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Abstract

Introduction: Anemia is a public health problem, prevalent among women of childbearing age. The aim was to
determine the frequency of anemia in the first, second and third trimesters of pregnancy and to determine the
associating factors in Algerian pregnant women.

Methods: We conducted a prospective and longitudinal cohort study of 300 pregnant women from December 2013
to July 2016. All consenting women attending antenatal clinics and having undergone complete blood count (CBC)
were included in the study. Sociodemographic characteristics, individual’s obstetrical history and the results of the
CBC were collected. Anemia was defined according to the WHO criteria. After some descriptive statistics, we
performed a bivariate analysis using the Chi-square test and Fisher exact probability test in order to determine the
factors associated with gestational anemia.

Results: The rate of anemia was 28.0 % in the first trimester, 32.3 % in the second and 54.2 % in the third one. It
was more frequently observed during the third trimester of pregnancy (P < 0.05). No significant difference was
found between gestational anemia and socio-demographic factors. Women with inadequate gain were more anemic
(p=0.01). The average concentration of hemoglobin, hematocrit, VGM and platelets were lower in anemic pregnant
women (p < 0.0001).

Conclusion: The prevalence of anemia during pregnancy remains high. A better management of chronic diseases
in pregnant women and of postpartum follow-up is necessary to treat anemia before a subsequent pregnancy.
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Introduction

Gestational anemia is a public health problem, prevalent among women
of childbearing age. It 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
[1]. Anemia is a common problem concerning all the countries of the
world. Some consulted studies report prevalences of 16.8 %, 22.1 %, 24.4
% 32.8 %, 41.6 % and 100 % respectively in Iran, Uganda, the United
Kingdom, Ethiopia, India and Turkie [2, 3].

Gestational anemia can be explained primarily by a diet low in iron. Iron
is an essential and vital nutrient for many cellular activities and vital for
the early development of the nervous system. Thus, it is crucial for
intrauterine and postnatal development [4]. Its origin may be due to
several factors including single or combined deficiency of nutrients such
as folic acid, vitamin B12 and iron deficiency is the most common cause
of known nutritional anemia [5]. Nutritional deficiencies are still a
common problem during pregnancy causing anemia. Gestational anemia
is still considered a public health problem, 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 [6].

Maternal anemia is considered a risk factor for pregnancy and can be a
cause of anemia in newborns, besides being related to higher miscarriage
rate, intrauterine growth restriction, prematurity, fetal death and anemia
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in the first year of life due to low iron stores [7]. However, information
on the incidence of anemia, 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. Second
objective was to determine the factors associated with anemia in Algerian
pregnant women. Determining these factors will provide information on
risk groups which will allow the implementation of more effective
interventions to reduce anemia in pregnancy.

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) [8].

Study Population
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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 before the end of the first trimester of pregnancy and
having 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. A signed consent was obtained from all women before starting the
investigation

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

Identification of Pregnant Women

A standardized and pre-tested questionnaire was administered to pregnant
women. All women were interviewed about their socio-demographic
characteristics. For each pregnant woman we have raised the age, parity,
level of education and standard of living. 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 standard of living, we proceeded to calculate a score reflecting the
socio-economic level of our subjects. The approach consists in assigning
a score, which reflects 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 allows 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 is defined as 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 standard of living score (SLS) was assigned to pregnant
women whose total is less than 10 points; the average SLS for those with
total points between 10 and 15 points and the high SLS group represents
women who had more than 15 points.

The biological parameters were also searched: hemogram or NFS
(hemoglobin level, mean corpuscular volume, red blood cells, white
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blood cells, hematocrit and platelets). Our data is based on blood tests of
pregnant women.

Anthropometric Measurements of the Pregnant Women

Weight and height were measured according to a standard protocol [9,
10]. 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 [10].

Weight gain (in kg) at each prenatal visit (at the end of the first, second
and third trimesters) and total GWG 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
[11]. These guidelines have also been adopted by Health Canada [12].
Weight gain assessment used recommendations of the Institute of
Medicine (IOM) [11] 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.

Statistical Analyses

Statistical analyses were performed using StatView software version5
(Abacus Concepts TM, Berkeley, USA). Continuous variables were
described using mean + standard deviation and categorical variables were
described using frequencies.

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 were 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 was 30.9 + 22.7 months. 32.7% of women had a low standard
of living and only 19.0% had a high standard of living. Mean pre-
pregnancy BMI was 27.8 + 5.1 kg/m? Before pregnancy, 69.4% of
women were overweight (of which 30.7 % obese). None of the women
was underweight before pregnancy (Table 1).

The mean overall gestational weight gain was 9.0 £ 5.7 kg. The mean rate
of GWG in 1%, 2™ and 3" trimester was respectively 1.1 + 3.3 kg,
4.6 + 3.0 kg and 3.3 + 2.5 kg (Table 1). According to the 2009 IOM
recommendations, we categorized weight gain into three categories:
insufficient, adequate and excessive. 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.
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Mean £ SD or N (%) Extreme values
Maternal age (years) 30.3+5.0 19-43
20-35 246 (82.0 %)
> 35 54 (18.0 %)
Parity 1.0+£1.0 0-4
Nuliparity 107 (35.7 %)
Primiparity 102 (34.0 %)
Multiparity 91 (30.3 %)
Spacing between pregnancies (months) 30.9+£22.7 3-156
< 6 months
7 to 23 months 4 (2.1 %)
> 24 months 64 (33.2 %)
125 (64.7 %)
Maternal education
Low 102 (34.0 %)
Average 87 (29.0 %)
High 111 (37.0 %)
Socio-economic levelLow
Average 98 (32.7 %)
High 145 (48.3 %)
57 (19.0 %)
Pre-pregnancy BMI (kg/m?) 27.8+5.1 16.5-46.9
Normal (18.5-24.9) 92 (30.7 %)
Overweight (25-29.9) 116 (38.7 %)
Obese (>30) 92 (30.7 %)
15t Trimester GWG 1.1+33 -15.0_10.0
2" Trimester GWG 46+3.0 -2.3.17.6
3" Trimester GWG 33+25 -5.7_12.7
Total GWG 9.0+57 -3.8.24.0
Insufficient 142 (47.3 %)
Normal 75 (25.0 %)
Excessive 83 (27.7 %)

Otherwise specified
BMI: body mass index
GWG: gestational weight gain
Table 1: Characteristic of women included in the studydata are mean + sd or n (%) unless

According to these data, we found that the rate of red blood cells, + 1.3 g/dl, with a rate of 58.0 % of women who had an iron deficiency
hematocrit and the rate of the average corpuscular volume of pregnant  anemia (Table 2).
women were below the standards. The mean hemoglobin level was 11.3

Biological parameters Mean £ SD ou N (%) Min Max Standards
White blood cells x103/ mm3 82+26 0.6 255 4.0-10.0
Red blood cells x106 / mm3 3.9+0.6 3.0 6.2 4.00-6.2
Hemoglobin (Hb) (g/dl) 113+13 8.7 15.7 11.0-17.0
Hb <11 174 (58.0 %)
Hb > 11 126 (42.0 %)
Hematocrit (Ht) (%) 351+33 27.1 46.6 36.0-55.0
Platelets x105 /mm3 223.6+57.4 96.0 435.0 150- 450
VGM (fl) 84.6+5.9 65.2 109.0 85.0 - 100.0

VGM= mean corpuscular volume; fl= fentolitre.
WHO/CDC (2008) Worldwide Prevalence of Anemia 1993-2005 WHO Global Data base on Anemia, WHO Press, Geneva, Switzerland, 2008.
Table 2: Biological parameters of pregnant women.

The rate of anemia was 28.0 % in the first trimester, 32.3 % in the second and 54.2 % in the third one. It was more frequently observed during the third
trimester of pregnancy (P < 0.05) (Figure 1).
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Figure 1: Distribution of anemic and non anemic women during the 3 trimesters of pregnancy.

In Table 3, we presented sociodemographic, obstetric, haematological and
nutritional factors associated with gestational anemia. We found no
significant difference between gestational anemia and socio-demographic
factors such as age, education level and socioeconomic status. For parity,
although not significant, primiparas were likely to be more anemic than
nulliparas and multiparas. Regarding pre-gestational weight status,
normoponderal women were more anemic than overweight and obese
women (p = 0.05). Concerning gestational weight gain, women with

inadequate gain (66.2 %) were more anemic (p = 0.01) than women with
normal (54.7 %) and excessive (47.0 %) weight gain. For obstetric and
haematological factors, the average concentration of hemoglobin (10.4 +
0.5 vs 125 £ 0.9 ; p < 0.0001), hematocrit (33.5 £ 2.5 vs 37.4 + 3.1 ;
p < 0.0001), VGM (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 pregnant women.

Anemic Non-Anemic
(N =174) (N = 126) p-value*
Maternal age (years)
20-35 | 141 (57.3%) | 105 (42.7 %) 0.6
>35 | 33(61.1%) 21 (38.9 %)
Parity
Nuliparity | 58 (54.2%) | 49 (45.8 %)
Primiparity | 68 (66.7 %) 34 (33.3 %) 0.09
Multiparity | 48 (52.7 %) 43 (47.3 %)
Maternal education
Low | 57 (55.9 %) 45 (44.1 %)
Average | 49 (56.3 %) 38 (43.7 %) 0.6
High | 68 (61.3 %) 43 (38.7 %)
Socio-economic level
Low | 60 (61.2 %) 38 (38.8 %)
Average | 82 (56.6 %) 63 (43.4 %) 0.7
High | 32 (56.1 %) 25 (43.9 %)
Pre-pregnancy BMI (kg/m?)
Normal (18.5-24.9) | 61 (66.3%) | 31 (33.7%)
Overweight (25-29.9) | 68 (58.6 %) | 48 (41.4 %) 0.05
Obese (>30) | 45(48.9%) | 47 (51.1%)
Total GWG
Insufficient | 94 (66.2 %) 48 (33.8 %) 0.01
Adequate | 41 (54.7 %) 34 (45.3 %)
Excessive | 39 (47.0 %) 44 (53.0 %)
GBx103/ mm3 8029 85+22 0.06
GRx106 / mm3 3.6+04 44+05 <0.0001
Hb (g/dI) 10405 125+0.9 <0.0001
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Hb <11 | 174 (100 %) 0(0) <0.0001
Hb > 11 0(0) 126 (100 %)
Ht (%) 335£25 374+31 | <0.0001
Plaquettex105 /mm3 2144+530 | 236.1+6L0 | 0.0012
VGM (fl) 83.4£6.2 862+51 | <0.0001

Gestational anemia

Data are mean + SD or n (%) unless otherwise specified

BMI: body mass index

* Comparisons performed using ANOVA analysis and Chi2 test.

Table 3: Sociodemographic, obstetric, haematological and nutritional factors associated with

Discussion

The present study is a longitudinal and prospective study about maternal
anemia in pregnant women in the first, second and third trimesters of
pregnancy. Second objective was to determine the factors associated with
anemia in Algerian pregnant women. Nowadays, maternal anemia is
considered as a public health problem in the world, especially in
developing countries. For example, the prevalence of anemia among
pregnant women is 52 % in developing countries and 22.5 % in developed
countries [13]. This study revealed that anemia was common in pregnant
women: 58.0 % of the patients recruited had gestational anemia. In a study
in Sidi Bel Abbes (Algeria), [14], they found that the prevalence of
gestational anemia was 74.0 %. This percentage was higher than that
observed in our population. Studies in developing countries on
pregnancy-induced anemia revealed a high prevalence, up to more than
50.0% [15].

The WHO considers anemia in pregnant women as a serious public health
problem when the prevalence is greater than 40% [16]. 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 [17] and China [18], 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%) [19].

Prevalence of anemia was different during all trimesters of pregnancy.
The highest prevalence was found in the 3™ trimester of pregnancy; it was
28.0 % in T1, 32.3 % in T2 and 54.2 % in T3. Our results were similar
with other studies which found that anemia was even stronger as the age
of pregnancy is advanced [20, 21]. Contrary to our results, a meta-analysis
that had been conducted in Iran in 2015, found that the prevalence of
anemia was estimated to 19.6 % in the first trimester, 10.1 % in the second
trimester and 16.1 % in the third trimester, respectively [22]. The results
of this study showed that in Algeria, anemia is still a public health
problem that is far from being resolved and that might be caused by the
combination of several factors.

The age of the pregnant woman did not seem to have an effect on
gestational anemia. These results were in agreement with some studies
that found no relationship between maternal age and gestational anemia
[23]. Some other studies have found an increase in the prevalence of
anemia in teen pregnancy [24]. Adolescent pregnant woment were not
represented in our study (0O cases). Moreover, there was no significant
association between the occurrence of anemia and different age groups,
as in the work of Taner et al [25] and Nwizu et al [26].

We found no significant difference between gestational anemia and socio-
demographic factors, such as education level and standard of living.
Women with a university level were more anemic than women with
average and low levels, however the difference was not significant.
Bekele et al [27] did not find an association between education level and
anemia in pregnant women either. Women with a low standard of living
were likely to be more anemic than women with a high level, however the
difference was not statistically significant. Low socioeconomic level was
associated with anemia in pregnancy [27].
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For parity, although not significant, primiparas women were likely to be
more anemic than nulliparas and multiparas. Some studies [28] found that
the risk increases with parity. This can be explained by the lack of
compensation for losses and the depletion of reserves recorded in previous
pregnancies and breastfeeding. This result was contradictory to that of
other African studies, which find a higher prevalence in nulliparas and
attribute it to their increased susceptibility to malaria [26].

Regarding pre-gestational weight status, normoponderal women (66.3 %)
were more anemic than overweight (58.6 %) and obese women (48.9 %)
(p = 0.05). Studies contradicted each other on this point. The SEBIRE
study published in the British Journal of Obstetrics and Gynecology in
2001 found that women who were underweight were more likely to be
anemic during pregnancy (OR = 1.25 I1C 99% [1.19-1.30]) [33]. CHOI in
its study in South Korea, grouped all hematological pathologies to have a
larger number, however, despite a tendency to increase, it had not shown
significant difference between the two populations (OR = 2), 60 [0.72-
9.40]) [34].

Concerning gestational weight gain, women with inadequate gain (66.2
%) were more anemic (p = 0.01) than women with normal (54.7 %) and
excessive (47.0 %) weight gain. In our study, total gestational weight gain
was a risk factor for gestational anemia. The rate of anemia was
significantly higher in women with low weight gain (61.7%), compared
to women with excessive weight gain (44.3%) and normal weight gain
(57.3%) (p = 0.04). Some authors have shown that iron deficiency can
lead to insufficient gestational weight gain [35].

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 [29, 30]. In our study, the average concentration of
hemoglobin (10.4 +0.5vs 12.5+0.9 ; p <0.0001), hematocrit (33.5+ 2.5
vs 37.4 + 3.1 ; p < 0.0001), VGM (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 pregnant women.
A U-shaped distribution has been shown between hemoglobin
concentration and pregnancy complications [31, 32]. 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 [32].

Conclusion

The rate of maternal anemia during pregnancy remains high. In the first
and the last trimester of pregnancy, it can be considered as a risk factor
for pregnancy outcomes and must be treated as an advance. Therfore,
There is an increasing need for public health strategies to educate the
population as to the 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.
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