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Background: Despite the accessibility and higher coverage of antiretroviral therapy (ART), 
HIV/AIDS is a leading cause of morbidity and mortality in low- and middle-income 
countries. Ethiopia also shares the high burden of HIV/AIDS-related morbidity and mortal-
ity. Therefore, this study aimed to assess the incidence of mortality and its predictors among 
adult HIV patients on ART in the University of Gondar Comprehensive Specialized Hospital, 
northwest Ethiopia.
Patients and Methods: A retrospective follow-up study was conducted from January 2015 to 
January 2019 at the University of Gondar Comprehensive Specialized Hospital. A total of 475 
patients who were on follow-up in this Hospital were included. The Cox proportional hazard 
model was fitted to assess the predictors of mortality. Both crude and adjusted hazard ratio (AHR) 
with their 95% confidence interval (CI) were calculated to show the strength of association. In 
multivariable analysis, variables with a P-value <0.05 were considered as statistically significant 
predictors of mortality.
Results: In this study, a total of 45 (9.5%) patients died with an incidence rate of 5.3 [95% 
CI: 3.4–7.1] per 100 person-years of observation. In the multivariable Cox regression 
analysis, the last known WHO stage III/IV [AHR= 15.02; 95% CI: 5.79–38.92], being 
anemic at baseline [AHR = 2.21; 95% CI: 1.02–4.78], and fair last known adherence level 
[AHR = 3.29; 95% CI: 1.39–7.78] were found to be significant predictors of mortality.
Conclusion: In this study, the incidence of mortality was relatively high. The rate of 
mortality may be minimized by paying particular attention to individuals with advanced 
WHO stage, anemia at the baseline, and those with adherence problems.
Keywords: mortality, antiretroviral therapy, HIV/AIDS

Background
Human immunodeficiency virus (HIV) continues to be a major global public health 
issue with 37.9 million people living with HIV, by the end of 2018 and taking over 
32 million lives to date.1 Even though Sustainable Development Goal 3 explicitly 
calls for the end of the HIV epidemic by 2030, still it is alarmingly increased 
thought out the globe.2

Despite the accessibility and higher coverage of antiretroviral therapy (ART) with 
around 24.5 million people take antiretroviral therapy in the world, HIV/AIDS is 
a leading cause of morbidity and mortality in sub-Saharan Africa and other low and 
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middle-income countries.1,3,4 Sub-Saharan African countries 
share the highest HIV epidemic with 75% of deaths and 65% 
of new infections in 2017 and 71% of people living with 
HIV.3,4 East and Southern Africa account for only 6.2% of 
the world’s population but the highest number of people 
(54%) living with HIV, about 800,000 new infections, and 
around 310,000 AIDS-related deaths are from these 
regions.5,6

The proportions of AIDS-related mortality vary 
between African countries ranging from 4.5% in Uganda 
to 29.7% in Tanzania.7–12 Ethiopia also shares the high 
burden of HIV/AIDS-related mortality ranging from 5.9% 
in Goba Hospital to 18% in the Oromia region.13–19

Prior studies revealed sociodemographic, clinical and 
treatment related factors such as age,20 sex,9,10,21 educa-
tional level,15,21 marital status,9,19 body mass index 
(BMI),12,18,19 opportunistic infections (OIs),18 world 
health organization (WHO) clinical stage,9,16–19 isoniazid 
preventive therapy (IPT),15,18 Hemoglobin (Hgb) 
level,9,12,19,21,22 functional status,16,17,19 CD4 
count,9,16,19,22 disclosure status,17 and adherence20,22 are 
significantly associated with mortality in adult HIV/AIDS 
patients on ART.

Studies have reported both baseline socio-demographic 
and clinical factors as predictors of mortality among HIV 
patients after ART initiation. However, there is no updated 
information on these factors, which contribute to the mor-
tality of adult HIV-infected patients after ART initiation, in 
the study area. Besides, some important variables such as 
disclosure status, the current adherence level, and caregiver 
status are not assessed by most of the previous studies. 
Therefore, this study aimed to assess the predictors of mor-
tality among adult HIV patients on ART in the University of 
Gondar Comprehensive Specialized Hospital, northwest 
Ethiopia. The findings of this study will provide empirical 
evidence for program planners, decision-makers, and ART 
program implementers at different levels by enabling them 
to access predictors of survival/mortality after the advance-
ment of ART. Moreover, it will have paramount importance 
in providing baseline information that will assist in the 
development of a system for tracking adherence, improving 
quality of life, and survival.

Patients and Methods
Study Design, Study Area, and Period
A retrospective follow-up study was conducted from 
January 2015 to January 2019 at the University of 

Gondar Comprehensive Specialized Hospital, Gondar, 
northwest Ethiopia. The Hospital is found in Gondar 
town, which is one of the historical cities in Ethiopia 
with an estimated population of 153,914. Gondar town is 
located 421 kilometers far from the capital city of 
Ethiopia, Addis Ababa with a traveling distance of 727 
kilometers. The city is also 172 kilometers (traveling dis-
tance) far from the capital city of the Amhara region, 
Bahirdar. The hospital, which is a leading referral hospital 
in northwest Ethiopia, serves an estimated five million 
people. The ART service is one of the services given by 
this hospital and a review of the hospital’s medical records 
showed that more than 5500 patients are being on ART 
and more than 5200 of them are adults.

Source and Study Population
The source population was all adult patients on ART who 
are on follow-up in University of Gondar Comprehensive 
Specialized Hospital and our study population were those 
adult HIV positive patients on ART during the study 
period. Those adults who had at least one follow-up visit 
were included in our study and those with unknown ART 
initiation and outcome date, patients who initiated treat-
ment outside the University of Gondar Comprehensive 
Specialized Hospital, and women who were pregnant 
were excluded from this study.

Sample Size and Sampling Procedure
The sample size was calculated using the Schoenfeld for-
mula which is the preferred method of sample size deter-
mination for survival analysis.23 The calculation was 
based on the results found from a retrospective follow-up 
study conducted in the Somali region of Ethiopia,19 by 
considering three independent variables (marital status, 
WHO clinical stage, and BMI). Then the highest sample 
size was 475 with the number of expected events to be 
forty-seven (Table 1). Concerning the sampling technique, 
we employed a simple random sampling technique by 
using their medical registration number after taking it 
from the ART database, using a computer-generated ran-
dom number.

Variables of the Study
The dependent variable was time from ART initiation to 
mortality (which was the event of interest). After search-
ing of literatures, the independent variables included for 
our study were classified as sociodemographic, clinical, 
and treatment-related factors. The sociodemographic 
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factors included were; age, sex, marital status, religion, 
educational status, occupation, household size, having 
caregiver, and disclosure status. Of the clinically and treat-
ment-related factors; months on ART, baseline OIs, base-
line BMI, baseline and last known WHO stages, baseline 
CD4 count, baseline Hgb level, history of ART treatment 
change, history of ART medication side effect, baseline 
IPT and CPT prophylaxis, baseline functional status, and 
last known adherence were incorporated as independent 
variables.

Operational Definition
Event: Time to the occurrence of mortality, which was 
recorded as the death of the patient in the follow-up chart.

Censoring: Those patients who were transferred to 
other institutions, lost from care, or still on follow-up at 
this hospital at the end of the study period.

Functional status: This is defined based on the national 
ART guideline as; working (capable of performing ordin-
ary work inside or outside the home), ambulatory (capable 
of performing daily living activities), and bedridden 
(incapable of performing daily living activities).24

Adherence: This means adherence to ART drugs and is 
estimated using three levels; good when patient adherence 
level is as high as 95% (of 30 doses missed as low as 2 
doses), fair when patient adherence level is 85–94% (of 30 
doses missed as low as 3–4 doses), and poor when patient 
adherence level is as high as 84% (of 30 doses missed as 
low as 6 doses).24

ART side effect: Those patients who had at least one 
ART related adverse event such as nausea, fatigue, anemia, 
abdominal pain, or other adverse events since ART initia-
tion and recorded in the follow-up chart.

Data Collection Procedure and Quality 
Assurance
We searched data collectors (a total of four physicians 
working at the ART clinic) and a supervisor (who was 
a medical doctor working at the ART clinic) after 

designing the data extraction sheet according to our 
study goals. The principal investigator trained the data 
collectors and supervisors about the data collection pro-
cess. A pre-test using 5% of our sample was performed in 
a similar setting before the actual data collection and 
modifications were considered based on the pre-test result. 
The supervisor and principal investigator had undertaken 
frequent and timely supervision of data collectors. During 
data collection, the principal investigator and supervisor 
checked out the collected data for its completeness.

Data Processing and Analysis
The data were entered into EpiData version 3.1 software 
and exported into STATA version 14 software. 
Descriptive statistics including tables and graphs were 
done to describe the characteristics of the study partici-
pants. The Log rank test and Kaplan–Meier survival 
curve were done to assess whether there was 
a survival difference between the categories of each 
independent variable. Cox proportional hazard model 
was fitted and the overall model fitness was checked 
by plotting Nelson-Aalen cumulative hazard with Cox- 
Snell residual. The proportional hazard assumption was 
checked by interacting each covariate with time and 
using the Schoenfeld residual test. Those variables 
with a p-value of <0.20 in the bivariable analysis were 
eligible for multivariable cox regression analysis. Both 
crude and adjusted hazard ratio with their 95% 
Confidence interval was calculated to show the strength 
of association. In multivariable analysis, variables with 
a P-value of <0.05 were considered statistically 
significant.

Results
Sociodemographic, Clinical and 
Treatment-Related Characteristics of 
Respondents
In this study, we used a total sample of 475 adult HIV 
patients who were on ART. The majority (36.63%) of 

Table 1 Sample Size Calculation

Assumptions Predictors Hazard Ratio Sample Size (Event) with 10% Contingency

Power=80%, α=0.05, П =0.5 Marital status (single) 2.69 334 (33)

P (event)=0.11, Withdrawal=10% WHO clinical stage (III) 5.28 122 (12)

β=0.2 BMI (<18.5kg/m2) 2.27 475 (47)
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the respondents were in the age group 25 to 34 and 
58.32% of participants were females. Of 475 respon-
dents, 44.42% and 88.42% of respondents were married 
and followers of orthodox Christian religion respec-
tively. About one-third of respondents had secondary 
education and 30.53% of respondents were self- 
employed. The majority (94.32%) of respondents had 
a caregiver and 80.63% of patients disclosed their HIV 
status to at least one individual irrespective of the rela-
tionship with that person. Regarding baseline BMI, 
58.11% of individuals had a normal BMI 
(18.5–24.99 kg/m2). Looking at the baseline and last 
known WHO stage, the majority, 63.37%, and 82.11% 
of respondents, were at their I/II WHO clinical staging 
respectively. Among the study participants, 58.32% of 
them had no OIs at baseline. Most (70.74%) of respon-
dents had normal baseline Hgb level and more than two- 
thirds (70.04%) had working functional status at base-
line. Regarding OIs prophylaxis at baseline, only 
22.32% of respondents took IPT and about 68.00% of 
respondents took CPT (Table 2).

Incidence of Death
During the four years follow-up period, of the 475 respon-
dents, 90 (18.9%) were lost to follow-up, 45 (9.5%) have 
died, 26 (5.5%) were transferred out to another facility, 
and 314 (66.1%) of respondents were still on care/active 
until the last censoring date. The overall mortality rate in 
this study, during the 846.271 total analysis time/person- 
years of observation, was 5.3 [95% CI: 3.4–7.1] per 
100 person-years of observation.

Log Rank Test and Kaplan–Meier Survival 
Curve (Comparison of the Survival 
Probability)
From the Log rank test, there was a significant difference 
between age category (P=0.004), religion (p=0.028), base-
line WHO stage (P<0.00), last known WHO stage 
(P<0.001), baseline CD4 count (p<0.001), baseline Hgb 
level (p<0.001), baseline OI (p=0.003), baseline functional 
status (p<0.001), last known adherence (p<0.001), and 
history of ART side effect (p=0.023). From the Kaplan– 
Meier survivor estimate, being 45 and above age group, 
being a follower of the Muslim religion, being in the 
baseline and the last known WHO stage III/IV, ambulatory 
and bedridden functional status, fair last known adherence, 
lower Hgb level, having OI at baseline, lower CD4 count 

Table 2 Sociodemographic, Clinical, and Treatment-Related 
Characteristics of Respondents

Variables Number 
(N=475)

Percentage 
(%)

Age (Years)

15–24 91 19.16

25–34 174 36.63

35–44 129 27.16

45 and above 81 17.05

Sex

Male 198 41.68

Female 277 58.32

Marital status

Single 102 21.47

Married 211 44.42

Divorced 122 25.68

Widowed 40 8.42

Religion

Ortho-Christian 420 88.42

Muslim 45 9.47

Other# 10 2.11

Educational level

No formal education 119 25.05

Primary 131 27.58

Secondary 150 31.58

Tertiary and above 75 15.79

Occupation

Gov’t employee 76 16.00

Self-employee 145 30.53

Housewife 80 16.84

Daily laborer 61 12.84

No job 68 14.32

Other* 45 9.47

Household size

1–4 355 82.56

5 and above 75 17.44

Residence

Urban 368 77.47

Rural 107 22.53

Months on ART

0–11 month 147 30.95

12 to 23 months 131 27.58

24 and above 197 41.47

Caregiver

Yes 448 94.32

No 27 5.68

Disclosure status

Disclosed 383 80.63

Not disclosed 92 19.37

(Continued)
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at baseline, and having a history of ART side effect had 
lower survival rate/were at higher risk of death.

Proportional Hazard Assumption and 
Model Fitness
The p-value of the Schoenfeld residual test was insignif-
icant (p>0.05) and there was no evidence for violation of 
the null-hypothesis. We also test the proportional hazard 
assumption by interacting with each covariate with time 
and the result revealed an insignificant p-value for all 
covariates. The model fitness was checked by plotting 
Nelson-Aalen cumulative hazard with Cox-Snell residual 
and the Cox-Snell residual is almost in line with the 
Nelson-Aalen cumulative hazard.

Predictors of Mortality (Cox Regression 
Modeling)
In the bivariable analysis variables such as educational 
status, residence, months on ART, having caregiver, dis-
closure status, baseline BMI, treatment change, baseline 
INH prophylaxis, and type of ART regimen had p-value 
>0.20 and were not eligible for the multivariable analysis. 
In the multivariable analysis last known/current WHO 
stage, baseline Hgb level, and last known/current adher-
ence level were found to be significant predictors of mor-
tality (p<0.05). The hazard of mortality in patients with 
their last known WHO stage III/IV was 15.02 [AHR =  
15.02; 95% CI: 5.79–38.92] times higher as compared 
with respondents with their last known WHO stage I/II. 
Respondents who were anemic (Hgb level<12 g/L) at 
baseline had 2.21 [AHR = 2.21; 95% CI: 1.02–4.78] 
times the higher hazard of mortality as compared to their 
counterparts. Moreover, respondents with fair adherence 
level had 3.29 [AHR = 3.29; 95% CI: 1.39–7.78] times 
higher hazard of mortality as compared to those who had 
working functional status (Table 3).

Discussion
The mortality of HIV patients on ART is a major issue and 
still needs a great deal of attention. Therefore, this study 
was aimed to assess the incidence and predictors of mor-
tality in HIV patients who are on ART follow-up at 
University of Gondar Comprehensive Specialized 
Hospital, northwest Ethiopia.

In this study, the incidence rate of mortality was 5.3 per 
100 person-years of observations and this is in concor-
dance with studies done in Somali region-Ethiopia,19 and 
Jimma University Specialized Hospital, southwest 
Ethiopia.20 Our finding was higher than the different stu-
dies done in Ethiopia.13,16,17,25,26 This may be due to the 

Table 2 (Continued). 

Variables Number 
(N=475)

Percentage 
(%)

OI at baseline

Yes 198 41.68

No 277 58.32

Baseline BMI

Underweight 155 32.63

Normal 276 58.11

Overweight 44 9.26

Baseline WHO stage

Stage I/II 301 63.37

Stage III/IV 174 36.63

Last known WHO stage

Stage I/II 390 82.11

Stage III/IV 85 17.89

Baseline CD4 count

<200 192 40.42

≥200 283 59.58

Baseline Hgb level (normal if Hgb level 
≥12 g/dl)

Anemic 139 29.29

Non-anemic 336 70.74

Functional status

Working 332 70.04

Ambulatory 112 23.63

Bedridden 30 6.33

History of treatment change

Yes 10 2.11

No 465 97.89

History of ART Side effect

Yes 46 9.68

No 429 90.32

Last known adherence

Good 379 79.79

Fair 76 16.00

Poor 20 4.21

IPT prophylaxis

Yes 106 22.32

No 369 77.68

CPT prophylaxis

Yes 323 68.00

No 152 32.00

Notes: *Student, driver, #Followers of Protestant and Catholic religions. 
Abbreviations: Gov’t, Government; Ortho, orthodox.
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Table 3 Multivariable Cox Regression Model for Assessing Predictors of Mortality Among HIV-Positive Adult Patients with ART

Variables Mortality Hazard Ratios with 95% Confidence Interval

Yes No CHR (95% CI) AHR (95% CI)

Age (years)

15–24 6 85 1.00 1.00

25–34 11 163 0.82 (0.30–2.21) 0.48 (0.13–1.78)

35–44 12 117 1.16 (0.44–3.11) 0.62 (0.16–2.51)

≥45 16 65 2.80 (1.10–7.17) 1.12 (0.29–4.32)

Sex

Male 20 257 1.71 (0.95–3.09) 1.36 (0.57–3.28)

Female 25 173 1.00 1.00

Marital status

Single 8 94 1.00 1.00

Married 16 195 0.80 (0.34–1.87) 2.83 (0.72–11.08)

Divorced 13 109 1.20 (0.50–2.92) 2.41 (0.58–10.14)

Widowed 8 32 2.10 (0.79–5.60) 1.34 (0.27–6.78)

Religion

Ortho-Christian 34 386 1.00 1.00

Muslim 10 35 2.53 (1.25–5.13) 2.47 (0.98–6.24)

Other 2 8 1.23 (0.17–9.00) 0.92 (0.09–0.81)

Occupation

Gov’t employee 9 67 1.00 1.00

Self-employee 13 132 0.71 (0.30–1.67) 0.37 (0.14–1.04)

Daily laborer 4 57 0.65 (0.20–2.09) 0.57 (0.14–2.27)

Housewife 6 74 0.71 (0.25–2.00) 0.45 (0.13–1.58)

No job 7 61 0.93 (0.35–2.50) 0.62 (0.18–2.13)

Other 6 39 0.23 (0.44–3.46) 0.70 (0.17–2.81)

Household size

1–4 34 366 1.00 1.00

5 and above 11 64 1.69 (0.85–3.33) 1.43 (0.60–3.37)

OI at baseline

Yes 28 170 1.00 1.00

No 17 260 0.41 (0.23–0.75) 0.80 (0.34–1.86)

Baseline WHO stage

Stage I/II 17 284 1.00 1.00

Stage III/IV 28 146 3.28 (1.79–5.99) 0.77 (0.31–1.91)

Last known WHO stage

Stage I/II 14 374 1.00 1.00

Stage III/IV 31 54 15.25 (8.08–28.77) 15.02 (5.79–38.92) *

Baseline CD4 count

<200 30 162 1.00 1.00

≥200 15 268 0.37 (0.20–0.68) 0.89 (0.38–2.087)

Baseline Hgb level (normal if Hgb level ≥12 g/dl)

Anemic 20 114 3.64 (2.02–6.57) 2.21 (1.02–4.78) *

Non-anemic 26 316 1.00 1.00

Baseline functional status

Working 19 313 1.00 1.00

Ambulatory 14 98 2.64 (1.32–5.28) 1.74 (0.76–3.99)

(Continued)
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difference in the study environment in which high patient 
flow occurs in this setting. In turn, this results in increased 
mortality due to medication discontinuation and the occur-
rence of complications. Moreover, it was lower than 
a study done in Cameroon.27 This could be due to the 
socio-cultural difference, study time, as well as the pro-
spective nature of a study carried out in Cameroon.

This study also identified current/last known WHO 
clinical stage, current/last known adherence level, and 
baseline Hgb level as important predictors of mortality 
among HIV patients who are on ART follow-up in this 
Hospital.

Consistent with different studies conducted in different 
countries,14,22,28,29 in this study, we found that patients 
with advanced last known WHO stage (stage III/IV) had 
higher hazards of death as compared with those whose last 
known WHO stage was I/II. This might be because infec-
tions are the leading causes of death, notably opportunistic 
infections such as tuberculosis is the main causes of death 
in HIV patients.29,30 The other plausible explanation might 
be, because having an advanced WHO stage indicates 
a patient is in an immunosuppressed state, the virus is 
easily multiplied with increased HIV/AIDS-related sever-
ity and the patient will end up with death.

Medication/ART drug adherence is very crucial to get 
the full benefit of antiretroviral drugs and in this study 
participants with fair adherence were at higher risk of 
death as compared with those who had good adherence. 
This is supported by previous studies conducted in 
Ethiopia.20–22 This might be because a low level of adher-
ence affects the successful long-term virologic 

suppressibility of ART drugs and finally results in virial 
multiplication as well as resistance to ART drugs and 
increases the patient’s vulnerability for opportunistic infec-
tions and death.31

Moreover, our study at hand revealed that baseline 
hemoglobin level is an important predictor of mortality. 
Being anemic at baseline were associated with a higher 
hazard of mortality as compared with their counterpart. 
This is in line with different studies conducted across 
different countries and regions.9,12,19,21,22 This might be 
because the incidence of anemia is mostly increased with 
the progression of HIV disease, indicating the highest 
immune suppression in respondents with anemia which 
makes them vulnerable for OIs and finally death.32,33 

The other possible explanation will be respondents with 
anemia might have devastating complications while taking 
their medications and immune suppression which all 
results in complications to the extent of death.

The results of this study will have critical input for 
policymakers and program planners in designing appropriate 
interventions. Besides, results obtained from this study will 
be helpful for health care professionals working in the ART 
clinic. Additionally, the study provides insights into further 
interventional, qualitative, as well as prospective studies.

This study had both strengths and limitations. Since it 
is a retrospective follow-up study it has the advantage of 
showing temporal relationships between independent vari-
ables and the outcome variable. But some important vari-
ables such as viral load and behavioral factors were not 
found in the record (due to the secondary nature of the 
data). The other limitation of this study was since the 

Table 3 (Continued). 

Variables Mortality Hazard Ratios with 95% Confidence Interval

Yes No CHR (95% CI) AHR (95% CI)

Bedridden 12 18 10.82 (5.21–22.48) 1.80 (0.67–4.89)

History of ART side effect

Yes 8 38 1.00 1.00

No 37 392 0.42 (0.20–0.91) 1.39 (0.528–3.66)

CPT at baseline

Yes 37 286 1.00 1.00

No 8 144 0.52 (0.24–1.12) 1.84 (0.47–2.99)

Last known adherence

Good 30 349 1.00 1.00

Fair 13 63 3.51 (1.82–6.79) 3.29 (1.39–7.78)*

Poor 2 18 1.33 (0.32–5.58) 0.91 (0.16–5.11)

Note: *P-value <0.05.
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assessment of mortality was based on the mere record of 
physicians in the chart, we are not sure whether the cause 
of death was HIV related or not and patients who were lost 
from follow-up might not be traced appropriately for their 
current living status and this might result in underestima-
tion of mortality. Furthermore, to estimate predictors, we 
have used too many covariates or parameters and this can 
affect the power to detect associations.

Conclusion
In this study, the incidence rate of mortality was relatively 
high. Being having advanced current WHO stage, fair 
current adherence level, and being anemic at baseline 
had higher hazards of death. Policymakers, as well as 
governmental and non-governmental organizations, should 
pay more attention to patients with advanced WHO stage, 
comorbidities such as anemia, and adherence issues to 
decrease the incidence of mortality.
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