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Abstract
Introduction: Anemia during pregnancy can lead to several adverse maternal and perinatal outcomes. Despite preventive

measures, anemia during pregnancy remains a threatening health problem, especially in sub-Saharan African countries.

Objective: We aimed to determine the prevalence of, and factors associated with, anemia among pregnant women at Rabak

Maternity Hospital, Sudan.

Methods: We conducted a cross-sectional study involving pregnant women who presented to Rabak Maternity Hospital from

September to December 2021. Questionnaires were completed via face-to-face interviews to gather both obstetric and soci-

odemographic information (i.e., age, parity, history of miscarriage, education, level of antenatal care), and hemoglobin levels

were estimated. A logistic regression analysis was performed.

Results: The median (interquartile range) of the age and parity of the 208 women enrolled in the study was 25 (21.0–30.0)
years and 2 (1–4), respectively. Forty-five (21.6%) women did not use iron-folic acid during the index pregnancy. Eighty-eight

(42.3%) women had anemia, and four (1.9%) had severe anemia. In the univariate analysis, age, parity, history of miscarriage,

interpregnancy interval, education, and antenatal care level were shown not to be associated with anemia. A higher number

of women with anemia did not use iron-folic acid during the index pregnancy than those without anemia (29/80 [33.0%] vs.

16/120 [13.3%], respectively, p= .001). Not taking iron-folic acid was found to be associated with anemia in the multivariate

analysis (adjusted odds ratio= 3.19, 95% confidence interval= 1.60–6.63).
Conclusion: Anemia was found to be a major health problem among the pregnant women in this study. There is no clear

evidence across the women with anemia that their anemia stems from lack of using iron-folic acid (in fact, some women used

iron-folic acid and they were anemic). There is a possibility that using iron-folic acid may prevent anemia in this part of Sudan.
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Introduction
Pregnant women, especially those in countries with less resources,
are susceptible to having anemia, and several adverse maternal
and perinatal outcomes are attributed to anemia and particularly
the severe form of anemia (Black et al., 2013). The World
Health Organization (WHO) defines anemia during pregnancy
as a hemoglobin level of less than 11 g/dl (World Health
Organization, 2011) and considers anemia a severe public
health risk if the rate of anemia in the population is greater than
or equal to 40% (World Health Organization, 2021). Of note,
over half (56.0%) of pregnant women in low- and middle-income
countries have anemia (Black et al., 2013).

Review of Literature
While around one quarter (24.1%) of pregnant women in
South America have anemia, over half (57.0%) the pregnant
women in sub-Sahara Africa (SSA) and 48% of pregnant
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women in South-East Asia have anemia (World Health
Organization, 2021). A recent meta-analysis showed that
the worldwide prevalence of anemia during pregnancy was
36.8% (Karami et al., 2022). Several factors, such as residence,
education level, interpregnancy interval (IPI), not having ante-
natal care (ANC), not taking iron-folic acid, and malaria, are
associated with a high risk of anemia during pregnancy
(Adam et al., 2018; Geta et al., 2022), and numerous adverse
maternal and perinatal adverse effects, such as preterm birth,
low birth weight, maternal and perinatal mortality, and an
increased risk of cesarean delivery, are attributed to anemia
(Adam et al., 2016; Drukker et al., 2015; Figueiredo et al.,
2018; Masukume et al., 2015; Patel et al., 2018).

It is thus essential to assess the prevalence of, and factors asso-
ciated with, anemia during pregnancy in each setting in order to
create a set of evidence-based interventions. As such, research
needs to be conducted to assess the prevalence of anemia during
pregnancy and the associated factors to inform researchers, physi-
cians, and health planners and to offer information to the healthcare
field as a whole. It is therefore important to determine the current
prevalence and predictors of anemia in pregnant women so as to
generate data that may help guide appropriate preventive/treatment
protocols focused on the specific predictors of anemia.

Sudan is the second largest country in Africa, and anemia
during pregnancy is a significant health problem in the
country (Adam et al., 2018). Most, if not all, previous reports
on anemia during pregnancy have been conducted in central
and eastern Sudan (Adam et al., 2009, 2012, 2018; Mubarak
et al., 2014; Omer et al., 2017). However, there is no published
data on anemia during pregnancy in Sudan’s White Nile state.

Methods

Design
A cross-sectional study was conducted at the Rabak
Maternity Hospital in Rabak, the capital of the White Nile
state of Sudan, from September to December 2021.

Research Question
Research questions for study: (1) what was the prevalence of
anemia, and (2) what are the factors associated with, anemia
at Rabak Maternity Hospital in central Sudan.

Sample and Setting
Rabak is one of the main cities in Sudan. It lies 362 m above
sea level, and its geographical coordinates are 13°9′0′′ N and
32°44′0′′ E (GPS coordinates of Rabak, Sudan, DMS, UTM,
GeoHash - CountryCoordinate.com, n.d.).

Procedure
Pregnant women aged between 18 and 40 years with single-
ton pregnancies who had been in labor and gave birth at
Rabak Maternity Hospital were enrolled in this study after
they had provided their written informed consent. Women
who were less than 28 weeks pregnant at the time of delivery
or who had multiple pregnancies, hemorrhage, or systematic
diseases, such as diabetes mellitus, thyroid disease, hyperten-
sion, and intrauterine fetal death, were excluded.

Systematic random sampling was used to select the preg-
nant women who fulfilled the inclusion criteria. According to
the hospital records from 2021, 980 pregnant women
attended the hospital over the 6-month period prior to the
study. Accordingly, the sampling interval (≈ 4) was deter-
mined by dividing the expected number of deliveries (208)
by the calculated sample size (980/208≈ 4). The eligible
women were therefore interviewed at four intervals until
the required sample size (208) was reached.

After signing the written informed consent form and undergo-
ing blood tests, all the women who were enrolled in the study
completed a questionnaire in which their demographic data and
clinical and obstetric histories were collected. These data included
age, parity, education level, history ofmiscarriage, ANC level, IPI,
and intake of iron-folic acid during the index pregnancy. The
questionnaires were completed by two medical officers via
face-to-face interviews. Weight and height were measured using
standard procedures and used to compute the body mass index
(BMI) of each participant. Subsequently, 2 ml of blood was
drawn. Ethylenediaminetetraacetic acid was added, and the
sample was analyzed to provide a complete blood count, which
included hemoglobin. Testing was performed using an automated
hematology analyzer in accordance with the manufacturer’s
instructions (Sysmex KX-21, Japan). Blood films for malaria
were prepared from the maternal, placenta, and cord. The slides
were Giemsa-stained and double-checked by an expert microsco-
pist who was blinded to the participants’ data.

Sample Size. The sample size (n) of 208 women was estimated
with an assumed incidence of anemia of 20%; this percentage
has previously been reported in a study in Khartoum, Sudan
(Mubarak et al., 2014) using the single proportional formula n
=Z2pq/d2, where q= (1− p), Z1−α (95% confidence interval
[CI])=1.96, and d (margin of error of 5%)=0.05.

Analysis Plan
The data were analyzed using SPSS for Windows version 22
(IBM, Armonk, NY, USA). The data were checked for nor-
mality using the Shapiro–Wilk test, and the data were not
normally distributed. The median (interquartile range
[IQR]), frequency, and percentage were used to describe
the participants’ characteristics. After calculating the preva-
lence of anemia (number of women with anemia/total
number of women enrolled), the chi- square test was used
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to compare the proportions of women with anemia versus those
without. Univariate analyses were performed with anemia as the
dependent variable, and various sociodemographic and obstetric
factors (age, parity, education, history of miscarriage, ANC
level, IPI, BMI, and iron-folic acid intake) as the independent var-
iables. Multicollinearity was evaluated if the variance inflation
factor exceeded 4. Variables with a p-value< .2 were shifted to
build the multivariable analysis. Additionally, a backward likeli-
hood ratio was used to evaluate the independent effects of each
covariate by controlling the effects of the other variables. The
adjusted odds ratios (AORs) and 95% CI were also computed;
a p-value less than .05 was considered statistically significant.

Results

General Characteristics
We initially screened 224 women for our study. Sixteen
women were not included in analysis as they met the exclu-
sion criteria. Among the 208 women selected, the median
(IQR) of their age and parity was 25 (21.0–30.0) years and
2 (1–4), respectively. In total, 128 women (61.5%) had
achieved less than a secondary education, 35 (16.8%)
women had received two or fewer ANC visits, and 45
(21.6%) women did not use iron-folic acid during the index
pregnancy (Table 1). All the maternal and umbilical cord
blood films were negative for malaria, and four placentas
were positive for P. falciparum. The use of iron-folic acid
was significantly higher among the women who had two or
more ANC visits compared to those who had two or fewer
ANC visits (82.7% vs. 57.1%, respectively, p= .003).

Factors Associated With anemia
Hemoglobin testing showed that 88 (42.3%) women had
anemia (hemoglobin < 11.0 g/dl), and four (1.9%) women

had severe anemia (hemoglobin < 7.0 g/dl). Age, parity (or
number of primiparas), a history of miscarriage, IPI, educa-
tion, and level of ANC were not associated with anemia in
the univariate analysis. Compared with the women without
anemia, a higher number of women with anemia did not use
iron-folic acid during the index pregnancy (29/80 [33.0%] vs.
16/120 [13.3%], respectively, p= .001; Table 1). Compared
to the women without malaria, the four women whose placentas
were positive for malaria had anemia (4/88 [4.54%] vs. 0/120
[0.008%], respectively, p= .018). Placental malaria was not
included in the model because of the low number (4) of such
cases, which would have distorted the model. The non-intake
of iron-folic acid was associated with anemia in both the univar-
iate and multivariate analysis (AOR=3.19, 95% CI=1.60–
6.63; Tables 2 and 3).

Discussion
Our results showed that 42.3% of the pregnant women in our
study had anemia. The prevalence of anemia in our setting
was slightly lower than that among pregnant women in
Khartoum in Sudan (65.0%) (Eltayeb et al., 2019) and
lower than the pooled prevalence (53.0%) of anemia that
we have previously reported in a meta-analysis of 16
studies representing 15,688 pregnant Sudanese women
(Adam et al., 2018). Notwithstanding, the prevalence of
anemia among the pregnant women in this study was
higher than the pooled prevalence (26.4%) of anemia
among the pregnant women observed in a meta-analysis in
neighboring Ethiopia (Geta et al., 2022) and South Africa
(31.0%) (Dorsamy et al., 2022). Similarly, the prevalence
of anemia among pregnant women in our area of Sudan
was higher than the pooled prevalence (35.6%) of anemia
among pregnant women reported in a meta-analysis covering
sub-Saharan Africa (SSA)(Fite et al., 2021), as well as the

Table 1. General Characteristics of Enrolled Pregnant Women (Number= 208) in Rabak Hospital, Sudan, 2021.

Variables Median Interquartile range

Age, years 25.0 21.0–30.0

Parity 2 1–4

Interpregnancy interval, months 7.5 12.0–24.0

Body mass index, kg/m2 21.4 19.0–24.7

Frequency Proportion

Parity

Primipara 60 28.0

Parous 148 71.2

Education level

≥ Secondary 80 38.5

< Secondary 128 61.5

History of miscarriage

No 170 81.7

Yes 38 18.3

Antenatal care

> Two visits 173 83.2

≤ Two visits 35 16.8

Taking iron-folic acid

Yes 163 78.4

No 45 21.6
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global pooled prevalence of anemia reported in a meta-
analysis of 52 studies comprising 1,244,747 pregnant
women (Karami et al., 2022). Our results therefore confirmed
that anemia in our setting has severe public health signifi-
cance, as defined by the WHO, which considers anemia prev-
alence ≥40% to be of severe health significance (World
Health Organization, 2021).

Our study revealed that pregnant women who did not take
iron-folic acid were at a 3.27 times higher risk of anemia.
This correlates with the results of our previous report,
where pregnant women in Khartoum who did not use iron-
folic acid were at 2.5 times higher risk of having anemia
(Abdullahi et al., 2014). Moreover, a recent meta-analysis
showed that pregnant women in Ethiopia who did not take
iron-folic acid were at a higher risk of anemia (relative risk
= 1.53) (Geta et al., 2022). Likewise, a meta-analysis of 25
studies in SSA comprising 15,061 pregnant women showed
that women who took no iron-folic acid supplements were
1.82 times more likely to have anemia (Fite et al., 2021).
Furthermore, both our present study and another recent
study (Mulugeta, 2022) showed that iron-folic acid adher-
ence was associated with ANC visits. Notwithstanding, in
our study, 67.0% of the women with a history of taking iron-
folic acid had anemia. Although we did not assess the levels

of other vitamins and trace elements, deficiencies in other
vitamins and/or trace elements could explain the anemia
among the women who were using iron-folic acid. Other
factors (e.g., infections, food intake) could also have
caused anemia in these women. In our study, four women
had both placental malaria and anemia. Several studies
inside Sudan (Adam et al., 2018) and in SSA (Dorsamy
et al., 2022; Fite et al., 2021) have shown that malaria is
the main cause of anemia during pregnancy.

In our study, age, parity, education, IPI, and BMI were not
associated with anemia among our participants, which corre-
sponds with the results of our earlier study (Eltayeb et al.,
2019) showing that age, parity, and BMI were not associated
with anemia among pregnant women in Khartoum. Moreover,
the results of our previous meta-analysis (Adam et al., 2018)
revealed that neither age nor parity were associated with
anemia in pregnant women in Sudan, which aligns with the
results of our current study. However, in their meta-analysis
of 60 studies in neighboring Ethiopia, Geta et al. (Geta
et al., 2022) determined that family size, residence, level edu-
cation, IPI, and not having ANC visits were associated with
anemia during pregnancy. It is worth mentioning that
caution should be applied when comparing our results with
those of later studies. First, the difference in the sociodemo-
graphic characteristics should be considered. Second, there
may be differences in the prevalence rates of malaria, HIV,
and others infections, such worm infestations, between the dif-
ferent settings (Dorsamy et al., 2022; Fite et al., 2021).

Strengths and Limitations
Several factors were included as covariates in our study.
However, due to funding constraints, we were not able to

Table 2. Univariate Analysis of the Factors Associated With Anemia in Rabak Hospital, Sudan, 2021.

Variables

Women with anemia

(number= 88)

Women without anemia

(number= 120) OR (95% CI) p

Median (interquartile range)
Age, years 25 (21.0–29.0) 25 (21.0–31.0) 0.96 (0.91–1.01) .134

Parity 3 (2–4) 2 (1–4) 1.01 (0.89–1.15) .836

Interpregnancy interval, months 12 (7.0–24.0) 12 (8.0–26.0) 1.01 (0.82–1.22) .987

Body mass index 21.3 (18.9–24.6) 19.1 (21.8–25.2) 0.97 (0.92–1.03) .448

Frequency (proportion)

Parity

Primipara 22 (25.0) 38 (31.7) 0.71 (0.38–1.33)

.315Parous 66 (75.0) 82 (68.3) Reference

Education level

≥ Secondary 33 (37.5) 47 (39.2) Reference

.807< Secondary 55 (62.5) 73 (60.8) 1.07 (0.60–1.89

History of miscarriage

No 70 (79.5) 100 (83.3) Reference

.486Yes 18 (20.5) 20 (16.7) 1.28 (0.63–2.60)

Antenatal care

> Two visits 75 (85.2) 98 (81.7) Reference

.498≤ Two visits 13 (14.8) 22 (18.3) 0.77 (0.36–1.63)

Taking iron-folic acid

Yes 59 (67.0) 104 (86.7) Reference

.001No 29 (33.0) 16 (13.3) 3.19 (1.60–6.63)

Table 3. Adjusted Logistic Regression for Factors AssociatedWith

Anemia in Rabak Hospital, Sudan, 2021.

Variables

Odds ratio

(95.0% confidence interval) p

Age 0.96 (0.91–1.01) .110

Taking iron-folic acid Yes Reference

No 3.27 (1.63–6.56) .001
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assess the women’s ferritin, folic acid, or vitamin B12 levels
to determine the prevalent types of anemia. Furthermore,
inflammatory factors, such as C-reactive protein and food
intake, were not assessed.

Implications for Practice
Overall, the findings of our study have significant implica-
tions for improving anemia screening and monitoring.
Notably, iron-folic acid intake by pregnant women could
reduce their rates of anemia.

Conclusion
Anemia was found to be a major health problem among the
pregnant women in this study. There is no clear evidence
across the women with anemia that their anemia stems
from lack of using iron-folic acid (in fact, some women
used iron-folic acid and they were anemic). There is a possi-
bility that using iron-folic acid may prevent anemia in this
part of Sudan.
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