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ABSTRACT

Background: A quarter of the world's popula-
tion suffers from iron deficiency anemia with
various causes. Anemia has an impact on a
child's quality of life, even if it is of mild or
moderate severity. This study aims to analyze
the effect of hemoglobin levels on the mortality
of children infected with HIV/AIDS using a
meta-analysis.

Subjects and Method: This was a systematic
review and meta-analysis. Article searches were
conducted using electronic databases, namely
Google Scholar and PubMed. Article sub-
mission time is 1 month. Article search is done
by several methods, namely boolean operators,
handsearching, and keywords and MesH. The
articles included in this study are articles that
have a cohort study design. The systematics of
article collection was carried out using the
PRISMA-P flow chart. All articles were ana-
lyzed using the Review Manager 5.3.
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Results: Hemoglobin < 10 g/dl (aHR= 1.98;
95% CI=1.69 to 2.32; p<0.001), hemoglobin <9
g/dl (aHR= 1.79; 95% CI=1.49 to 2.14;
p<0.001), and hemoglobin <8 g/dl (aHR= 1.77;
95% CI=1.43 to 2.20; p<0.001) has an effect on
mortality of children infected with HIV/AIDS.
Conclusion: Low hemoglobin levels increase
the risk of death in children infected with
HIV/AIDS.
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BACKGROUND
Malnutrition is the leading cause of death
in the world because it is the most complex
health problem. Hemsley (2019) reports
that 52 of the 462 million who are malnou-
rished are children. Malnutrition in early
life can pose a risk to quality of life across
generations (Wells et al., 2019).

Children who experience acute mal-
nutrition, three to nine times have a risk of
experiencing physical and cognitive deve-
lopment disorders (Jerath et al., 2017).
Chronic diseases in children will patho-
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physiologically increase the need for caloric
intake, impaired nutrient absorption, pro-
blems with nutrient excretion, to the occur-
rence of intolerance of a type of nutrient
(Nath et al., 2019). In general, people with
HIV experience impaired nutrient absorp-
tion and chronic diarrhea (Duggal et al.,
2012).

Iron deficiency anemia is expe-
rienced by 50% of children in the world
with varying prevalence throughout the
world, especially in developing countries.
Anemia is a public health problem that has
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an impact on persistent changes in cogni-
tive, motor, and neurocognitive perform-
ance (Roganovic et al., 2018). Anemia with
mild or moderate severity has a risk of
death (Allali et al., 2017).

Anemia is a prognostic and indepen-
dent factor in the presence of Human
Immunodeficiency Virus infection. Based
on the WHO report, the highest prevalence
of anemia is in children. Anemia in HIV/
AIDS sufferers is caused by nutritional
imbalances, adherence to antiretroviral
therapy, infection, and parenting (Beletew
et al., 2020).

A study conducted by Shet et al.
(2009) reported that the prevalence of ane-
mia with hemoglobin levels of less than 11
g/dl in HIV/AIDS children in South India
was 66%. Children infected with HIV/AIDS
who live in rural areas are 12.04 times more
likely to experience anemia than children
with HIV/AIDS who live in urban areas.
This is because the nutritional pattern
during therapeutic intervention in children
living in rural areas has not met the
nutritional needs standards.

A cross sectional study conducted in
Uganda reported on the prevalence and
factors that influence anemia in children
infected with HIV/AIDS. The highest
prevalence of anemia was in children aged
6 to 24 months, which was 50.7%. Factors
associated with anemia in HIV/AIDS
children are age less than 6 months, not
taking multivitamins, history of blood
transfusion, and malaria coinfection
(Munyagwa et al., 2020).

The magnitude of anemia in HIV-
infected children was found to be high in
Ethiopia, which was 53.9%. Children with
clinical stages 3 and 4 have a 5.07 times
risk of developing anemia. Children who
experience moderate stunting are at risk of
5.16 times more prone to anemia. Children
who experience severe stunting have a risk
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of 12.45 times more prone to anemia
(Mulaw et al., 2020).

A meta-analysis study reported the
prevalence of anemia in children with HIV/
AIDS in Ethiopia, which was 22.3%.
Comorbid anemia in children who started
antiretroviral therapy was 0.4%. Anemia
causes a decrease in the quality of life of
children (Wagnew et al., 2019).

Alebel (2020) conducted a study on
the mortality rate of children living with
HIV/ AIDS on antiretroviral therapy in
northwestern Ethiopia. This study is a
historical cohort study conducted on 538
children who were positive for HIV/AIDS.
There are 45% of children with HIV/AIDS
have opportunistic infectious diseases,
namely diarrhea, pneumonia, and tuber-
culosis. Children who have clinical disease
stage I and II are 57.6%. The proportions of
the initial nutritional status of children with
HIV were 17.3%, 22.7%, and 16.7%, namely
having very poor nutritional status, short,
and thin. Based on the proportion of these
nutrients, children who experience iron
deficiency anemia during antiretroviral
therapy are 12.3%.

Various  studies have  been
conducted to determine the incidence of
anemia in children with HIV/AIDS and its
effect on mortality. However, the results of
these studies have not consistently found
out how much anemia has an effect on child
mortality. Further analysis is needed to rise
at evidence-based conclusions on research
that has been carried out in various
countries. This study aimed to assess the
effect of iron deficiency anemia on the
mortality of children with HIV/AIDS.

SUBJECTS AND METHOD

1. Study Design

This was a meta-analysis study. Articles
were obtained from electronic databases,
namely Google Scholar and PubMed.
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Article collection is carried out for 1 month.
The article search method uses the boolean
operator, handsearching, keyword and
MesH methods. The keywords used in this
study were: “anemia”, “anaemia”, “haemo-
globin”, “hemoglobin”, “iron deficiency
anemia”, “anemic”, “HIV”, “Human Immu-
nodeficiency Virus”, “HIV-positive” , “Child
Mortality”, “Mortality”.

2. Inclusion Criteria

All research collected is a study with a
cohort study design. The measure of the
relationship is using the adjusted hazard
ratio. The study population is children
infected with HIV/AIDS with an age range
of 0 to 18 years. Based on the PICO
formula, the research intervention was
hemoglobin levels < 10 g/dl, hemoglobin
levels < 9 g/dl, and hemoglobin levels < 8
g/dl. Comparative studies are hemoglobin
levels >10 g/dl, hemoglobin levels >9 g/dl,
and hemoglobin levels >8 g/dl.

3. Exclusion Critera

Articles are excluded if the article cannot be
accessed by full paper, articles that are
accessible but incomplete, and articles that
use languages other than English.

4. Operational Definition of Variables
The formulation of the research problem
was carried out using PICO. Population is
children with HIV/AIDS who are in the age
range O to 18 years. Interventions were
hemoglobin levels <10 g/dl, hemoglobin
levels <9 g/dl, and hemoglobin levels <8
g/dl. Comparison are hemoglobin levels >
10 g/dl, hemoglobin levels > 9 g/dl, and
hemoglobin levels > 8 g/dl. Outcomes are
death.

Iron Deficiency Anemia is a hemo-
globin concentration in the blood that is
less than 11 g/dl.

Death is the death status of a child with
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HIV/AIDS based on what is recorded in the
medical record stated by a professional, a
death certificate, or a verbal autopsy.
HIV/AIDS is a spectrum of diseases that
attack the immune system, causing a pri-
mary infection that begins without showing
symptoms until at an advanced stage it can
cause disease complications.

5. Data Analysis

Research data processing is carried out
using the Review Manager 5.3 application
(RevMan 5.3) by calculating the adjusted
Hazard Ratio and heterogeneity values to
determine the research model and produce
meta-analysis research in the form of forest
plots.

RESULTS

Research from primary studies related to
the effect of iron deficiency anemia on child
mortality with HIV/AIDS consisted of 14
studies from 12 studies from the African
continent and 2 studies from the Asian
continent. Figure 1 shows the region of the
retrieved articles that fit the inclusion
criteria. Furthermore, the researchers con-
ducted an assessment of the quality of the
articles and there were 14 cohort study
articles.

The systematic search for the article is
to use a database, which can be seen in the
flowchart of Figure 1.

The research area which is the
location of the research carried out, covers
2 continents, namely the African continent
and the Asian continent. The research area
of meta-analysis can be seen in Figure 2.
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Articles identified through

Duplication (n=22)
database (n=1.101)

\ 4

¢ Articles issued (screening) (n=1,018),
Articles after removing reasons:
duplicates (n=1,079) 1. Pop}llatlop age range does not match
the inclusion criteria (n=613)
2. Not in accordance with the PICO
A 4 formula (n=405)
Filtered articles (n=61)

A 4

Excluded full text articles (n=47), reason:

1. Univariate/bivariate Cox proportional hazard

v model (n=3)
Articles included in the 2. Not according to the PICO formula (n=19)

meta-analysis quantitative 3. The independent variable does not match the
synthesis: (n=14) -~ PICO (n=8)

"l 4. Not using Cox proportional hazard model

(n=4)

5. Same research and lead author, but published
in different years (n=2)

6. Death censored (n=1)

7. The variable measurement scale does not
match the operational definition (n=10)

Figure 1. Flowchart of the article search process

2 studies in
Asia

*

12 studies in
Africa

Figure 2. Research Area Map Region
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1. Hemoglobin Level < 10 g/dl
There are 14 research articles on mortality
in children infected with HIV/AIDS with

a. Forest Plot
Forest plot of hemoglobin levels < 10 g/dl

hemoglobin levels <10 g/dl using the
adjusted hazard ratio and 95% confidence
interval.

on mortality of children infected with
HIV/AIDS can be seen in Figure 3 below.

Hazard Ratio

Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Fixed, 35% ClI
Alebel 2020 1.1314 04056  39% 3.10[1.40, 6.86)
Anaky 2010 0.6259 0.2221 13.0% 1.87[1.21,2.89]
Auld 2014 0.3507 0.1688 22.5%  1.42[1.02, 1.98)
Gebremedhin 2013 1.3271 05472 21% 3.77[1.29, 11.02)
Janssen 2009 15019 0.517 24% 4.49[1.63,12.37]
Kedir 2014 0.9123 03123 66% 2.49[1.35 4.59)
Koye 2012 0.692 03372 56% 2.44[1.26,4.73)
Moore 2007 047 02398 11.1% 1.60[1.00, 2.56)
Nugent 2014 0.2624 02477 10.4%  1.30[0.80, 2.11]
Salvadori 2017 0.8755 0398 4.0% 2.40[1.10,5.24]
Sidamao 2017 1.2 03039  8.9% 3.32[1.83 6.02)
Sutcliffe 2011 1.2528 0.5253 23% 3.50[1.25, 9.80)
Wamalwa 2010 1.0618 05319  23% 2.95[1.04, 8.37)
Zhao 2013 0.7885 03093 6.7% 2.20[1.20,4.03)
Total (95% CI) 100.0% 1.98 [1.69, 2.32)

Heterogeneity: Chi* = 18,64, df = 13 (P = 0.13); I = 30%
Test for overall effect: Z = 8.54 (P < 0.00001)

IV, Fixed, 95% Ci
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Figure 3. Forest plot of hemoglobin < 10 g/dl on mortality
of children infected with HIV/AIDS

Based on the results of the forest plot, there
was an effect of hemoglobin levels of < 10
g/dl on the mortality of children infected
with HIV/AIDS with a pooled hazard ratio
value of 1.98 with a 95% CI range of 1.69 to
2.32 which was statistically significant. The
analytical model used is the Fixed Effect
Model with a variation value of 30%. This
means that children infected with HIV/

D__SE(Iog[Ha;{arc! Ratio])

AIDS with hemoglobin levels < 10 g/dl have
a 1.98 times risk of dying compared to
children infected with HIV with hemo-
globin levels >10 g/dl.

b. Funnel Plot

The funnel plot of hemoglobin levels < 10
g/dl on the mortality of children infected
with HIV/AIDS can be seen in Figure 4
below
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Figure 4. Funnel Plot the effect of hemoglobin levels < 10 g/dl
to the death of children infected with HIV/AIDS

Figure 4 shows the distribution plot of the
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research results on the left plot and the
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right plot is not balanced, the distance in
each plot is far. The plot on the left has a
standard error (SE) in the range 0.18 to
0.26. The plot on the right has a standard
error (SE) in the range of 0.32 to 0.58. This
shows that there is a publication bias in the
study. Effect of hemoglobin levels < 10 g/dl

a. Forest Plot
The forest plot of hemoglobin levels < 9
g/dl on the mortality of children infected

Hazard Ratio

on mortality of children with HIV/AIDS
infection.

2. Hemoglobin Level < 9 g/dl

There are 10 research articles on mortality in
children infected with HIV/AIDS with
hemoglobin levels <9 g/dl using the adjusted
hazard ratio and 95% confidence interval.

with HIV/AIDS can be seen in Figure 5
below.

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Anaky 2010 0.6259 0.2221 169% 1.87[1.21, 2.89) -

Auld 2014 0.3507 0.1688 29.2%  1.42[1.02, 1.98) el
Gebremedhin 2013 1.3271 0.5472 28% 3.77[1.29, 11.02]

Janssen 2009 1.5019  0.517 31% 4.49[1.83, 12.37]

Moore 2007 0.47 0.2398 145%  1.60[1.00, 2.58) |
Nugent 2014 0.2624 0.2477 138%  1.30[0.80, 2.11)] T
Salvadori 2017 0.8755 0398 53% 240[1.10,5.24) e
Sutcliffe 2011 1.2528 05253 3.0% 3.50(1.25, 9.80)

Wamalwa 2010 1.0818 05319  29%  2.95([1.04, 8.37)

Zhao 2013 0.7885 0.3093 8.7% 2.20[1.20,4.03] —
Total (95% CI) 100.0%  1.79[1.49, 2.14] ’
Heterogeneity: Chi* = 12.32, df = 9 (P = 0.20); I = 27% :am 011 1 110 ml

Test for overall effect: Z = 6.35 (P < 0.00001)

Kadar hemoglobin = 9 g/dl  Kaar hemoglobin 9 < g/dl

Figure 5. Forest plot of hemoglobin < 9 g/dl on mortality
of children infected with HIV/AIDS

Based on the results of the forest plot, there
is an effect of hemoglobin levels of <9 g/dl
on the mortality of children infected with
HIV/AIDS with a pooled hazard ratio of
1.79 with a 95% CI ranging from 1.49 to
2.14 which is statistically significant. The
analytical model used is the Fixed Effect
Model with a variation value of 27%. This
means that children infected with
HIV/AIDS with hemoglobin levels <9 g/dl
have a 1.79 times risk of dying compared to
children infected with HIV  with
hemoglobin levels >9 g/dl.

b. Funnel Plot

The funnel plot of hemoglobin levels < 9

www.jepublichealth.com

g/dl on the mortality of children infected
with HIV/AIDS can be seen in Figure 6.

Figure 6 shows an asymmetrical
funnel plot with an unbalanced distribution
of research results on the left and right
plots. There is 3 plots to the left of the
center line and 7 plots to the right of the
center line. The plot on the left has a
standard error (SE) in the range of 0.16 to
0.26. The plot on the right has a standard
error (SE) in the range of 0.24 to 0.58. This
shows that there is a publication bias in the
study. Effect of hemoglobin levels < 9 g/dl
on mortality of children with HIV/AIDS
infection.
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Figure 6.Funnel Plot of the effect of hemoglobin levels < 9 g/dl
on the mortality of children infected with HIV/AIDS

3. Hemoglobin Level < 8 g/dl
There are 6 research articles on mortality in
children infected with HIV/AIDS with

a. Forest Plot
Forest plot of hemoglobin levels < 8 g/dl on

hemoglobin levels <8 g/dl using the
adjusted hazard ratio and 95% confidence
interval.

mortality of children infected with HIV/
AIDS can be seen in Figure 7 below.

Hazard Ratio

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Anaky 2010 06259 0.2221 24.3% 1.87 [1.21,2.89) —u—

Auld 2014 03507 0.1688 42.0%  1.42[1.02, 1.98] B

Gebremedhin 2013 1.3268 0.5455 4.0% 3.77[1.29, 10.98]

Janssen 2009 15019 0517  4.5% 4.49[1.63, 12.37]

Moore 2007 0.47 0.2398 20.8% 1.60 [1.00, 2.56] =

Sutcliffe 2011 1.2528 0.5253  4.3%  3.50 [1.25, 9.80]

Total (95% CI) 100.0% 1.77 [1.43, 2.20] .

Heterogeneity: Chiz = 8.79, df =5 (P = 0.12); 12 = 43% t t t {
0.0 0.1 1 10 100

Test for overall effect: £ =5.23 (P < 0.00001) Hemeoglobin = 8 g/dl  Hemoglobin < 8 g/dl

Figure 7. Forest plot of hemoglobin < 8 g/dl on mortality
of children infected with HIV/AIDS
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Based on the results of the forest plot, there
was an effect of hemoglobin levels of 8 g/dl
on the mortality of children infected with
HIV/AIDS with a pooled hazard ratio of
1.77 with a 95% CI ranging from 1.43 to
2.20 which was statistically significant. The
analytical model used is the Fixed Effect
Model with a variation value of 43%. This
means that children infected with
HIV/AIDS with hemoglobin levels < 8 g/dl
have a 1.77 times risk of dying compared to
children infected with HIV  with
hemoglobin levels > 8 g/dl.

b. Funnel Plot

The funnel plot of hemoglobin levels < 8

D__SE{IUg[Hazard Ratio])

D2t

0.4+

06T

08T

g/dl on the mortality of children infected
with HIV/AIDS can be seen in Figure 8.

Figure 8 shows an asymmetrical
funnel plot with an unbalanced distribution
of research results on the left and right
plots. There are 2 plots to the left of the
center line and 4 plots to the right of the
center line. The plot on the left has a
standard error (SE) in the range 0.18 to
0.24. The plot on the right has a standard
error (SE) in the range of 0.22 to 0.58. This
indicates that there is a publication bias in
the study of the effect of hemoglobin levels
< 8 g/dl on the mortality of children with
HIV/AIDS infection.

Hazard Ratia

}
10 100

Figure 8. Funnel Plot of the effect of hemoglobin levels < 8 g/dl
on the mortality of children infected with HIV/AIDS

DISCUSSION

Iron has several important functions for the
body, namely as a catalyst for oxygenation,
helping the body's metabolism, hydroxyla-
tion, nucleic acid synthesis, and being a co-
factor for enzymes in mitochondrial respi-
ration. Beletew et al. (2020) reported that
the factors that influence anemia in
children undergoing antiretroviral therapy
are amebiasis, opportunistic diseases, mal-
nutrition, non-adherence to antiretroviral

www.jepublichealth.com

therapy, originating from rural areas, and
consuming a non-diversified diet.
Opportunistic  diseases have an
important role in the incidence of mal-
nutrition in children with HIV/AIDS.
Opportunistic diseases have common
symptoms such as decreased appetite,
impaired absorption of nutrients, gastro-
intestinal disease, or inflammation. Based
on the WHO report in 2013, 0.4 of the 1.5
million deaths due to tuberculosis were
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people with HIV/AIDS. Anemia and mal-
nutrition are common complications
experienced by tuberculosis patients.

Iron has a role as a growth factor for
Mycobacterium tuberculosis. Anemia that
occurs in tuberculosis patients is due to
metabolic changes, changes in leptin
concentrations in the blood, and cachexia.
This has a risk of death (Nasution, 2015).
Children receiving antiretroviral therapy
with opportunistic diseases were 10 times
more likely to have anemia than children
without opportunistic diseases.

Impaired nutrient absorption that
causes malnutrition in children with
HIV/AIDS is related to the incidence of
iron deficiency anemia. Impaired absorp-
tion of nutrients in children can occur due
to damage to the intestinal villus. The
carbohydrates and fats needed cannot be
absorbed through the capillaries and
lymphatics that are part of the intestinal
villus. Fat is one of the solvents for several
vitamins, such as A, D, E, and K. The
impaired absorption causes the levels of
vitamins that the body needs are not met
properly. This is related to low levels of
vitamin A. Vitamin A has a function as a
transporter of erythrophides and iron
(Duggal et al., 2012).

Antiretroviral adherence is associated
with improved virological, immunologic,
and clinical outcomes. The benefits of anti-
retrovirals will be maximized if adherence
is more than 95% (WHO, 2006). Immuno-
logical improvement is very important to
improve nutritional status. Banna et al.
(2019) reports that there is a significant
relationship between adherence to anti-
retroviral therapy and the quality of life of
people living with HIV/AIDS.

Anemia can be caused by environ-
mental factors. Rural areas, low economic
levels, and remote locations are more at
risk of developing iron deficiency anemia.

www.jepublichealth.com

The breakdown of family structures and the
failure of social and health systems can be
socioeconomic factors for malnutrition
(Sashindran et al.,, 2020). This can be
caused because there is food insecurity so
that the daily nutritional adequacy is not
met. Limited resources result in iron defi-
ciency, folic acid, and vitamin A. Children
with HIV/AIDS require higher daily needs
than children who are not infected with
HIV/AIDS (Shet et al., 2009).
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