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Background: Globally, anemia is a common hematological disorder among HIV-infected 
patients. People with anemia often suffer from impaired physical functioning, psychological 
distress, and poor quality of life. Therefore, the aim of this study was to determine the 
incidence of anemia and its determinants among HIV positive individuals in northwest 
Ethiopia.
Methods: A total of 486 adult HIV positive patients on the first-line ART with complete 
information were enrolled in the adult care clinics of northwest Amhara referral hospitals 
from December 2015 to December 2018. EpiData version 4.2 was used for data entry and 
Stata version 14 for analysis. Variables having time to event nature were presented with the 
Kaplan–Meier function. The Cox regression model was used to identify predictors of anemia. 
Variables with P-values less than 0.2 in the bivariable analysis were considered in the 
multivariable regression. Adjusted hazard ratio with 95% CI was computed, and variables 
with less than 0.05 P-values in the multivariable Cox regression were taken as significant 
predictors of anemia.
Results: This study noted an overall 26.4 per 100 person-year observations (95% CI: 23.46, 
30.74) incidence rate of anemia. According to the multivariable Cox regression, TB co- 
infection (AHR =1.99, 95% CI: 1.45, 2.74), zidovudine-based regimen (AHR=1.39, 95CI: 
1.1, 1.85), CD4 level (AHR= 1.7, 95% CI: 1.23, 2.35), advanced WHO stage (AHR=1.32, 
95% CI: 1.01, 1.74), and being underweight (AHR= 1.53, 95% CI: 1.14, 2.07) were 
predictors of anemia.
Conclusion: Anemia is a burden among HIV patients in the study setting. Baseline clinical 
variables, TB co-infection, and zidovudine-based were predictors of anemia. Therefore, early 
identification of anemia and addressing significant predictors are highly suggested to the 
study setting.
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Background
Anemia is the frequent hematological disorder among people living with HIV.1–3 It 
is a condition occurred when the number of red blood cells (RBCs) or the amount 
of hemoglobin decreases in the blood. Red blood cells and hemoglobin are respon-
sible for carrying oxygen to vital organs throughout the body.4 Patients with anemia 
experience easy fatigability, increase heartbeat, shortness of breath, and dizziness.5 
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These symptoms occurred when the body attempts to 
deliver poorly oxygenated blood to all of the vital organs. 
The cause of anemia in people with HIV is multifactorial 
and results in poor treatment outcomes.6 The virus itself 
can infect and induce the myelosuppressive effect on the 
bone marrow, resulting in decreased RBC.7 Several patho-
genetic mechanisms have been implicated for the myelo-
suppressive effect on the hematopoietic system occurring 
during the course of HIV infection. Some of which 
includes altered cytokine production by infected CD4 
+marrow cells, production of inhibitory factors by infected 
marrow stromal cells, antibody-mediated suppression of 
hematopoietic progenitors, direct infection of hematopoe-
tic progenitors and/or precursors, and HIV-1 mediated 
suppression of CD34+ cell growth in the absence of 
a complete viral replication cycle.

Besides, opportunistic infections, nutritional deficien-
cies, bleeding, and multiple drugs of antiretroviral therapy 
results in the development of anemia.8

The use of highly active antiretroviral therapy 
(HAART) has the capacity of reducing the incidence 
of severe anemia by suppressing viral replication and 
increase CD4 cell count. In spite of this, mild-to- 
moderate forms of anemia continue to be common 
problem. Although Antiretroviral Therapy (ART) 
increases hemoglobin concentrations and are effective 
in viral load reduction and restoration of the immune 
system, people with anemia often suffer from impaired 
physical functioning, psychological distress and poor 
quality of life.9 Anemia also facilitates the progression 
of HIV to acquired immune deficiency syndrome 
(AIDS) despite the initiation of HAART. This would 
happen because of anemic patients could face failure to 
make neutralising antibodies, develop persistent vire-
mia, and chronic red cell aplasia all of which lead to 
immune-compromised state and thereby increased risk 
of progression of the disease.8,10 Besides, the adverse 
drug reaction, malabsorption, and nutritional abnorm-
alities associated with anemia subsequently result in 
the occurrence of opportunistic infections, neoplasm, 
and death. It is suggested that if anemia is not treated, 
it will accelerate disease progression and decrease the 
chance of survival.11

More than two billion people are estimated to have 
anemia worldwide where young children bear the world’s 
highest prevalence rate of anemia.12 The problem is more 
devastating among people living with HIV. About 30% of 
patients with an asymptomatic infection and as many as 

75–80% of those with AIDS have anemia.13 Crudely, the 
magnitude of anemia among HIV patients varies signifi-
cantly, ranging from 1.3% to 95%.8,14 In Africa, where 
HIV/AIDS is a high burden, severe anemia accounted for 
3% to 8%.15 Cognizant of this, anemia is a public health 
problem that affects significantly resource limited settings 
including Ethiopia. Consequently, it causes significant 
adverse health consequences and detrimental effects on 
countries’ social and economic development.

Despite the consensus on anemia as the global pub-
lic health problem, its incidence has been diverse and 
affected by several predictors.6 A number of scholars 
indicated that the occurrence of anemia is mainly 
related to an advanced stage of HIV, lower CD4 
level, co-infection,16 duration of infection,17 age, and 
sex.8 For instance, studies from Ethiopia at Menelik 
II18 and Zewditu Memorial II,8 hospitals indicated that 
initiation of HAART decreases the incidence of ane-
mia. On the contrary, there is evidence that showed 
multiple drugs used for the treatment of HIV/AIDS 
results in side-effects including anemia. For instance, 
drugs such as AZT, cotrimoxazole, amphotericin, inter-
feron, dapsone, and hydroxyurea-based drugs can cause 
anemia.19

Our country, Ethiopia is one of the Sub-Saharan 
Africa countries that are severely affected by HIV/ 
AIDS. It is estimated that more than 610,335 people 
were living with HIV in 2018.20 The prevalence of 
anemia among people living with HIV/AIDS in 
Ethiopia ranged from 21% to 70%. A study at Tikur 
Anbessa Specialized Hospital, Ethiopia indicated that 
more than one-third (34.6%) of people living with HIV 
developed anemia. A similar study at the University of 
Gondar, Ethiopia indicated that the prevalence of ane-
mia was 1.7% among children who had ART follow- 
up.21

Hence, anemia becomes a critical challenge in 
patients with HIV/AIDS. However, there is a dearth of 
literature on the incidence of anemia and its predictors in 
Ethiopia. Hence, this study aimed to determine the inci-
dence of anemia and its predictors among HIV-infected 
individuals at referral hospitals in the Amhara region, 
Ethiopia. Understanding the predictors of anemia in 
HIV will help practitioners and policymakers to develop 
cost-effective interventions that would improve survival 
and reduce morbidity and mortality due to anemia among 
HIV patients.
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Methods
Study Design and Setting
An institutional-based retrospective follow-up study was 
conducted from September 2015 to December 2018 at 
three referral hospitals in Amhara regional state including; 
the University of Gondar Comprehensive Specialized 
Hospital, Bahir Dar Felege Hiwot Referral Hospital, and 
Debre Markos Referral Hospital. As part of the national 
AIDS control Program, in Amhara regional referral hospi-
tals have been providing free ART services from 2005 to 
date. The hospitals provide clinical care, including labora-
tory and pharmacy services.

Population, Sample Size Determination, 
and Sampling Procedures
The source population includes all patients ≥15 years of 
age enrolled in ART clinic for first-line ART treatment in 
Amhara regional state referral hospitals. Whereas the 
patients enrolled in the selected referral hospitals of ART 
clinic from September 2015 to December 2018 were the 
study population.

For the first objective, the sample size was determined 
by using single population proportion formula with con-
siderations of the following statistical assumption; confi-
dence level 95%, incidence rate of anemia =35% (on 
a study conducted at a tertiary hospital in Addis Ababa 
among adult HIV positive patients on first-line ART) and 
5% margin of error (W).

n ¼
ðZα=2Þ

2:p 1 � pð Þ

Wð Þ2 

Where;
n= sample size
Z=1.96 the corresponding Z-score for the 95% CI
W= error of margion
α=confidence level (95%)
p = proportions of virological failure on ART
n ¼ 1:96ð Þ2: 0:35ð Þ 0:65ð Þ

0:05ð Þ2 ¼ 350 by considering the incom-
plete patient record, 10%35 was added from the initial 
sample size and the final sample was 385.

To check the adequacy of the sample for the second 
objective: we used a survival sample size calculation power 
approach using Stata 14.1 software with Cox proportional 
hazard assumptions. The sample size was calculated for the 
three predictor variables including CD4 count (HR= 5.9), 
baseline ART (HR= 1.52), and chronic diarrhea (HR= 1.85) 

from retrospective follow up study done in territory hospital 
Addis Ababa22 (Table 1) and by using Schoenfeld23 formula.

E ¼
Z α

2 þ Zβ
� �

2
p1p2 lnHRð Þ2

; pev ¼ 1 � ðπ1S1 Tð ÞÞ þ π2S2 Tð ÞN

¼
E

Pev 

where E= number of event
N= number of sample size
P1 = proportion of event among exposed. Prev. = 

probability of an event.
P2 = proportion of event among non-exposed.
By considering 10% incomplete data The minimum 

sample size was 498. A simple random sampling techni-
que was used in each hospital based on their allocation.

Variables of the Study
The outcome variable, anemia was defined as a hemoglobin 
(Hgb) level of less than 12 g/dl in women and less than 13 g/ 
dl in men.24 It was collected by reviewing the patient card 
and medical registration in the ART care units. The inde-
pendent variables include sociodemographic characteristics 
(age, sex, residency, marital status, belonging to support 
group and HIV disclosure status), antiretroviral medication- 
related and Clinical ART-related characteristics such as 
adherence, type of ART regimen, baseline BMI, baseline 
WHO clinical stage, baseline CD4 count, TB/HIV co- 
infection status, past opportunistic infection and baseline 
functional status. Survival time was defined as the time 
in year from the start of first-line ART treatment to the 
development of anemia. The event was defined as patients 
who developed anemia during the follow-up time.

Data Collection Procedures and Quality 
Control
Data were extracted by using the appropriate data extraction 
tool adapted from the national HIV intake and follow-up 
care form. Data were collected by six nurses working in the 
ART clinics and training was given about the objective of 
the study. Structured data extraction tools were used to 
extract data from patient’s medical records, pre ART intake, 
follow up, and laboratory request forms. Medical charts of 
patients and the ART unit registration book were the sources 
of data extraction. To ensure the quality of data, a one-day 
training was given to six data collectors and three super-
visors on the significance, variables of the research, and how 
to review the documents by using the extraction tool. 
Furthermore, after collecting the data from the registration 
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book its consistency was re-checked from the patients’ chart 
by clinicians working in the ART treatment centres.

Data Analysis
Data was entered into EpiData version 4.2.0.0 and exported 
to Stata 14 software for analysis. Descriptive statistics were 
carried out and incidence rate (IR) was calculated for the 
events of anemia. The Kaplan–Meier (KM) failure curve and 
Log rank test were used to describe the survival experiences 
among groups of key categorical variables. The proportional 
hazard assumption was checked both graphically and using 
a Schoenfeld residual test. The goodness of model fitness was 
also checked using the Cox-Snell residual plot. Variables 
having P-values ≤0. 2 in the bivariable analysis were entered 
into the multivariable analysis and variables with P-value ≤0. 
05 and an adjusted hazard ratio (AHR) with a 95% confi-
dence interval (CI) were considered as statistically significant 
predictors of anemia.

Result
Description of Study Participants
A total of 2230 adult HIV/AIDS patients on the first-line 
ART were enrolled between December 2015 and 
December 2018 in northwest Amhara referral hospitals. 
Based on our sample size determination, 498 HIV/AIDS 
patients on the first-line ART would have been included for 
this study. But, we were unable to access medical follow-up 
charts of 5 patients. Another 7 charts were also excluded 
due to the development of the event (anemia) at baseline. 
Finally, 486 patients were included in the analysis.

Socio-Demographic Characteristics of 
the Patients
The median age of the patients was 32 with IQR26,40 years. 
Of all the patients, 437 (89.9%) were orthodox Christian. 
Regarding sex, 207 (42.6%) were male. More than half 
(55.5%) of the patients were self-employed and 348 
(71.6%) were urban dwellers at the moment. Nearly half 

(48.8%) of the patients were secondary and above by 
educational status. Among the total, 126 (40.1%) of the 
patients were married. More than half (60.5%) of patients 
disclosed their status with 80% of the patients had also 
support group/caregiver (Table 2).

Baseline Clinical and Antiretroviral 
Medication-Related Characteristics of 
Patients
Of the total 486 patients, 183 (37.5%) had taken Isoniazid 
Preventive Therapy (IPT). Nearly one-third 142 (29.2%) of 
the patients had TB/HIV co-infection. About 30.45% of the 
patients had a past opportunistic infection and more than 
55.5% of the patients had taken Cotrimoxazole Preventive 
Therapy (CPT). Among the total, 164 (37.4%) of the patients 
were treated by a zidovudine-based ART regimen. More than 
two-thirds of 328 (67.5%) of the patients had good treatment 
adherence. More than half (53.3%) and (58.64%) of the 
patients were on stage I/II and had CD4 count less than 350 
cells/mm3, respectively. Only 130 (27%) of their nutritional 
status were categorized as underweight (Table 3).

The Incidence Rate of Anemia
Four hundred eighty-six (486) adult HIV patients on first-line 
ART were followed for a total of 841.31 Person-Year (PY) of 
observations.

A total of 225 (46.29% (95% CI, 41. 88, 50.76)) patients 
developed anemia during the follow-up period. The overall 
incidence rate of anemia among people living with HIV in 
the follow-up period was 26.4 (95% CI: 23.46, 30.74) per 
100 PY of observations. The median time to develop ane-
mia was 30.63 months (95% CI: 28.33, 32.53).

A graph of the Kaplan–Meier (KM) failure function was 
used to describe the cumulative probability of the occurrence 
of anemia over the follow-up period. The cumulative hazard of 
anemia at 10, 20, 30, and greater than 30 months after starting 
ART was 1.1, 2.3, 3.3, and 11.2 per 100 person-month obser-
vation, respectively (Figure 1).

Table 1 Sample Size Determination of Adult HIV/AIDS Patients on First-Line ART in Northwest Amhara Referral Hospitals, Ethiopia 
from December 2015 to December 2018

Assumptions Probability of Event Variables Hazard Ratio Probability of Withdrawal Sample Size

Power =80 

Significance level (α)=0.05 
Allocation ratio 1:1 

Two tailed

0.058 CD4 count 5.9 0.1 191

0.4 Base line ART 1.52 0.1 498

0.39 Chronic diarrhoea 2.0 0.1 237
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Predictors of Time to Anemia
The Log rank test and Kaplan–Meier failure function 
were used to show differences in survival experiences 
among different groups of categorical variables at 
baseline.

In case of survival experience without adjusting other 
covariate, patients who had CD4 count less than 350 cells/ 
mm3 had a higher rate of anemia as compared to CD4 
count greater than 350 cells/mm3 (P-value <0.001). Those 
patients who were treated in Non-zidovudine-based regi-
men had a lower rate of anemia than the zidovudine-based 
regimen (p-value <0.001) (Figure 2).

The survival curve plotted below indicated that the 
estimated hazard curves of the hospital and the Log rank 

Table 2 Socio-Demographic Characteristics of Adult HIV 
Patients on First-Line ART in Amhara Regional Referral 
Hospitals, Ethiopia from December 2015 to December 2018 
(N=486)

Variables Frequency Percent

Age in years
15–24 76 15.6

25–34 194 40

35–44 142 29.2
≥45 74 15.2

Sex
Male 207 42.6

Female 279 58.4

Religion
Orthodox Christian 437 89.9
Muslim 36 7.4

Others* 13 2.7

Occupation
Unemployed 103 21.2

Employed 89 18.3
Daily laborer 24 5

Self-employed 270 55.5

Residency
Urban 348 71.6

Rural 138 28.4

Educational status
No education 128 26.3
Primary 121 24.9

Secondary and above 237 48.8

Marital status
Single 126 26

Married 195 40.1
Divorced 124 25.5

Widowed 36 7.4

Separated 5 1

Disclosure status
Disclosed 294 60.5
Not disclosed 192 39.5

Support group/caregiver
Yes 389 80

No 97 20

Note: *Others protestant, catholic.

Table 3 Baseline Clinical and Antiretroviral Medication-Related 
Information, Among Adult HIV Patients on First-Line ART in 
Amhara Regional Referral Hospitals, Ethiopia from 
December 2015 to December 2018 (N=486)

Variables Frequency Percent

Past opportunistic infection
Yes 148 30.45

No 338 69.55

CPT
Yes 267 55
No 219 45

IPT
Yes 183 37.65

No 303 62.35

TB/HIV co-infection
Yes 142 29.2

No 344 70.8

Baseline functional status
Working 334 68.7
Ambulatory/Bedridden 152 31.3

Adherence on ART
Good 328 67.5

Fair/poor 158 22.5

First-line drug regimen
Zidovudine based 164 33.74

Non –zidovudine based 322 66.26

Baseline clinical WHO stage
Stage I/II 259 53.3
Stage III/IV 227 46.7

Nutritional status
Underweight 130 27

Normal 299 61

Overweight 57 12

Baseline CD4 count
≤ 350 cells/mm3 285 58.64
> 350 cells/mm3 201 41.34
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test used for checking the differences in hazard curves 
displayed. There was no overall difference among the 
hazard curves of the hospitals and supported by the Log 
rank test (Log-rank Chi-square2 = 0.86, p= 0.16) 
(Figure 3).

The Proportional Hazard Assumption
To fit the appropriate model, we have to describe the 
nature of the data. In this setting, the main aim of testing 
proportional hazard assumption and measuring the overall 
goodness of the fit model. The global test of proportional 
hazards assumption based on the Schoenfeld residuals was 
done and it was found that all of the covariates and full 
model satisfy the proportional hazard assumption (Chi- 
square=19, p-value=0.58) (Table 4).

Cox Regression Analysis
The bivariable cox-regression analysis revealed that age, 
sex, educational status, occupation, residency, marital sta-
tus, TB/HIV co-infection, IPT prophylaxis, first-line drug 
regimen, baseline CD4 count, baseline WHO stage, CPT, 
and nutritional status were significantly associated with 
anemia (p-value <0.2).

However, TB/HIV co-infection, zidovudine-based first- 
line drug regimen, baseline CD4 count, WHO stage, and 
nutritional status were significantly associated with anemia 
after controlling for the confounders.

After adjusting all other variables constant, the hazards 
of developing anemia among TB/HIV co-infection patients 
were 1.99 times (AHR =1.99, 95% CI: 1.45, 2.74) more 
likely than their counterparts.

Keeping other variables constant, patients who were 
treated with a zidovudine-based first-line drug regimen 
had 1.39 times (AHR=1.39, 95CI: 1.1, 1.85) the hazard 
of developing anemia compared to patients who were 
treated in a non-zidovudine regimen.

The hazard of developing anemia among patients who 
had CD4 count ≤350 cells/mm3 was 1.7 times (AHR= 1.7, 
95% CI: 1.23, 2.35) higher than patients having CD4 count 
>350 cells/mm3, with adjusting all other variables constant.

Holding other variables constant, patients with WHO 
stage III/IV had 1.32 times (AHR=1.32, 95% CI: 1.01, 
1.74) higher hazard of developing anemia compared to 
WHO stage I/II.

The hazard of developing anemia among patients with 
underweight nutritional status was 1.53 times (AHR= 1.53, 
95% CI: 1.14, 2.07) more likely than patients with normal 
nutritional status (Table 5).

Discussion
This study investigated the incidence and predictors of 
anemia among adult HIV/AIDS patients on the first-line 
ART in northwest Amhara referral hospitals.

Accordingly, the overall incidence rate of anemia 
among HIV patients in this study was 26.4 per 100 PY 
observations (95% CI: 23.46, 30.74). This finding was 
comparable with the figure generated from similar studies 
done in South India,25 Uganda,26 and at Bahir Dar, 
Ethiopia.27 The agreement of our study finding with others 
such as the study in Bahir Dar might have been due to the 
similarity of population characteristics as the two studies 
were conducted in the same region, similar study setting 
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Figure 1 Kaplan–Meier failure hazard function of anemia among HIV/AIDS patients on the first-line ART in northwest Amhara referral hospitals, northwest Ethiopia, 
Ethiopia from December 2015 to December 2018.
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where both were conducted in tertiary hospitals, and rela-
tively similar duration of the studies, and similar definition 
for anemia used in both studies.

However, the incidence of anemia in our study was 
lower compared to studies conducted in Nigeria28 and 
Addis Ababa.22 The cut-off value used for the definition 
of anemia was one of the possible explanations for the 
observed difference in the incidence rate of anemia 
between our findings and the other studies. For instance, 
the higher incidence rate of anemia in Nigerian study can 
be explained in that a study in Nigeria defined anemia as 
patients having hemoglobin level of less than 10.5gm/dl 
irrespective of gender whereas a cut-off value less than 12 
gm/dl hemoglobin level for women and less than 13 gm/dl 
for men was used to define anemia in our study. The type 
of ART regimen patients were taking could also be the 

other justification for the variations in the incidence rate of 
anemia across studies. For example, the proportion of 
patients on the Zidovudine (AZT)-based regimen in our 
study was 33.74% but 50% in the study from Addis 
Ababa. Hence, the known myelosuppressive effect of 
AZT-based regimen might have been responsible for the 
higher incidence rate of anemia in the study from Addis 
Ababa compared to our finding.19

Different factors are found to affect the occurrence of 
anemia among people living with HIV. Accordingly, TB/ 
HIV co-infection, zidovudine-based regimen, baseline 
CD4 count (≤350 cells/mm3, WHO stage III/IV, and 
underweight nutritional status were significantly asso-
ciated with the occurrence of anemia.

This study presented that the hazards of developing 
anemia among patients with TB/HIV co-infection were 
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Figure 2 Kaplan–Meier hazard curve by (A) CD4 count (B) first-line drug regimen of anemia among adult HIV/AIDS patients on the first-line ART in northwest Amhara 
referral hospitals, northwest Ethiopia, Ethiopia from December 2015 to December 2018.
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nearly two times higher than that of their counterparts. 
This finding was supported by studies done in Addis 
Ababa Zewditu Memorial Hospital,8 and North Wollo, 
Ethiopia.29 Increased risk of anemia had been observed 
in patients with TB/HIV co-infection. These could be 
different explanations for the observed association of 
HIV/TB co-infection and anemia. For instance, tuberculo-
sis by itself is a chronic infection which causes a moderate 
degree of anemia.30 It is the fact that TB/HIV co-infection 
predispose patients for further infection by suppressing the 

immune system, and also have a direct impact on decreas-
ing and hemoglobin level.31,32 Zidovudine-based regimen 
was found to be the other important predictor of anemia. 
The risk of developing anemia among patients who were 
treated with zidovudine based first-line drug regimen was 
nearly one and a half times higher than that of patients 
who were treated with non-zidovudine-based regimen. 
This finding was in agreement with studies done in 
South Africa,33 Addis Ababa,22 Nigeria,28 and Debre 
Tabor, Ethiopia.34,35 Zidovudine containing regimen is 
associated with suppression of bone marrow and will be 
risk factor for developing anemia. It causes low production 
of the red blood cells and platelets in the bone marrow.15,36

The hazard of developing anemia among patients who 
had CD4 count ≤350 cells/mm3 was 1.7 times higher than 
patients having CD4 count >350 cells/mm3. This result 
was in agreement with studies done in South Africa,33 

Addis Ababa,22 Wolaita Sodo, Ethiopia,37 Debre Tabor, 
Ethiopia,34,35 and Gondar.38 There might be several expla-
nations for this relationship. For instance, it is well known 
that HIV patients with low CD4 count are known to be at 
risk of various opportunistic infections which are known to 
be the cause of anemia. Besides, immune-compromised 
patients are also likely to have a high viral load which 
could lead to viral infiltration of the bone marrow and 
causes anemia.

This result presented that patients with WHO stage III/ 
IV were at 1.32 times higher hazard of developing anemia 
compared to WHO stage I/II. This result is supported by 
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Figure 3 Kaplan–Meier failure curve of by hospitals anemia in adult HIV/AIDS patients on the first-line ART in northwest Amhara referral hospitals, northwest Ethiopia, 
Ethiopia from December 2015 to December 2018.

Table 4 Results of Proportional Hazard Assumptions on Key 
Categorical Variables of Anemia in HIV/AIDS Patients on the 
First-Line ART in Northwest Amhara Referral Hospitals, 
Ethiopia from December 2015 to December 2018

Covariate Chi-Square Df P-value

Sex 0.17 1 0.68

Residency 0.94 1 0.33

CPT 0.14 1 0.70
TB/HIV co-infection 1.25 1 0.26

Age in year 0.12 1 0.72

Occupational status 0.06 1 0.80
Marital status 0.2 1 0.65

First line drug regimen 0.33 1 0.56

IPT 0.12 1 0.73
Educational status 0.18 1 0.67

Baseline CD4 count 0.11 1 0.75

Baseline clinical WHO stage 3.28 1 0.07
Nutritional status 0.24 1 0.62

Global test 19 13 0.58
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Table 5 Bivariable and Multivariable Cox-Regression Analysis for Predictors of Anemia Among Adult HIV Patients on First-Line ART 
in Amhara Regional Referral Hospitals, Ethiopia from December 2015 to December 2018 (N=486)

Variables Categories Status CHR (95% CI) AHR (95% CI)

Event Censored

Age in year 15–24 39 37 1.49 (0.92,2.41) 1.54 (0.88,2.68)

25–34 83 111 1.20 (0.79,183) 1.11 (0.72,1.72)

35–44 73 69 1.50 (0.98, 2.33) 1.29 (0.83,2.01)

≥45 30 44 1 1

Sex Male 100 107 1 1

Female 125 154 0.79 (0.60,1.04) 0.80 (0.60,1.05)

Educational status No education 71 57 1 1

Primary 56 65 0.86 (0.60,1.22) 0.94 (0.65,1.38)

Secondary above 98 139 0.76 (0.56,1.04) 0.80 (0.57,1.14)

Occupation Un employed 52 51 1.09 (0.72,1.65 0.94 (0.57,1.57)

Employed 38 51 1 1

Daily laborer 15 9 1.96 (1.08, 3.58) 1.43 (0.76, 2.70)

Self-employed 120 150 1.04 (0.72,1.50) 0.93 (0.61,1.41)

Residency Urban 159 189 1 1

Rural 66 72 1.46 (1.1, 1.95) 1.29 (0.95, 1.74)

Marital status Single 63 63 1.12 (0.80,1.56) 1.00 (0.68,1.48)

Married 81 114 1 1

Divorced 67 56 1.33 (0.96,1.84) 1.23 (0.86,1.76)

Widowed 14 128 0.97 (0.55,1.72) 1.17 (0.65, 2.07)

TB/HIV-co-infection Yes 69 73 2.01 (1.50,2.68) 1.99 (1.45, 2.74)**

No 156 188 1 1

IPT prophylaxis Yes 73 110 1.26 (0.95,1.66) 1.27 (0.95, 1.70)

No 152 151 1 1

First-line drug regimen Zidovudine based 102 62 1.69 (1.30, 2.20) 1.39 (1.1,1.85)**

Non-zidovudine based 125 129 1 1

Baseline CD4 count ≤350 cells/mm3 172 113 1.70 (1.25, 2.32) 1.7 (1.23,2.35)**

>350 cells/mm3 53 148 1 1

Baseline WHO stage Stage I/II 108 151 1 1

Stage III/IV 117 110 1.35 (1.05,1.76) 1.32 (1.01,1.74)**

CPT Yes 125 142 1.19 (0.91,1.55) 1.32 (0.99,1.74)

No 100 119 1 1

(Continued)

HIV/AIDS - Research and Palliative Care 2021:13                                                                                 http://doi.org/10.2147/HIV.S280338                                                                                                                                                                                                                       

DovePress                                                                                                                         
463

Dovepress                                                                                                                                                       Agegnehu et al

http://www.dovepress.com
http://www.dovepress.com


studies done in South Africa,33 Ethiopia,39 Debre Birhan, 
Ethiopia.40 The possible explanation could be that 
advanced clinical stage is characterized by marked weight 
loss, consistent diarrhea, systemic bacterial infection, oral 
candidiasis, cytomegalovirus, and other complications.41 

Therefore, all these complications in stage III/IV of HIV 
patients might lead to anemia because of excessive fluid 
loss due to continued diarrhea as a result of different 
opportunistic infections of bacterial and viral origins that 
cause immune suppression.

The hazard of developing anemia among underweight 
nutritional status patients was nearly one and a half times 
more likely than patients with normal nutritional status. 
This result is supported by studies done in Rwanda,42 and 
Debre Birhan.40 This can be justified in that HIV/AIDS 
causes malnutrition in many individuals due to loss of 
appetite, opportunistic infection, and treatment side 
effects. This, in turn, might lead to diarrhea, which might 
limit the uptake of nutrients including iron malabsorption 
that results in the development of anemia.

The strength of this study is its multicenter nature 
which gives replicable results. However, our study was 
not without its limits. As the study was based on 
secondary data, some follow-up data such as CD4 
count, T-staging, and viral load does not test as pre-
dictors. Besides, it was not possible to address the 
behavioral characteristics of the patients like smoking, 
and alcohol.

Conclusion
The incidence rate of anemia was lower among HIV patients 
on the first line ART at the Northwest Amhara regional 
referral hospitals, Northwest, Ethiopia. TB/HIV co-infection, 
first-line drug regimen, baseline CD4 count, WHO stage, and 
nutritional status were significantly associated with anemia. 
The problem of anemia remains a public health challenge in 

the study setting, with serious consequences for the most 
vulnerable populations such as HIV patients. Therefore, to 
reduce the burden of anemia among ART patients, policies, 
strategies, and programs should consider the identified pre-
dictors of anemia and emphasize after two years of treatment 
to reduce the complication of HIV patients.

Abbreviations
AHR, adjusted hazard ratio; AIDS, acquired immune defi-
ciency syndrome; AZT, azidothymidine; CHR, crude hazard 
ratio; HARRT, highly active antiretroviral therapy; HIV, 
human immune virus; TB/HIV, tuberculosis/human immune 
virus; WHO, World Health Organization; IPT, isoniazid 
preventive therapy; CPT, cotrimoxazole preventive therapy.
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Table 5 (Continued). 

Variables Categories Status CHR (95% CI) AHR (95% CI)

Event Censored

Nutritional status Underweight 77 53 1.69 (1.27,2.25) 1.53 (1.14, 2.07)**

Normal 129 170 1 1

Overweight 19 38 0.76 (0.47,1.23) 0.92 (0.55, 1.53)

Note: **p-value <0.05 statistically significant.
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