Am J Blood Res 2020;10(5):198-209
www.AJBlood.us /ISSN:2160-1992/AJBR0114946

Original Article
Magnitude of anemia and undernutrition among
HIV-infected children who took HAART:
a retrospective follow-up study
Mulugeta Melku1*, Bamlaku Enawgaw1, Sisay Ayana2, Degefaye Zelalem Anlay3, Asemarie Kebede4,
Alemtsehay Haile5, Kindie Fentahun Muchie6, Debasu Damtie7,8,9, Mulualem Lemma7, Solomon Getawa1*
Department of Hematology and Immunohematology, School of Biomedical and Laboratory Sciences, College
of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia; 2Department of Medical Laboratory
Sciences, College of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia; 3Department of
Community Health Nursing, School of Nursing, College of Medicine and Health Sciences, University of Gondar,
Gondar, Ethiopia; 4Department of Surgical Nursing, School of Nursing, College of Medicine and Health Sciences,
University of Gondar, Gondar, Ethiopia; 5Pediatric ART Clinic, University of Gondar Specialized Referral Hospital,
University of Gondar, Gondar, Ethiopia; 6Department of Epidemiology and Biostatistics, School of Public Health,
College of Medicine and Health Sciences, Bahir Dar University, Bahir Dar, Ethiopia; 7Department of Immunology
and Molecular Biology, School of Biomedical and Laboratory Sciences, College of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia; 8Food Animal Health Research Program, CFAES, Ohio Agricultural
Research and Development Center, Department of Veterinary Preventive Medicine, The Ohio State University,
Wooster, OH 44691, USA; 9Global One Health Initiative, Eastern African Regional Office, The Ohio State University,
Addis Ababa, Ethiopia. *Co-first authors.
1

Received May 25, 2020; Accepted September 6, 2020; Epub October 15, 2020; Published October 30, 2020
Abstract: Background: Human immunodeficiency virus (HIV) is a virus that affects the immune system, the body’s
natural defence system. It is a virus spreading through certain body fluids that attacks the body’s immune system,
specifically the Cluster of Differentiation 4 (CD4) T-cells. Anemia is a common manifestation of pediatric HIV infection and is a significant negative predictor of survival. Moreover, undernutrition is the underlying cause of death
among 35% of children aged under 5 years, and it has been negatively implicated with antiretroviral therapy (ART)
outcomes, particularly in developing countries. The aim of this study was to determine the magnitude of anemia
and undernutrition among HIV-infected children within the first year of ART initiation at University of Gondar comprehensive specialized hospital ART clinic. Methods: Records of 200 children aged <15 years old who were on ART
at the University of Gondar comprehensive specialized hospital from 2005 to 2017 were retrospectively reviewed
in 2017. Baseline characteristics and one-year flow-up data after ART initiation were extracted from the medical
records. Anemic status was determined based on the hemoglobin (Hb) level in accordance with World Health Organization (WHO) guideline. The nutritional status was calculated based on anthropometric measurements. Generalized Estimating Equation (GEE) was fitted to identify factors associated with anemia and undernutrition. Odds ratio
with the corresponding 95% Confidence interval (CI) was reported. Results: Of the total children, 75 (37.5%) (95%
CI: 30.73-44.27%) were anemic at the baseline of ART initiation. The magnitude of anemia has shown a persistent
decline from the baseline to 12th months of ART initiation. At ART initiation, the magnitude of undernutrition was
high, 64% (95% CI: 57.3-70.7%). Similarly, the magnitude of undernutrition showed decrement during a one year
ART initiation period. Stunting was the most common type of undernutrition at baseline (49.5%), 6 months (44%),
9 months (41%), and 12 months (39%) of ART initiation. Baseline CD4 count, Baseline WHO clinical stage and age
at enrollment to the care were significantly associated with anemia within the first year of ART initiation. Conclusion:
Despite a decline in the first year of ART initiation, anemia and undernutrition were public health problems in HIVinfected children. Hence, for HIV-infected children taking HAART, emphasis should be given to manage anemia and
undernutrition within the first year of ART initiation.
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Introduction
HIV is one of the world’s most serious health
and development challenges. There were an

estimated 37.9 million (32.7-44 million) people
living with HIV/AIDS at the end of 2018 globally; of which, 1.7 million (1.3-2.2. million) were
children (<15 years old). In 2018, around 1.7
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million (1.4-2.3 million) individuals were newly infected with HIV globally. This includes
160,000 (110,000-260,000) children (<15
years) [1]. Most of these children were living in
sub-Saharan Africa and acquired the infection
from their HIV-positive mother during pregnancy, childbirth (labour and delivery) and breastfeeding [2].
In the WHO African Region, there are an estimated 25.7 million people living with HIV. This
region also accounts for almost two-thirds of
the global total of new HIV infections. In 2018,
about 1.1 million people were newly infected
with HIV. Ten countries including Ethiopia were
accounting for 80% of all people living with HIV
in the region [3]. Based on the United Nation on
HIV/AIDS estimation, about 700,000 (1.2%) of
people were living with HIV/AIDS in Ethiopia by
the end of 2018 [4]. In the latest WHO estimate, there were 62,000 (42,000-84,000) children aged 0-14 year living with HIV in 2016; of
which 21,700 (35%) of them were receiving ART
[5].
Anemia is a common manifestation of pediatric
HIV infection and is a significant negative predictor of survival. It occurs 50%-90% of children
living in both resource-limited and resourcerich settings [6]. It is the commonest hematological disorder affecting people living with HIV.
Studies have shown that the prevalence of anemia in HIV/AIDS disease could exceed 80%
depending on the region and threshold used to
define anemia. HIV-related anemia may be as a
result of opportunistic infections, side effect of
chemotherapeutic treatment, changes in cytokine expression with a resultant decrease in
blood cell production, and a consequence of
micronutrient deficiencies [7].
Undernutrition is the underlying cause of death
among 35% of children aged <5 years and
could lead to irreversible damages such as cognitive impairment, chronic diseases and growth failure [8]. It is a major public health problem
for children and especially for HIV-infected children since it creates a vicious circle with HIV
infection. Indeed, on the one hand, undernutrition worsens HIV/AIDS disease as it has similar effects on the immune system as HIV infection does. For example, among undernourished people, lymphoid tissues are damaged, and
CD4 T-cell concentration is decreased [9].
Wasting and weight loss are common features
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of HIV infection, especially in resource-limited
settings [10]. Evidence revealed that undernutrition is common in HIV-infected patients and
is a challenge to achieve the desired outcome
of ART, particularly in Africa [8, 11]. A study
done in Central and West African countries
revealed that approximately 42% (95 CI: 40%44%) of HIV-infected children were undernourished [8]. Undernutrition has been strongly associated with mortality in children infected with
HIV after initiation of ART [12] and is an indicator of impaired response to ART [13].
Even though there are cross-sectional level
studies on the magnitude of anemia and undernutrition among HIV-infected children in
Ethiopia, there is a limited data about the
changes within the first year of ART initiation,
particularly in Northwest part of Ethiopia. Therefore, this study aimed at determining the
magnitude and change of anemia and undernutrition in HIV-infected children within a one-year
of highly active antiretroviral therapy (HAART)
initiation at the University of Gondar comprehensive specialized hospital pediatric ART clinic.
Materials and methods
Study area, and design
An institutional-based retrospective follow-up
study was conducted at the University of
Gondar comprehensive specialized hospital
pediatrics ART clinic from March to May 2017.
The medical records of HIV-infected children
who registered for ART from 2005 to 2017 were
reviewed. The hospital is located in Gondar
town, Amhara regional state, Northwest
Ethiopia, which is 750 km from Addis Ababa,
the capital city of Ethiopia; and 180 km from
Bihar Dar, the capital city of the region. The ART
service of the hospital was initiated in 2005,
and it has 7 outpatient rooms, one voluntary
testing and counselling room, one pharmacy,
and one laboratory. The ART service has three
adult ART clinics, one pediatric, one voluntary
counselling and testing and 2 adherence counselling clinics. Based on the information
obtained from the hospital, since the hospital
started ART service, 7581 adults and 738 pediatric HIV-infected patients had been enrolled
for ART service until the end of 2016.
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Source and study population
All HIV-infected children who took HAART at the
University of Gondar comprehensive specialized hospital pediatric ART clinic were source
population. The study population included all
HIV-infected children who took HAART for at
least one year at the University of Gondar comprehensive specialized hospital Pediatric ART
clinic.
Sample size, and sampling technique
Since the study was retrospective, the sample
size calculation was not applicable. A total of
540 HIV-infected children who took or were taking HAART were registered. From those children, 200 of them who took HAART for at least
one year and had a complete information for
key variables were included in this study.

for children 12-14.9 years old. Similarly, the
severity of anemia was categorized based on
the recommendation of WHO guideline taking
age into consideration [15]. According to the
WHO child growth standards, undernutrition in
children was defined as anthropometric indices less than -2 standard deviations. Children
were categorized as underweight (Z-score of
weight-for-age (WAZ) or body mass index (BMI)for-age <-2), stunted (Z score of height-for-age
(HAZ) <-2), and wasted (Z score of weight-forheight (WHZ) <-2) [16].
Data analysis, and interpretation

All available information on patient records
were checked. Data extraction format was prepared based on the Ethiopian Federal Ministry
of Health National Guidelines for Comprehensive HIV Prevention, Care and Treatment, 2014
[14]. Besides, the extraction checklist was further customized based on the children ART
monitoring record book. The tool was used to
extract data like socio-demographic status, Hb
value, weight, height, CD4 cell count, type of
ART regimens used, WHO clinical stages, tuberculosis (TB) screening results, and other characteristics at baseline (before initiation of ART),
and at 6 months, 9 months and one year after
ART initiation.

Data were cleared, entered into Epi info version 3.5.3 and then transferred to Statistical
Package SPSS version 20 software for analysis. Descriptive analyses were conducted to
describe the characteristics of study participants, and the results were presented in tables.
Undernutrition and anemia were described in
relation to demographic and clinical characteristics of the study participants at baseline, 6
months, 9 months and 12 months of ART initiation. The proportion with its corresponding 95%
CI was estimated for undernutrition and anemia. The change in the magnitude of undernutrition and anemia during the first one year of
ART initiation period was presented in a line
graph. Bivariable correlation analysis was done
to see the correlation of Hb and nutritional indices with time within one year of ART initiation.
As anemia and undernutrition were binary outcome variables with repeated measurement
over one year of ART initiation, we fitted a GEE
to identify factors associated them. All variables with p-value <0.25 in the bivariable GEE
model were fitted into multivariable GEE model.
In bivariable GEE, both crude odds ratio (COR)
and unadjusted beta coefficient (B) with the
corresponding 95% CI were reported. Similarly,
in multivariable GEE model, both adjusted odds
ratio (AOR) and adjusted B and the corresponding 95% CIs were reported to see the strength
of association. A p-value of <0.05 in multivariable analysis was considered statistically significant.

Definition of outcomes

Ethics approval

The anemia among children was defined based
on the altitude adjusted Hb values as follows:
Hb<11 g/dl for children <5 years old, Hb<11.5
g/dl for children 5-11.9 years old and <12 g/dl

The ethical approval was obtained from the
Ethics and Research Review committee of the
School of Biomedical and Laboratory Science,
College of Medicine and Health Sciences, the

Inclusion and exclusion criteria
All data from the HIV-infected children who took
HAART for one year at the University of Gondar
comprehensive specialized hospital pediatric
ART clinic were included; whereas those HIVinfected children who took HAART for at least
one year with incomplete data on Hb, weight,
height and age were excluded from the study.
Data collection
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Table 1. Socio-demographic and Clinical characteristics of HIVinfected children who were on HAART and their caregivers at university of Gondar comprehensive specialized hospital ART clinics
Frequency
(%)
Age at enrollment (year)
<5
118 (59)
≥5
82 (41)
Sex
Male
83 (41.5)
Female
117 (58.5)
Residence
Urban
181 (90.5)
Rural
19 (9.5)
Caregiver’s religion
Orthodox
152 (76)
Muslim
48 (24)
Caregiver’s marital status
Single
18 (9)
Married
150 (75)
Divorced/widowed
32 (16)
Caregiver’s educational status Unable to read and write
59 (29.5)
Primary school
141 (70.5)
Caregiver’s occupation
Unemployed and daily laborer 48 (24)
Government employed
13 (6.5)
Farmer
7 (3.5)
Merchant
54 (27)
House wife
78 (39)
Caregiver’s relation with child Biological
134 (67)
Relatives
66 (33)
WHO clinical stage
Stage I and II
129 (64.5)
Stage III and IV
71 (35.5)
Functional status of child
Working/appropriate
89 (44.5)
Ambulatory/delayed
105 (52.5)
Bedridden/regression
6 (3)
Tb treatment history
Yes
18 (9)
No
182 (91)
Characteristics

University of Gondar (Ref. No: SBLS/659/09;
Issue date: 13 March, 2017). Letter of permission was obtained from the clinical director
office of the University of Gondar comprehensive specialized hospital. The ART clinics and
Medical record office had been communicated before data collection. Study participants’
name and identification number were not extracted to ensure confidentiality.
Results
Characteristics of study population
Among 200 children included, 117 (58.5%)
were females; 118 (59%) were below the age
of five years at enrollment; and 181 (90.5%)
were from urban area. The majority, 164 (67%),
of the HIV-infected children had a biological
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relationship with their caregivers (Table 1). Out of the total
children, 129 (64.5%) and 18
(9%) of them were at WHO
clinical stage I and II, and had
a history of tuberculosis treatment, respectively. Concerning the functional status before the initiation of HAART,
89 (44.5%), 105 (52.5%) and
6 (3%) were working/appropriate, ambulatory/delayed and
bedridden/regression, respectively (Table 1).
Magnitude of anemia

Of the total children, 75
(37.5%) (95% CI: 30.7344.27%) were anemic at the
baseline of ART initiation. Likewise, 33 (40.2%) and 42
(35.6%) of HIV-infected children aged greater than or
equal to five years, and aged
less than five years old were
anemic at the baseline, respectively. The magnitude of
anemia in male (31 (37.3%))
and female (44 (37.6%)) was
nearly the similar at baseline.
The magnitude of anemia at
6, 9 and 12 months after ART
initiation was 44 (22%) (95%
CI: 16.21-27.79%), 41 (20.5%)
(95% CI: 14.86-26.14%) and
36 (18%) (95% CI: 12.63-23.37%), respectively
(Table 2). This indicates that the magnitude of
anemia had shown decrement after ART initiation (Figure 1).
In this study, anemia was classified into mild,
moderate and severe based on the altitude
adjusted Hb values [12]. Of the total anemic
children, 41 (54.7%) and 34 (45.3%) of them
had mild and moderate anemia at the baseline of ART initiation, respectively. At the 6
months of ART initiation, 18 (40.9%) of them
were mildly anemic whereas 26 (59.1%) of
them were moderately anemic. Moreover, at
9 and 12 months of ART initiation, 41 (75.6%)
and 21 (60.0%) were mildly anemic; and 10
(24.4%) and 14 (40.0%) were moderately anemic, respectively (Table 3).
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Table 2. Anemia prevalence according to Socio-demographic characteristics and WHO clinical stage of children who took HAART at least 12
months at University of Gondar comprehensive specialized hospital ART clinic
Characteristics

At baseline of ART initiation

Anemic status during ART follow-up
At 6 months of ART Initiation
At 9 months of ART initiation

At 12 months of ART

Anemic (n (%)) Non-anemic (n (%)) Anemic (n (%)) Non-anemic (n (%)) Anemic (n (%)) Non-anemic (n (%)) Anemic (n (%)) Non-anemic (n (%))
Age at enrolment (year)
Sex
Residence
Religion of caregiver

<5 years

42 (35.6)

76 (64.6)

25 (21.2)

93 (78.8)

22 (18.6)

96 (81.4)

21 (17.8)

97 (82.2)

≥5 years

33 (40.2)

49 (59.8)

19 (23.2)

63 (76.8)

19 (23.2)

63 (76.8)

15 (18.3)

67 (81.7)

Male

31 (37.3)

52 (62.7)

21 (25.3)

62 (74.7)

23 (27.7)

60 (72.3)

20 (24.1)

63 (75.9)

Female

44 (37.6)

73 (62.4)

23 (19.7)

94 (80.3)

18 (15.4)

99 (84.6)

16 (13.7)

101 (86.3)
149 (82.3)

Urban

67 (37)

114 (63)

38 (21)

143 (79)

38 (21)

143 (79)

32 (17.7)

Rural

8 (42.1)

11 (57.9)

6 (31.6)

13 (68.4)

3 (15.8)

16 (84.2)

4 (21.1)

15 (78.9)

54 (35.5)

98 (64.5)

33 (21.7)

119 (78.3)

4 (22.4)

118 (77.6)

32 (21.1)

120 (78.9)

Orthodox
Muslim

21 (43.8)

27 (56.2)

11 (22.9)

37 (77.1)

7 (14.6)

41 (85.4)

4 (8.3)

44 (91.7)

16 (12.8)

8 (10.7)

20 (12.8)

4 (9.1)

19 (11.9)

5 (12.2)

20 (12.2)

4 (11.1)

7 (5.6)

6 (8)

9 (5.8)

4 (9.1)

10 (6.3)

3 (7.3)

11 (6.7)

2 (5.6)

5 (4)

2 (2.7)

5 (3.2)

2 (4.8)

5 (3.1)

2 (4.9)

5 (3)

2 (5.6)

30 (24)

24 (32)

45 (28.8)

9 (20.5)

45 (29.3)

9 (22)

48 (29.3)

6 (16.7)

13 (13.6)

7 (9.3)

19 (12.2)

5 (11.4)

20 (12.6)

4 (9.8)

21 (12.8)

3 (8.3)

50 (40)

28 (37.3)

58 (37.2)

20 (45.5)

60 (37.7)

18 (43.9)

59 (36)

19 (52.8)

I

16 (23.2)

53 (76.8)

13 (15.1)

73 (84.9)

19 (16.5)

96 (83.5)

18 (14.1)

110 (85.9)

II

29 (48.3)

31 (51.7)

15 (28.8)

37 (71.2)

13 (30.2)

30 (69.8)

14 (38.9)

22 (61.1)

III

21 (37.5)

35 (62.5)

11 (23.9)

35 (76.1)

6 (16.7)

30 (83.3)

2 (16.5)

29 (93.5)

IV

9 (60)

6 (40)

5 (31.2)

11 (68.8)

3 (50)

3 (50)

2 (40)

3 (60)

Occupation of caregiver Non-employee
Gov’t employee
Farmer
Merchant
Daily laborer
Housewife
WHO clinical stage
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Figure 1. Magnitude of anemia and undernutrition of study participants at baseline, 6 months, 9 months and 12
months of ART initiation. The picture depicts the overtime change of anemia and undernutrition within one year of
ART initiation among children who had been taking ART medication at University of Gondar compressive specialized
hospital ART clinic.

the first year of ART initiation. At the baseline, the magnitude of underweight, stunting and undernutrition was 44.5% (95% CI:
37.6-51.5%), 49.5% (95% CI: 42.5-56.5%)
Anemia severity
and 64.0% (95% CI: 57.3-70.7%), respecAnemic status
Mild anemia,
Moderate
tively. Figure 1 showed that the magnin (%)
anemia, n (%)
tudes of underweight, stunting and underAt baseline of initiation
41 (54.7)
34 (45.3)
nutrition have declined at 6 and 9 months
At 6 months of ART initiation
18 (40.9)
26 (59.1)
of ART initiation compared to the baseline.
At 9 months of ART initiation
31 (75.6)
10 (24.4)
However, there was no such large differAt 12 months of ART initiation
21 (60.0)
14 (40.0)
ence between 9 and 12 months of ART initiation (Figure 1). Besides, the bivariable
At the initiation of ART, the magnitude of anecorrelation analyses had showed an overall
mia with WHO clinical stage I, II, III and IV was
weak negative correlations between time and
23.2%, 48.3%, 37.5% and 60%, respectively.
nutritional indices over one year of ART inWith respect to the WHO clinical stage, anemia
itiation.
was more common in advanced and severe
Factors associated with anemia and undernustages than stage I and II. Furthermore, as
trition
depicted in Table 2, the magnitude of anemia
had shown a decrement after 6 months, 9
Compared to children at WHO clinical stage I at
months and 12 months of ART initiation with
baseline of ART initiation, those who were at
respect to the WHO clinical stage (Table 2). In
stage II-IV had higher risk of anemic within one
addition to this, Hb concentration had shown
year of ART initiation (AOR = 1.73; 95% CI: 1.02a significant positive correlation with time of
3.0; P = 0.048). However, a unit month
ART initiation within one year of treatment (Spincreased in age of children at enrollment to the
earman’s rank-order correlation (rho) = 0.192,
care (AOR = 0.97; 95% CI: 0.95-0.99; P = 0.026)
P<0.01).
and baseline CD4 count (AOR = 0.95; 95% CI:
0.93-0.98; P<0.01) had reduced the risk of
Magnitude of undernurition
anemia. Regarding undernutrition, there was
The magnitude of underweight, stunting and
not statistically significant factor in multivariundernutrition had shown decrement during
able GEE model (Table 4).
Table 3. Severity of anemia with respect to ART followup period at the University of Gondar comprehensive
specialized hospital pediatrics ART clinic
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Table 4. Factors associated the magnitude of anemia and undernutrition in HIV-infected children within one year of HAART initiation using GEE
model
Factors associated with magnitude of anemia from baseline to 12 months of ART initiation
Crude model
Variables
B (95% CI)
COR (95% CI)
Sex
Child residence
Baseline WHO clinical stage

Male

0

1

Female

-0.38 (-0.88, 0.12)

0.68 (0.42, 1.13)

Urban

0

1

Rural

-0.18 (-0.613, 0.974)

1.20 (0.54, 2.65)

0

1.

0.59 (0.04, 1.14)

1.81 (1.04, 3.13)

0

1.

-0.07 (-0.58, 0.43)

0.93 (0.56, 1,54)

Stage I
Stage II, III and IV

Baseline Functional status

Appropriate/working
Ambulatory or regression

P-value
0.141
0.656

Adjusted model
Adjusted B (95% CI)
AOR (95% CI)

p-value

0

1

-0.44 (-0.95, 0.08)

0.65 (0.39, 1.08)

0.095
-

-

-

0

1

0.55 (0.02, 1.10)

1.73 (1.02, 3.0)

-

-

0.775

-

-

-

0.035

0.048

Age at enrolment (month)

Continuous as a covariate

-0.04 (-0.02, 0.005)

0.96 (0.98, 1.005)

0.241

-0.03 (-0.05, -0.001)

0.97 (0.95, 0.99)

0.026

Baseline CD4 count

Continuous as a covariate

-0.001 (-0.002, 0.001)

1.0 (0.998, 1.001)

0.239

-0.05 (-0.07, -0.02)

0.95 (0.93, 0.98)

<0.01

0.827

-

-

-

0.823

-

-

-

0.063

0.003 (-0.001, 0.006)

1.003 (0.99, 1.01)

0.693

Factors associated with magnitude of undernutrition from baseline to 12 months of ART initiation
Sex
Child residence
Baseline WHO clinical stage

Male

0

1

Female

0.045 (-0.359, 0.449)

1.05 (0.7, 1.57)

Urban

0

1

Rural

-0.07 (-0.685, 0.545)

0.932 (0.50, 1.72)

0

1

0.399 (-0.022, 0.819)

1.49 (0.98, 2.27)

Stage I
Stage II, III and IV

Baseline Functional status

Appropriate/working

0

1

Ambulatory or regression

0.083 (-0.317, 0.483)

1.09 (0.73, 1.62)

0.685

-

-

-

Age at enrolment (month)

Continuous as a covariate

-0.004 (-0.011, 0.003)

0.996 (0.989, 1.003)

0.222

.004 (-0.012, 0.003)

0.99 (0.98, 1.003)

0.221

Baseline CD4 count

Continuous as a covariate

-0.003 (-0.004, 0.001)

0.997 (0.995, 1.001)

0.229

0.002 (-0.004, 0.001)

1.002 (0.99, 1.01)

0.693

AOR: Adjusted odds ratio; B: Beta Coefficient; COR: Crude odds Ration; Italicized P-value in adjusted model shows a significant at P<0.05.
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Discussion
The presence of anemia in HIV-infected patients has serious implications, which vary from
functional and quality-of-life decrement to disease progression and decreased survival. An
obvious cause of anemia in patients with HIV
infection is blood loss. Blood loss may be associated with such conditions as neoplastic disease or gastrointestinal lesions that accompany opportunistic infections. Other than blood
loss, the pathophysiology of HIV-associated
anemia may involve 3 basic mechanisms: decreased red blood cell (RBC) production, increased destruction of matured RBC and erythroid precursor cells, and ineffective RBC production [17]. One of the etiological agents of
anemia in HIV-infected children is the suppression of erythropoiesis by cytokines which is produced by HIV-infected lymphocyte and macrophage [18].
In this study, the overall magnitude of anemia
was 37.5%, 22%, 20.5% and 18% at the baseline, 6 months, 9 months, and 12 months of
ART initiation, respectively. The magnitude gradually decreased within one year of ART initiation. Similar to our study, studies showed a decrement of anemia prevalence after ART initiation. A study done by Mocroft et al indicated
that 65.5% of patients were anemic before
HAART initiation, 53% were anemic after 6
months of HAART and 46% were anemic after
12 months of HAART [19]. Similarly, a study
done at Yekatit 12 Hospital, Addis Ababa,
Ethiopia had reported a declined magnitude of
anemia during the course of 12 months of ART
initiation (18.9% at the baseline, 12.3% at 6
months and 10.4% at 12 months ART initiation)
[20]. The reason for a decline in the magnitude
of anemia during the course of HAART is that
ART medication reduces viral replication, increases the CD4 lymphocyte count, improves
CD4 lymphocyte function, and reduces the incidence of opportunistic infections. This ultimately reduces mortality and HIV-related complication including anemia [21].
In this study, the magnitude of anemia at the
baseline of ART initiation was 37.5%. It is comparable with study reported from Kenya in
which 35.9% of the study population had anemia [22]. However, it was higher compared to
the study done at Yekatit 12 Hospital, Addis
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Ababa, Ethiopia (18.9%) [20], Enugu, Nigeria
(3%) [23] and Jimma, Ethiopia (21.9%) [24].
High prevalence of anemia in this study may be
due to differences in socio-economic factors
across the study settings and study design. The
low prevalence of anemia in the other study
such as Yekatit 12 Hospital Ethiopia (18.9%)
[20] may be due to the difference in the study
design (cross-sectional study in Yekatit 12 hospital but retrospective follow-up in our case),
age difference of study subjects (study subject
up to 18 years included in Yekatit 12 hospital,
but age less than 15 years included in our
study) and sample size variation (106 study
subject in Yekatit 12 hospital but 200 study
participants in our case). The reason why our
finding was higher than a study done in Jimma,
Ethiopia (21.9%) might be due to differences in
study design (cross-sectional in Jimma but retrospective follow-up in our case), sample size
variation (64 study subject in Jimma but 200 in
our study) and socio-economic status of the
study participants.
On the other hand, the magnitude of anemia is
lower than the research done in India (66%)
[25], Ile-Ife, Nigeria (70%) [26], Cape Town,
South Africa (73%) [27], Lagos, Nigeria (77.9)
[28], Harar, Ethiopia (54.4%) [6], Jimma, Ethiopia (53.1%) [24]. The differences in the magnitude of anemia might be attributed to the sample size variation, the variability of nutritional
factors, variation in burden of opportunistic infections, variability in age limit of included children and the time difference where the studies
were conducted.
In this study, at 6 months of ART medication,
the magnitude of anemia was decreased from
37.5% at baseline to 22%. This decrement is
similar to other similar studies report in Kenya
(from 35.9 to 16.6%) [22] and in Addis Ababa,
Ethiopia (from 18.9 to 12.35%) [20]. Moreover,
at 12 months of ART treatment, anemia was
also declined from 37.5% at baseline to 18%.
This improvement of Hb value of the study participants was similar to other study done in
Harar, Ethiopia (from 54.4 to 39.2%) [6] and
Addis Ababa, Ethiopia (from 18.9 to 10.4%)
[20]. The decrement of anemia during the
course of ART medication might be related to
the positive effect of HAART, the reduction in
viral load, increase in CD4 count, and childcare
service and nutritional supplementation pro-

Am J Blood Res 2020;10(5):198-209

Anemia and undernutrition in HIV-infected children on HAART
vided for children during follow-up. These may
reduce the destruction of maturing hematopoietic cells of multiple lineages and improve the
erythropoietin response of hematopoietic organs [19].
The current study showed that a unit increase
in baseline CD4 count reduced the risk of anemia by 2-7% (AOR = 0.95; 95% CI: 0.93-0.98).
The possible reason for reduced risk of anemia
might be due to good immunological recovery
during the course of ART medication in children
with high baseline CD4 count. For HIV-infected
patients who had a higher baseline CD4 cell
count, it might be easier to reach to the normal
CD4 level within a short period of time after initiation of treatment. Studies also reported that high baseline CD4 cell count was positively
associated with a better immunological response in HIV-infected patients who are taking
HAART [29, 30]. This ultimately reduces the
viral load and HIV/AIDS-related complications
including anemia.
This study showed that children who were
at WHO clinical stage II-IV at baseline of ART
initiation were more likely to be anemic. The
possible justification might be related to poor
immunological recovery in children with advanced and severe immunosuppression at
baseline of ART initiation. Evidence also
revealed that HIV-infected patients with low
CD4 count at baseline are less like to achieve
good immunological response [31]. In this
case, the possibility of achieving the desired
ART medication outcomes such as reducing
viral load, improving quality of life, reducing
HIV/AIDS-related complications etc could not
be met.
In the current study, age at enrollment to the
HIV care service was one of the factors significantly associated with anemia. A unit increase
in month of child age during enrollment to HIV
care service reduced the risk of anemia by 3%
(95% CI: 1-5%) (AOR = 0.97; 95% CI: 0.95-0.99).
Previous study also affirmed that younger age
was a risk factor of anemia in HIV-infected children [32]. The reason might be related to the
developmental and behavioral changes of children. As the child age advances, the growth
requirement becomes optimal and the adherence to ART medication becomes good compared to those whose age is younger. This co-
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uld possibly reduce the risk HIV/AIDS-related
complications including anemia.
In our study, the magnitude of anemia was high
among under 5 years of age compared to HIVinfected children who were in the age of 5-14.9
years old. This was similar to other studies [25,
33]. This may be due to the fact that children
aged less 5 years old do have high nutritional
demand for their rapid growth and RBC production; and it could be accompanied with a high
frequency of gastrointestinal infections which
leading to anemia of blood and nutritional deficiencies [6, 25].
In HIV-infected children, undernutrition is a
major public health problem which limits the
desirable success of HAART, particularly in developing nations like Ethiopia. Undernutrition
together with HIV infection negatively affects
the immunity, leading to severe immune-dysfunction and susceptibility to infectious diseases [34]. In our study, the magnitude of undernutrition was high at baseline of ART initiation. At
baseline, the magnitude of underweight and
stunting were found to be 44.5% (95% CI:
37.7-51.5%), and 49.5% (95% CI: 42.5-56.5%),
respectively. These figures were comparable
with a study done in Harar, Ethiopia [6] revealing that the prevalence of underweight and
stunting were 51.6% and 49.1%, respectively
[6]. A high magnitude of undernutrition at the
baseline of ART might be due to a high viral
replication that might cause an immune-dysfunction leading to susceptibility to infectious
diseases and malabsorption of micronutrients.
In this study, the magnitude of undernutrition
had declined during a one year course of HAART medication. This is comparable with other
studies conducted in Harar, Eastern Ethiopian
[6] and Dar es Salaam, Tanzania [35]. The possible reason might be due to the reduction of
viral replication, and the immune recovery after
ART-initiation. This, in turn, decreases the risk
of HIV-associated comorbidities, which improves micronutrient absorption [36]. Moreover,
the integration of nutritional supplementation
and health education during ART follow-up may
improve the nutritional status of children [37].
Conclusion
In general, there was a high prevalence of anemia and undernutrition in HIV-infected children
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who took HAART at the University of Gondar
comprehensive specialized hospital ART clinic.
Baseline WHO clinical stage, Baseline CD4
count and age at enrollment to the care were
associated with anemia. Despite anemia and
undernutrition declined after initiation of ART
which highlights the importance of the ART
medication in reducing HIV/AIDS-related complications, the magnitude remained high and
were the public health problems. Therefore,
emphasis should be given to manage anemia
and undernutrition. Besides, continuous assessment of hematological and nutritional parameters before and after initiation of ART, giving
adherence counselling to strengthen the uptake of ART regime, providing health education
about personal and environmental hygiene for
the caregivers, and providing nutritional supplementation for the HIV-infected children are
advisable to reduce the burden of anemia and
undernutrition.
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