV. The 

same report showed that 1.5 million people died 

from TB, out of which 360,000 (24%) were 

PLHIV. Ethiopia is among the sub Saharan 

African countries characterized by a high burden 

of TB as well as HIV (3). 

The WHO recommends that all TB patients 

with HIV should be started on antiretroviral 

therapy (ART) irrespective of their CD4 count(1) 

because ART reduces mortality by 64-95%.(4) 

According to the national annual performance 

report of Ethiopia, 70% of TB patients with HIV 

were put on ART (5), but the mortality in TB/HIV 

co-infected patients remains high even after 

starting ART. Several factors have been identified 

that contribute to the high mortality rate, including 

low baseline CD4 count, having advanced disease 

at start of treatment and not receiving 

treatment(6). Most previous studies addressing TB 

related HIV deaths have focused only on assessing 

the relative contribution of TB to HIV related 

mortality.(7, 8) Also, most studies assessing TB 

burden among those with PLHIV used secondary 

data generated during routine service delivery, 

making disease burden quantification less reliable. 

(7-10). 

In the current study, the aim was to examine 

TB disease burden, the association of TB and HIV 

related mortality, and identify the determinants of 

mortality among those with TB/HIV co-infection 

in seven university teaching hospitals in Ethiopia. 

These hospitals are part of the clinical cohort 

network called the advanced clinical monitoring of 

ART in Ethiopia (ACM) and the data used for the 

current study were extracted from the ACM 

database. 

  

METHODS 
 

Study population: The study population was HIV 

patients on ART who were diagnosed with TB 

disease in the seven teaching and-referral hospitals 

which were included in the ACM project. All 

patients who started ART since 2005 including 

those treated for TB during ART initiation or 

afterwards were included.  

Study design: The study employed a longitudinal 

study design. Study subjects were enrolled using a 

random selection of the advanced clinical 

monitoring of ART clinical cohort (at the 

initiation of the study).  All patients who started 

ART on or after January 1, 2005 were eligible. 

Both ART-experienced and ART-naïve patients 

were enrolled via random selection, after informed 

consent was obtained. Data were collected using 

routine program monitoring tools as well as study 

specific tools. Retrospective data collection 

through chart review was done for all ART-

experienced patients. All data collection was done 

after securing ethical clearance from regulatory 

bodies and all patients who were elgible were 

approached for informed consent and those who 

consented were included into the cohort. Patients 

who were dead at the time of sampling were also 

included if randomly selected.  

Variables and Statistical Analysis: TB diagnosis 

was determined using the Ethiopian national 

guideline where at least 2 sputum smears are 

required for all pulmonary TB suspects and 

relevant tests are done for extra-pulmonary TB 

cases (11). TB disease burden was estimated using 

prevalence estimate as well as incidence rate using 

person-time as a denominator. Incidence rate was 

measured at different time periods after ART 

initiation.  

Data was analyzed using STATA version 12. 

Tables and figures describe the composition and 

structure of participants by key baseline clinical 

and demographic characteristics. Bi-variable 

analysis was performed to evaluate association of 

selected potential factors (i.e., age, gender, WHO 

Stage at baseline, cotrimoxazole and baseline CD4 

count) with mortality. Kaplan-Meier survival 

curves were used to compare survival patterns of 
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those with or after TB and before or without TB 

and statistical significance was tested using log-

rank test. Cox Hazard regression analysis was 

used to generate adjusted effects of the different 

factors at the time of death. To avoid survival bias, 

participants who entered the ACM cohort during 

or after their date of ART start were entered into 

the survival analysis late, with delayed entry (left-

censoring) at their date of ACM enrollment.  

Participants who were terminated from the ACM 

cohort for a reason other than death were recorded 

as having left the risk set (right-censored) on their 

date of termination. 

Factors that were statistically significant at p<0.05 

were considered as potential predictors and were 

included in the multivariable model. The validity 

of the proportional hazards model was examined 

graphically using the Schoenfeld residuals. The 

95% confidence interval for the log hazard ratio 

was used to measure the association of dependent 

and independent variables. In addition to 

identifying the independent predictors, adjusted 

hazard ratios were used to estimate the magnitude 

of association. The value and significance level of 

the intra-site correlation was adjusted for by 

stratification. 

Finally, determinants of survival among patients 

on ART who developed TB after starting ART 

were assessed using Cox regression analysis  (Fig. 

1). 

 

 

 
Figure 1. Profile of study subjects, key outcomes and comparisons made.  
 

RESULTS 
 

Baseline Characteristics: 3,889 HIV patients 

were analyzed (Fig 1). The median age at 

enrollment was 32 years (IQR 26 – 38). Females 

accounted for 63% of the sample. Most (91%) of 

the patients were above 15 years of age. Median 

follow-up time was 1082 days (IQR 382 – 1951); 

40% of the patients on ART were followed for 

more than four years. The median baseline CD4 

cell count at enrollment was 184/ml (IQR: 86 to 

221). A majority of the sample (63%) had 

Baseline WHO stage III or IV (Table 1). 
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Table 1: Baseline demographic characteristics of participants with TB/HIV co-infection 
 

Characteristics Overall Censored Died 

Number Percent Number Percent Number Percent 

Age        

   <15 359 9% 339 10% 20 5% 

   ≥15 3530 91% 3159 90% 371 95% 

Sex       

   Female 2441 63% 2231 64% 210 54% 

   Male 1448 37% 1267 36% 181 46% 

Base CD4 Count       

   <100 1153 30% 946 27% 207 53% 

   100-350 2561 66% 2395 68% 166 42% 

   ≥350 175 4% 157 4% 18 5% 

Base WHO Stage       

   I –II 1442 37% 1365 39% 77 20% 

   III –IV 2447 63% 2133 61% 314 80% 

CTX       

   No 324 8% 272 8% 52 13% 

   Yes 3565 92% 3226 92% 339 87% 

ART Start Year       

   2005 – 2008 1804 46% 1590 45% 214 55% 

   2009 – 2010 1194 31% 1090 31% 104 27% 

   2011 – 2013 891 23% 818 23% 73 19% 

Tuberculosis       

   No 3534 91% 3198 91% 336 86% 

   Yes 355 9% 300 9% 55 14% 

Total 3889 100% 3498 100% 391 100% 

 

As seen on figure 1 above, The first comparison 

was between the contribution of TB and non-TB 

cases for mortality among HIV patients. The 

second was restricted within TB/HIV cases and it 

was about identifying variables that were 

predictors of death among those cases. 

TB disease burden: Out of the 3,889 patients 

follow during 15,328 Person-years, 355 developed 

TB starting 1st of January 2005, making the crude 

prevalence in this sample 9% (95% CI: 8.3% - 

10.2%). Out of the 355 patients, 24 (6.8%) had 

extra-pulmonary TB. The median time to diagnose 

TB was 204 days (IQR:58-698). The overall 

incidence of TB was 2.19 (95% CI 1.97-2.43) per 

100 person years. The incidence was compared 

based on duration of ART and the findings are 

shown in Table 2 below. 

 

Table 2: Tuberculosis (TB) incidence rates according to duration of antiretroviral therapy (per 100 person 

years). 

ART Duration (month) TB Episodes  Person Year at risk  Rate [95% CI] (per 100 PY) 

0 – 2 93 537 17.3 [14.0 to 2.13] 

2 – 6 80 1087 7.4 [5.84 to 9.16] 

6 – 12 38 1529 2.4 [1.76 to 3.41] 

12 - 24 56 2806 2.0 [1.51 to 2.59] 

> 24 88 10227 0.9 [0.69 to 1.06] 

Overall 355 16185 2.2 [1.97 to 2.43] 

http://dx.doi.org/10.4314/ejhs.v27i1.4S
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Incidence was highest in the first two months after 

ART initiation and declined progressively to 1 per 

100 person years after 24 months.  

Most patients who developed TB were young 

adults with 51% being 15- 34 years of age and 

female (54%). Two thirds had either primary or 

secondary education, 43% were married while 

34% were widowed or divorced. Most patients fell 

in the “working” category of functional status 

(60%) with baseline CD4 count of <200 cells/μL 

(75%), and were WHO Stage III or IV (79%), 

received cotrimoxazole (90%) at some point 

during their follow-up, and started with a baseline 

ART regimen containing nevirapine (65%).  

Mortality: A total of 391 deaths were recorded in 

the study cohort resulting in a mortality rate of  

2.6 per 100 person-years (95% CI: 2.3 – 2.8 per 

100). Fifty five (14%) deaths were among those 

who were TB/HIV co-infected. Cotrimoxazole 

was started for 87% of those who died. Of these, 

95% were adults (age≥15), 80% were either WHO 

stage III or IV, and 53% had CD4 cell count <100. 

  

Table 3: Effect of Tuberculosis on Mortality 
 

Characteristics Uni-variable analysis* Multi-variable analysis* 

Hazard ratio 

(95% CI) 

P 

Value 

Hazard ratio 

(95% CI) 

P 

Value 

Age  

 

    

   <15 1    

   ≥15 5.247(2.573 - 10.70) <0.001 9.754 (3.001 - 31.70) <0.001 

Sex     

   Female 1  1  

   Male 1.340(1.085 - 1.655) 0.007 1.276 (1.024 - 1.590) 0.030 

Base CD4 Count     

   <100 1  1  

   100-350 0.456 (0.366 - 0.569) <0.001 0.525 (0.418 - 0.658) <0.001 

   ≥350 0.356 (0.175 - 0.728) 0.005 0.731 (0.351 - 1.525) 0.404 

Base WHO Stage     

   I –II 1  1  

   III –IV 1.618 (1.230 - 2.128) 0.001 1.448 (1.080 - 1.941) 0.013 

CTX     

   No 1  1  

        Yes 0.600 (0.431 - 0.824) 0.002 0.718 (0.508 - 1.013) 0.059 

ART Start Year     

   2005 – 2008 1  1  

   2009 – 2010 1.110 (0.860 - 1.434) 0.422 1.290 (0. 992 - 1.679) 0.057 

   2011 – 2013 1.550 (1.146 - 2.094) 0.004 1.497 (1.427 - 2.728) <0.001 

Tuberculosis     

   No 1  1  

   Yes 2.013 (1.473 - 2.751) <0.001 1.785 (1.289 - 2.473) <0.001 

 * Stratified by facility and functional status. Functional status strongly predicted mortality but couldn’t be 

used in the model since it violated the proportionality assumption. It is for this reason that it was included in 

the stratification to adjust for the main predictor. 
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Association of TB with Mortality: The period of 

follow-up where patients were diagnosed and 

received TB treatment was significantly associated 

with death (crude hazard ratio 2.0 (95% CI 1.47-

2.75)) as compared to the time that all study 

participants were free of TB. After adjusting for 

all available factors, the hazard ratio (HR) was 

1.79 (95% CI 1.29-2.47). 

The Kaplan-Meier failure estimate shown in Fig. 2 

also shows that those with TB have much higher 

probability of death.  

 

Table 4: Baseline demographic characteristics of participants with TB/HIV co-infection 
 

Characteristics Overall Censored Died 

Number Percent Number Percent Number Percent 

Age at ART Start       

<15 17 4.8 15 4.7 2 5.4 

≥15 338 95.1 303 95.3 35 94.5 

Gender        

Female 193 54.4 181 56.9 12 32.4 

Male 162 45.6 137 43.1 25 67.6 

Base CD4 Count       

<50 54 16.2% 47 15.8% 7 18.9% 

50 – 199 196 58.7% 174 58.6% 22 59.5% 

200 – 349 72 21.6% 65 21.9% 7 18.9% 

>=350 12 3.6% 11 3.7% 1 2.7% 

Base WHO Stage       

I or II 73 21% 69 22% 4 11% 

III or IV 279 79% 247 78% 32 89% 

CTX       

Yes 320 90.1% 289 90.9% 31 83.8% 

No 35 9.9% 29 9.1% 6 16.2% 

ART Start Year       

2005 - 2008 238 67.0 214 67.3 24 64.9 

2009 - 2010 96 27.0 85 26.7 11 29.7 

2011 - 2013 21 5.9 19 6.0 2 5.4 

Base Functional Status       

Working 204 59.6% 189 61.6% 15 42.9% 

Ambulatory 113 33.0% 99 32.2% 14 40.0% 

Bedridden  25 7.3% 19 6.2% 6 17.1% 

Facility       

Tikur Anbessa 44 12.4 39 12.3 5 13.5 

ARMY 52 14.6 42 13.2 10 27.0 

Gondar 55 15.5 51 16.0 4 10.8 

Jimma 57 16.1 52 16.4 5 13.5 

Mekelle 42 11.8 37 11.6 5 13.5 

Haramaya 54 15.2 50 15.7 4 10.8 

Hawassa 51 14.4 47 14.8 4 10.8 

Total 355  318 100.0 37 100.0 
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Fig 2: Kaplan-Meier failure curves for time to death by TB status (Log-rank test P<0.0001) 

 

Predictors of survival among those with 

TB/HIV co-infection:  During uni-variable 

analysis, being older age, male, enrolled in the 

early study period, earlier diagnosis of TB after 

enrollment, and being bedridden at enrollment 

were all significantly associated with the 

occurrence of death among HIV patients on ART 

co-infected with TB. However, in the multi-

variable Cox-regression analysis, only gender and 

time to TB diagnosis remained statistically 

significant. 

 
Table 5: Determinants of survival of TB/HIV co-infected patients.  
 

Characteristics Uni-variable analysis Multi-variable analysis 

Hazard ratio(95% CI) P-Value Hazard ratio (95% CI) P-Value 

Age (In Years) 1.033(1.002 - 1.065) 0.04 1.030(0.996 - 1.066) 0.084 

Sex     

  Female 1  1  

  Male 2.622(1.317 - 5.220) 0.006 2.131(1.028 - 4.414) 0.042 

TB Start Year 0.798(0.668 - 0.952) 0.012 1.049(0.878 - 1.253) 0.600 

Time To TB diagnosis 0.993(0.990 - 0.996) 0.000 0.993(0.989 - 0.996) 0.000 

Base CD4 Count 0.998(0.994 - 1.001) 0.208   

Base WHO Stage     

  I –II 1    
  III –IV 1.947(0.687 - 5.516) 0.210   

Base Functional Status 

  

    

  Working 1  1  

  Bedridden/Ambulatory 2.152(1.100 - 4.208) 0.025 1.876(0.933 - 3.771) 0.078 

CTX     
  Yes 1    

  No 1.766(0.737 - 4.235) 0.202   
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DISCUSSION 

 
Mortality in the study cohort was 2.6 per 100 PY. 

This was more or less similar to other studies from 

Ethiopia (12, 13). Mortality in TB/HIV co-

infected patients in Ethiopia remains high 

compared to those without co-infection (3, 14-16). 

Several factors have been identified to contribute 

to high mortality. However, a particular group of 

TB/HIV co-infected people at risk for mortality 

have not previously been identified. In this study, 

we examined this specific gap in knowledge 

among HIV patients on ART in seven teaching 

university hospitals in Ethiopia. The study found 

TB to be prevalent (8%) in the study population 

while the incidence was 2.2 per 100 person years 

of follow-up. This finding was similar to recent 

studies, but lower than previous estimates that 

were made at the start of ART program (17, 18). 

The incidence of TB was highest in the first two 

months after initiation of ART and declined with 

longer duration on ART. The incidence remained 

high even after 24 months as compared to those 

who were free of HIV. Three hundred ninety one 

patients died during follow-up. The TB-associated 

death was 15%. Tuberculosis was significantly 

associated with mortality among HIV patients on 

HAART compared to the duration when patients 

didn’t have TB: hazard ratio of 2.0 (95% CI 1.47-

2.75) after adjusting for baseline clinical and 

demographic characteristics. Tuberculosis 

associated mortality was twice as much in men as  

in women and higher in the early period after ART 

initiation. 

The prevalence (8%) and incidence (2.2 per 

100 person year) of TB observed in this study is 

comparable with findings by Assefa et al and 

Yirdaw et al (17, 19) but was lower than that 

reported in other settings in Addis Ababa, Gondar 

and Dire Dawa (20-22) with incidence ranging 

from 3.3 to 7.9 per 100 PY. The association of TB 

incidence with duration of ART was also reported 

in other studies (19, 22, 23). Typically most of the 

cases appear in the first six months, decreasing 

thereafter. Some of these declines are associated 

with immune reconstitution inflammatory 

syndrome and in all settings, incidence declined as 

the immune status recovered with ART.  

Association of TB with mortality was 

demonstrated in studies by Setegn et al, Bane et al, 

and Aragie et al. (21, 24, 25). Tuberculosis 

associated mortality typically coincided with peak 

periods of TB diagnosis.  In this current study, we 

showed that most TB related deaths were observed 

in the first six months of ART. In our cohort, the 

important determinants of death in the first six 

months were: having CD4 cell count below 100, 

having other AIDS defining conditions, not 

receiving cotrimoxazole, and being on treatment 

after 2010. These findings are in agreement with 

Setegn et al (24). The fact that mortality increased 

in the later years of treatment where quality of 

care is expected to be better is paradoxical and 

warrants further investigation. 

The determinants of mortality among TB/HIV co-

infected patients on ART in Ethiopia were 

reported in two previous studies. The first was 

carried out in southwestern Ethiopia with an 

unmatched case-control design. Results showed 

that being male, bed ridden and having a cough for 

more than two weeks at enrollment were 

independent predictors of mortality (26). The 

second study was a randomized controlled trial by 

Amogne et al (28); results indicated having lower 

BMI, serum albumin <3 gms/dl and baseline CD4 

count of below 50 cells/μL were determinants of 

mortality. The association of gender, and to some 

extent functional status, found in the current study 

is supported by findings from the first study(27). 

In the Amongne study, all patients were first 

diagnosed as TB and later started on ART at one, 

four and eight week intervals. Hence, a direct 

comparison with our study is not possible. The 

overall mortality was 10% at the end of that study 

(48 weeks) was lower than the mortality in this 

study (15%). Findings of mortality from most 

observational studies carried out in Ethiopia are in 

agreement with the current study with values 

ranging from 15 to 18% (24, 28, 29).  

This current study provides more insight into 

the importance of the first few months after 

starting ART treatment on the quality of life of 

patients with TB/HIV co-infection. This is the 

period with high likelihood of occurrence of TB-

related morbidity and mortality. Investing 

maximum effort at this high risk time ensures 

delivery of high quality TB screening and 

subsequent treatment and support leading to 

improved survival. In addition, particular 

subgroups of PLHIV identified in this study could 
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be used to target service delivery to obtain 

maximum benefit from intervention programs.  

This is one of the few prospective 

longitudinal studies showing occurrence of TB co-

infection with HIV and associated mortality. Even 

though most of our findings were comparable to 

other observational studies based on secondary 

data, this study’s results support findings from 

routine program reports that say what? These can 

be used for planning and direct program 

implementation. This study, however, has some 

important limitations. The diagnosis of TB was 

not confirmed with sputum culture and hence may 

be an underestimation of the true prevalence or 

incidence as sputum AFB has low sensitivity (14). 

The viral load also was not determined which may 

have been used to refine models for predicting 

morbidity and mortality.    

In conclusion, TB was found to be important 

contributor for HIV-associated mortality among 

PLHIV on ART. Targeting interventions in the 

first few months after ART initiation may have a 

greater impact on reducing TB/HIV related 

mortality than beginning treatment later in the 

disease process. 
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