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Abstract

Introduction: Acquired immune deficiency syndrome (AIDS) is a medical condition caused by hu-
man immunodeficiency virus (HIV), and has been the major concern worldwide. Despite antiretroviral
treatment (ART) has shown significant clinical importance by meeting the goal of therapy, there is still
a number of deaths due to socio-economic, demographic, and health-related factors. Therefore, this
study was aimed to investigate the survival status and predictors of mortality for adult HIV-positive
patients treated with ART.

Material and methods: A retrospective cohort study was conducted with 1,285 of HIV-infected
patients aged 15 years and greater, who were enrolled in ART at Mizan-Tepi University Teaching
Hospital from September, 2007 to January, 2015. A multivariable Cox regression model was applied
to assess significant predictors of mortality.

Results: During follow-up period, a total of 1,285 patients contributed to 59,237 person-year of follow-
up, and 273 (21%) of the patients died, showing overall incidence rate of 4.6 per 1,000 person-year
(273/59,237). The median follow-up period was 44 months. During follow-up, 273 (21%) pa-
tients died, of whom nearly 32% and 12% of deaths occurred within 6 months and between 6 and
12 months of highly active antiretroviral therapy (HAART) initiation, respectively.

Conclusions: Multivariable Cox proportional hazards model revealed that having concomitant tu-
berculosis infection, low baseline CD4 count, low baseline weight, living in rural area, using of a sub-
stance, older age, lower educational level, higher World Health Organization (WHO) clinical stages,
functional status, and marital status were all significantly associated with progression to death for
HIV/AIDS-infected patients.
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Introduction

Acquired immune deficiency syndrome (AIDS) is a medi-
cal condition caused by human immunodeficiency virus
(HIV), and is the major concern worldwide. The discov-
ery of HIV as the causative body of AIDS, and the inability
of modern medicine to find a cure for the disease, have placed
HIV as one of the most dreaded pathogens of the 21 century.
Expansion of the epidemic has now become a burning issue
globally, and this is even more in developing countries, espe-
cially in sub-Saharan Africa. Today, it is one of the largest pub-
lic health crises endangering the human race. In almost three
decades since first HIV cases were recognized, it has claimed
the lives of millions of people making, it one of the most deva-
stating epidemics. The disease, being without any cure, is still
responsible for economic, social, and health crises in many
developing countries [1].

Currently, there was no cure for HIV infection, and
viable vaccine candidates were years away. Yet, the develop-
ment of life-saving antiretroviral drugs had brought new
hope. In high-income countries, combination of antiretrovi-
ral therapy had extended and improved life’s of people liv-
ing with HIV/AIDS, and transformed perceptions of HIV/
AIDS from a fatal disease to a manageable, chronic illness.
In poorer parts of the world, in which HIV/AIDS had spread
most rapidly, this transformation has not yet happened. In
addition, several observational studies, mostly done in re-
source-rich settings, documented that HIV-infected patients
receiving ART had higher rates of survival compared with
patients who were not on ART. Currently, the widespread use
of highly active antiretroviral therapy (HAART) in develop-
ing countries has reduced the risk of treated HIV-infected
individuals by 70-90%, compared with untreated cases [2].

Globally, the number of people living with HIV receiv-
ing treatment in resource-poor countries has dramatically
increased in the past decades. At the end of 2019, an estimat-
ed 38 million people globally were living with HIV/AIDS,
of whom around 25.4 million people living with HIV (67%
of the total) were accessing antiretroviral therapy. How-
ever, an estimated 12.6 million of other people living with
HIV (33% of the total) were still not accessing ART. Since
the start of HIV/AIDS epidemic (end of 2019), globally,
about 75.5 million people had been infected with HIV, and
32.7 million people have died from AIDS-related illnesses.
Worldwide, an estimated 1.7 million people became newly
infected with HIV, and nearly 0.7 million people have died
from AIDS-related illnesses in 2019 [3, 4].

Ethiopia is a large, predominantly rural country, and
the second most populous country in Africa (after Nigeria),
with a total population of about 79 million, growing at an an-
nual rate of 2.6%, according to the 2007 National Census [5].
At the end of 2016, there were an estimated 710,000 of people
living with HIV, of whom 648,000 were adults [6].

In Ethiopia, HAART began in 2003, and free ART was
launched in 2005. Recently, ART services are made available
in more than 1,361 health facilities, of which around 909 are
health centers. Based on the new spectrum estimate for 2017,
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ART coverage for adults (age > 15) has reached the rate of 75%,
but the coverage remains low (34%) for children (age < 15)
living with HIV [1, 6]. More than 473,000 patients were en-
rolled in HIV/AIDS care, and 268,934 individuals were start-
ed on HAART. In 2016, the HIV/AIDS epidemic in Ethiopia
was generalized with significant heterogeneity between urban
and rural areas, with estimated national prevalence of 0.9%.
Urban prevalence was 2.9%, which was 7-times higher than
that of rural (0.4%) [5].

Clinical benefit of ART for AIDS patients, in terms
of mortality reduction and improved quality of life, is well-
established in developing countries. Moreover, survival rate
of HIV/AIDS patients on HAART and risk factors of mor-
tality of these patients have been very well understood.
However, in resource poor countries, like Ethiopia, there are
higher mortality rates, with poorly understood contributing
factors. In other words, even if ART treatment has shown sig-
nificant clinical importance by meeting the goal of therapy,
there are still deaths, which can be avoided by appropriate
interventions with certain socio-economic, demographic,
behavioral risk, and health factors. Therefore, a better knowl-
edge of prognostic factors would allow for closer follow-up
and more targeted interventions in high-risk patients, leading
to reducing excess mortality [7]. For this reason, the present
study investigated the survival status and predictors of mor-
tality for adult HIV-positive patients on ART in Mizan-Tepi
University Teaching Hospital, Southwest Ethiopia.

Material and methods
Study design, area, and period

A retrospective cohort study was conducted among adult
HIV-positive patients on ART between September 2007 to
January 2015, and followed-up until July 30, 2015. The study
was conducted at Mizan-Tepi University Teaching Hospital,
570 km far away from Addis Ababa, capital and the largest
city of Ethiopia. ART service was successfully established in
2003 in the hospital. It has a separate ART clinic and units
for ART follow-up of people living with HIV (PLHIV), with
nurses, pharmacy, data clerks, patients’ adherence rooms,
equipment, etc. In addition to adherence counseling and
supplying ART for HIV patients, the clinic also provides
screening, follow-up, and referral services of tuberculosis
(TB) patients.

Data collection and quality control

Data were collected by two experienced ART nurses
trained on comprehensive HIV care and working in ART
clinic in the hospital. A supervisor supervised the data col-
lection process. Data collectors and the supervisor were
trained on data collection procedures for two days. The in-
vestigator supervised the overall process. All completed
data collection forms were investigated for completeness,
consistency, and clarity during data management, storage,
and analysis. This study reviewed patients’” intake forms and
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follow-up cards of adult HIV/AIDS patients by identifying
socio-demographic characteristics, and baseline clinical and
laboratory variables. Most recent laboratory results before
starting ART were used as a baseline value. If there were no
pre-treatment laboratory evaluates, results obtained within
one month of ART initiation were employed as baseline.

Exclusion and inclusion criteria

Patients who initiated treatment outside MTU Teaching
Hospital, pregnant women, lactating mothers on PMTCT,
and patients with competing causes of death (accident, or
any non-AIDS malignancies) were excluded. We analyzed
clinical and demographic characteristics at the time of ini-
tiation of ART therapy as potential predictors of mortality.

Sample size determination
and sampling techniques

Sample size plays a pivotal role in overall design of a re-
search. In this study, an appropriate sample size was the min-
imum number of patients under ART. There was a num-
ber of issues/points that had to be considered to determine
the optimal sample size. Some of the issues included objective
of the research, target population, design of the research, de-
gree of precision required for generalization, key estimates de-
sired, allowance for non-response, and available budget.

The sample size was determined using single-population
proportion formula, with p = 18% as prevalence (propor-
tion) of deaths among HIV/AIDS adults on ART, accord-
ing to a previous study conducted at Jimma University Spe-
cialized Hospital [8], with d = 2.1% of marginal error and
95% confidence interval (CI) of certainty (o = 0.05). Ac-
cordingly, the sample size determination formula (Cochran,
1977) was as follow:

Z . )xPx(1-P 1.96)* x 0.18 x 0.82 .
n= ( (Z,.) % de( ) ) :( ( ) 6(.0212 X ): 1,285 patients
Therefore, the sample size using the given formula was
n = 1,285 patients for the current study. Patients were select-
ed using systematic random sampling based on their unique
ART number, which is assigned to a patient treated with ART.

Study variables and endpoints
of the study

Response/outcome variable was survival time of HIV/
AIDS patients measured in months, which was the time from
ART start date until date of death/exclusion. In this study,
the event was death of a patient. Independent (predictor) vari-
ables included in the model were socio-demographic charac-
teristics (age, sex, place of residence, marital status, employ-
ment, educational status, and number of dependent children),
baseline clinical laboratory and ART information (past op-
portunistic illness, World Health Organization [WHO] clini-
cal staging, TB test and treatment, weight, functional status,
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ARV drug regimen type, substance use, drug allergies, CD4
count, disclosure status, and side effects), and ART treatment.

Lost to follow-up, transfers,
and deaths

Adults were considered lost to follow-up if they did not
collect treatment for 3 consecutive months. Attempts were
made to contact all adults who were lost to follow-up to de-
termine their status. All lost to follow-ups and transfers were
excluded from the study on the date of their last visit. Other-
wise, follow-up time was censored at the end of the study pe-
riod. Death events were defined as all-cause deaths occurring
after ART initiation before July 30, 2015 at the end of study
period. Deaths were confirmed by hospital records or family
interviews. Survival time was calculated in months as the time
between date of treatment initiation and date of event (death)
or date of exclusion. Finally, alive individuals on HAART were
censored on July 30, 2015 at end of study period.

Statistical analysis

Data analysis was conducted by STATA version 11.0 (Sta-
ta Corp.; USA). Descriptive survival analysis was performed
using Kaplan-Meier assessment to compare survival time in
different groups. Hazard ratio and predictors of mortality
of HAART patients over a period of time t were analyzed
using Cox proportional hazards model. The association of
every independent variable was evaluated with dependent
variable and baseline variables significant at p-value of < 0.2,
with bivariate analysis included in multivariable Cox re-
gression model. Furthermore, to identify potential predic-
tors of mortality for HIV/AIDS-infected patients, forward
selection method was applied. Eventually, only those vari-
ables, which remained significant at p < 0.05 in final model
were considered independent predictors of death for HIV/
AIDS-infected patients. P-value of < 0.05 and confidence
level of 95% were considered statistically significant.

Results

Baseline clinical and laboratory
characteristic of the study participants

A total of 1,285 patients” records enrolled on ART were
included in this study. Of the total, nearly 46% of the partici-
pants had CD4 cell count of less than 200 cells/mm? at a time
of treatment initiation, and majority (49%) of the patients
were under the age group of 15-30 years. Furthermore, at
the time of ART initiation, 455 (58%) of the patients presented
WHO clinical stage IIT and IV, and 610 (47.5%) of them were
receiving TDF-3TC-EFV ART regimen. Among the study
participants, 296 (23%) had developed active TB infection,
and 40.6% (522) of the patients experienced opportunistic ill-
nesses. With regard to chemoprophylaxis, majority 937 (73%)
of the patients have received cotrimoxazole, and 540 (42%)
were under isoniazid (INH) preventive therapies (Table 1).
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Table 1. Baseline clinical and laboratory characteristic of the study participants

Factor Survival status
Dead Censored Total
n % n % n %

CD4 count/mm?

<200 173 63.4 415 41.0 588 46.0

200-350 91 333 331 32.7 422 33.0

> 350 9 3.3 266 26.3 275 21.0
Past opportunistic illness

Yes 178 65.2 344 34.0 522 40.6

No 95 34.8 668 66.0 763 59.4
TB test result

Positive 134 49.0 229 23.0 363 28.0

Negative 139 51.0 783 77.0 922 72.0
Age group

15-30 111 41.0 523 52.0 634 49.0

30-45 126 46.0 425 42.0 551 43.0

45-100 36 13.0 64 6.0 100 8.0
Medication

INH 28 10.3 512 50.6 540 42.0

Cotrimoxazole 169 61.9 768 75.9 937 729

Fluconazole 43 15.8 89 8.8 132 10.3
ARV drug regimen

TDF-3TC-NVP 20 7.3 63 6.2 83 6.5

TDF-3TC-EFV 103 37.7 507 50.1 610 47.5

AZT-3TC-NVP 60 22.0 234 23.1 294 229

AZT-3TC-EFV 7 2.6 53 5.2 60 4.7

D4T-3TC-NVP 54 19.8 87 8.6 141 11.0

D4T-3TC-EFV 29 10.6 68 6.7 97 7.5
WHO stage

| 45 16.5 260 25.7 305 23.7

Il 42 15.4 243 24.0 285 22.2

1 89 32.6 401 39.6 490 38.1

v 97 35.5 108 10.7 205 16.0
Functional status

Working 107 39.2 56 64.8 763 59.4

Ambulatory 90 33.0 296 29.2 386 30.0

Bedridden 76 27.8 60 5.9 136 10.6
Total 273 21.0 1,012 79 1,285 100

Baseline demographic characteristics
of the study participants

Among 1,285 patients, 273 (21.2%) died during follow-
up, and the remaining 1,012 (78.8%) individuals were alive
and censored at the end of the study. Of the study partici-
pants, 820 (63.8%) were urban residents, 906 (70.5%) had

less than a high school education, and 617 (48%) of the pa-
tients were married at a time of treatment initiation. Majori-
ty were women 750 (58.4%), and 689 (53.6%) of the patients
were followers of Orthodox religion. Furthermore, among
all the patients, 310 (24.1%) were not working due to illness
or unemployment, and 722 (56.2%) of the participants had
dependent children at home (Table 2).
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Table 2. Baseline socio-demographic characteristics of the study participants

Factor Survival status
Dead Censored Total
n % n % n %

Gender

Male 101 37.0 434 42.9 535 41.6

Female 172 63.0 578 57.1 750 58.4
Marital status

Never married 144 52.7 206 20.4 350 27.2

Married 83 30.4 534 52.8 617 48.0

Separated 31 11.4 134 13.2 165 12.8

Divorced 10 3.7 97 9.6 107 8.3

Widow 5 1.8 41 4.1 46 3.6
Education level

No formal education 82 30.0 247 24.4 329 25.6

Primary 117 429 460 45.5 577 44.9

Secondary 56 20.5 228 22.5 284 22.1

Tertiary 18 6.6 77 7.6 95 7.4
Religion

Muslim 58 21.2 264 26.1 322 25.1

Orthodox 140 51.3 549 54.2 689 53.6

Protestant and others 75 27.5 199 19.7 274 21.3
Have children

Yes 93 34.1 629 62.2 722 56.2

No 180 65.9 383 37.8 563 43.8
Place of residence

Rural 143 52.4 322 31.8 465 36.2

Urban 130 47.6 690 68.2 820 63.8
Current employment status

Working full time 88 32.2 707 69.9 795 61.9

Working part-time 58 21.2 122 12.1 180 14.0

Not working/ studying 92 33.7 101 10.0 193 15.0

due to ill health

Unemployed 35 12.8 82 8.1 117 9.1
Total 273 21.0 1,012 79 1,285 100.0

Summary statistics of continuous
variables considered in the study

At the time of ART initiation, the overall mean weight,
CD4 count, and age of the patients were 50 kg, 237.6 cells/
mm?, and 33 years, respectively. Furthermore, for the 273
dead patients, the mean weight, CD4 count, and age of were
44 kg, 163 cells/mm’, and 35 years, respectively (Table 3).

Descriptive survival analysis (follow-up)

During the follow-up period, a total of 1,285 patients
contributed to 59,237 person-years follow-up, and 273 (21%)
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of the patients died, showing an incidence rate of 4.6 per 1,000
person-years (273/ 59,237). The overall mean estimated sur-
vival time of the participants was 46 months, while the av-
erage treatment time for the dead patients was 26 months.
Of a total of 273 (21%) of the dead patients, 31.9% (87/273)
died within 6 months of ART treatment initiation, 11.72%
(32/273) died between 6™ and 12" month of ART treatment
initiation, and 44% (119/273) died within 12 months of ART
treatment initiation. The overall probability of surviving up
to 102 months was 63.54%, with the probability of survival
for 12, 24, and 36 months after starting ART treatment with
87.1%, 83.51%, and 80.24%, respectively (Table 4).
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Table 3. Summary statistics of continuous variables considered in this study

Survival status Survival time (months) CD4 count/mm? Age (years) Weight (kg)
Dead/event
Mean 26.37 162.96 35.03 44.17
Median 19.67 154.00 35.00 44.00
Minimum 0.07 28.00 17.00 29.00
Maximum 99.47 931.00 67.00 63.00
Range 99.40 903.00 50.00 34.00
Standard deviation 25.57 102.57 9.84 6.43
Censored
Mean 51.42 257.68 32.19 51.66
Median 53.28 238.00 30.00 51.00
Minimum 1.73 27.00 15.00 23.00
Maximum 101.43 1,006.00 80.00 91.00
Range 99.70 979.00 65.00 68.00
Standard deviation 28.85 151.42 8.62 9.36
Overall
Mean 46.10 237.56 32.79 50.07
Median 44.30 214.00 31.00 50.00
Minimum 0.07 27.00 15.00 23.00
Maximum 101.43 1,006.00 80.00 91.00
Range 101.37 979.00 65.00 68.00
Standard deviation 29.98 147.59 8.97 9.33

Table 4. Actuarial life table estimates of the cumulative progression to death for the 1,285 study subjects starting ART be-

tween 2007 and 2015 at the MTU Teaching Hospital

Interval start time Number Number Number Proportion Proportion Cumulative proportion
in months (months | of entering | of withdrawing | of deaths of deaths of surviving of surviving
of follow-up) interval during interval at the end of interval
0 1,285 3 56 0.0436 0.9564 0.9564
3 1,226 25 31 0.0255 0.9745 0.9319
6 1,170 25 18 0.0156 0.9844 0.9174
9 1,127 44 14 0.0127 0.9873 0.9058
12 1,069 153 36 0.0363 0.9637 0.8710
24 880 107 34 0.0411 0.9589 0.8351
36 739 101 27 0.0392 0.9608 0.8024
48 611 113 16 0.0289 0.9711 0.7792
60 482 122 23 0.0546 0.9454 0.7367
72 337 165 9 0.0354 0.9646 0.7106
84 163 102 0.0714 0.9286 0.6599
96 53 52 1 0.0370 0.9630 0.6354
The graph of the estimate of overall Kaplan-Meier survi- Moreover, Kaplan-Meir survival figures revealed that

vor function showed that most of deaths occurred in earlier ~ patients with no past TB history, those who were not using
months of ART treatment initiation, which declined in later ~ substances, had CD4 count greater than 350 cell/mm’, being
months of follow-up time (Figure 1).

working functional status urban dwellers, with WHO clinical
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Figure 1. The plot of the overall estimate of Kaplan-Meier
survivor function of HIV/AIDS infected patients treated un-
der ART between 2007 and 2015 in MTU Teaching Hospital

stage I, and with no past history of opportunistic illness, had
better survival outcomes as compared to their counterparts
(Figure 2).

Predictors of mortality for HIV/AIDS-
infected patients

In univariable Cox regression model, advanced WHO
clinical stages, past TB history, low baseline bodyweight, past
opportunistic illness, low baseline CD4 count, living in rural
place, substance usage, older age, low level of education, func-
tional status, marital status, and ARV regimen type, were all
significantly associated with progression to death.

In multivariable Cox regression analysis, significant pre-
dictors of mortality included past TB history (adjusted haz-
ard ratio [AHR] = 1.790; 95% CI: 1.387-2.310), low baseline
CD4 count (AHR = 5.45; 95% CI: 2.77-10.73), low baseline
weight (AHR = 0.934; 95% CI: 0.918-0.950), living in rural
area (AHR = 1.519; 95% CI: 1.179-1.957), substance usage
(AHR = 1.792; 95% CI: 1.40-2.29), older age (AHR = 2.102;
95% CI: 1.413-3.125), low education level (AHR = 2.071; 95%
CL: 1.10-3.90), advanced WHO clinical stage (AHR = 1.60;
95% CI: 1.02-2.53), bedridden functional status (AHR = 2.54;
95% CI: 1.86-3.48), and single-marital status (AHR = 2.70;
95% CI: 1.98-3.69) (Table 5).

Discussion

The present study has shown that patients having con-
comitant TB infection had almost a 2-fold higher risk
of mortality than those who did not present with concom-
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itant TB infection during follow-up period (AHR = 1.79;
95% CI: 1.39-2.31). Several studies performed across many
parts of Africa and Ethiopia have reported that past TB co-in-
fection at baseline was associated with high level of mortality
among patients on ART [9-15]. Indeed, a study conducted in
Cameroon indicated that patients with past TB co-infection
showed 2.35-times more risk of death than those who without
TB co-infection [16]. Another study conducted in Tanzania
showed TB as a strong predictor of mortality; patients with
past TB co-infection had nearly 15-times higher risk of dy-
ing as compared to those who did not have TB co-infection.
Similar study conducted in Wolisso in central Ethiopia report-
ed past TB co-infection as a predictor of mortality [17]. This
might be that delay in diagnosis and treatment as well as no
TB prophylaxis contributed to higher mortality. In addition,
TB is additionally responsible for the highest risk of mortality
and morbidity for HIV/ AIDS-infected patients worldwide.

The other relevant finding of the current study was
a highly significant negative association of baseline body
weight with mortality (AHR = 0.93; 95% CIL: 0.92-0.95).
Since the estimated hazard ratio was less than unity, other
things being equal, the higher the weight of patient, the low-
er the hazard of death at any given time. For appropriate-
ness of interpretation, for a 5 kg increase in weight, there
was a 29% lower risk of mortality in patients under ART
[AHR = 0.71 = exp (~0.068 x 5); 95% CI = 0.65-0.78 = exp
(5 x (-0.068 + 1.96 x 0.009))]. A study conducted in North-
ern Ethiopia by Zinabu et al. reported that for a 5 kg increase
in weight, there was a 12% lower risk of mortality in pa-
tients on ART, which is in line with the current study [11].
In another study conducted in Northern India by Jaya et al.,
it was found that a weight category of less than 45 kg was
associated with mortality at multivariable level of analysis
(HR = 4.31, 95% CI: 1.70-10.91), which is consistent with
the current study [18]. In many other studies, body mass in-
dex (BMI) was found to be significant predictor of mortali-
ty, but in our data set, height was incomplete, thus baseline
weight as proxy indicator of nutritional status was used.

In the current study, CD4 count was another significant
predictor of death. Patients with CD4 count < 200 cells per
cubic millimeter had a 5-fold higher risk of mortality as
compared to patients who presented greater than or equal
to 350 cells per cubic millimeter (AHR = 5.45; 95% CI:
2.77-10.73). Once again, the risk of mortality was nearly
4-times higher for those with CD4 cell count between 200
and 350 cells per cubic millimeter, as compared to those
with CD4 count greater than or equal to 350 cells per cu-
bic millimeter (AHR = 3.91; 95% CI: 1.96-7.82). Majority
of previous studies in Ethiopia also found twice or more
risk of mortality for patients with lower CD4 count com-
pared to those with a CD4 count of > 350 cells/ml [11, 15,
19-23]. Studies performed across many parts of Africa and
Asia reported that low level of CD4 count at baseline was
associated with high level of mortality among patients on
ART [16, 18, 24, 25].

In addition, being rural area dweller was significantly as-
sociated with mortality in this study. Patients living in rural
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Figure 2. Plots of Kaplan-Meier survivor functions, by A) TB status, B) place of residence, C) substance use, D) functional
status, E) opportunistic infection, F) dependent children, for HIV/AIDS infected patients treated under ART between 2007

and 2015 in MTUTH

area were 1.5-times more likely to die as compared to those
living in urban areas (AHR = 1.52; 95% CI: 1.18-1.96). This
finding is in accordance with results of a previous study con-
ducted in Dessie, northeast Ethiopia [13]. This might be due
to lower socio-economic status, reduced awareness about
ART, lower food access and diversity, and narrower avail-
ability of healthcare in rural dwellers than for people living
in urban areas, as these factors are commonly observed in
third world and developing countries.

Previous studies reported that patient’s age was found to
be predictor of mortality, where most of patients in older age
were more likely to die [18, 21, 24]. Our study also revealed
similar outcome. It was found that the patients who started
ART in older age (> 45 years) have a 2-fold higher risk of dy-
ing than those who baseline age was within 15 and 30 years
(AHR = 2.10; 95% CI: 1.41-3.12). Other studies done across
many parts of Ethiopia also reported the same result that pa-
tients with older age have higher risk of mortality compared to
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Table 5. Crude (unadjusted) and adjusted hazard ratios (HR) of socio demographic, clinical, and laboratory variables

Factors (covariates) Crude HR (95% Cl) ‘ p-value Adjusted HR (95% ClI) p-value
TB co-infected

Yes 2.692 (2.123, 3.413) 0.000* 1.790 (1.387, 2.310) 0.000*

No 1 - 1 -
Baseline weight in kg 0.916 (0.902, 0.930) 0.000* 0.934 (0.918,0.950) 0.000*
Baseline CD4 count category

<200 9.067 (4.638, 17.721) 0.000* 5.451 (2.770, 10.727) 0.000*

200-350 6.414 (3.234, 12.723) 0.000* 3.914 (1.960, 7.817) 0.000*

> 350 1 - 1 -
Place of residence

Urban 1 - 1 -

Rural 2.063 (1.626, 2.617) 0.000* 1.519 (1.179, 1.957) 0.001*
Baseline age group in years

15-30 1 - 1 -

30-45 1.192 (0.923, 1.539) 0.178 1.238 (0.949, 1.613) 0.115

45-100 2.050 (1.407, 2.986) 0.000* 2.102 (1.413, 3.125) 0.000*
Substance users

Yes 2.154 (1.692, 2.742) 0.000* 1.792 (1.400, 2.295) 0.000*

No 1 - 1 -
Education level

No formal education 2.456 (1.320, 4.570) 0.005* 2.071 (1.01, 3.896) 0.024*

Primary education 1.660 (0.892, 3.089) 0.110 1.899 (1.011, 3.570) 0.046*

Secondary education 1.435 (0.747, 2.757) 0.279 1.276 (0.653, 2.493) 0.476

College/above 1 - 1 -
Baseline WHO clinical stages

Stage | 1 - 1 -

Stage Il 1.805 (1.157, 2.815) 0.009* 1.279 (0.810, 2.019) 0.291

Stage IlI 2.172 (1.446, 3.264) 0.000* 1.003 (0.651, 1.544) 0.990

Stage IV 3.541 (2.294, 5.467) 0.000* 1.604 (1.017, 2.531) 0.042*
Function status

Working status 1 - 1 -

Ambulatory status 1.724 (1.302, 2.282) 0.000* 1.248 (0.930, 1.676) 0.140

Bedridden status 4.855 (3.618, 6.516) 0.000* 2.543 (1.860,3.476) 0.000*
Marital status

Married 1 - 1 -

Single 3.380 (2.498, 4.574) 0.000* 2.704 (1.979, 3.693) 0.000*

Separated 2.087 (1.413, 3.082) 0.000* 1.737 (1.157, 2.608) 0.008*

Divorced 2.281 (1.517, 3.430) 0.000* 2.105 (1.391,3.188) 0.000*

Widowed 3.041 (1.941, 4.763) 0.000* 2.379 (1.498, 3.778) 0.000*

*Variables significantly associated with patient mortality (outcome) at 95% level significance (p < 0.05).

those with younger age patients enrolled on ART [9, 11, 13, 26].
This could be due to the fact that individuals are at higher
risk of complications and respond poorly to ART, as a result
of combined effect of aging, HIV infection, and antiretroviral
treatment. In addition, it is known that as age increases, im-
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mune status becomes incompetent, which is considered to be
a risk for many chronic diseases, leading to death.

There was also a significant positive association between
substance users with mortality in the current study. Patients
who were using substances, such as alcohol, tobacco, and
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kchat, or other drugs at baseline, showed almost a 2-fold
higher risk of mortality compared to those who did not use
substances (AHR = 1.79; 95% CI: 1.40-2.29). In line, a pre-
vious study from Wolisso and Gonder in Ethiopia, revealed
that patients who were using substances, like alcohol, tobac-
co, and kchat usage, or other drugs at baseline, presented
a 2-fold higher risk of mortality compared to patients who
did not use substances [10, 11, 17, 27]. This might be that
alcohol, tobacco, and kchat, or other drugs utilization can
affect patients’ immune system, and may speed up the pro-
gression of the disease.

Likewise, patients with lower educational levels (no for-
mal education or primary education) at baseline were found
to be almost 2-times more likely to die than those with high-
er educational levels: AHR = 2.07; 95% CI: 1.10-3.90 and
AHR = 1.90; 95% CI: 1.01-3.57, respectively. In line with this,
a previous study done in Aksum and Gonder, northern Ethi-
opia by Tadesse et al. and Zinabu et al., revealed that patients
with lower educational levels (no or primary education) at
baseline were found to be 2.6-times more likely to die than
those with higher educational levels [11, 28, 29]. This might
be happened due to lack of psychological, mental, health-
care, and economic awareness of less educated patients. In
addition, patients with higher level of education might have
a better understanding about the importance of compliance
to their drugs, and afford good quality of foods in a better way
than those with low level of education.

This research also revealed that the patients with WHO
clinical stage IV had a 40% higher risk of mortality than pa-
tients with WHO clinical stage I, controlling for other vari-
ables in the model (AHR = 1.60; 95% CI: 1.02-2.53). This
finding is in accordance with results of majority of previous
studies conducted in northern and eastern Ethiopia, which re-
vealed that patients with WHO clinical stage IV had a 2-fold
or higher risk of dying compared to patients with WHO clin-
ical stage I [10, 12, 20-23, 30]. This might be that patients in
advanced clinical stages are prone for TB infection. Addition-
ally, this could be associated with immune reconstitution syn-
drome and worsening of drug toxicity in these particular pa-
tients. Therefore, it is unquestionable whether ART should be
initiated as early as possible, prior to advanced clinical stages.

Functional status during ART initiation was also another
significant predictor of mortality in the current study. The risk
of mortality was 2.5-times higher for those who presented
bedridden status compared to those with working functional
status (AHR = 2.54; 95% CI: 1.86-3.48). This finding is con-
sistent with many investigations done in the past in Ethio-
pia. A study done in eastern Ethiopia demonstrated that risk
of mortality was almost 6-times higher for patients with bed-
ridden functional status than working ones [12, 19]. Another
study conducted in Debremarkos in northern Ethiopia indi-
cated that baseline ambulatory and bedridden functional sta-
tus had 2.7- and 2.4-times higher risk of death than working
patients, respectively [14, 30]. Several other studies have also
found an association between functional status and mortality
of HIV/AIDS-infected patients [10, 15, 17, 20, 22, 30]. There-
fore, patients who present with ambulatory and bedridden
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functional status should obtain particular attention in order
to reduce their mortality rate.

Marital status was a strong predictor of mortality in
the current study. Patients’ with single-marital status had
nearly 3-times higher risk of dying as compared to mar-
ried patients (AHR = 2.70; 95% CI: 1.98-3.69). Moreover,
divorced and windowed patients’ had a 2-fold higher risk
of dying compared to married patients: AHR = 2.10; 95%
CI: 1.39-3.19% and AHR = 2.38; 95% CI: 1.50-3.78, respec-
tively. Likewise, patients’ presented with separated marital
status had a 30% higher risk of mortality compared to mar-
ried patients (AHR = 1.74; 95% CI: 1.16-2.61). This result
was similar to the findings of previous research [12, 19]. This
difference might be explained by married patients’ psycho-
logical preparedness to seek partners’ and social support,
and understand the importance of adherence to ART.

Conclusions

In the present study, the mortality rate was very high in
the earlier months of HAART initiation and tended to later
stabilize. During the follow-up period, 273 (21%) of patients
deceased, of whom around 32% and 12% of deaths occurred
within 6 months and between 6 and 12 months of HAART
initiation, respectively. The majority of patients were not using
condom during sexual intercourse (59%) and 40% of the pa-
tients were substances (alcohol, tobacco, kchat etc.) users.

Kaplan-Meir survival figures showed that patients with no
concomitant TB infection, those not using substances, with
CD4 count greater than 350 cell/ mm?, working, urban dwell-
ers, with WHO clinical stage I, and those who had no past his-
tory of opportunistic illnesses, had better survival experience
as compared to their counterparts. The multivariable Cox pro-
portional hazards model demonstrated that having concomi-
tant TB infection, low baseline CD4 count, low baseline weight,
being rural area dweller, being substance user, older age, low-
er educational levels, higher WHO clinical stages, functional
status, and marital status, were all significantly associated with
progression to death for HIV/AIDS-infected patients.
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