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ABSTRACT
Background: Maternal anemia is considered a risk factor for pregnancy, because it is hazardous to both mother and

fetus. Our study aimed to determine in each trimester of pregnancy the factors associated with anemia and the

outcomes in the mother and infant in a cohort of Algerian pregnant women.

Methods: We conducted a prospective and longitudinal cohort study of 300 women from December 2013 to July

2016. All consenting women attending antenatal consultation and had undergone complete blood count were

included in the study. Sociodemographic characteristics and individual’s obstetrical history were collected. Factors

associated to maternal anemia were investigated during each trimester of pregnancy. Data on delivery term, delivery

mode and birth outcomes were collected. We performed a bivariate analysis using the Chi-square test for proportions,

Student’s t-test, or one-way ANOVA for continuous variables and multiple comparisons.

Results: The rate of gestational anemia was 58.0%. The average concentration of hemoglobin, hematocrit, blood

volume and platelets were lower in anemic pregnant women. Factors associated with anemia were: lower hemoglobin

levels, lower BMI in the 3rd trimester, inadequate gestational weight gain, insufficient caloric intake in the 1st and

3rd trimesters and non supplementation with iron. Maternal anemia increased the risk of low birth weight in early

and late pregnancy and the risk of overrun term in mid and late pregnancy.

Conclusion: Various antropomethric, haematological and nutritional factors affected gestational anemia. Gestational

anemia was associated with increased risks of maternal and fetal complications. Community-based interventions

should be enhanced considering the identified associated factors.
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INTRODUCTION

Anemia is a condition characterized as a low level of hemoglobin
in the blood, as evidenced by a reduced quality or quantity of
red blood cells which decreases oxygen-carrying capacity to
tissues [1, 2]. It occurs at all age groups, but is more prevalent in
pregnant women [3]. Gestational anemia is defined as a
hemoglobin less than 11.0 g/dl in the first and third trimesters
of pregnancy and less than 10.5 g/dl in the second trimester and
it is one of the most common problems in obstetrics [2].

Around 40% of women begin their pregnancy with low or
absent iron stores (serum ferritin <30 mg/l) and up to 90% have

iron stores of <500 mg (serum ferritin <70 mg/l) worldwide,
which is insufficient to meet the increased iron needs during
pregnancy and postpartum [4]. In Africa the prevalence of
anemia among pregnant women was 57.1% [2] which is
associated with adverse health outcomes for both mother and
infant, like maternal mortality, perinatal mortality, growth
restriction and low birth weight [5, 6]. Some other countries
report prevalence of 16.8 %, 22.1 %, 24.4 % 32.8 %, 41.6 % and
100 % respectively in Iran, Uganda, the United Kingdom,
Ethiopia, India and Turkey [7, 8].
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Gestational anemia can be explained primarily by a diet low in
iron. Its origin may be due to several factors including single or
combined deficiency of nutrients such as iron, folic acid and
vitamin B12 [9]. Nutritional deficiencies are still a common
problem during pregnancy causing anemia.

Maternal anemia is considered a risk factor for pregnancy,
because it is hazardous to both mother and fetus, and is
associated with increased risk of maternal-fetal morbidity, as well
as the nutritional status of child [10]. Current knowledge
indicates that iron deficiency anemia in pregnancy is a risk
factor for preterm delivery and subsequent low birth weight, and
possibly for inferior neonatal health [11,12]. Deficiency can have
serious consequences for the mother in case of major bleeding
during delivery [13]. However, information on the incidence of
anemia, the factors associated and the outcomes in the mother
and in the fetus, especially in Algeria, are insufficient.

The aim of this study was to determine the frequency of anemia
in pregnant women in the first, second and third trimesters of
pregnancy. Then to determine hematological, anthropometric
and nutritional associated factors of gestational anemia. We also
examined trimester specific maternal and fetal consequences of
maternal anemia during pregnancy. Detailed information about
maternal characteristics and trimester specific maternal and fetal
adaptations might identify groups at risk and specific effects of
low hemoglobin levels during pregnancy. This might provide
further insight in the suggested associations of maternal
hemoglobin levels with the risk of pregnancy complications.

MATERIALS AND METHODS

Type, duration and period of the study

We conducted a prospective and longitudinal cohort study. We
followed for 9 months a cohort of Algerian pregnant women
attending antenatal clinics in early pregnancy. They were
recruited at three different sites; at maternities, antenatal centers
and private gynecologists in Constantine (Algeria), from
December 2013 to July 2016. The participants were recruited
and followed up longitudinally, once at the end of each
trimester of pregnancy. The trimesters were defined as first (less
than 16 weeks of amenorrhea), second (16 – 28 weeks of
amenorrhea) and third (29–41 weeks of amenorrhea) [14].

STUDY POPULATION

Inclusion and Exclusion Criteria

We included all pregnant women attending antenatal clinics
during the study period, presenting for a pregnancy follow-up
and agreeing to participate freely in the study. They were eligible
for participation if they aged 18 years old and more, were
healthy and mentally competent, entered prenatal care early in
the first trimester of pregnancy and had a complete blood count
(CBC).

We excluded women refusing to participate in the study, women
with missing information on pre-pregnancy weight (in order to
calculate pre-pregnancy BMI and weight gain), known diabetes,
hypertension and anemia before pregnancy.

Pregnant women who met the inclusion criteria were informed
of the objectives of the study. They agreed to be part of it until
the birth of their babies. Written consent was obtained from all
participating mothers.

Sampling and sample size

During the study period, 1231 women came for the first
pregnancy consultation. Of these, 703 did not agree to
participate in the study, representing 57.1% of the total
enrollment.

Of 528 women (42.9% of the total) responding favorably to the
survey, we excluded 110 women who presented themselves after
the date of starting weight measurement. Also, 52 women were
excluded because they had a pre-pregnancy pathology (diabetes,
high blood pressure, anemia, or endocrine pathology).

Among pregnant women meeting the inclusion criteria, 366
(69.3%) were selected for the study. Of these women, 26 were
excluded because they had a pregnancy stop and 26 dropped
out. The sample that was selected for the first trimester of
pregnancy consists of 314 women. In the second trimester, 14
women dropped out of the study. The final sample consisted of
300 pregnant women for the analysis of all data, representing a
participation rate of 56.8% of women who agreed to participate
in the study.

DATA COLLECTED

Blood counts formula

The biological parameters of the pregnant women were
investigated: hemogram (hemoglobin level, mean corpuscular
volume, red blood cells, white blood cells, hematocrit and
platelets). Our data were based on blood tests of pregnant
women. We defined anaemia levels according to the World
Health Organization criteria for anaemia during pregnancy
(haemoglobin concentration ≤11 g/dl or haematocrit ≤33%)
[15].

Sociodemographic characteristics of the pregnant women

Data were collected using pretested structured questionnaire by
face-to-face interview. All women were interviewed about their
socio-demographic characteristics. For each pregnant woman we
have raised the age, parity, level of education and wealth index.
The level of education was divided into three categories
according to the level of schooling: a low level (illiterate and
primary), a medium level (middle and secondary plus training)
and a high level (university).

For the wealth index, we proceeded to calculate a score
reflecting the socio-economic level of our subjects. The approach
consisted in assigning a score, which reflected the woman's
comfort level for each of the variables considered as predictive.
The establishment indicators selected were: the overall monthly
income of the household, the number of active persons per
household that allowed us to define a given economic coverage
index by the number of active persons for each person living
under the same roof. Also, the type of occupancy (owner or
tenant), the occupancy rate per household, which was defined as
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the ratio between the size of the household (number of persons)
and the number of rooms in the family dwelling and finally
possessions owned (TV, freezer, stove, bath heater, air
conditioner, microwave, washing machine, internet connection
and car). The low wealth index score (WIS) was assigned to
pregnant women whose total was less than 10 points; the average
WIS for those with total points between 10 and 15 points and
the high WIS group represented women who had more than 15
points.

Anthropometric measurements of the pregnant women

Weight and height were measured according to a standard
protocol [16, 17]. Pre-pregnancy weight was measured when the
pregnant woman consulted at the early first trimester. During
pregnancy, weight was measured at the end of each trimester
(first, second and third) by using an electronic weighing balance
Seca to the nearest 0.1 kg. Height was measured in centimetres
using a Seca toise, with a length of 2 m graduated in centimeters
and with a precision of 0.1 cm. Pregnant women were asked to
maintain an upright and erect posture with their feet together
and the back of their heels touching the pole of the
anthropometer. The height was measured when the horizontal
headpiece was lowered onto the women’s head.

Pre-pregnancy body mass index (BMI) was calculated using a pre-
pregnancy weight and height. Pre-pregnancy BMI was computed
as weight (kg) divided by square of measured height (m). We
categorized women ’ s pre-pregnancy weight according to the
World Health Organization (WHO) standards [17].

Weight gain (in kg) at each prenatal visit (at the end of the first,
second and third trimesters) and total weight gain was collected.
Weight gain of each pregnancy trimester was calculated by
subtracting the previous trimester weight from the current
trimester weight. Total weight gain was calculated as the weight
of the woman measured at the end of pregnancy minus her
starting weight. We used the 2009 IOM guidelines on GWG to
categorize women ’ s weight gain as below, within or above
recommended [18]. These guidelines have also been adopted by
Health Canada [19]. Weight gain assessment used
recommendations of the Institute of Medicine (IOM) [18]
according to the recommended weight gain ranges and to BMI
categories: underweight: 12.5-18.0 Kg; adequate: 11.5-16.0 Kg;
overweight: 7.0-11.5 Kg and obese: 7.0-9.0 Kg.

Factors associated with gestational anemia

Gestational anemia was influenced by a wide range of factors
suche as haematological factors (hemoglobin level, mean
corpuscular volume, red blood cells, white blood cells,
hematocrit and platelets), anthropometric factors (pre-pregnancy
BMI and GWG) and nutritional factors (the intake of some
nutrients such as iron, vitamin B9, B12 and C and the total
caloric intake were investigated). So, women have completed a
food consumption diary based on a three-day food registration
method regarding their habitual feeding repeated during the
three trimesters of pregnancy. Food registration was done over
three days (two weekdays and one weekend day), in order to
increase the accuracy of the results, to ensure that we actually
listed the usual diet and to minimize the risks of atypical days.

Consumed foods per day were quantified, estimated using
household units and photos, and then converted to nutrient
proportions using compiled tables [20]. Information on
maternal iron supplement use during pregnancy was obtained at
enrolment by questionnaire.

Maternal and birth outcomes

Outcomes of interest were delivery term, delivery mode and
birth weight of newborn. Term of delivery was based on the
calculated gestational age. Gestational age was the only criterion
used to identify the term delivery in weeks of amenorrhea. It was
estimated as the difference between the first day of the last
menstrual period (LMP) and the date of birth. It was confirmed
or corrected from an early ultrasound report at the first
consultation.

In case of discrepancy between the estimation by the LMP and
the ultrasound, the decision was to use ultrasound evaluation
that was conducted by the gynecologist in early pregnancy [21].
A pre-term delivery was defined as any delivery occurring before
37 weeks of amenorrhea (WA) and was considered as a
premature delivery. A term delivery was any delivery occurring
between 37 and 41 weeks. A post-term delivery occurred when
gestational age was greater than or equal to 42 WA.

Data on mode of delivery included two types of delivery; normal
vaginal delivery, and cesarean delivery. Birth weight of newborns
was obtained from medical records. Birth weight were divided to
three groups [22, 23] ; Normal birth weight: [2500 to 4000 g],
low birth weight or hypotrophy: <2500 g and large birth weight
or macrosomia: ≥ 4000 g.

Statistical analyses

Statistical analyses were performed using Stat View software
version5 (Abacus Concepts TM, Berkeley, USA). Categorical
type of data was analyzed by descriptive statistics (frequency and
percentage) whereas range, mean and standard deviation were
used to present continuous variables.

After some descriptive statistics, we performed a bivariate
analysis using the Chi-square test for proportions, Student’s t-
test, or one-way ANOVA for continuous variables and multiple
comparisons. When it comes to comparing two percentages of
low numbers, we used the exact test of Fisher in order to
determine the factors associated with anemia. P value <0.05 was
considered significant.

RESULTS

A total of 300 pregnant women aged 19 to 43 years participated
in the study. The mean age was 30.3 ± 5.0 years. Of those, 82.0
% were between 20 and 35 years old and only 18.0 % were over
35 years old. Socio-demographic data of all subjects were
presented in Table 1. A percentage of 35.7 % were nulliparous.
Mean spacing between pregnancies were 30.9 ± 22.7 months.
32.7% of women had a low wealth index and only 19.0% had a
high wealth index. Before pregnancy, 69.4% of women were
overweight (of which 30.7 % obese). None of the women was

Fouzia T, et al.

Clinics Mother Child Health, Vol.17 Iss.4 No:1000352 3



underweight before pregnancy. Mean pre-pregnancy BMI was
27.8 ± 5.1 kg/m2 (Table 1).

Table 1: Characteristic of women included in the study

Variable Mean ± SD or N (%)

Maternal age (years) 30.3 ± 5.0

20-35 246 (82.0 %)

> 35 54 (18.0 %)

Parity 1.0 ± 1.0

Nuliparity 107 (35.7 %)

Primiparity 102 (34.0 %)

Multiparity 91 (30.3 %)

Spacing between pregnancies
(months) 30.9 ± 22.7

< 6 months 4 (2.1 %)

7 to 23 months 64 (33.2 %)

> 24 months 125 (64.7 %)

Maternal education  

Low 102 (34.0 %)

Average 87 (29.0 %)

High 111 (37.0 %)

Wealth index  

Low 98 (32.7 %)

Average 145 (48.3 %)

High 57 (19.0 %)

Pre-pregnancy BMI (kg/m2) 27.8 ± 5.1

Normal (18.5-24.9) 92 (30.7 %)

Overweight (25-29.9) 116 (38.7 %)

Obese (≥30) 92 (30.7 %)

1st Trimester GWG 1.1 ± 3.3

2nd Trimester GWG 4.6 ± 3.0

3rd Trimester GWG 3.3 ± 2.5

Total GWG 9.0 ± 5.7

Insufficient 142 (47.3 %)

Normal 75 (25.0 %)

Excessive 83 (27.7 %)

Data are expressed as mean ± SD or n (%)
BMI: body mass index
GWG: gestational weight gain

The mean overall gestational weight gain was 9.0 ± 5.7 kg. The
mean rate of GWG in 1st, 2nd and 3rd trimester was
respectively 1.1 ± 3.3 kg, 4.6 ± 3.0 kg and 3.3 ± 2.5 kg (Table 1).
The majority of women (75.0 %) had an abnormal weight gain
at the end of pregnancy (of which 47.3 % had an insufficient
weight gain and 27.7 % had an excessive weight gain) and only
25.0 % of them had an adequate weight gain. According to
trimesters of pregnancy, only 15.7 % of women in the 1st
trimester, 20.3 % in the 2nd and 25.4 % in the 3rd one had
normal weight gain.

The rate of maternal anemia during pregnancy was 58.0%.
Depending on the trimesters of pregnancy, 28.0% of women in
trimester 1, 32.3% in trimester 2 and 54.2% in trimester 3 were
anemic. Materanl anemia was more frequently observed during
the third trimester of pregnancy (P < 0.05) (Figure 1).

Figure 1: Distribution of anemic and non anemic women during
the 3 trimesters of pregnancy

For haematological factors, the average concentration of
hemoglobin (10.4 ± 0.5 vs 12.5 ± 0.9 ; p < 0.0001), hematocrit
(33.5 ± 2.5 vs 37.4 ± 3.1 ; p < 0.0001), the average blood volume
(214.4 ± 53.0 vs 236.1 ± 61.0 ; p < 0.0001) and platelets (83.4 ±
6.2 vs 86.2 ± 5.1 ; p < 0.0001) were lower in anemic pregnant
women compared to non anemic ones (Table 2).

Table 2: Haematological factors associated with gestational anemia

Biological parameters Anemic Non-Anemic p-value* Standards$
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 (N = 174) (N = 126)   

White blood cells 103/ mm3 8.0 ± 2.9 8.5 ± 2.2 0.06 4.0 – 10.0

Red blood cells 106 / mm3 3.6 ± 0.4 4.4 ± 0.5 <0.0001 4.00 – 6.2

Hemoglobin (Hb) (g/dl) 10.4 ± 0.5 12.5 ± 0.9 <0.0001 11.0 – 17.0

Hb < 11 174 (100 %) 0 (0) <0.0001  

Hb ≥ 11 0 (0) 126 (100 %)   

Hematocrit (Ht) (%) 33.5 ± 2.5 37.4 ± 3.1 <0.0001 36.0 – 55.0

Platelets 105 /mm3 214.4 ± 53.0 236.1 ± 61.0 0.0012 150– 450

Average blood volume (fl) 83.4 ± 6.2 86.2 ± 5.1 <0.0001 85.0 – 100.0

In Table 3, we presented anthropometric and nutritional factors
associated with gestational anemia in each trimester of
pregnancy. Regardless of the trimester of pregnancy, women
with inadequate weight gain were more likely to be anemic
compared to non anemic women (p < 0.01). Total energy intake
in the first (1592.6 ± 769.3 vs 1822.7 ± 705.9 ; p = 0.01) and

third trimesters (2029.1 ± 658.6 vs 2229.9 ± 630.2 ; p = 0.0078)
was lower in anemic women compared to non anemic ones.
Although not significant, the intakes of iron, vitamin B9 and
vitamin C were lower in anemic women. Non supplemented
women with iron showed significant association (p < 0.01) with
anemia (Table 3).

Table 3: Factors associated with gestational anemia in the three trimesters of pregnancy.

 Trimester 1 Trimester 2 Trimester 3  

 Anemic Non-anemic p-value* Anemic Non-anemic p-value* Anemic Non-anemic p-value*

 (N = 84) (N = 216)  (N = 97) (N = 203)  (N = 162) (N = 137)  

Pre-pregnancy
BMI (kg/m2)          

Normal
(18.5-24.9) 28 (33.3 %) 64 (29.6 %)  

32 (33.0
%) 60 (29.6 %)  58 (35.8 %) 34 (24.8 %) 0.02

Overweight
(25-29.9) 33 (39.3 %) 83 (38.4 %) 0.7 41 (42.3 %) 75 (36.9 %) 0.3 65 (40.1 %) 51 (37.2 %)  

Obese (≥30) 23 (27.4 %) 69 (31.9 %)  
24 (24.7
%) 68 (33.5 %)  39 (24.1 %) 52 (38.0 %)  

Trimestrial GWG          

Insufficient 46 (54.8 %) 80 (37.0 %)  
43 (44.3
%) 51 (25.1 %)  87 (53.7 %) 51 (37.2 %)  

Adequate 11 (13.1 %) 36 (16.7 %) 0.01
13 (13.4
%) 48 (23.6 %) 0.0022 36 (22.2 %) 40 (29.2 %) 0.01

Excessive 27 (32.1 %)
100 (46.3
%)  41 (42.3 %) 104 (51.2 %)  39 (24.1 %) 46 (33.6 %)  

Caloric intake
(kcal/d)

1592.6 ±
769.3

1822.7 ±
705.9 0.01

2086.1 ±
770.4

2243.5 ±
647.7 0.06

2029.1 ±
658.6 2229.9 ± 630.2 0.0078
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Iron intake
(mg/d) 7.8 ± 4.5 9.3 ± 7.8 0.08 10.7 ± 4.2 11.0 ± 4.0 0.58 10.1 ± 3.8 10.7 ± 3.9 0.14

Vit B9 intake
(μg/d)

184.9 ±
110.1

205.2 ±
102.7 0.1

229.9 ±
104.9 246.9 ± 92.7 0.16 224.2 ± 92.4 241.2 ± 95.2 0.12

Vit B12 intake
(mg/d) 2.5 ± 4.5 3.3 ± 5.0 0.2 3.7 ± 5.0 3.9 ± 5.3 0.7 3.4 ± 4.6 3.6 ± 5.4 0.71

Vit C intake
(mg/d) 95.0 ± 87.8

105.7 ±
84.6 0.3

106.1 ±
79.8 125.3 ± 76.4 0.04 114.2 ± 79.8 130.2 ± 83.5 0.09

Iron
supplementation          

Yes 37 (44.0 %)
134 (62.0
%) 0.0047 9 (9.3 %) 85 (41.9 %) <0.0001 7 (4.3 %) 28 (20.4 %) <0.0001

No 47 (56.0 %) 82 (38.0 %)  
88 (90.7
%) 118 (58.1 %)  155 (95.7 %) 109 (79.6 %)  

As real consequences, we found that maternal anemia in the
first trimester raised significantly the risk of low birth weight (<
2500 g) (23.8 % vs 11.1 % ; p = 0.006). In the second trimester,
it was associated with term overrun (≥ 42 weeks of amenorrhea)

(14.4 % vs 5.9 % ; p = 0.01). In the third trimester, maternal
anemia raised the risk of low birth weight (16.7 % vs 11.7 % ;
p = 0.04) and term overrun (11.7 % vs 5.1 % ; p = 0.055) (Table
4).

Table 4: Outcomes of gestational anemia in the mother and the infant in the three trimesters of pregnancy.

Variable

Trimester 1 Trimester 2 Trimester 3

Anemic Non-anemic p-value* Anemic Non-anemic p-value* Anemic Non-anemic p-value*

(N = 84) (N = 216)  (N = 97) (N = 203)  (N = 162) (N = 137)  

Delivery term          

Preterm 22 (26.2 %) 51 (23.6 %)

0.6

16 (16.5 %) 57 (28.1 %)

0.01

33 (20.4 %) 39 (28.5 %)

0.055

Full term 53 (63.1 %) 148 (68.5 %) 67 (69.1 %) 134 (66.0 %) 110 (67.9 %) 91 (66.4 %)

Overrun 9 (10.7 %) 17 (7.9 %) 14 (14.4 %) 12 (5.9 %) 19 (11.7 %) 7 (5.1 %)

Delivery type          

Normal 43 (51.2 %) 125 (57.9 %)

0.29

47 (48.5 %) 121 (59.6 %)

0.06

90 (55.6 %) 78 (56.9 %)

0.8Cesarean 41 (48.8 %) 91 (42.1 %) 50 (51.5 %) 82 (40.4 %) 72 (44.4 %) 59 (43.1 %)

Birth weight          

< 2500g 20 (23.8 %) 24 (11.1 %)

0.006

13 (13.4 %) 31 (15.3 %)

0.4

27 (16.7 %) 16 (11.7 %)

0.04

[2500-4000 g[ 50 (59.5 %) 130 (60.2 %) 63 (64.9 %) 117 (57.6 %) 103 (63.6 %) 77 (56.2 %)

≥ 4000 g 14 (16.7 %) 62 (28.7 %) 21 (21.6 %) 55 (27.1 %) 32 (19.8 %) 44 (32.1 %)

DISCUSSION

The study finding revealed that anemia was common in
pregnant women: 58.0 % of our patients had gestational
anemia. Nowadays, maternal anemia is considered as a public

health problem in the world, especially in developing countries.
A study in Sidi Bel Abbes (Algeria), [24], found that the
prevalence of gestational anemia was 74.0 %. This percentage is
higher than that observed in our population. This might be due
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to socio-economic variations, cultural and dietary patterns across
regions within the same country. Studies in developing
countries on pregnancy-induced anemia revealed a high
prevalence, up to more than 50.0% [25]. The WHO considers
anemia in pregnant women as a serious public health problem
when the prevalence is greater than 40% [26]. The frequency of
anemia in this study (58.0 %) was consistent with that expected
for developing nations, being classified as severe in
epidemiological scale (> 40%). The same was observed in other
developing countries, such as in eastern Ethiopia [27] and China
[28], which had a frequency of anemic pregnant women of
43.9 % and 58.6 %, respectively, while in developed countries,
this prevalence is much lower (≤ 20%) [29].

Women in the second and third trimester were more likely to be
anemic than those who were in the first trimester. Our results
were similar with other studies which found that anemia is even
stronger as the age of pregnancy is advanced [30, 31]. This might
be due to the fact that during pregnancy the need for calorie
and nutrients are increased to support increased maternal
metabolism, blood volume and the delivery of nutrients to the
fetus [32] and this demand more increases in the second and
third trimesters of pregnancy. In the first trimester there is a
marked decrease in the absorption of iron probably because of
lower iron requirements and menstruation stops, saving median
of 0.56 mg Fe/day (160 mg/pregnancy) [33]. However, in the
second trimester iron absorption from a diet of very high iron
bioavailability increases by 1.9mg/day and in the last trimester it
increases by up to 5.0 mg/day [34]. The results of this study
showed that, gestational anemia is still a public health problem
that is far from being resolved and that might be caused by the
combination of several factors.

For the diagnosis of anemia in populations, hemoglobin and
hematocrit were generally used. The importance of these
indicators during pregnancy should be highlighted, considering
that they were frequently used as a screening test [35, 36]. In our
study, the average concentration of hemoglobin (10.4 ± 0.5 vs
12.5 ± 0.9 ; p < 0.0001), hematocrit (33.5 ± 2.5 vs 37.4 ± 3.1 ;
p < 0.0001), the average blood volume (214.4 ± 53.0 vs 236.1 ±
61.0 ; p < 0.0001) and platelets (83.4 ± 6.2 vs 86.2 ± 5.1 ;
p < 0.0001) were lower in anemic pregnant women compared
with non anemic ones. A U-shaped distribution has been shown
between hemoglobin concentration and pregnancy
complications [37, 38]. This means that the reduction of
hemoglobin (less than 11 g/dL) lead to complications such as
preterm delivery, intrauterine growth restriction and increased
blood pressure Intrauterine growth retardation [38].

In our study, gestational weight gain was a risk factor for
maternal anemia. Women with inadequate weight gain were
more likely to be anemic compared to non anemic women
(p < 0.01). Anemia can be explained primarily by a diet low in
iron [39]. Some authors have shown that iron deficiency can
lead to insufficient gestational weight gain, thus promoting the
onset of anemia during pregnancy [40]. This was confirmed by
the very high percentages of iron deficiency in our patients. In
fact, between 86.7% and 100% of our subjects had very low
intakes of iron during the three trimesters of pregnancy. Women

with low weight gain were the most likely to have very low
intakes of iron (p = 0.006).

Women with insufficient energy intake in the first (1592.6 ±
769.3 vs 1822.7 ± 705.9 ; p = 0.01) and third trimesters (2029.1
± 658.6 vs 2229.9 ± 630.2 ; p = 0.0078) had a higher risk of
being anemic. Our results were similar to data from the German
National Food Consumption Survey, which indicated that the
average intake of energy and nutrients in pregnant women was
insufficient [41]. Insufficient caloric intake in trimester 1 (T1),
could be explained by the high frequencies of nausea (65.9%),
vomiting (52.9%) and food aversions (62.7%) observed in our
subjects. Also, the fear of having a large baby or gaining too
much weight during pregnancy can lead to restrictive caloric
behaviors that may explain lower caloric intakes in T3.

Mean intakes of micronutrients were far below the
recommended dietary intakes. Women with low intakes of iron,
vitamin B9 and vitamin C had a higher risk of being anemic,
although not significant. Iron deficiency was the main cause of
anemia, most often associated with iron-deficient diets [42].
Studies have shown that micronutrient deficiency was a limiting
factor in fetal growth. Some micronutrients were essential for
the formation of body tissues, while others were essential for
energy metabolism, bone formation and gene transcription [43].
Inadequate intake of minerals and vitamins during pregnancy
was associated with adverse maternal and child outcomes such
as anemia, neural tube defects, and low birth weight [44, 45].

Non supplemented women with iron showed significant
association (p < 0.01) with anemia, regardless of the trimester of
pregnancy. Similar to our results, work done by Preziosi et al.
(1997) of 197 pregnant women showed that the frequency of
anemia decreased after supplementation [46]. A recent study
[47] found that most pregnant women were not receiving
adequate amounts of iron, despite taking fortified food and
supplementation. Even in developed countries, such as the
United Kingdom, up to 50% of women during their
reproductive age have poor iron residual supplies, and are at risk
of developing anemia if they conceive [47].

Routine maternal supplementation is a vital mean in correcting
the global problem of iron deficiency and preventing its negative
effects [48]. According to Scholl [9], iron supplementation
during pregnancy increases the serum iron concentration,
depending on the maternal diet, but does not improve iron
stores, and it is therefore important to initiate iron
supplementation before pregnancy in order to improve the
reserves of this mineral.

To conclude on the impact of anemia on pregnancy outcomes,
we found that maternal anemia increased the risk of low birth
weight (p < 0.05) in early and late pregnancy. Studies have found
that maternal anemia may have a negative effect on birth
outcomes such as stillbirth, neonatal death, and low birth
weight [49]. Maternal anemia early in pregnancy can result in
low birth weight. For example, Welsh women who were first
diagnosed with anemia (hemoglobin <104 g/L) at 13–24 wk of
gestation had a 1.18–1.75-fold higher relative risk of low birth
weight and prenatal mortality [50]. A meta-analysis among 44
cohort studies also reported that maternal anaemia in early
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pregnancy was associated with an increased risk of low
birthweight [11].

Maternal anemia in the 2nd and the 3rd trimesters, had a
significant relationship (p < 0.05) with overrun term. Our results
were similar to some other studies [51, 52]. In accordance with
some sutdies [53, 54], we observed no associations of maternal
anaemia with the risk of preterm delivery. May be was due to the
fact that only severe anaemia, but not mild anaemia, is
associated with an increased risk of preterm delivery.

CONCLUSION

In this prospective cohort study from early pregnancy onwards,
lower hemoglobin levels, lower BMI (in the 3rd trimester),
inadequate gestational weight gain (all trimesters), insufficient
caloric intake (in the 1st and 3rd trimesters) and non
supplementation with iron (all trimesters) were associated with
maternal anemia during pregnancy. As a consequence, maternal
anaemia was associated with increased risks of adverse maternal
and fetal outcomes, such as low birth weight and overrun term.

There is an increasing need for public health strategies to
educate the population on the importance of gaining adequate
weight during pregnancy. Health care providers should inform
women about the appropriate amount of weight to gain during
pregnancy according to their pre-pregnancy BMI. There is also a
need for a healthy diet and iron supplementation before
conception, or at least at the beginning of pregnancy. Mothers
should receive appropriate nutritional advice and
supplementation at their first point of contact with healthcare
professionals to avoid gestational anemia and its adverse
outcomes in the mother and the infant.
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