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Abstract

Background Despite the intended 50% reduction in anemia in women of reproductive age, this tendency has only
worsened. Even though iron deficiency is the most prevalent cause of anemia, anemia and chronic ilinesses like HIV
are closely associated; in fact, 48.6% of people living with HIV who were 15 years of age or older had anemia. However,
the burden of anemia among HIV-positive women in sub-Saharan African (SSA) countries is not well documented.
Therefore, the goal of our research was to investigate anemia and the factors that are linked to it in SSA women who
had HIV infections.

Methods A cross-sectional study was conducted using demographic and health survey datasets from 18 SSA
countries. A total of 7823 weighted samples were included. STATA version 16 software was used for analysis. A
multilevel logistic regression model was fitted. An adjusted odds ratio with a 95% Cl and a p-value < 0.05 was used to
declare significantly associated factors.

Result The overall prevalence of anemia was found to be 45.1% [95% Cl: 43.97-46.18%]. Of those 5.05%, 37.97%,
and 56.97% were severely, moderately, and mildly anemic, respectively. Education level of primary [AOR=0.74,

95% Cl: 0.62, 0.89], secondary [AOR=0.81, 95% Cl: 0.68, 0.98], and higher [AOR=0.74, 95% Cl: 0.55, 0.99], as well as
current contraceptive use [AOR=0.74, 95% Cl: 0.63, 0.87] were negatively associated with anemia. While pregnancy
[AOR=1.51,95% Cl: 1.17, 1.94], breast feeding [AOR=1.38,95% Cl: 1.17, 1.64], health insurance [AOR=1.50, 95% CI:
1.25, 1.80], and menstruation within six weeks prior to data collection [AOR=1.36, 95% Cl: 1.20, 1.54] had a significant
positive relation with anemia among HIV-infected women in SSA countries.

Conclusion Anemia is a serious public health problem among HIV-infected women in SSA countries. Pregnancy,
breast feeding, health insurance, and menstruation within six weeks prior to data collection were significant risk
factors. On the other education and current contraceptive use were significant protective factors for anemia among
HIV-infected women in SSA countries. Therefore, strategies aimed at early identification of anemia may lead to an
improvement in the health of HIV-infected women.
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Introduction

When red blood cells or the amount of hemoglobin
that carries oxygen to the organs and tissues within
them are insufficient, it is referred to as anemia [1, 2].
Anemia is defined as having a hemoglobin concentra-
tion below 12 g/dl for a reproductive-aged non-preg-
nant woman and below 11 g/dl for pregnant women at
sea level [3]. It is a serious threat to public health, par-
ticularly in low- and middle-income nations, and pri-
marily affects women and young children [1, 2, 4-6]. It
is a serious health issue that can lead to delayed devel-
opment of the baby’s iron stores, low birth weight, pre-
term delivery, poor cognitive and motor development
in children, and reduced work capacity in adults [1, 2,
6]. In 2019, anemia resulted in the loss of 50 million
years of healthy life [1].

Although a 50% decrease in anemia among women of
reproductive age was desired up to 2025 by the World
Health Assembly (WHA) in 2012 [2], this trend has
continued to worsen [7, 8]. The predominant causes of
anemia include iron deficiency, which can result from
various factors such as poor nutrition, infections (e.g.,
malaria), heavy menstruation, family history of ane-
mia, and pregnancy [1]. Additionally, chronic condi-
tions such as HIV are significantly associated with the
development of anemia [9-11]. About 48.6% of HIV-
positive people aged 15 and older [5] had anemia.

Anemia raises the probability that HIV infections
in women may progress to AIDS, and its treatment
reduces the chance of death and improves survival
[11-13]. It is also associated with a lower quality of
life [14, 15]. Similar multifactorial factors associated
with non-infected people can also cause anemia in
HIV-positive individuals. These include opportunistic
infections leading to gastrointestinal blood loss from
HIV infection-related complications like lymphoma,
Kaposi’s sarcoma, mycobacterium avium, cytomega-
lovirus, mycobacterium tuberculosis, histoplasmosis,
cryptococcus neoformans, and parvovirus B19, which
indirectly suppress bone marrow through cytokine-
mediated dysregulation of iron incorporation [11, 12].
Gastrointestinal tract lesions can also cause dietary
deficits in folate and/or vitamin B12, which can lead
to impaired erythropoiesis [11]. Furthermore, bone
marrow suppression due to HIV-produced viral pro-
teins [12, 16] or antiretroviral therapy [11, 17], cancer,
blood loss, erythropoietin deficiency [12], hemolysis
brought on by thrombotic thrombocytopenic purpura
or microangiopathy, and disseminated intravascular
coagulation [11, 12, 17, 18] can result in anemia.

Previous literature conducted revealed that age [11,
18], educational status [12, 17], marital status [19-23],
residence [9, 20-22], wealth status [20, 24], residence
[8, 9, 21], working status [19], family size [7, 8], source
of drinking water [25, 26], latrine facilities [10], pres-
ence of health insurance [8], parity [9, 27], pregnancy
[26-28], breast feeding status [10], current use of con-
traceptives [26-—28], type of contraceptives [24, 29],
menstruation in the last 6 weeks [7], abortion [30], age
at first birth [4], distance to the health facilities [28],
and maternal community literacy [8] were significantly
associated with anemia among women.

Africa continues to be the region most severely
affected by HIV, home to over two-thirds of all HIV-
positive individuals globally [31-33]. In sub-Saharan
Africa (SSA), where over 85% of the global new HIV
infections occur among 15-19-year-old females,
women would have accounted for 63% of all new HIV
infections by 2021 [33]. Hematological issues like ane-
mia are critical to a woman’s survival, given the greater
incidence of HIV in this population. The burden of
anemia among HIV-positive women in these regions,
however, is not well documented.

In order to reduce the effects of anemia on women
living with HIV, we need to be aware of the variables
that may contribute to the issue. It is crucial to investi-
gate how maternal, economic, structural, and sociode-
mographic factors interact to induce anemia in women
living with HIV. To combat the issue, it is crucial to
create context- and area-based interventions. There-
fore, the current study used multilevel logistic regres-
sion analysis to investigate anemia and its associated
factors among HIV-positive women in SSA.

Method and materials

Data sources and setting

Recent standard demographic and health survey data-
sets from 18 SSA nations, such as Burkina Faso (2021),
Cote d’Ivoire (2021), the Democratic Republic of the
Congo (2013/14), Ethiopia (2016), Gabon (2019-21),
Ghana (2014), Guinea (2018), Lesotho (2104), Malawi
(2015/16), Namibia (2013), Niger (2012), Senegal
(2010/11), Sierra Leone (2019), South Africa (2016),
Togo (2013/14), Tanzania (2022), Zambia (2018), and
Zimbabwe (2015), were used as the basis for this study.
Every country conducts these nationally representative
household surveys every five years, and they yield a
wealth of information on various aspects of health and
related factors, including population and nutrition.
Data was taken from http://www.dhsprogram.com
with authorization and in accordance with an official
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online request. Datasets for a variety of populations,
including men, women, children, births, households,
and other anthropometric information like HIV and
anemia, are available from the DHS [34].

Sampling design

Participants for each survey were typically chosen
using a two-stage, stratified cluster sampling method.
First, enumeration areas, clusters, or communities
were created within each country. Then stratifica-
tion was accomplished by dividing each cluster into
urban and rural regions. In the first stage, the required
number of enumeration areas was selected from both
urban and rural enumeration areas with a probability
proportional to the EA size. Following that, a sam-
ple of homes was chosen from the selected rural and
urban enumeration areas [34].

Participants

The individual record (IR) file for women and the AP
file for HIV data sets served as the foundation for our
investigation. Women aged 15-49 who were measured
for anemia in households selected for anemia testing
were included. A total of 7823 weighted samples of
women with HIV infection diagnoses were included in
our investigation.

Variables of the study

Outcome variable

In our investigation, anemia was the dependent vari-
able, which is defined as a hemoglobin level<11 g/dl
for mothers who are nursing or pregnant and <12 g/
dl for women who are not breastfeeding or pregnant
after the altitude effect is adjusted [3, 34]. Regarding
the cut-offs defining levels of anemia, non-pregnant
women (15 and above years of age) have 11-11.9 g/dl
“mild,” 8-10.9 “moderate,” and <8 g/dl < “severe,” while
pregnant women have 10-10.9 g/dl “mild,” 7-9.9 g/dl
“moderate, and <7 g/dl “severe” HIV-positive women
who fell below the aforementioned cutoff points were
therefore considered anemic [3].

Independent variables

We categorized the explanatory variables of this study
into individual and community-level factors. Age,
education level, marital status, mother’s occupation,
exposure to mass media, wealth index, number of chil-
dren born, family size, source of drinking water, toilet,
health insurance, current state of pregnancy, status of
breastfeeding, type of contraception used, menstrua-
tion during the previous six weeks, history of preg-
nancy termination, and distance to health facilities
were among the individual-level factors. Community-
level characteristics, including place of residence,
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community-level maternal education, community-
level media exposure, and community-level poverty,
were evaluated.

Measurements and operational definitions
Household media exposure is defined as “yes” if a
woman has been exposed to at least one of these media
and “no” if she has not. It is formed by combining par-
ticipants’ reading of newspapers or magazines, listen-
ing to the radio, or watching television.

Community-level media exposure The percentage of
women who have been exposed to at least one media
(newspaper, magazine, radio, or television) is known
as community-level media exposure. This variable is
aggregated from household media exposure and is
classified as low (communities with <50% of women
exposed) or high (communities with 250% of women
exposed) based on the median value.

Maternal education at the community level Aggre-
gate values are determined by taking the percentage of
women who have completed at least primary school.
This percentage is obtained from information on
respondents’ educational backgrounds and is classified
as low (communities where less than 50% of women
have completed primary school) or high (communities
where more than 50% of women have completed pri-
mary school).

The measure of poverty at the community level is
derived from household wealth status, which is the
percentage of women in the lowest and poorest quan-
tiles. The measure is then aggregated and classified
into two categories: low, which denotes communities
where less than 50% of women live in poverty, and
high, which denotes communities where more than
50% of women live in poverty.

Data management and analysis

The HIV dataset and the individual datasets were first
combined for each of the eighteen nations. First, we
came up with names that sounded similar for these
identification variables based on the common case
identifiers for each dataset. After sorting these IDs, we
applied the relevant command. The specifics are pro-
vided elsewhere [35]. Individual datasets from these
chosen nations were then appended. STATA version
16 was used for statistical analysis, data extraction,
appending, and re-coding. Frequency, percentage, text,
and tables were used to analyze and present descrip-
tive statistics. A weighting factor (v005/1000000) has
been applied to the datasets to account for under- and
over-reporting in the surveys. We anticipated applying
logistic regression because the dependent variable was
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binary. Furthermore, the hierarchical structure of DHS
data goes against the presumption of observational
independence because it increases the likelihood of
close relationships between women in a given country
or cluster compared to those in other clusters. Conse-
quently, it makes sense to use a multilevel regression
model as an analysis tool. To find related factors, a
three-level mixed-effects logistic regression was used.

We calculated the intra-class correlation coefficient
(ICC) and the median odds ratio (MOR) to highlight
the unexplained heterogeneity of the outcome across
clusters and countries. When two areas are randomly
selected, the MOR is the median value of the OR
between the areas with the highest and lowest risk
[36]. The proportion of variance explained by higher-
level units can be summarized by the ICC [37].

Model building process

A null model (Model 0) served as the starting point
for the model-building process. Subsequently, more
complicated models, such as a model containing only
individual factors (Model I), a model containing only
community factors (Model II), and a model with both
individual and community-level factors (Model III),
were constructed. Using log likelihood (LL), deviance,
and information criteria (AIC), we compared these
models. Model III was a better model. The factors
linked to anemia in HIV-positive women were then
determined by fitting a bivariable and multivariable
two-level generalized linear mixed effect model. The
variability in the odds of anemia explained by succes-
sive models was calculated using proportional change
in variance (PCV) as follows:

VA - VB
—_— %

PCV =
VA

100

Where VA and VB are the neighborhood variance in
the empty model and the variance in the successive
models [36]. Ultimately, significant factors were iden-
tified using adjusted odds ratios (OR) in the multivari-
able analysis of the chosen model, along with a 95%
confidence interval (CI) and a p-value<0.05.

Survey datasets included and missing values

Demographic and health survey data, which also have
HIV data, were included. Additionally, survey data
sets were included in the individual dataset file that
contained the most recent HIV test results. However,
this analysis did not include survey data sets that did
not have an HIV dataset or that did not provide ane-
mia data or HIV test results in the individual dataset.
Furthermore, our analysis only incorporates surveys
completed after 2010. After checking the type and
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percentage, missing values were managed using the
mode imputation technique. The “mdesc” STATA
package was used to determine the percentage of miss-
ing values. Two variables, such as history of termina-
tion of pregnancy (1 observation (0.013%)) and current
working status of a woman (5 observation (0.064%)),
had missing values. Since the percentage of missing
values is <5%, we conducted a mode imputation [38]
and then a sensitivity analysis.

Ethical considerations

Since the study was a secondary data analysis based on
publicly accessible datasets (DHS records), participant
participation and ethical approval were not required.
Nevertheless, we asked the MEASURE DHS Program
for the data, and we were permitted to utilize it.

Result

A total of 7823 weighted samples from 18 SSA coun-
tries were included in this study. About 23.29% of the
participants were from Zambia, followed by Zimbabwe
(18.52%). About 46.66% and 48.09% of the participants
were 35 or older and attended secondary education,
respectively. More than half (53.19% and 54.89%) were
currently in union or living with a man and not work-
ing during the survey regarding their employment
status, respectively. Almost three-fourths (74.92%)
had no media exposure. About one-fourth (25.89%) of
the participants were from households with a richer
wealth quintile. More than half (51.05%) of the partici-
pants were living in urban areas (Table 1).

Prevalence of anemia

The overall prevalence of anemia was found to be
45.1% [95% CI: 43.97-46.18%]. Of those, 5.05% and
37.97% were severely and moderately anemic, while
the rest, 56.97%, were mildly anemic. In terms of the
distribution of the problem across countries, the high-
est prevalence was observed in Cote d'Ivoire (76.2%),
while the lowest was observed in Ethiopia (32.6%).
Half of the countries had more than 50% of the anemia
prevalence among HIV-infected women (Fig. 1).

The magnitude of anemia shows a big difference
(7.7%) between pregnant and non-pregnant HIV-
infected women. This difference is statistically signifi-
cant (P=0.003) (Fig. 2).

Factors associated with anemia among HIV infected
women

Random effect analysis

The estimated ICC for both cluster and country lev-
els separately was 1% [95% CI: 0.0%, 3%] and 7% [95%
CI: 3%, 13%], respectively. The combined cluster and
country-level ICC was estimated to be 11% [95% CI:



Tilahun et al. BMC Public Health

(2024) 24:2236

Table 1 Characteristics of the study population
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Variables

Categories

Weighted Frequency

Percentage (%)

Countries (year of DHS)

Maternal age

Education level

Marital status

Mother occupation

Mass media exposure

Wealth index

Number of children ever born

Family size

Source of drinking water

Toilet

Health insurance

Current pregnancy status

Current breast feeding status

Burkina Faso (2021)

Democratic Republic Congo (2013/14)

Cote d'lvoire (2021)
Ethiopia (2016)
Gabon (2019-21)
Ghana (2014)
Guinea (2018)
Lesotho (2014)
Malawi (2015/16)
Niger (2012)
Namibia (2013)
Senegal (2010/11)
Sierra Leone (2019)
Togo (2013/14)
Tanzania (2022)
South Africa (2016)
Zambia (2018)
Zimbabwe (2015)
15-24

25-34

35 and above

No education
Primary
Secondary

Higher

Never in union

Currently in union/living with a man
Formerly in union/living with a man

Working
Not working
No

Yes

Poorest
Poorer
Middle
Richer
Richest

No

1-3

4 and above
1-5

5-10

10 and above
Improved
Unimproved
Improved
Unimproved
No

Yes

Not pregnant
Pregnant
No

Yes

12
143
33
176
265
130
84
908
833
18
669
154
46
140
249
691
1822
1450
1246
2927
3650
689
3010
3762
362
1649
4161
2013
3529
4294
1962
5861
177
1246
1539
2025
1836
818
4463
2542
4909
2475
439
5162
2661
5221
2602
7163
660
7433
390
6864
959

0.15
1.83
042
2.25
3.39
1.67
1.07
11.61
10.65
0.23
8.55
1.97
0.59
1.79
318
8.83
23.29
18.52
1593
3741
46.66
8.81
3847
48.09
4.63
21.07
53.19
25.74
4511
54.89
25.08
74.92
15.04
1592
19.68
25.89
23.46
10.46
57.04
32.50
62.75
31.64
561
65.98
34.02
66.73
33.27
91.56
8.44
95.02
4.98
87.73
12.27
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Table 1 (continued)
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Variables Categories Weighted Frequency Percentage (%)
Current use of contraceptives No 4390 56.11
Yes 3433 43.89
Type of contraceptives Not using/ male contraceptive 5295 67.69
Hormonal 2203 28.16
Non-hormonal 325 4.15
Age at first birth (years) Not gave a birth 820 10.48
<15 324 414
15-19 3715 4749
20-24 2302 29.42
25-29 496 6.34
30 and above 166 212
Menstruation in the last 6 weeks No 2273 29.05
Yes 5550 70.95
History of termination of pregnancy No 6659 85.11
Yes 1164 14.89
Distance to health facility Big problem 2546 32.54
Not big problem 5277 67.46
Residence Urban 3994 51.05
Rural 3829 48.95
Community level maternal education Low 7163 91.56
High 660 844
Community level media exposure Low 3555 4545
High 4268 54.55
Community level poverty Low 4140 5292
High 3684 47.08
Anemia level (n=3526) Mild 178 5.05
Moderate 1339 3797
Severe 2009 56.97

8%, 14%]. This indicates that cluster-level clustering
alone explains only 1% of the variation in anemia, while
country-level clustering explains about 7% of the vari-
ation in anemia. The correlation of anemia between
two women within a similar cluster is 0.01, while the
correlation of anemia between two women from the
same cluster within a country is 0.11. Women living
in similar countries were more similar than women
living in neighboring countries. A likelihood-ratio
(LR) test comparing the model with ordinary logistic
regression was also significant (chibar2 (01)=47.40,
P=0.0000) The LR test shows that the three-level
model is preferred to its single-level counterpart (chi-
bar2 (01)=47.46, P=0.0000). The three-level model
is also preferred to the two-level model (X?=43.08,
P=0.0000). Thus, a multilevel approach is favored
over an ordinary approach and also over carrying out
either of the potential two-level analyses. Thus, the
clustering effect alone explained 11% of the variation
in anemia among women living with HIV. The MOR
was 1.78 [95% CI: 1.59, 1.97]. If we pick two clusters
randomly from two countries with high and low preva-
lence of anemia and then move a woman from a low
to high prevalence area and country, the probability

of anemia increases by 1.78 fold. Candidate multi-
level models such as the Null model, Model I (model
with individual level factors), Model II (model with
community level factors), and Model III (model with
both individual and community level factors) were
compared, and finally, Model III was selected since it
showed a smaller deviance and AIC. The proportion
of variance explained by the final model was 36.51%.
Which indicates 36.51% of the variation in anemia sta-
tus was explained by predictor variables included in
the final model (Table 2).

Sensitivity analysis

We first looked at the parameter estimate and the
standard error to assess the sensitivity of the results
that were presented. Between complete case analy-
sis and mode imputation, the estimated parameter
and standard error did not differ much. The complete
case analysis and the imputed data for the final model
(Model III) were compared for their AIC values
(Table 3).
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Ethiopia
Namibia
Lesotho
South Africa
Zimbabwe
Zambia
Tanzania
Malawi
Guinea
Niger

Ghana
Democratic Republic Congo
Burkina Faso
Senegal
Sierra leone
Togo

Gabon

Cote d'lvoire
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32.6
33.8
33.5
40.6
433
447
477
481
48.9
51.9
53.4
57
60
60.3
65
65
747

76.2

2 4 .6 .8
Proportion

Fig. 1 Prevalence of anemia among HIV-infected women in SSA countries, using DHS, 2023

Fixed effect analysis

Our study revealed that women with primary, second-
ary, and higher education levels had 26% [AOR=0.74,
95% CI: 0.62, 0.89], 19% [AOR=0.81, 95% CI: 0.68,
0.98], and 26% [AOR=0.74, 95% CI: 0.55, 0.99]
lower odds of anemia compared to non-educated
women. Pregnant and breast-feeding women had 51%
[AOR=1.51, 95% CI: 1.17, 1.94] and 38% [AOR=1.38,
95% CI: 1.17, 1.64] increased odds of anemia com-
pared to their counterparts, respectively. Moreover,
women who had health insurance and menstruation
within six weeks prior to data collection indicated 50%
[AOR=1.50, 95% CI: 1.25, 1.80] and 36% [AOR=1.36,
95% CI: 1.20, 1.54] higher odds of anemia compared to
their counterparts, respectively. While current contra-
ceptive users had a 26% decreased odds [AOR=0.74,
95% CI: 0.63, 0.87] of anemia (Table 4).

Discussion

In this study, anemia prevalence and related factors
among HIV-positive women living in SSA were inves-
tigated. Accordingly, findings from this study indicate

that the overall prevalence of anemia was found to be
45.1% [95% CI: 43.97-46.18%]. Of those, 5.05% and
37.97% were severely and moderately anemic, while
the rest, 56.97%, were mildly anemic. Anemia is a seri-
ous public health issue among HIV-positive women in
SSA nations, according to the World Health Organiza-
tion’s classification of public health relevance [3].

Based on the WHO classification of public health
significance or the seriousness of anemia in the pop-
ulation, 15 out of 18 countries included in this study,
such as Burkina Faso, Cote d’Ivoire, the Democratic
Republic of the Congo, Gabon, Ghana, Guinea,
Malawi, Niger, Senegal, Sierra Leone, South Africa,
Togo, Tanzania, Zambia, and Zimbabwe, have a prob-
lem of severe public health significance that ranges
from 40.6 to 76.2%. Nine countries had more than 50%
and above anemia prevalence among HIV-infected
women. While for the rest of the three countries (Ethi-
opia, Lesotho, and Namibia), the problem of anemia is
a moderate public health problem and ranges between
32.6 and 35.5%.
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55.9%

Not pregnant

B ot anemic

B Anemic

Fig. 2 Difference in anemia prevalence by pregnancy status among HIV-infected women in SSA countries, using DHS, 2023

This 45.1% prevalence of anemia among HIV-
infected women is approximately similar to a finding
from a systematic review and meta-analysis (46.6%)
[5]. However, our finding is different from the global
estimate of anemia among reproductive-aged women,
which was 29.9% in 2019 [39] and 30% in 2023 [1]. This
indicates that HIV hugely influences the hematological
function of our body system due to different effects,
like the effect of antiretroviral therapy or its negative
effect on health, like diarrhea and other opportunis-
tic infections [11, 12, 16, 17, 40]. However, our finding
is lower than the previous study conducted in Johan-
nesburg, South Africa (60%) [41]. This might be due
to the population difference where the previous study
was conducted among pregnant women. Our finding
is also higher than findings from Ethiopia (38.6% [42],
34.8% [43]), and Uganda (16.8%) [20]. This might be
due to age and sex differences across the two studies.
The previous studies were conducted among adults
and both sexes, given that age and sexes are strongly
related to anemia [44, 45].

Our study revealed that women with formal educa-
tion (primary, secondary, or higher education) had
lower odds of anemia compared to non-educated
women. This finding is also supported by a study
conducted among reproductive-age women in mid-
dle- and low-income countries [46]. Education has a
positive effect on nutritional knowledge, which means
that as their education level increases, their nutritional
knowledge also increases [47]. Moreover, education
has a positive and long-term impact on individuals’
lifestyles and eating habits [48], dietary diversity, and
healthy eating habits among women due to their expo-
sure to nutritional messages through different media
outlets [49]. Beyond iron deficiency, which is consid-
ered the most common nutritional deficiency leading
to anemia, deficiencies in vitamin A, folate, vitamin
B12, and riboflavin can also result in anemia due to
their specific roles in the synthesis of hemoglobin and/
or erythrocyte production [1]. Thus, education plays
a vital role in reducing these and other nutritional
deficiencies.
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Table 2 Comparison of model fitness measures among
candidate multilevel models

Model LL Deviance Degree Vari- AIC
of ance
freedom (PCV)
Classical -5262.57 10525.14 38 10601.15
logistic —
regression
Null model -5343.29 10686.58 2 0.367 1069847
(Base)
Model-I -5252.24 10504.49 35 0319 10574.49
(13.08%)
Model-Il -534209  10684.18 6 0.357 10696.19
(2.72%)
Model-lll -5244.15 10488.31 39 0.233 10566.31
(36.51%)
ICC Cluster 0.01 [95% Cl: 0.004,
level 0.033]
Country 0.07 [95% CI: 0.03,
level 0.13]
Combined 0.11[95% Cl: 0.08,
0.14]
MOR Cluster 1.21[95% CI: 1.09,
level 1.33]
Country 1.59[95% Cl: 1.31,
level 1.88]
Combined 1.78 [95% Cl: 1.59,
1.97]

Table 3 Comparison of final model under mode imputation and
complete case analysis missing handling method for anemia

Method AIC Deviance
Complete case analysis 10566.31 10488.31
Mode imputation 10573.74 10495.74

Pregnant and breast-feeding women had increased
odds of anemia compared to their counterparts.
Another study conducted in Zimbabwe also declared
that breast-feeding HIV-infected women had a higher
risk of anemia [50]. The reason behind this is mater-
nal iron depletion during lactation as well as blood loss
during childbirth among lactating mothers [51, 52],
since breast milk is one source of iron for children [53].
Other studies also revealed a significant relationship
between anemia and pregnancy [8-10, 19, 2628, 54].
This is because pregnancy can cause major changes to
the body, such as a 20-30% increase in blood volume
(erythroid hyperplasia of the marrow and an increase
in red blood cell mass), which raises the body’s iron
reserves necessary for the fetus’s nourishment and
hemoglobin production. When women do not acquire
enough iron during the second and third trimesters,
their plasma volume increases disproportionately, and
hemodilution occurs [55, 56].

Women who had menstruated within the six weeks
before data collection had increased odds of anemia.
Previous reports [7, 56] also corroborate this finding.
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This could be due to the fact that iron insufficiency
is brought on by severe menstrual bleeding [57, 58].
Furthermore, compared to their counterparts, women
with health insurance had greater odds of anemia,
according to our study. This is consistent with research
that was done in Mali [8]. This demonstrates that
having health insurance by itself does not ensure the
prevention of anemia; rather, women living with HIV
can prevent and halt the burden of anemia by making
better and healthier eating choices. Despite our find-
ings, research done on children in Ghana showed that
health insurance had a protective impact [59].

Comparing current contraceptive users to non-
users, the former had lower odds of anemia. It is also
supported by earlier research [60, 61] that women
who use some hormonal contraceptives can have
decreased anemia. In addition, hormonal contracep-
tive techniques have been shown to lessen menstrual
bleeding in women who experience periods of heavy
bleeding [62]. This evidence also explains why women
who had previously menstruated within six weeks of
the data collection had a greater prevalence of anemia
among women living with HIV. Furthermore, con-
traception has a vital role in reducing the number of
pregnancies and prolonging the interval between preg-
nancies, birth, and breast feeding as well, which can
significantly reduce iron-deficiency anemia [63]. Our
findings imply that public health policy planners may
benefit from taking maternal and obstetrics-related
factors into account to reduce anemia among HIV-
infected women. Additionally, it encourages health
sector managers and health professionals to emphasize
anemia among HIV-positive women during pregnancy
and breast feeding.

Our study’s primary strength is the use of nationally
representative, population-based samples that encom-
pass both rural and urban areas. Because DHS employs
a uniform methodology across countries, it facilitates
the cross-national comparison of prevalence estimates.
However, there are certain constraints to our study.
Given the complex nature of the cause of anemia, sev-
eral behavioral, lifestyle, and antiretroviral treatment-
related factors may be strongly correlated with anemia.
However, we are unable to investigate their effects
because these significant variables are absent from the
datasets. Due to this, the estimated prevalence and
effect of factors included in our study may be affected.

Conclusion

Based on our findings, anemia is a serious public
health problem among HIV-infected women in SSA
countries. In 15 out of 18 countries included in this
study, anemia is of severe public health significance.
Pregnancy, breast feeding, health insurance, and
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Table 4 Bi-variable and multivariable multilevel logistic regression analysis of anemia among HIV- infected women in SSA countries

Variables Null model Bi-variable regression Model | Model Il Model lll
Crude OR [95% Cl] AOR [95% Cl] AOR [95% Cl] AOR [95% Cl]
Individual level characteristics
Maternal age
15-24 - 1.00 1.00 - 1.00
25-34 - 1.20[1.02, 1.41]* 1.11[0.95, 1.31] - 1.11[0.94,1.31]

35 and above
Education level

No education

Primary

Secondary

Higher
Marital status

Never in union

Currently married/in union

Formerly married/in union
Mother occupation

Working

Not working
Mass media exposure

No

Yes
Wealth index

Poorest

Poorer

Middle

Richer

Richest
Number of children ever born
No

1-3

4 and above
Family size
1-5

6-9

10 and above
Source of drinking water

Improved
Unimproved
Toilet
Improved
Unimproved

Health insurance
No

Yes
Current pregnancy status
Not pregnant

Pregnant
Current breast feeding status
No

Yes
Current use of contraceptives
No

Yes

1.27 [1.09, 1.48]**

1.00

0.611[0.50, 0.75]**
0.67 [0.55, 0.82]**
0.71[0.52,0971*

1.00
0.9810.85,1.13]
1.17[1.00, 1.37]

1.00[0.90, 1.11]
1.00

1.00
0.86 [0.76,0.97]*

(@}

1.0
1.09[0.90, 1.33]
1.04 [0.86, 1.26]
1.11[0.92,1.34]
1.02[0.84,1.24]
1.00
0.86[0.72,1.03]
0.86[0.71,1.03]

1.00
0.96 [0.86, 1.08]
1.32[1.04, 1.69]*

1.00
0.9910.88,1.12]

1.00
1.01[0.90, 1.14]

1.00
1.50 [1.22, 1.83]**

1.00
140 [1.10, 1.78]**

1.00
0.9810.84, 1.16]

1.00
0.60[0.54, 0.67]**

1.16[0.97, 1.36]

1.00

0.74[0.62, 0.89]**
0.81[0.68,0.98]*
0.73 [0.54, 0.991*

1.00
1.06 [0.92, 1.23]
1.17[1.00, 1.38]

0.96 [0.87, 1.06]
1.00

1.00
0.93[0.83, 1.06]

1.00

1.07[0.91,1.28]
1.05 [0.88, 1.25]
1.08 [0.90, 1.30]
0.99[0.81,1.21]
1.00

0.87[0.72,1.05]
0.88[0.71,1.10]

1.00
1.07 [0.96, 1.20]
1.24[0.99, 1.56]

1.00
1.02[0.91,1.15]

1.00
1.02 [0.90, 1.15]

1.00
1.52 [1.26, 1.82]**

1.00
1.50 [1.17,1.93]*

1.00
1.38[1.17, 1.64]*

1.00
0.74[0.63,0.87]**

1.16[0.97,1.39]

1.00

0.7410.62, 0.89]**
0.81[0.68, 0.98]*
0.74[0.55,0.99]*

1.00
1.07[0.92, 1.23]
1.18[1.00, 1.38]

0.96 [0.86, 1.06]
1.00

1.00
0.94[0.83,1.07]

1.00

1.07[0.90, 1.2
1.04[0.87,1.2
1.05[0.86,1.2
0.95[0.76,1.1

7]
3]
7]
8]
1.00

0.87[0.72,1.04]
0.88[0.71,1.10]

1.00
1.07 [0.96, 1.20]
1.25[0.99, 1.56]

1.00
1.04[0.92,1.17]

1.00
1.01[0.90, 1.14]

1.00
1.50[1.25, 1.80]**

1.00
1.51[1.17,1.94]*

1.00
1.38[1.17, 1.64]**

1.00
0.7410.63,0.87]**
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Variables Null model Bi-variable regression Model | Model Il Model lll
Crude OR [95% Cl] AOR [95% Cl] AOR [95% Cl] AOR [95% Cl]

Age at first birth
Not gave a birth 1.00 1.00 1.00
<15 - 0.88 [0.65, 1.20] 0.89[0.67,1.17] - 0.8910.67,1.17]
15-19 0.91[0.76, 1.09] 0.97[0.82,1.14] 0.97[0.82,1.14]
20-24 - 0.97[0.80,1.17] 1.04 [0.89, 1.24] - 1.04[0.88,1.24]
25-29 - 5[0.80, 1.36] 1.20[0.95, 1.53] - 1.20[0.94,1.53]
30 and above 4 [1.03, 2.30]* 1.25[0.87,1.81] 1.25[0.87,1.81]
Type of contraceptives
Not using/male contraceptive 1.00 1.00 1.00

Hormonal 0.5810.51, 0.65]** 0.81[0.68,0.971* 1.01[0.89, 1.14]

Non-hormonal - 0.84[0.64,1.11] 1.12[0.85, 1.48] - 0.851[0.67, 1.09]
Menstruation in the last 6 weeks
No - 1.00 1.00 - 1.00

Yes - 1.17 [1.04, 1.32]** 1.36[1.20, 1.54]** - 1.36 [1.20, 1.54]**
History of termination of pregnancy
No - 1.00 1.00 - 1.00

Yes - 1.17[1.01,1.37] 1.10[0.96, 1.26] - 1.10[0.96, 1.26]
Distance to health facility
Big problem 1.00 1.00 1.00
Not big problem 0.94 [0.84, 1.06] 0.93[0.83, 1.04] 0.92[0.82, 1.03]

Community level factors

Residence

Urban 1.00 1.00 1.00

Rural - 0.91[0.80, 1.04] - 0.99 [0.87,1.10] 0.93[0.81, 1.06]

Community level maternal education
Low
High
Community level media exposure
Low
High
Community level poverty
Low
High

1.00
0.88[0.69,1.11]

1.00
0.9210.80, 1.04]

1.00
0.96[0.52,1.75]

1.00
0.90[0.74,1.10]

1.00
0.96 [0.86, 1.07]

1.00
1.16[0.70,1.93]

1.00
0.92[0.76,1.12]

1.00
0.991[0.88,1.10]

1.00
1.13[0.68, 1.89]

2 Level of significance at * p<0.05; **p<0.01

Model | is adjusted for individual-level factors

Model Ilis adjusted for community-level factors

Model Il is the final model adjusted for individual and community-level factors

menstruation within six weeks prior to data collec-
tion were significant risk factors. On the other hand,
primary, secondary, and tertiary education levels and
current contraceptive use were significant protective
factors for anemia among HIV-infected women in SSA
countries. Therefore, strategies aimed at early identi-
fication of anemia may lead to an improvement in the
health of HIV-infected women in SSA countries.
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