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Conclusion: Gestational anemia remains common. Iron/folic acid supple-
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1. Introduction

Anemia during pregnancy remains one of the most serious public health problems
worldwide [1] [2]. According to estimates from the World Health Organization,
nearly 40% of pregnant women are anemic, with more than half of cases occurring
in sub-Saharan Africa [3]. This condition is associated with an increased risk of
maternal mortality, preterm birth, intrauterine growth restriction, and low birth
weight—outcomes consistently confirmed in recent African studies [4]-[6]. In
2022, Langam M. et al [7] in Burkina Faso reported an anemia prevalence of ap-
proximately 60%. In a meta-analysis conducted between 2010 and 2025, Magnus
Michael Sichalwe et a/. [8] found anemia prevalence ranging from 20% to 83.5%,
with an overall estimate of 51.5% (95% CI: 43.1% - 61.6%).

In low-resource settings, the causes of anemia are multifactorial. Nutritional
deficiencies, particularly iron and folic acid, remain predominant, but chronic in-
fections (malaria, helminthiasis, urinary tract infections) and comorbidities such
as hypertension or previous anemia also play significant roles [6] [9]-[11]. Biolog-
ical and behavioral factors, including maternal age, hypertension, and the use of
potentially hematotoxic medications, significantly influence hematologic imbal-
ances [11]-[14]. These observations underscore that maternal health results from
a complex interaction between physiological conditions, lifestyle behaviors, and
access to prenatal care.

Despite the existence of national policies for systematic iron and folic acid sup-
plementation, adherence remains low: several African studies report that fewer
than 60% of pregnant women consistently take IFA tablets, often due to side ef-
fects, stockouts, or lack of information [15]-[17]. This poor adherence contributes
to persistently high anemia prevalence, often ranging from 30% to 45% among
pregnant women according to local reports.

However, most available studies are limited to cross-sectional analyses meas-
uring prevalence at a single time point [11]-[14]. Pregnancy-related anemia is a
dynamic phenomenon, with onset depending on gestational timing, prior nutri-
tional status, infectious exposures, and the effectiveness of prenatal follow-up.
Very few studies have explored the time to anemia occurrence—that is, the rate
at which a pregnant woman becomes anemic according to her clinical or behav-
ioral characteristics. This temporal approach is crucial, as it allows identification
not only of factors associated with anemia but also of when they accelerate its
onset.

The objective of this study was to determine the rate of anemia onset during
pregnancy and to identify factors associated with its early occurrence, in order to
contribute to improved prenatal monitoring and prevention of maternal anemia

in public maternity facilities in Benin.

2. Study Methods

We conducted a prospective cohort study with an analytical approach in the nine
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public maternity facilities of Parakou (Benin) between January and July 2025, aim-
ing to analyze factors influencing the time to onset of anemia in pregnant women.
The study included 366 pregnant women aged 18 to 45 years, residing in Parakou
for at least six months, followed for at least two consecutive prenatal visits, and
who provided written informed consent. Exclusion criteria were women with
chronic conditions (sickle cell disease, HIV, renal insufficiency) or those who dis-
continued follow-up before the second trimester.

Sampling was proportionally stratified according to the volume of prenatal con-
sultations in each maternity, followed by systematic selection. Data were collected
using a semi-structured questionnaire and complemented by hemoglobin meas-
urements performed in the first, second, and third trimesters of pregnancy ac-
cording to WHO standards (anemia defined as Hb < 11 g/dL).

The dependent variable was the time (in weeks) from the first prenatal consul-
tation to the occurrence of anemia. The independent variables analyzed in this
study included: history of gestational anemia, lack of iron/folic acid supplemen-
tation, presence of urinary tract infection or sexually transmitted infection (STI),
calcium intake, fruit and vegetable intake, meat/egg/fish intake, pregnancy bleed-
ing, meal frequency (=3 meals per day), and malaria. Data on supplementation,
dietary habits, and meal frequency were obtained through self-report during in-
dividual interviews using a semi-structured questionnaire and coded as dichoto-
mous variables (yes/no). Information on obstetric history, bleeding episodes, and
malaria infection was extracted from antenatal care records and consultation reg-
istries. Urinary tract infections or STIs were confirmed through urinalysis results
from maternity laboratory records. These variables were selected based on their
clinical relevance as identified in the literature and their statistical association with
anemia onset (p < 0.20) in bivariate analysis prior to inclusion in the Cox regres-
sion model. Statistical analyses were performed using MedCalc®, including de-
scriptive statistics, estimation of Kaplan-Meier survival curves to determine the
median time to anemia onset, group comparisons using the log-rank test, and
multivariate Cox regression to identify independent factors associated with ane-
mia onset, after verifying the proportional hazards assumption. A significance
level of p < 0.05 was applied.

The study was conducted in accordance with the principles of the Declaration
of Helsinki (2013). Confidentiality was ensured through data coding and secure
file storage, and anemic participants were referred to healthcare services for ap-

propriate management.

3. Results
3.1. Sociodemographic Data

A total of 366 pregnant women were included in this study. Their ages ranged

from 18 to 45 years, with a mean age of 26.46 + 5.39 years. The modal age was 25

years. The vast majority of women were married (94.26%) (Table 1).
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Table 1. Distribution of pregnant women attending prenatal consultations in public ma-
ternity facilities in Parakou in 2025, by age and marital status (n = 366).

Anemia Count (n = 366) Frequency (%)
Age (Years)
= <20 32 08.74
= [20-30] 227 62.02
= [30-40] 100 27.32
= >40 07 01.91
Marital status
= Single 04 01.09
= Married 345 94.26
= Widowed 01 0.27
= Cohabiting 16 04.37

3.2. Prevalence of Anemia during Pregnancy

Table 2 below shows the prevalence of anemia among the pregnant women in-
cluded in the study in Parakou in 2025, along with the corresponding 95% confi-

dence intervals.

Table 2. Prevalence of anemia among pregnant women attending prenatal consultations in
public maternity facilities in Parakou in 2025 (n = 366).

Anemia Prevalence 95% CI
" Yes 129 (35.25) 30.53 - 40.27
= No 237 (64.75) 59.73 - 69.47

The occurrence of anemia among pregnant women in Parakou in 2025 progres-
sively increased with advancing gestation. Comparison between singleton and
twin pregnancies showed that the type of pregnancy did not significantly influence
the time to onset of anemia (log-rank test, p = 0.645; HR = 1.19 [95% CI: 0.57 -
2.45]), although a slight tendency toward earlier onset was observed in twin preg-

nancies (Figure 1).

Anemia
100
90 4
MP
80 = — NO
........ Yes
70+

60
50 =
40+

Survival Probability (%)

304

20+

10
T

0 10 20 30 40 50
Time to Onset of Anemia (in Weeks of Amenorrhea)

MP = Multiple Pregnancy

Figure 1. Kaplan-Meier survival curves for time to onset of anemia according to pregnancy
type among pregnant women attending prenatal consultations in Parakou, 2025.
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Despite the increased physiological demands of twin pregnancies, the time to
develop anemia during pregnancy was not statistically different from that of sin-

gleton pregnancies (Table 3).

Table 3. Distribution of pregnant women according to pregnancy type and mean time to
anemia onset during prenatal follow-up in public health centers of Parakou in 2025.

Pregnancy type N Events Censored  Mean survival (weeks)
= Singleton 349 122 (34.96) 227 (65.04) 31.998 + 0.585
* Twin 17 7 (41.18) 10 (58.82) 33.973 + 0.915
Overall 366 129 (35.25) 237 (64.75) 32.125 + 0.560

3.3. Overall Model Fit

The Cox proportional hazards regression model, adjusted for five covariates, showed
a significant improvement over the null model (-2 log-likelihood: 1249.150 vs
1279.234; y* = 30.084; df = 15; p = 0.0116). This indicates that the included factors
collectively contribute significantly to explaining the time to anemia onset among
pregnant women. Therefore, the selected covariates provide meaningful explana-

tory value regarding the risk of developing anemia during pregnancy.

3.4. Cox Regression Model

Among the included covariates, some were statistically significantly associated
with a faster onset of anemia.

Lack of iron or folate supplementation was identified as a major risk factor: non-
supplemented women developed anemia more rapidly, with nearly three times
higher risk (HR = 2.97; 95% CI: 1.77 - 4.96; p < 0.0001). The presence of a urinary
tract infection was significantly associated with a faster onset of anemia during
pregnancy (HR = 2.48; 95% CI: 1.47 - 4.07; p = 0.01). In other words, women with
urinary tract infections were about two and a half times more likely to develop
anemia earlier than those without infection. The following Table 4 presents these

results.

Table 4. Multivariate Cox regression results for factors associated with risk of anemia onset
among pregnant women attending public maternity centers in Parakou, 2025.

Covariate Wald P-Valuee HR 95% CIHR
=  History of gestational anemia 0.959 0.328 144  0.70 - 2.96
= Lack of iron/folate supplementation 17.18  <0.0001 2.97 1.77 - 4.96
=  Urinary tract infection/STI 15.45 0.001 2.48 1.47 - 4.07
*  Calcium intake 0.138 0.710 1.09 0.70 - 1.69
=  Fruit/vegetable intake 2.23 0.135 1.40  0.90-2.19
*  Meat/egg/fish intake 1.86 0.173 0.53 0.22 - 1.32
=  Pregnancy bleeding 0.301 0.583 1.19  0.64-2.21
= >3 meals per day 0.0001 0.978 1.01 0.69 - 1.46
= Malaria 0.374 0.541 1.15 0.73 - 1.82
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4. Discussion

In this study conducted in Parakou in 2025, the overall prevalence of anemia
among pregnant women was 35.25%, which falls within the higher range of esti-
mates reported in similar low- and middle-income country settings. This preva-
lence is comparable to that reported in certain African studies, although it is
slightly higher than rates observed in European countries, where Levi et a/. in 2016
reported annual incidences ranging from 7.2 to 13.96 per 1000 person-years
among pregnant women and the general population [18]. This difference may be
explained by disparities in access to prenatal care, iron supplementation, nutri-
tional preventive measures, and a higher infectious burden in our context.

Time-to-event analysis showed that the type of pregnancy (singleton vs. twin)
did not significantly influence the onset of anemia (HR = 1.19; p = 0.645), although
a trend toward earlier onset was observed in twin pregnancies. This finding is
consistent with the literature indicating that, despite the increased physiological
load in multiple pregnancies, the relative risk of anemia does not always signifi-
cantly rise when adequate prenatal care is provided. Although Alcalay et al in
2023 focused on the respiratory consequences of maternal anemia, their study
highlights the importance of maternal anemia as an independent clinical determi-
nant of neonatal and pediatric outcomes, supporting the relevance of our Cox re-
gression approach to identify predictive factors [19].

In our cohort, the absence of iron/folate supplementation emerged as a major
risk factor for rapid anemia onset (HR = 2.97; p < 0.0001), underscoring the crit-
ical role of prenatal nutritional interventions. This finding aligns with observa-
tions by Levi ef al in 2019, who demonstrated that pregnancy, maternal age, and
a history of blood loss-related disorders were significant determinants of iron-
deficiency anemia among women of reproductive age in Europe [20]. The con-
sistency of these results across high- and low-income settings suggests a universal
effect of iron supplementation and prenatal care, although the overall incidence
remains higher in resource-limited contexts.

Furthermore, the presence of urinary tract infections or STIs was associated
with an accelerated onset of anemia, highlighting the role of infectious factors in
the pathogenesis of gestational anemia. These results are echoed in Berhan’s 2014
study, where maternal anemia, often exacerbated by infections and obstetric com-
plications, was an independent predictor of perinatal mortality in a low-income
setting [21].

Based on these findings, targeted public health actions are warranted. Strength-
ening adherence to iron/folic acid supplementation and implementing systematic
screening for urinary tract infections during prenatal visits could significantly re-

duce the risk and delay the onset of gestational anemia in Parakou.

5. Limitation of the Study

This study has certain limitations that should be acknowledged, though they do

not undermine the robustness of its conclusions. First, some variables, such as
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iron/folic acid supplementation and dietary habits, were based on participants’
self-reports, which may be subject to recall or social desirability bias. Nevertheless,
this approach is standard in population-based studies and remains the most fea-
sible method in resource-limited settings. Second, the research was conducted ex-
clusively in the city of Parakou, which may limit the generalizability of the find-
ings to other regions of Benin. However, Parakou serves as a major referral center
with a socio-demographically diverse population, providing reasonable represent-
ativeness for urban areas of the country. Lastly, although the follow-up period was
relatively short, the use of survival analysis methods (Kaplan-Meier and Cox re-
gression) enhanced the analytical value of the data collected. These limitations,
therefore, do not compromise the internal validity of the study, which contributes

valuable insights for the prevention of gestational anemia in African contexts.

6. Conclusion

Gestational anemia remains a major public health issue in Parakou. The absence
of iron and folate supplementation, as well as urinary tract infections, are key fac-
tors accelerating its onset. Targeted interventions focusing on supplementation
and infection prevention could effectively delay its development. Strengthening

prenatal care is essential to improve maternal and fetal outcomes.
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