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Background: Human immunodeficiency virus and anemia are the major public health 
problems in Sub-Sahara Africa. Untreated anemia is associated with rapid progression and 
poor prognosis of the disease in HIV. This study was aimed at determining the magnitude, 
severity and associated factors of anemia among HIV infected patients taking zidovudine and 
tenofovir-containing first-line HAART in Ayder Comprehensive Specialized Hospital, 
Mekele, Ethiopia.
Methods: A case-control study was conducted from February to August 2019 using both 
convenient and quota sampling methods. Anemia is defined as hemoglobin value below 13 g/ 
dl for male and below 12 g/dl for female. Sociodemographic and clinical characteristics were 
assessed using a structured questionnaire, medical records, electronic weighing scale, adult 
height board, automated hematology analyzer (Sysmex XT-4000i), and Becton Dickinson’s 
FACS caliber flow cytometer. Descriptive statistics, tables, graphs, Student’s t-test and 
l logistic regression were used to analyze the data.
Results: About one-third (33.5%) of study participants were found to be anemic (ZDV: 
20.3%; TDF: 13.2%, and p<0.05). Among these anemic cases, the majority was found to 
have mild, and the remaining was moderate types. The most common form was normo-
cytic-normochromic anemia (46.5%). Cotrimoxazole prophylaxis, poor adherence, 
advanced AIDS stage at baseline and underweight at baseline were the factors associated 
with anemia in patients taking zidovudine-containing regimen (p<0.05). Advanced stage 
at baseline, cotrimoxazole prophylaxis, poor adherence status and lack of regular income 
were significantly associated with anemia in patients taking tenofovir-containing regimen 
(p<0.05).
Conclusion: We find that the prevalence of anemia was significantly higher among patients 
taking ZDV-containing regimen. But different risk factors for anemia had been identified 
among ZDV-containing regimen, showing that appropriate follow-up, nutritional supplemen-
tation, continuous evaluation of patients on cotrimoxazole intake can reduce the risks of 
anemia in both types of regimens.
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Background
Cytopenia is a common complication of the human immunodeficiency virus (HIV) 
that can result from a defect in the development of bone marrow production, 
increased peripheral blood loss or blood cell destruction. Anemia is the most 
common cytopenia, which can occur in up to 95% of HIV patients during their 
disease course.1
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According to the World Health Organization (WHO) 
anemia is defined as hemoglobin (Hb) concentration below 
12.0 g/dL in women and below 13.0 g/dL in men.2 Anemia 
is a multifactorial condition that may result from several 
pathophysiological mechanisms. It is a global public 
health problem affecting both developing and developed 
countries at all ages. Globally, it affects 1.62 billion peo-
ple, which corresponds to 24.8% of the population.4

During HIV-infection the prevalence of anemia varies 
by demographic characteristics of the population and stage 
of the disease. It is generally higher in advanced HIV 
infection; among women, infants, and children; and in 
developing countries.5 In HIV infected patients anemia 
can have serious complications ranging from functional 
and quality-of-life decrements to disease progression and 
decreased survival. Worldwide iron deficiency anemia is 
the commonest of all in HIV patients on highly active 
antiretroviral therapy (HAART), in developed countries 
about 35% of patients on HAART develop anemia.6 

Regimens comprising nucleotide reverse transcriptase 
inhibitors (NRTI); (TDF + 3TC) and integrase inhibitor 
dolutegravir (DTG) as the preferred choices or NRTI 
(ZDV+ 3TC) with DTG or Efavirenz (EFV) as an alter-
native regimen are currently in use for adults in Ethiopia.7

Factors causing anemia in HIV-infected individuals can 
be categorized into three main classes. These are 
decreased red blood cell (RBC) production in the bone 
marrow, increased RBC destruction, and ineffective RBC 
production due to nutritional deficiencies.8 Medication (ie, 
zidovudine, cotrimoxazole, amphoteric B) induced anemia 
with a normal iron label and normal to high mean corpus-
cle volume (MCV) develops within the first week of 
HAART. Drug therapy is the most common cause of 
megaloblastic or macrocytic anemia in HIV infected 
patients. Cotrimoxazole can also cause megaloblastic ane-
mia because of folate antagonism, especially in patients 
with compromised nutritional status.9

A study of serum immunoreactive erythropoietin in 
HIV infected patients across the spectrum of disease stages 
revealed that levels of the hormone failed to rise commen-
surately with increasing anemia. This suggests that insuffi-
cient erythropoietin levels may be one cause of anemia in 
HIV patients.9 Reports from Indonesia showed anemia is 
less common in patients taking HAART (7.4%), while the 
use of ZDV is associated with anemia (20.3%). They also 
recorded 14.3% mild, 1.9% moderate, and no patients with 
severe anemia.10 A cross-sectional study conducted in 
Debretabor Hospital, Ethiopia revealed an overall anemia 

prevalence of 23%. Being HAART naïve, having 
a treatment history with anti-tuberculosis medications, tak-
ing ZDV containing HAART regimen, and having CD4 
counts below 200 cells/μL were associated with the occur-
rence of anemia among adult HIV patients.11

A comparative cross-sectional study in Jimma, 
Ethiopia reported the overall prevalence of anemia invol-
ving 54 HIV patients is 23.1%, with anemia seen in 16.2% 
of HAART experienced and 29.9% of HAART naive par-
ticipants. The study reported; among the total cases 1.9%, 
25.9%, and 72.2% were with severe, moderate, and mild 
anemia respectively. In their report type of HAART regi-
men and duration of HAART are significantly associated 
with anemia.12 Another quantitative cross-sectional study 
conducted in Jimma, Ethiopia reported anemia was the 
most common cytopenia with 43.1% (56/130) among 
patients on HAART follow-up.13

Given this background, the current study aimed to 
describe the magnitude of anemia and its predictors 
along with the severity and morphological features 
among peoples living with HIV/AIDS taking different 
combined first-line antiretroviral drugs. Furthermore, this 
study will provide comparative information on the char-
acteristics of anemia among patients who took ZDV and 
TDF containing HAART. This study will further contri-
bute to another input for the health professionals in the 
assessment and care of the difference in the hematologic 
profiles of HIV-infected patients taking ZDV and TDF 
containing HAART.

Methods
This study was conducted in Ayder Comprehensive 
Specialized Hospital located in Mekele city, Northern 
Ethiopia from February to August 2019. During the data 
collection period, a total of 1478 adult HIV patients were 
on regular HAART follow-up. An unmatched case-control 
study was conducted by considering patients on zidovu-
dine (ZDV) containing HAART as cases and those on 
tenofovir (TDF) containing HAART as a control group. 
We considered them as cases and controls, because of the 
previous reports from other study areas, and clinical prac-
titioners in our country consider ZDV containing regimen 
as a main risk factor for anemia but not TDF containing 
regimen. But no detail data was available on the preva-
lence and possible risk factors in both regimen types.

HIV positive individuals aged 18 years and above, who 
were on first-line HAART for at least six months with 
complete baseline hematologic profile and CD4 count 
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were included in the study. HIV/AIDS patients who had 
a history of blood transfusion in the last one year, chronic 
disease (ie, renal failure, chronic liver diseases, stomach 
ulcer, and hematologic disorders), pregnant and lactating 
women, who had severe anemia before the start of 
HAART, and those on stage three or four AIDS patients 
during the study period were excluded from the study. All 
adult HIV/AIDS patients who met the inclusion criteria 
voluntarily consented to participate in the study, and who 
were recruited to the first line HAART regimen on regular 
follow-up during the study period, were the study 
population.

This study considered Hb value below 8.0 g/dl as 
severe anemia, 8.0–10.9 g/dl moderate, 11–12.9 g/dl for 
male, and 11–11.9 g/dl for the female as mild anemia. 
Morphologically, anemia was classified as microcytic 
(mean corpuscle volume, MCV below 80 fl), normocytic 
(MCV: 80–100fl), macrocytic (MCV above 100fl), hypo-
chromic (mean cell hemoglobin concentration, MCHC 
below 31%), and normochromic (MCHC: 31–36).3,14

The sample size was calculated using STAT CALC 
Epi-info based on the assumptions: two-sided confidence 
level at 95%, a standard margin of error (power of 90%), 
and 1:1 ratio of cases and controls. The prevalence of 
anemia for ZDV and TDF containing regimen was 
57.86% and 34.95% respectively, as per a study conducted 
in Tanzania.15 Accordingly, a total of 212 participants 
were included in the study. Individuals were selected 
using convenience and quota sampling whereby the data 
collectors screened eligible individuals during their arrival 
to the clinic for their monthly follow-up, and fulfilled the 
data until the required sample was completed with equal 
proportion for cases and controls.

A structured pretested questionnaire containing socio-
demographic and clinical characteristics (stage of disease, 
cotrimoxazole prophylaxis therapy [CPT] use, adherence 
status, cluster of differentiation 4 [CD4] count, baseline 
clinical profiles) to be captured at baseline and following 
HAART initiation were used to collect the data. Blood 
samples were collected by trained laboratory technicians 
for complete blood count (CBC) and CD4 analysis. 
Automated hematology analyzer (Sysmex XT- 4000i) and 
Becton Dickinson’s (BD) FACS count were used for this 
purpose.

The data collectors were trained on operational proce-
dures of each aspect of the study and the reproducibility of 
the data. The weight scale was calibrated before each mea-
surement. The performance of the automated hematology 

analyzer machine was controlled externally by running qual-
ity control samples according to the laboratory’s protocol. 
Collected data were manually checked for its completeness, 
and entered into the SPSS™ version 24.0 software package 
for statistical analysis. Descriptive statistics were used to 
determine the prevalence of anemia and other hematologic 
profiles. Continuous variables were checked for distribution 
using normal curves. Paired and independent sample t-tests 
were used to compare the mean and means among different 
treatment groups respectively. Bivariate and multivariate 
logistic regression analysis was used to determine the effect 
of various factors and to deal with the effect of confounding 
variables respectively. Statistical significance was consid-
ered at a p-value less than 0.05 and a 95% confidence 
interval.

Result
General Clinical Characteristics
A total of 212 study participants over two groups (106 
ZDV and 106 TDF group) were included in this study. 
Women were slightly higher in number (54.7% women 
and 45.3% male). The mean age and standard deviation 
(SD) of all participants by treatment group were 41.1 ± 
10.99 and 42.25 ± 10.22 years for ZDV and TDF respec-
tively. The majority (59.4%, 65.1%, n=132) of the study 
participants were between 30–49 years in the ZDV and 
TDF groups respectively. The two study groups were 
comparable in most of the sociodemographic characteris-
tics (p>0.05) (Table 1).

Nearly three-quarters of the participants in both groups 
were in the advanced AIDS stage at the time of enrolment 
(pre-HAART) (Table 2). The mean duration of HAART 
intake was 58 ± 26 months for the ZDV group and 63 ± 36 
months for the TDF group with the range from 7 to 139 
months. Following HAART initiation, 94.8%, of the study 
participants in both study groups had a CD4 count above 200 
cells/mm.3 The other clinical characteristics of the partici-
pants based on the regimen types are described in Table 3.

In both study groups, paired sample t-test analysis 
revealed significant (p<0.05) increment of mean CD4 
count following HAART initiation. Independent t-test sta-
tistics revealed the mean Hb value was significantly higher 
(p<0.05) among TDF (control) groups.

Prevalence of Anemia
This study showed anemia prevalence before the start of 
HAART was 37.7% (ZDV group: 12.7%, TDF group: 
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25%). Following HAART initiation around one-third 
(33.5%) of the patients were found to be anemic. A total 
of 20.3% of the patients with anemia received ZDV con-
taining regimen. ZDV containing regimen was signifi-
cantly associated with anemia (p<0.05, 95%; CI: 1.064, 
3.397). Binary logistic regression analysis revealed the 
odds of being anemic doubles among individuals taking 
ZDV containing regimen (OR: 1.90).

Characteristics and Determinants of 
Anemia
Among the total (33.5%) anemic cases, the majorities were 
found to have mild anemia and the remaining moderate 
anemia; meanwhile, we found no case of severe anemia in 
this study (Figure 1). We found that normocytic- 

normochromic anemia was the most common in both 
groups (46.5%), followed by macrocytic-normochromic 
anemia accounting for 29.8% of the cases (Figure 2).

Multivariate analysis revealed; advanced AIDS stage at 
enrolment to HAART (AOR: 5.75, p<0.05), undernutrition 
(AOR: 6.60, p<0.05), CPT (AOR: 7.59, p<0.01), and poor 
adherence (AOR: 7.22, p<0.05) were the significant pre-
dictors of anemia among the ZDV group. On the other 
hand; absence of regular income (AOR: 4.97, p<0.01), 
CPT (AOR: 4.88, p<0.01), and poor adherence (AOR: 
8.09, p<0.05) were the significant predictors of anemia 
among the TDF group (Table 4).

Discussion
This study showed anemia prevalence of 37.7% (80/212) 
at pre-HAART initiation (ZDV group: 12.7%, TDF group: 
25%). The higher prevalence of anemia among the TDF 
group at baseline (pre-HAART) was in line with the 
national HIV/AIDS treatment guideline which recom-
mends initiation of TDF containing regimen to patients 
with lower Hb concentration.16

Table 1 Sociodemographic Characteristics of the Participants on 
HAART in ACSH, Mekele, Ethiopia, 2019

Variables ZDV Group 

(N=106)

TDF Group 

(N=106)

P-value

Frequency Valid 

%

Frequency Valid 

%

Sex

Male 47 44.30 49 46.20 0.783

Female 59 55.70 57 53.80

Regular income

No 54 50.90 46 43.40 0.271

Yes 52 49.10 60 56.60

Participants age

20–29 21 19.80 12 11.30 0.549

30–39 30 28.30 34 32.10

40–49 33 31.10 35 33.00

50–59 14 13.20 17 16.00

60–69 8 7.50 8 7.50

Educational 

status

Unable to 

read/write

14 13.20 22 20.80 0.432

Elementary 41 38.70 40 37.70

High school 29 27.40 22 20.80

Diploma and 

above

22 20.80 22 20.80

Religion

Orthodox 94 88.70 95 89.60 0.825

Muslims 12 11.30 11 10.40

Residence

Rural 10 9.40 14 13.20 0.386

Urban 96 90.60 92 86.80

Abbreviations: ZDV, zidovudine; TDF, tenofovir.

Table 2 Baseline Clinical Characteristics of HIV Positive Patients 
in ACSH, Mekele, Ethiopia, 2019

Variables ZDV Group 

(n=106)

TDF Group 

(n=106)

P-value

Frequency Valid 

%

Frequency Valid 

%

Stage of AIDS

Advanced 

stage

77 72.64 77 72.64 1.00

Early stage 29 27.36 29 27.34

Immunologic 

status

CD4 < 200 

cells/μL

88 83.01 68 64.15 0.002*

CD4 ≥ 200 

cells/μL

18 16.98 38 35.85

Nutritional 

status

BMI < 18 

Kg/m2

19 17.92 17 16.03 0.715

BMI ≥ 

18Kg/m2

87 82.08 89 83.97

Anemia status

Anemic 27 25.47 53 50.00 0.000**

Non-anemic 79 74.53 53 50.00

Notes: *p<0.05; **p<0.01. 
Abbreviations: BMI, body mass index; TDF, tenofovir; ZDV, zidovudine.
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Following HAART initiation, the prevalence of ane-
mia was found to be 33.5% (ZDV group: 20.30%, TDF 
group: 13.2% and P<0.05). This decrement in prevalence 
is in line with several studies.13,17–19 However; it is 
somewhat higher than a previous finding in Ethiopia,20 

which reported 25% anemia prevalence following six 
months HAART. Variations in prevalence among these 
two studies could be due to differences in study design, 
sociodemographic characteristics, duration of HAART 
follow-up, and cut-off values used to define anemia sta-
tus. One plausible explanation for the reduction in anemia 
after initiation of treatment is that HAART can suppress 
HIV, a virus which is known to directly affect the bone 
marrow; therefore, by suppressing the viral load could 
prevent anemia.16

This study found that anemia is significantly associated 
with ZDV containing HAART regimen, and it doubles the 
risk compared to the TDF based regimen. This finding is 
in agreement with various studies.15,21,22 However, it is in 
contrast with the findings from a previous study in Jimma, 
Ethiopia,11 which reported no significant difference in the 
prevalence of anemia and HAART regimen type. The 
possible explanation for this variance could be that the 
present study used only a TDF containing regimen to 
compare with ZDV containing regimen, unlike the Jimma- 
based studies inclusion of all non-ZDV containing regi-
mens to compare with the ZDV containing regimen. 
Several hematologic toxicities (ie, neutropenia, anemia, 
thrombocytopenia, and splenomegaly) had been reported 
among patients who took ZDV containing regimen.23

Among the total anemic cases identified in our study, 
the majority was found to have mild anemia with the 
remainders moderate and no cases of severe anemia. This 
finding mirror a study conducted in Debretabor, 
Ethiopia,24 which reported mild anemia (27.7%), and 
moderate anemia (6.3%) with no finding of severe anemia. 
The absence of severe anemia in the present finding might 
be related to the exclusion of HIV patients in an advanced 
AIDS stage and patients on second-line HAART treatment 
during the study period.

In the present study, normocytic-normochromic anemia 
was the dominant finding. This is consistent with previous 
studies conducted in Ethiopia,17,18 and India.25 The possi-
ble explanation could be the effect of infections (HIV 
itself), autoimmune diseases, malnutrition, and malignan-
cies can cause anemia without affecting the size of RBC, 
and the hemoglobin content. HIV infection, the medica-
tions (HAART and CPT), aplastic anemia, and related 
bone marrow failure state can be associated with red 
marrow aplasia. This, in turn, can cause selective hypo-
plasia of the erythroid marrow without loss of megakar-
yocytes and myeloid precursor cells.26

In patients taking ZDV containing regimen anemia was 
independently predicted by the; advanced AIDS stage at 
baseline, advanced baseline immune suppression, cotri-
moxazole prophylaxis (CPT) intake, poor adherence sta-
tus, and undernutrition at baseline. This finding is in 
agreement with the study conducted in Thailand,27 which 
reported, anemia was independently predicted by low 
baseline CD4 count, low BMI, and advanced AIDS stage 
at enrolment. The possible explanation for this association 
may be that HIV patients with low CD4 count are known 
to be at risk of multiple opportunistic infections, which are 

Table 3 Clinical Characteristics of HIV Positive Patients on 
HAART in ACSH, Mekele, Ethiopia, 2019

Variables ZDV Group 

(N=106)

TDF Group 

(N=106)

P-value

Frequency Valid 

%

Frequency Valid 

%

WHO clinical 

stage

Stage 1 96 90.60 98 92.50 0.623

Stage2 10 9.60 8 7.50

Adherence

Poor/fair 21 19.80 7 6.60 0.007**

Good 85 80.20 99 93.40

Current 

isoniazid 

prophylaxis (IPT)

Yes 34 32.10 25 23.60 0.169

No 72 67.90 81 76.40

Drug addiction

Yes 16 15.00 18 16.98 0.708

No 90 85.00 88 83.02

Cotrimoxazole 

prophylaxis

Yes 38 35.80 39 36.80 0.886

No 68 64.20 67 63.20

Anemia status

Anemic 43 40.5 28 26.4 0.029*

Non-anemic 63 59.5 78 73.5

Regimen change

Yes 1 0.90 4 3.80 0.175

No 105 99.10 102 96.20

Note: *p<0.05; **p<0.01. 
Abbreviations: TDF, tenofovir; ZDV, zidovudine.
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known to cause anemia. Furthermore, such patients are 
also likely to have high HIV viral load which could lead 
to viral infiltration of the bone marrow and erythropoietin 
dysfunction subsequently causing anemia.28

The association of CPT with anemia is in accordance 
with the report from Ethiopia13 and Uganda.29 WHO 
recommends continuing CPT until the patient is clinically 
stable on HAART, with evidence of immune recovery and 
virologic suppression.30 One possible explanation for 
CPT’s association with anemia could be that trimethoprim 
is a weak inhibitor of dihydrofolate reductase which can 

inhibit folic acid metabolism, and, in high doses, it has 
been implicated in megaloblastic changes, particularly in 
patients who are not on folate supplementation.31 Recently 
other alternatives to CPT such as clindamycin, atovaquone 
and dapsone are being offered, especially in those with 
hematological toxicities from cotrimoxazole therapy.30

In recipients of TDF containing regimen, anemia was 
significantly predicted by; rural residence, absence of regular 
income, CPT intake, and poor adherence status. In line with 
the present study, Demographic and Health Surveys from 32 
countries32 reported low income is significantly associated 

Figure 2 Percentage of morphological characteristics of anemia among patients on ZDV and TDF-containing HAART in ACSH, Mekele, Ethiopia, 2019.

Figure 1 Percentage of the severity of anemia among patients on ZDV and TDF-containing HAART in ACSH, Mekele, Ethiopia, 2019.
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with anemia. A report from Jimma, Ethiopia12 revealed rural 
residence as a significant predictor for anemia among HIV 
positive patients. The possible explanation could be that 
rural residence and absence of regular income are usually 
associated with the inaccessibility of adequate and timely 
health service, regular checkup and counseling on iron sup-
plementation, food fortification for optimal nutrition intake, 
and anthelminthic therapies.33

Conclusion
Anemia is significantly higher among patients on ZDV 
containing regimen. Different associated factors of anemia 
were identified in both study groups. The result of this 
study showed that anemia remains a public health concern 
in this cohort of HIV infected adults taking different 
HAART regimens in the study area.

Abbreviations
AIDS, acquired immunodeficiency syndrome; AOR, 
adjusted odds ratio; ART, antiretroviral therapy; BMI, body 
mass index; CBC, complete blood count; CD4, cluster of 
differentiation 4; CPT, cotrimoxazole prophylaxis therapy; 
COR, crude odds ratio; HAART, highly active antiretroviral 
therapy; HIV, human immunodeficiency virus; OI, opportu-
nistic infections; SSA, Sub-Sahara Africa; TDF, tenofovir 
disoproxil fumarate; ZDV, zidovudine.
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