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Introduction: Despite the world has made efforts, the reduction of acquired immunodefi
ciency syndrome (AIDS) related mortality by giving antiretroviral therapy (ART), still HIV/ 
AIDS is killing people while they are on ART. However, the current progress and associated 
factors of mortality among ART-taking patients are hardly available. Therefore, this study 
was aimed to determine predictors of mortality among HIV-infected adult patients after 
starting antiretroviral therapy in Harar Hospitals, Harari region, Ethiopia.
Methods: A facility-based retrospective cohort study was employed with randomly selected 
610 medical records of HIV patients on antiretroviral therapy (ART). Adjusted hazard ratio 
(AHR) with 95% confidence interval (CI) was used to identify predictors of mortality using 
multivariate Cox proportional hazard model.
Results: Among 610 medical records analyzed with a total of 1410.7 follow-up years, 67 (11%) 
deaths were found giving an overall mortality rate of 4.75 per 100 person-years. The independent 
predictor of mortality identified was ambulatory/bedridden functional status (AHR=2.48; 95% 
CI: 1.43–4.28), taking other than Tenofovir-based regimen (AHR=2.5,95% CI; 1.04–5.94), not 
taking isoniazid preventive therapy (IPT) (AHR=2.8; 95% CI: 1.61,4.71), hemoglobin <11g/dl 
(AHR=3.33,95% CI 1.94–5.69), and poor adherence to ART (AHR= 3.62, 95% CI: 1.87–7.0).
Conclusion: This study demonstrated that poor ART adherence, not taking IPT, and 
initiating ART with a non-Tenofovir-based regimen and low hemoglobin count were sig
nificantly associated with the risk of death. For this reason, addressing these all significant 
predictors is essential to prevent early death.
Keywords: predictors, mortality, HIV, ART, adult, Ethiopia

Introduction
In resource-poor setting countries, HIV/AIDS is still a continuing puzzle1 which 
induced the death of about 1.2 million people worldwide in 2014.2 UNAIDS and 
World Health Organization data showed that this world lost nearly two million 
people due to AIDS in 2015 and 2018.3,4 Recently, in African regions, despite the 
world’s proposal to decline AIDS-related deaths, the mortality was increased by 
11% that caused the death of more than half of a million people.4 Despite Ethiopia 
realized striking progress in reducing HIV-related death and morbidity through 
aggressive ART provision, still, there were 5–40.8% of HIV/AIDS-related deaths 
within 5 years of initiation.5–7

Different studies showed that the survival status of HIV-infected patients 
might be affected by advanced HIV stage, severe immunodeficiency, co- 
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morbidity, low hemoglobin count, low body mass index, 
low CD4 counts, malnourished, poor functional status, 
low economic status and not taking prophylaxis 
treatment.8–14 However, these prognostic factors are 
not well characterized in Ethiopia because of which it 
is hard to identify the most contributing factors for 
mortality among patients on ART follow-up. A better 
understanding of these factors would allow care provi
ders in the closer follow-up in high-risk patients for the 
reduction of early mortality.15 Thus, this study may be 
helpful for health service providers in the identification 
and rectification of these modifiable factors during reg
ular care, counseling, and screening to prolong patients’ 
survival. Therefore, this study was aimed to determine 
the predictors of mortality among HIV-infected adult 
patients on ART care at the hospital in the Harari 
region, Ethiopia.

Methods and Materials
Study Design, Setting, and Period
A hospital-based retrospective study design was conducted 
in the Harari regional state of Ethiopia. Harari is a region 
located 525 kilometers away from Addis Ababa, the capi
tal city of Ethiopia. In the region, there are two public 
hospitals (Hiwot Fana Specialized University Hospital, 
Jugol Hospital), one Police Hospital, two private general 
hospitals, one Fistula center, eight government health cen
ters, and 28 health posts (5 urban and 23 rural health 
posts). Among these, the study was conducted at Hiwot 
Fana Specialized University Hospital, Jugol Hospital, and 
Federal Police Harari Hospital. The first two hospitals 
provide ART care for all segments of the population 
while Federal police Harari Hospital provides care for 
the police and family members.16 These data were 
extracted from March 05 to March 27, 2019, from patient 
recorded from September 2013 to June 30, 2018.

Study Population and Eligibility Criteria
All HIV-infected adult patients who were on ART in Harar 
government hospitals ART clinics between September 2013 
and June 2018 were included in the study. The eligibility 
criteria of the study were age 15 and above years, not 
starting ART for prevention of maternal to child transmis
sion purpose, having a date of death for deceased patients, 
and starting the ART follow-up within the study hospitals.

Sampling Technique, Procedure, and 
Sample Size Calculation
Sample size was determined using estimated sample size for 
Cox Proportional Hazard (PH) regression in STATA version 
13.0 software with the power of 80%, type I error (α) of 5%, 
standard deviation (SD)=0.5 (default value), 10% of loss of 
follow up. Hazard ratio (HR=0.8) of male gender compared 
to female was used as a predictor of death.13 Based on this the 
total sample size was determined to be 631. Regarding sam
pling technique, all eligible patients, enrolled in ART 
between September 2013 and December 2018 in the three 
hospitals were generated and merged by using a unique ART 
registration number from an electronic database. Then sam
ple frame of all eligible patients was prepared. The sampling 
frame was used to select 631 medical records by using 
a simple random sampling method. Finally, medical records 
were distributed to each hospital based on their unique ART 
registration number (Figure 1).

Study Variables and Measurements
Death was considered a dependent variable. The death was 
ascertained from patients’ medical records and registrations at 
the ART clinic reported by adherence supporters during the 
follow-up period.17 Independent variable included sex, age, 
educational status, employment status, residence, religion, 
marital status, CD4 count, bedridden functional status, new 
TB cases, BMI, weight, hemoglobin level, opportunistic infec
tions, ART Adherence, ART Regimen, IPT, and CPT prophy
laxis status, and WHO clinical stages. As seen in the 
Supplementary Material, according to the revised World 
Health Organization (WHO) clinical staging of HIV/AIDS 
for adults and adolescents, HIV/AIDS clinical stages were 
classified into four stages; Stage one, stage two, stage three, 
and stage four.

The patient was categorized as an isoniazid preventive 
therapy user if took IPT for at least six months otherwise 
designated as a non-IPT user if the patient did not take it at 
all.18 ART adherence was defined as good: if <5% doses are 
missed (<2 doses of 30 doses or <3 doses of 60 doses) as 
documented by ART physician, Fair: if between 5−15% 
doses are missed (3–5 doses of 30 doses or 3−9 doses of 60 
doses) as documented by ART physician, Poor: if >15% 
doses are missed (>6 doses of 30 doses or >9 doses of 60 
doses) as documented by ART physician.17 A patient on 
ART who took CPT for at least one month was considered 
as using CPT for a prophylaxis purpose.19 Functional status 
of clients was labeled as follows: working, to refer to clients 
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who can perform usual work in or out of the house; ambula
tory, to refer to clients able to perform activities of daily 
living; and bedridden, designated to clients who are not 
able to perform activities of daily living.20

Data Collection and Quality Control
A standardized ART data entry and follow-up form were 
used for the extraction of data from electronic databases 
and patient’s medical records. The checklist consists of 
variables at ART initiation and during follow-ups such as 
sex, age, marital status, educational status, occupational 
status, CD4 cell count, weight (kg), hemoglobin (g/dl), 
WHO clinical stages, opportunistic infections, initial 
ART regimen, CPT and IPT prophylaxis. Data were col
lected by trained five nurses who had ART training and the 
data collection process was supervised by two senior ART 
trained supervisors. During the data extraction period, the 
extracted data were checked for completeness, consis
tency, and accuracy by the supervisors every day.

Data Processing and Statistical Analysis
Data were entered into Epi-Data software 3.1 version and 
analyzed STATA 13.0 analysis software (College Station, 

Texas, USA). Additionally, all randomly selected study sub
jects were followed until December 31, 2018, retrospec
tively. Among 631 randomly selected study subjects, 21 of 
them had an incomplete record which could not able us to 
entertain their outcome and they were excluded from the final 
model. Those patients who were lost to follow-up, study 
cessation year (31st, December 2018), died, or who trans
ferred out of the area were considered as censorship states 
during the analysis. Every patient was followed until the 
occurrence of an event (mortality) or any of the censorship 
states which occurred first. A descriptive data summary was 
done by running frequencies, mean, median, standard devia
tion, and range. Survival analysis was the appropriate statis
tical model to estimate associations of death with its 
predictors which were presented as a hazard ratio. The 
model fitness was checked by using a graphical and 
Schoenfeld residuals model fitness test for the proportional- 
hazards assumption test. Time to death was calculated in 
months using the time interval between dates registered on 
ART initiation to the date of death registered or censoring. 
Kaplan–Meier method was used to calculate the probability 
of survival status. A life table was used to estimate cumula
tive probabilities of survival status.

Figure 1 Procedure for extraction of eligible ART patients’ medical records.
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The crude hazard ratio test was used for the inclusion 
of variables into multivariate analysis. Cox proportional 
hazard model was used to identify factors associated with 
death with controlling confounders. Statistically, the sig
nificance level was declared to be p-value < 0.05 at a 95% 
confidence level. The multivariate model was built using 
purposeful selection with a backward elimination 
method.21 VIF < 10 indicating the non-existence of multi- 
collinearity among the variables in this study. Both statis
tical and graphical test results showed that none of the 
predictors violated the proportional hazard assumptions 
and there was no strong evidence of non-fit.

Ethical Statement
Haramaya University College of health and medical sciences 
Institutional Health Research Ethical Review Committee 
(IHRERC) ethically cleared the paper. A letter of permission 
was sent from the College of Health to Hiwot Fana specia
lized University Hospital, Jugol Hospital, and Federal Police 
Harar Hospital. Due to difficulty to reach patients to take 
informed consent, the institutional review board has waived 
the need for patient consent documentation processes. 
Finally, data were obtained from patient’s medical records 
anonymously guaranteeing information confidentiality, and 
all data extraction processes were conducted per the declara
tion of Helsinki. The collected data was used only for the 
intended purpose.

Results
Background Characteristics of Study 
Subjects
A total of 610 patient records enrolled on ART were 
included in the analysis. The mean age of patients was 
33.9 years the standard deviation of 4.2 (33.9 +4.2) at ART 
initiation. Out of a total participants nearly half, 278 
(45.6%) were recruited from Hiwot Fana specialized 
University Hospital. The majority, 356 (58.4%) of the 
study subjects were females. More than half of the study 
participants; 348 (57%) were Orthodox religious fol
lowers. Regarding disclosure status, 344 (56.4%) had not 
disclosed their serostatus. Out of the total study subjects, 
563 (92.2%) were urban residents (Table 1).

Clinical and Immunological 
Characteristics of the Study Subjects
Out of 610 study subjects, 352 (57.7%) were on the WHO 
clinical stage I/II at ART initiation. The majority 353 (57.9%) 

had 40–60 kg of weight at ART initiation, while 442 (72.5%) 
of them had BMI 18.5 Kg/m2 and above. Nearly three-fourth 
of the study subjects had <350cells/mm3 CD4 count and 
>11gm/dl hemoglobin count at baseline. The majority, 591 
(96.9%) of study participants started the initial ART regimen 
with Tenofovir-Lamivudine-Efavirenz. Of these initial regi
mens, 594 (97.4%) of them did not get a change of the 
regimen. Among sixteen participants who changed the initial 
regimen, eleven of them were to first-line ART regimen. Out 
of the total participants, 581 (95.9%) had good ART adher
ence at the first evaluation period of adherence. Regarding 
prophylaxis provided during ART follow-up care, 323 (53%) 
of subjects used IPT for at least six months while 482 
(79.1%) of subjects used cotrimoxazole for at least one 
month after ART initiation (Table 2).

Six hundred ten patients were followed for the median 
follow-up of 25.7 months (IQR: 12.8–40). Out of 610 study 

Table 1 Socio-Demographic Characteristics of HIV-Infected 
Adult Patients on ART in Harari Region Hospitals, Ethiopia, 
March 2019 (n=610)

Variables Category Event 
(Death)

Total

Number Percent

Age 15–24 7 77 12.6

25–34 21 255 41.8

35–44 28 192 31.5

≥45 11 86 14.1

Sex (609) Male 30 253 41.5

Female 36 356 58.5

Marital status 

(n=610)

Single 8 82 13.4

Married 33 361 59.2

Separated/ 

divorced

16 108 17.7

Widowed 10 59 9.7

Educational level 

(n=602)

No education 14 105 17.4

Primary 27 243 39.8

Secondary 19 169 28.1

Tertiary 6 85 14.1

Religion (n=610) Orthodox 35 348 57

Muslim 26 203 33.3

Other# 6 59 9.7

Occupation status 

(n=610)

Unemployed 48 474 77.7

Employed 19 136 22.3

Residence (n=610) Urban 65 563 92.2

Rural 2 47 7.8

Disclosure status 

(n=610)

Not disclosed 42 344 56.4

Disclosed 25 266 43.6

Note: #Catholic, protestant, and Wakefata.
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subjects, 67 (11%) died, while 543 (89%) censored for alive 
(403), transferred out (98), and lost to follow-up (42). Over the 
five years of the follow-up period, the overall mortality rate 
was 4.75 (95% CI: 3.7–6) per 100PYO with a total of 1410.7 
follow-up years. The median time to death was 13.5 months 
(IQR: 9.5–26.3). The baseline median BMI (Kg/m2) was 
increased by 1.3 Kg/m2 from 20.8 Kg/m2 (IQR=18.1–23.1) 
to 22.1 Kg/m2 (IQR=21–25.6) after five years of ART initia
tion. The baseline median hemoglobin count was increased by 
1.3gm/dl from 12.1 gm/dl (IQR=11.1–12.4) to 12.5g/dl 
(IQR=11.7–14.3) after five years of ART initiation. The base
line median CD4 count was increased by 330cells/mm3 from 
234 cells/mm3 (IQR=117–395) to 564 cells/mm3 (IQR=367– 
786) after five years of ART initiation.

Predictors of Mortality
This study showed that ART patients who started ART with 
other than Tenofovir-Lamivudine-Efavirenz regimen had 
hazard of death 2.543 times more likely compared to those 
who started AR with Tenofovir-Lamivudine-Efavirenz regi
men (AHR=2.543, 95% CI; 1.04–5.94). Not taking IPT 
increased early death by 2.823 times more likely compared 
to individuals who took IPT (AHR=2.823, 95% CI: 1.61– 
4.71). Moreover, ambulatory/bedridden functional status 
compared to working functional status (AHR=2.483, 95% 
CI: 1.43–4.28), baseline hemoglobin level <11 g/dl 
(AHR=3.331, 95% CI; 1.94–5.69), and poor ART adherent 
(AHR=3.624, 95% CI: 1.87–7) were associated with higher 
likely odd of early death (Table 3 and Figure 2).

Table 2 Clinical and Immunological Characteristics of HIV-Infected Adult Patients on ART in Harari Region Hospitals, Ethiopia, 
March 2019 (n=610)

Variables Category Event (Death) Total

Number Percent

Baseline WHO stages Stage I/II 28 352 57.7
Stage III/IV 39 258 42.3

Opportunistic infection Yes 29 318 52.1
No 38 292 47.9

Initial regimen of ART 1E (TDF-3TC-EFV) 61 591 96.9
Other than 1E 6 18 3.1

TB incident Yes 11 100 16.4
No 56 510 83.6

Base line Weight (kg) <40 10 34 5.6
40–60 43 353 57.9

>60 14 223 36.6

Baseline CD4 (cells/mm3) <350 56 428 70.2
≥350 11 179 29.8

Baseline BMI (kg/m2) <18.5 31 168 27.6
≥18.5 36 442 72.5

Baseline Hgb (g/dl), n=605 <11 37 136 22.3
≥11 30 469 76.9

Baseline ART Adherence (n=606) Good 51 581 95.9
Fair/poor 16 25 4.1

Baseline Functional status (n=610) Ambulatory 20 86 14.1
Working 37 504 82.6

Bedridden 10 20 3.3

IPT use (n=610) No 45 287 47
Yes 22 323 53

CPT use (n=610) No 15 128 20.9

Yes 52 482 79.1
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Discussion
Despite immense advancements in antiretroviral therapy 
and global movement in the path of enactment of treat
ment-as-prevention schemes, nearly two million people 
turn out to be newly infected by HIV every year. On top 
of that, a year back, over 39 million HIV/AIDS-related 
diseases were recorded globally.22 This study showed that 
from the registered ART cohort, there were 67 deaths from 
1410.7 person-years of retrospective follow-up, providing 
an incidence rate of 4.75 deaths per 100 person-year 
observations.

The incidence rate of death in the current study is 
higher than the incidence of death from studies conducted 
in other parts of Ethiopia.23–25 This difference might be 
due to differences in study population and study period. 
However, the finding from the current study was compar
able with findings from northern Ethiopia,26 India,27 and 
multination study.28 The consistency of these findings 

reconfirmed that the incidence of death among ART taking 
HIV/AIDS patients is still imposing a significant hardship 
on the life of people in different corners of this world.

According to the management guideline, IPT should be 
given to all eligible HIV/AIDS patients to lessen the risk 
of developing one of the important HIV opportunistic 
infections, tuberculosis. However, due to patient’s refusal, 
experiencing a high level of HIV stigma, occurrences of 
opportunistic infections, irregularity of follow-up attend
ing, lack of detail elucidation about the benefit of IPT from 
healthcare workers, and developing IPT associated adverse 
effect.29,30 In the present study due to possibly similar 
reasons, the patients who did not take IPT for at least six 
months had a higher risk of death from HIV/AIDS. This 
finding was consistent with study findings from the Tigray 
region,8 Amhara region,31 Addis Ababa,32 Southern 
Ethiopia,33 and Zimbabwe.34 This similarity might deep- 
rooted the value of taking IPT for at least six months to 

Table 3 Multivariable Cox Regression Analysis of Risk of Death Among HIV-Infected Adult Patients on ART in Harari Region 
Hospitals, Ethiopia, March 2019 (n=610)

Variables Category Outcome Status CHR(95% CI) P AHR(95% CI) P

Died (%) Censored (%)

ART regimen 1E(TDF-3TC-EFV) 61(10) 530(86.9) 1 1 1
Other than 1E 6 13(2.1) 2.63(1.14–6.09) 0.024 2.5(1.04–5.94) 0.04*

IPT use No 45(7.4) 242(39.7) 2.79(1.68–4.65) <0.001 2.8(1.61–4.71) <0.001*
Yes 22(3.6) 301(49.3) 1 1

Baseline weight >40 10 24(3.9) 5.04(2.24–11.4) <0.001 1.9(0.695–5.34) 0.207
40–60 43(7) 310(50.8) 2.12(1.15–3.85) 0.015 1.58(0.79–3.11) 0.189
>60 14 209(34.3) 1 1

Baseline BMI <18.5 31(5.1) 137(22.5) 2.35(1.45–3.8) <0.001 0.94(0.49–1.79) 0.85
≥18.5 36(5.9) 406(66.6) 1 1 1

Baseline functional status Ambulatory/Bedridden 30(4.9) 76(10.8) 4.82(2.97–7.81) <0.001 2.48(1.43–4.28) 0.01*
Working 37(6.1) 467(76.6) 1 1

WHO clinical stage I/II 28(4.6) 324(53.1) 1 1
III/IV 39(6.4) 219(35.9) 1.84(1.13–2.99) 0.014 0.812(0.46–1.4) 0.43

Baseline CD4 count <50 17(2.8) 34(5.6) 6.49(3.44–12.3) <0.001 1.41(0.61–3.25) 0.42
50–199 28(4.6) 165(27.2) 2.35(1.34–4.11) 0.003 1.34(0.74–2.46) 0.35
≥200 22(3.6) 341(56.2) 1 1

Hemoglobin count <11 37(6.1) 99(16.2) 4.83(2.98–7.83) <0.001 3.33(1.94–5.69) <0.001*
≥11 30(4.9) 439(71.9) 1 1

ART adherence Good 44(7.2) 530(87.3) 1 1 1

Fair 2 1 9.36(1.28–68) 0.02 3.7(0.43–31.5) 0.23

Poor 21(3.5) 9 10.85(6.1–19.4) <0.001 3.6(1.87–7) <0.001*

Notes: Proportionality test using Global test derived from Schoenfeld residuals was not significant (df = 12, ch2 = 17.76, p= 0.1233). *Statistically significant variables 
(<0.05).
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reduce TB incidence that indirectly results in the reduction 
of risk of death from HIV/AIDS

The nonworking functional status of the study partici
pants had higher hazards of deaths among HIV/AIDS 
patients taking ART than their counterparts. The finding 
was in line with the study conducted in South 
Ethiopia,35,36 the Amhara region,26 Somali region, 
Ethiopia,17 Kenya,37 and India.38 It is a fact that patients 
with advanced clinical stages of HIV/AIDS due to super- 
infected with opportunistic infections and cancers, may be 
presented with deteriorated quality of life such as unable 
to perform daily living activities like bathing, eating, and 
clothing. Due to their restriction on a bed, the patients may 
be psychologically affected. These all factors may worsen 
the poor prognosis of patients with HIV/AIDS.

Patients with baseline hemoglobin count less than 11 g/ 
dl had higher hazards of deaths by HIV compared to those 
who had hemoglobin counts greater than or equal to 11 g/ 
dl at baseline. This finding is supported by findings from 
Tanzania,14 Indonesia,39 and Hispanics,40 and the northern 
part of Ethiopia.23,24,41 Anemia is the top common hema
tological disorder of HIV infection that has a substantial 
negative effect on the quality of life and costs the patient’s 
life. This is because anemic patients, as a consequence of 
super-imposed to HIV, need additional time to get well 
from their sickness or turn into completely incompetent for 
the expected prognosis of salvage from the infection 

nonetheless they are taking ART. Overwhelmingly, this 
threatening progress of the disease may end up in the 
loss of patient life.

HIV-infected patients with poor ART adherence had 
a higher risk of death compared to those who had good 
ART adherence scores. This finding is agreed with the 
study findings from Northern Ethiopia,26 India,27 Arba 
Minch,42 Southwestern Ethiopia,43 and Jharkhand, India.44 

This can be due to forgetting about taking ARV drugs, late 
initiation of the follow-up care, lack of close supervision and 
counsel from adherence supporters, and follow-up interrup
tions due to the patients and health facility/health care work
er’s factors. These all factors may affect the adherence level 
of ART that results from the treatment failure that ended with 
a low patient survival rate.

Moreover, the ART patients who commenced ART 
with a non-Tenofovir-Lamivudine-Efavirenz regimen 
had a higher hazard of death compared to patients who 
started ART with Tenofovir-Lamivudine-Efavirenz regi
men. This finding was supported by the study findings 
from Kenya,37 China,45,46 and Brazil,47 and Addis 
Ababa.48 This can be because TDF-based regimens are 
characterized by lighter adherence-related problems, 
adverse drug reactions, virological failure, and drug resis
tances compared to other regimens. As a limitation, the 
study did not cover viral load since the variable was 
available for a few subjects. Besides, we could not 

Figure 2 Kaplan–Meier probability of survival curve among HIV-infected adult patients initiated ART in Harar Hospitals, East Ethiopia, 2019.
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measure variables that show the economic status of the 
patient due to the nature of the retrospective study. 
Another limitation can be the cause of death. We consid
ered all-cause mortality in the analysis. There is an expec
tation that some deaths might be occurred due to causes 
other than HIV/AIDS.

Conclusion and Recommendation
This study demonstrated that there was a high mortality 
rate in 1410.7 person-years contributions. Poor ART 
adherence, not taking IPT, ambulatory/bedridden, starting 
ART regimen other than Tenofovir-Lamivudine-Efavirenz 
and hemoglobin <11g/dl had statistically, significant asso
ciation with mortality. For this reason, efforts should be 
strengthened on these significantly contributing predictors 
of mortality to improve patient’s survival status. In addi
tion, we recommend prospective studies to address the 
variables that cannot be measured by retrospective studies.
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