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Abstract

Although Gestational Anaemia (GA) is common in Benin, the period of gestation it is more harmful for the newborn
is still unclear. In this study, the effect of timing of GA on newborn’s Haemoglobin (Hb) at birth has been assessed in
southern Beninese pregnant women followed-up from the beginning of gestation until delivery. Women’s demographic,
anthropometric, and biological data were collected. At birth, newborns were weighed, and cord blood samples collected
for Hb concentrations determination. Multivariate logistic and linear regressions were used to assess the effect of GA
on newborn anaemia. Gestational anaemia occurring between 25 and 28 weeks of gestation was associated with
an important decrease in the newborn’s Hb concentrations (Adjusted coefficient=-11.2 g/L, 95% CI= [-20.9, -1.5],
P=0.02) and an increased risk of newborn’s anaemia (adjusted odds ratio=4.5, 95% CI=[2.0, 11.0], P=0.001). Malaria
during gestation was also associated with an increased risk for the newborn’s anaemia whereas primigravidity was
associated with more than half reduction of the risk of newborn’s anaemia. This result argues in favor of strengthening

the preventives measures against GA by promoting their implementation earlier during pregnancy.
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Introduction

Gestational anaemia (GA) is common in developing countries,
where it affects more than 57% of pregnant women [1,2]. In Benin, a
previous study showed that over 68% of women experience GA [3,4].
Gestational anaemia is potentially associated with newborn's anaemia
and low birth weight (LBW) which are high risk factors for perinatal
morbidity and mortality [5-7].

In sub-Sahara Africa, preventive measures against GA
recommended by World Health Organization (WHO) are based on
the daily supplementation of iron and folic acid to all pregnant women,
the prevention of malaria with Intermittent Preventive Treatment in
pregnancy (IPTp) with sulfadoxine-pyrimethamine and the systematic
administration of anti-helminthic drugs [8-10].

The effect of timing of anaemia during pregnancy, particularly
in the first half of pregnancy, on perinatal outcomes remains poorly
investigated in developing countries. Many studies that assessed the
consequences of GA on newborn anaemia focused on the effect of GA at
the end of gestation on the infant [5,11-15]. However, a unique measure
of Haemoglobin (Hb) made at the time of delivery, cannot reflect
maternal Hb changes during the whole gestation. Moreover, it’s also
important to consider the effect of preventive measures administered
to women during gestation. On the occasion of a multi-center trial
of IPTp comparing sulfadoxine-pyrimethamine and mefloquine
(MiPPAD study "Malaria in Pregnancy Preventive Alternative Drugs"),
we had the opportunity to follow-up 1,005 Beninese pregnant women
to investigate the influence of GA on newborns’ Hb [16].

Materials and methods

Study methodology

We followed a cohort of 1,005 pregnant women included in
MiPPAD trial, from early pregnancy until the time of delivery. The

study site, population and procedure have been described elsewhere
[3]. Briefly, the study was conducted in the district of Allada, a
semirural area located in southern Benin. Malaria is perennial, and
Plasmodium falciparum is the most common species. There are two
high transmission peaks (April to July and October to November).

The study population was composed of human immunodeficiency
virus (HIV)-negative pregnant women of less than or equal to 28
weeks of gestation. At inclusion (1* antenatal care visit “ANC1”),
sociodemographic (age, parity, marital status, level of education) and
clinical data (gestational age, weight, and height) were recorded.
Gestational age and weight were also collected at the 2" antenatal
clinic visit (ANC2) and delivery. Mothers’ venous blood sample was
collected at ANCI1, ANC2 and delivery to assess Hb, CRP, serum
ferritin, folic acid, and vitamin B12 concentrations and to perform
thick blood smear (Figure 1). Atbirth, the newborn’s anthropometric
characteristics (weight, length, head circumference) were measured.
A placental blood smear was performed for assessing placental
malaria and cord blood sample was collected for determining
newborn’s Hb concentrations.

At inclusion, each woman received a long-lasting insecticide-
treated net. A supplement of oral ferrous sulfate (200 mg per day) and
folic acid (5 mg per day) were given to women for home treatment
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ANCI1: IPTp1 administration + anti-helminthic treatment *

televisor, refrigerator and gainful activity.
Clinical and biological data** : gestational age, weight, height,

vitamin B12 concentrations, CRP dosage, helminth infestations

Socio-demographic data : age, gravidity, schooling, ethnic group
Socio-economic data: possession of at least of bicycle, electricity,

temperature, Haemoglobin, malaria, serum ferritin, folic acid and

ANC2: IPTp2
administration

Delivery
Newborn: Placental Malaria,
weight, lenght, haemoglobin

Inclusion criteria

* < 28 weeks of gestational age

* HIV negative

* No intake of iron or folic acide prior to inclusion
* Resides < 10 km from the study maternity

Unscheduled visits
Temperature (TX)
If TK> 37.5KC, blood smear and haemoglobin

200 mg of oral ferrous sulfate + 5 mg of folic acid per day for supplementation from inclusion until 3 months after delivery

IPTp: Intermittent Preventive Treatment ; ANC: Antenatal Clinical visit ; CRP: C-reactive protein
** These data were also collected at ANC2 and at delivery

* 200 mg of Mebendazole per day during 3 days

Figure 1: Bar chart shows the Frequency distribution of contraception methods use among Saudi females, 2019.

(Figure 1). Pregnant women with Hb below 110 g/L were treated
according to the severity of anaemia. They were administered 200
mg of oral ferrous sulfate twice per day in case of mild and moderate
anaemia (Hb between 70 and 110 g/L) or referred to the district tertiary
hospital in case of severe anaemia (Hb<70 g/L).

Haemoglobin concentration was determined with a Hemo-Control
photometer (EKF Diagnostics, Magdeburg, Germany) on 10 uL of
blood. C-reactive protein (CRP) concentrations were determined with a
rapid slide test (Cypress Diagnostics, Langdorp, Belgium). Serum ferritin
and vitamin B12 concentrations were measured using a microparticle
enzyme immunoassay method. A fluorescence polarization immunoassay
technique was used to determine folic acid concentrations with an AxSym
Immuno-Assay Analyzer (Abbott Diagnostics, Frankfurt, Germany). The
Determine (HIV 1 and 2 kit, Alere Orgenics, Paris, France) and SD Bioline
(HIV 1 and 23.0 package Umbhlanga, South Africa) rapid tests were used to
detect HIV infections with a serial testing algorithm. Lambaréné technique
was used to assess malaria infection [17].

Definitions

GA and newborn anaemia were defined as Hb below 110 g/L and
150 g/L, respectively [6,18]. LBW was defined as a birth weight < 2,500
g.Iron Deficiency (ID) was defined as serum ferritin <12 ug/ L or serum
ferritin between 12 and 70 ug/L in a context of inflammation (CRP
concentration > 6 mg/mL). Folic acid and vitamin B12 deficiencies
were respectively defined as a serum folic acid concentration <6 ng/
mL and serum vitamin B12 concentration <150 pg/mL. Gestational
age at inclusion was transformed into categorical variable (< 15, 16-24
and 25-28 weeks of gestation) to assess the effect of timing of GA on
newborn’s Hb.

Statistical analysis

Data were entered into Microsoft Access 2003 database and
analyzed with STATA 12.0 Software for windows. Our primary

outcome was the newborn’s Hb at birth (Hb concentration, anaemia).
We first described the general characteristics of women and newborns.
Afterwards, we studied the association between study outcomes and GA
at inclusion and delivery. Finally, we assessed the effect of the timing
of GA on newborn’s Hb concentrations and anaemia. Proportions
and means were compared using the Chi square and the Student tests,
respectively. All variables that were associated to the outcome at P <
0.2 were considered for the multivariate analyses. Logistic and linear
regressions were used for the multivariate analyses. The final models
have been built using a backward strategy. The statistical significance
was set to P < 0.05.

Ethics clearance

This study was approved by the Ethics Committee of Faculty of
Medicine of Cotonou in Benin. Before each inclusion, the study was
explained in a local language to the participant, and her voluntary
consent was obtained. In case a woman cannot read, an impartial
witness was involved in the process. Mothers were free to interrupt
their participation at any time of the course of the study.

Results
Study profile

As shown in Figure 2, 1,005 pregnant women were enrolled in the
survey (Figure 2). They gave birth to 932 newborns. Eight hundred
and sixty-two (862) mother-infant pairs were included in the analysis.
Haemoglobin concentration was assessed in 100% (862 of 862) and
92.7% (799 of 862) of women at ANC1 and delivery. Newborns' Hb
was measured in 86.7% (747 of 862).

Table 1 presents women’s general characteristics. On average
women were 25.9 years old, 98.7%, 66.6% and 18.4% of them were
married, illiterate and primigravidae, respectively. More than half
of the women (55.1%) had a body mass index (BMI) over 20 kg/m>.
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1005 pregnant women included
ANC1

Between ANC1 and ANC2
-16 refusals

- Tlost to follow-up

- 4migrations

v

978 women at IPTp intake
ANC2

Between ANC2 and delivery
-17 refusals

- 4lost to follow-up

- 16 migrations

L 3

941 women at delivery

Excluded to analysis

-30 alive twins

-40 stillbirths

- & spontanecus abortions

- 1 congenital malformation

v

862 Alive singleton newhorns

AMNC: Antenatal clinical wisit
Figure 2: Study profile.

Characteristics \ ANC1* \ ANC2* \ Delivery
Gestational age (weeks)

Mean \ 22.1(21.9-22.4) \ 28.8 (28.5-29.0) \ 39.7 (39.5-39.8)
Hb (g/L)
Mean 103.1 (102.3-104.0) 105.2 (104.5-105.9) 111.9 (110.9-112.9)
Anaemia (Hb <110 g/L) (%) 67.8 64.9 39.9
Timing of gestational anaemia at inclusion (%)
Anaemia before 16 weeks of gestation 5.5 - -
Anaemia between 16-24 weeks of
gestation 591 - °
Anaemia between 25-28 weeks of
gestation 35.4 B B
Serum ferritint (ug/L)
Mean 24.9 (23.7-26.3) 36.8 (34.5-39.2) 18.2 (17.4-19.1)
Iron deficiency (%) 33.3 35.5 30.3
Serum folic acid’ (ng/L)
Mean 8.2(7.9-8.4) 7.7(7.3-8.1) 9.4 (9.1-9.7)
Folic acid deficiency (%) 31.2 171 38.9

Serum Vitamin B12f (pg/L)

Mean 359.3 (348.9-369.9) 295.9 (285.9-306.3) 335.1 (325.5-344.9)
Vitamin B12 deficiency (%) 34 3.7 7.4
Malaria infection (%) 15.3 4 9.7
Inflammation (%) 21.2 11.6 33.6
Hemoglobin genotypes (%)
AA 722 - -
AS, AC 26.5 - -
Others (SS, SC, CC, AF) 1.3 - -
lliterate (%) 66.6 - -
Married (%) 98.7 - -

* First and second doses of IPTp administrations; + Geometric means; 95% CI values are in parentheses; Hb: Haemoglobin level

Table 1: Pregnant women general characteristics at the first and second antenatal clinic visits (ANC1 & ANC2) and delivery in Benin.
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Gestational anaemia was frequent at inclusion (67.8%) and decreased
progressively until delivery (39.9%). The proportions of P. falciparum
infection at inclusion and delivery were 15.3% and 9.7%, respectively.
Women’s mean gestational age at delivery was 39.7 weeks (95% Confidence
Interval [CI] = [39.5-39.8]). Newborns' mean Hb was 139.3 g/L (95%ClI=
[137.5, 140.9]) and 63.5% of them were anaemic. On average, newborns
weighed 3026.3 g (95%ClI= [2996.6-3056.0]) and 11% were low birth
weight. Placental malaria was prevalent in 9% (Table 2).

Relation between GA and newborn’s Hb

Table 3 shows the relation between GA at ANCI1 and delivery
and newborn’s Hb. After adjustment, GA at ANCI was significantly
associated with a decrease in newborn’s Hb concentrations (adjusted
difference of mean [dm]=-4.0 g/L, P=0.03). Primigravidaes' newborns
had a significantly higher Hb concentrations than multigravidaes’
offspring (dm=5.5 g/L, P=0.02). Gestational anaemia at ANC1 was not
statistically associated with an increase in the risk of newborn’s anaemia
(adjusted odds ratio [aOR]=1.2, P=0.2). Malaria infection was related
to newborns' anaemia (aOR=1.7, P=0.004) whereas primigravidity
was associated with a decreased risk in newborn’s anaemia (aOR=0.5,
P=0.001) (Table 3).

The association between GA at delivery and newborns' Hb was
borderline significant (dm=-3.1 g/L, P=0.09). When the newborns' Hb
is considered as binary variable, GA at delivery (aOR=1.3, P=0.06) and
malaria during pregnancy (aOR=1.7, P=0.004) were associated with
an increased risk in newborns' anaemia, whereas the primigravidity
decreased the risk (aOR=0.5, P=0.001) (Table 3).

Effects of the timing of GA during the first half of pregnancy
on newborn’s Hb

The univariate and multivariate analyses showed a constant
association between GA and newborn’s Hb (Table 4). Hb concentration
was lower among newborn of women presenting anaemia during the
2™ trimester than those of women presenting anaemia during the 1*
trimester of pregnancy. The mean of difference was higher when GA
occurred in late second trimester (between 25 and 28 weeks). When
we analyzed the newborn’s Hb as dichotomous variable (anaemia
or no anaemia), GA occurring late in the second trimester of
pregnancy remained significantly associated with an increase in the
risk of anaemia in newborns (aOR=4.5, 95% CI [2.0, 11.0], P=0.001)
(Table 4).

Characteristics Number Mean or proportion
Gender (%)
Female 441 52.3
Male 403 47.7
Weight (g)
Mean 856 3026.3 (2996.6-3056.0)
225009 762 89
<2500 g 94 11
Preterm birth* (%) 60 7.3
Hb (g/L)
Mean 741 139.2 (137.5-140.9)
Hb<150g/L 474 63.5
Placental malaria (%) 66 9.2

*Hb: Haemoglobin concentrations; 95% CI values are in parentheses * Preterm birth: Gestational age <37 weeks.

Table 2: Newborns’ clinical and biological characteristics at birth in Benin.

(Multivariate linear and logistic regressions)

At ANC1 (n=727) At delivery (n=718)

Newborn haemoglobin at birth (g/L)*

Mean difference 95% CI P value Mean difference 95% ClI P value
Gestational anaemia -4 (-7.6,-0.4) 0.03 -3.1 (-6.6, 0.4) 0.09
Primigravidae 5.5 (1.0, 10.0) 0.02 54 (0.9, 10.0) 0.02
Rainy season at delivery -4.3 (-7.8,-0.9) 0.02 -4.4 (-7.9,-0.9) 0.01
Constant 144 (140.3, 147.6) <0.001 142.6 (139.5, 145.8) <0.001
Newborn Anaemia at birth (%) ** Adjusted OR 95% CI P value Adjusted OR 95% CI P value
Gestational anaemia 1.2 (0.9,1.7) 0.2 1.3 (1.0, 1.8) 0.06
Primigravidae 0.5 (0.3,0.7) 0.001 0.5 (0.3,0.8) 0.001
At least 1 malaria episode 1.7 (1.2,2.4) 0.004 1.7 (1.2,24) 0.004

* Adjusted on maternal age, gravidity, season of visit and newborn’s sex
** Adjusted on maternal age, gravidity, season of visit, iron deficiency and number of maternal malaria infection during pregnancy

Table 3: Relation between gestational anaemia at the first antenatal clinic visit, at delivery and newborn’s haemoglobin at birth (Multivariate linear and logistic regressions).

Timing of gestational Newborn’s haemoglobin level Newborn’s anaemia

anaemia* Mean difference 95% Cl P value Adjusted OR 95% ClI P value

<15 weeks Reference - - 1 - -
Between 16-24 weeks 8.2 (17.7,12) 0.08 3 (13,6.9) 0.009
Between 25-28 weeks -11.2 (-20.9, -1.5) 0.02 45 (2.0, 11.0) 0.001

* Adjusted on maternal age, gravidity, season of visit, newborn’s sex

Table 4: Relation between gestational anaemia at the first antenatal clinic visit, at delivery and newborn’s haemoglobin at birth (Multivariate linear and logistic regressions).
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Discussion

This is one of few cohort studies that have investigated the
influence of the timing of GA, especially in the first half of pregnancy,
on newborn’s Hb in West Africa. In the study, pregnant women were
followed up from the beginning of pregnancy until delivery. The results
showed that GA occurring during the 2™ trimester of gestation was
associated with an increased risk of newborn’s anaemia in Benin.
The risk was more important when GA occurred late in the second
trimester of pregnancy. Malaria infection during pregnancy was also
associated with an increased risk for newborn’s anaemia whereas
primigravidity was related to more than 50% reduction of the risk of
newborn’s anaemia.

Gestational anemia was very common in the study population
(more than 50%). This result is consistent with the findings of Bodeau-
Livinec et al. (GA prevalent in 64.7%) in the same study area, but it
is different to the Beninese’s Demographic Health Survey (DHS-IV)
prevalence (42.2%) [19]. The difference could be partially explained by
the fact that the DHS-IV is a cross-sectional survey with a potential
risk of underestimation of anaemia during pregnancy. Otherwise,
in the study, anemia at inclusion has been evaluated before any
supplementation or antihelminthic treatment [3].

The lack of consensual threshold to define newborn’s anaemia
makes complex the comparison of our findings with those found in
the literature. For instance, Koura et al., using the same threshold of
150 g/L, showed that GA at delivery was also associated to newborn’s
anaemia [6]. In the same trend, de Pee et al. have found in Indonesia
that maternal Hb concentrations below 120 g/ L at delivery was
related to an increased risk of anaemia in infants at age between 3
and 5 months. The risk of newborn’s anaemia was more important
in low birth weight children [5]. It is known that maternal iron
deficiency was associated with newborn’s iron deficiency and with
an increased risk of anaemia in infants during the first year of life
[13,20]. The only source of iron, a key component of hematopoiesis,
for the child during intrauterine life derives from the mother to
fetus transplacental iron-transfer [21]. For instance, primigravidae
included in this study had a better iron stores than multigravidae
and the risk for anaemia was almost half reduced in their newborns
compared to multigravidae's offsprings [22].

It would have been more informative to consider the exact period
of the occurrence of anaemia during pregnancy in the analyses because
GA is a gradual syndrome. It is also important to notify that pregnant
women were included in the study at different times of gestation
and, most of them were attended the first ANC visit because of
care-seeking rather than motivated by a systematic follow-up of
pregnancy [3].

The proportion of pregnant women with anaemia has progressively
decreased from beginning of pregnancy until delivery. This result could
be explained partially by the hemodilution and hemoconcentration that
occur during the second and 3™ trimesters of gestation, respectively
[23,24]. After the enrolment in the study, pregnant women received
GA preventive treatment including IPTp, helminth drug, iron and folic
acid supplementation. Both the effect of GA preventive measures and
the hemoconcentration occurring from the 3™ trimester might explain
the decrease of Hb observed at delivery [4]. Newborns’ anaemia was
also prevalent, affecting over 63% of children. This high proportion is
consistent with WHO data on anaemia in Benin [2]. A previous study,
conducted in Tori-Bossito, a neighboring area, showed also that more
than 61% Beninese newborns were anaemic [6].

Malaria infection was also frequent, decreasing from beginning
of pregnancy to delivery. Malaria was associated with a decrease in
newborns’ Hb concentrations. Indeed, alterations of the placenta
membranes due to malaria parasites disturb nutrients exchanges
between the mother and fetus and to some extent, increase the risk for
fetal anaemia [25,26].

Some factors such as sickle cell anaemia, use of cigarettes/tobacco
products and altitude, which are known as important determinants of
anemia in West Africa both in pregnant women and neonates, have
not been evaluated in our study. First, the prevalence of sickle cell
during pregnancy in our study was very low. Thirteen out of 1.005
pregnant women (1.3%) presented sickle cell disease during the study
and less than 3% of their children were affected by sickle cell disease
[3,27]. Secondly, the consumption of tobacco products is uncommon
in Beninese women, especially in pregnant women. Indeed, according
to DHS-IV, the proportion of women of reproductive age who declared
to smoke cigarette or tobacco product was 0.2%. Therefore, it would
be difficult to measure the influence of sickle cell disease and use of
tobacco products on infant heamoglobin level in Beninese population.
Finally, Benin is less than 1000 m above sea level thus no adjustment
for altitude was made.

Limitations

The study was ancillary to a randomized clinical trial of prevention
of malaria in pregnancy where all pregnant women received IPTp,
antihelminth drugs and iron and folic supplementation since their
enrolment. That would have underestimated the effect of anemia on
adverse pregnancy outcomes. The assessment of timing of anemia was
difficult because it is a gradual onset syndrome and the probability
women are anemic before being pregnant, is strong in the context of
Benin.

Conclusion

Gestational anaemia is common in Benin and we evidence
that when it occurs between 25 and 28 weeks, it is associated with
reduced newborn Hb concentrations. Malaria during gestation and
primigravidae are also important factors contributing to reduce the
newborn Hb concentrations. The current anaemia preventive measures
(IPTp, anti-helminthic treatment, daily iron and folic acid supplement)
should be reinforced by news strategies such as pre-gestational
supplementations of iron and folic acid to all women of reproductive
age.
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