
Abstract
Objectives: Determine the impact of gestational weight gain on the term of pregnancy in an Algerian context. Also use serial prenatal 
weights to examine whether insufficient gestational weight gain in the first, second and third trimesters is associated with the term 
of delivery.

Materials and Methods: We conducted a prospective and longitudinal cohort study. We followed for 9 months a cohort of 238 preg-
nant women, aged 20 to 43 and living in Constantine, Algeria. We followed for 9 months a cohort of 238 Algerian pregnant women, 
aged 20 to 43, and living in Constantine, Algeria. The starting height and weight as well as the weight at the end of each trimester of 
pregnancy were measured. Gestational weight gain was rated as consistent, higher or lower than IOM recommendations. Data in-
cluded age, parity, education and BMI before pregnancy. Pregnancy issues were the term of delivery based on calculated gestational 
age. Pregnancy outcomes were analyzed in relation to weight gain. The statistics were performed using the SPSS and StatviewTM 
software.

Results: The mean gestational age was 38.9 ± 2.0 weeks. The rate of prematurity (<37 weeks) was 22.7% and the rate of over-term (≥ 
42 weeks) concerned 9.7% of women. The majority of women (72.3%) had an abnormal weight gain at the end of the pregnancy and 
only 27.7% of them had adequate weight gain. After a multivariate analysis, we were able to show that regardless of the age, parity, 
socioeconomic level and weight status of women before gestation, excessive weight gain was more frequent in women who gave birth 
after term, while that insufficient weight gain was more common in those who gave birth prematurely.

Conclusion: Weight gain during pregnancy can determine the term of delivery in pregnant Algerian women. Thus, in our study, what-
ever the age, parity, socioeconomic level and weight of women before pregnancy, excessive weight gain is more frequent in women 
who gave birth after term, while taking Inadequate weight is more common in those who have given premature birth.
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Weight gain during pregnancy is a biological phenomenon that 
promotes growth and normal development of the fetus. It is a good 
predictor of the child’s health at birth [1]. It has been studied as a 
predictor of adverse pregnancy outcomes and used as a basic in-
dicator assessing maternal and neonatal health during the prena-
tal period [2]. The majority of studies on the association between 
non-optimal gestational weight gain and pregnancy outcomes have 
been conducted in developed countries [3, 4].

According to the American Institute of Medicine (IOM), to every 
BMI before pregnancy, corresponds an acceptable weight gain. Un-
dreweight women should gain more weight during pregnancy to 
meet the energy requirements for fetal growth ; while overweight 
and obese women should have less weight gain because the re-
serves available to them would be sufficient for both fetal growth 
and maternal metabolism [1].

Materials and Methods

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 amenor-
rhea) [10].

Informations on age, parity, education and socioeconomic level 
were collected through the structured questioner with women. 
These informations were obtained by face to face interview with 
each pregnant woman. Level of education was divided into three 
categories depending on the schooling level: a low level (illiterate 
and primary), a medium level (middle and secondary plus training) 
and a high level (university).

An abnormal weight gain during pregnancy is associated with high-
er risk for adverse outcome of pregnancy such as preterm birth, low 
birth weight or caesarian delivery [5, 6]. Post term delivery is more 
common in women with excessive gestational weight gain [7]. Post 
term delivery is also associated with increased risk of perinatal 
complications, including perinatal mortality, birth injury, low Apgar 
scores, macrosomia, meconium aspiration syndrome, NICU admis-
sion and cesarean delivery [8, 9].

In Algeria, to our knowledge, there are no national studies on gesta-
tional weight gain in pregnant women. This multidisciplinary sub-
ject (related to the health of the mother and the child) is still very 
little documented because of the lack of studies. To date, there are 
no national references on weight gain of Algerian pregnant women. 
Further more, national data on the risks of inadequate gestational 
weight gain on maternal and child health in the short and long term 
are missing. This situation justifies our study which is a contribu-
tion to a better knowledge about weight gain in pregnant women 
during pregnancy in Algeria. Our study is the first prospective 
longitudinal cohort study on the monitoring of weight gain during 
pregnancy.

Introduction

The influence of gestational weight gain on term of delivery among 
Algerian women remains to be elucidated. Thus, the aim of the 
study is to determine the impact of gestational weight gain on the 
term of delivery in the Algerian context. Also to use serial antenatal 
weights to examine whether inadequate GWG in the first, second 
and third trimesters is associated with term of delivery.

Study site and population
We conducted a prospective and longitudinal cohort study. We fol-
lowed for 9 months a cohort of Algerian pregnant women, aged 20 
to 43 years old, residing in the city of Constantine, Algeria. The set-
ting of the study were maternities, antenatal centers and private 
gynecologists and the study has been carried out from December 
2013 to July 2016.

We excluded women refusing to participate in the study (n = 703, 
57.1%) and women with multiple pregnancies (n = 15, 1.2 %) to 
homogenize and simplify the calculations of rate of weight gain. 
We further excluded women with gestational diabetes and hyper-
tension (n = 114, 9.3%). We further excluded women who started 
prenatal care after 13 weeks of pregnancy (n = 110, 8.9%), in or-
der to approximately estimate prepregnancy weight using weight 
measurements in 1st trimester because we did not have available 
information on the women’s prepregnancy weight measurements. 
Finally, we excluded women who missed the weight measurement 
appointment (n = 51, 4.1%), leaving 238 (19.3%) women available 
for the analysis. Potentially eligible women were given an informa-
tional letter explaining the study and its objectives and requesting 
their participation. A signed consent was obtained from each study 
participant.

Data collection procedures

Study variables

For standard of living, we proceeded to calculate a score reflecting 
the socioeconomic level of women in our population. The approach 
consisted in assigning a score, which reflected the degree of ease of 
pregnant women for each of the variables considered as predictor. 
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Outcome of interest was term of delivery based on the calculated 
gestational age. Gestational age is the only criterion used to iden-
tify the term delivery in weeks of amenorrhea (WA). It was esti-
mated 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 ul-
trasound, the decision was to use ultrasound evaluation that was 
conducted by the gynecologist in early pregnancy [11, 12, 13]. A 
pre-term delivery was defined as any delivery occurring before 37 
weeks of amenorrhea (WA) and was considered as a premature de-
livery. A term delivery was any delivery occurring between 37 and 
41 weeks. A post-term delivery occured when gestational age was 
greater than or equal to 42 WA.

Statistical analyses were performed using StatView software ver-
sion5 (Abacus Concepts TM, Berkeley, USA) and SPSS. Continuous 
variables were described using mean ± standard deviation and cat-
egorical variables were described using frequencies. Underweight 
(BMI < 18.5 kg/m2) and normal weight women (BMI 18.5–24.9 
kg/m2) were analyzed together because only 2.1% of the eligible 
sample was under weight.

Differences between groups were tested for statistical significance 
by using Chi square test for proportions, Student’s t-test, or one-
way ANOVA for continuous variables and multiple comparisons. 

Pre pregnancy nutritional status was defined and categorized using 
body mass index [BMI = weight (kg)/height (m2)], according to the 
Institute of Medicine (IOM) [1] criteria: underweight < 18.5, 18.5-
24.9 -normal weight. 25.0- 29.9 -overweight and equal or more than 
30 –obese. Total gestational weight gain was estimated by subtract-
ing the pre pregnancy weight from the last weight before the deliv-
ery. The recommended gestational weight gain for each nutritional 
status is given in Table 1.

The establishment indicators selected were: the overall monthly 
income of the household, the number of active persons per house-
hold, which allowed us to define an index of economic coverage 
given by the number of active people for each person living under 
the same you. Also, the type of occupancy (owner or tenant), the 
occupancy rate per household, which was defined by the ratio of 
household size (number of people) and the number of rooms of the 
family home, and finally owned property (TV, freezer, stove, bath 
heater, air conditioner, microwave, washing machine, internet con-
nection and car). The low standard of living score (SNV) was as-
signed to pregnant women whose total was less than 10 points ; 
the average SNV for those with total points was between 10 and 15 
points and the high SNV group represents women who totaled more 
than 15 points.

Weight and height were measured according to a standard protocol 
[14, 15]. 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 and weight gain of each pregnancy trimester was calculated 
by subtracting the previous trimester weight from the current tri-
mester weight. 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 her feet together and the back of 
her heels touching the pole of the anthropometer. The height was 
measured when the horizontal headpiece was lowered onto the 
women’s head.

Maternal pre-pregnancy BMI and GWG

Gestational weight gain in relation to pre-pregnancy BMI was divid-
ed in two groups of normal and abnormal based on the recommen-
dations of IOM [1]. Accordingly, the normal was defined as weight 
gain within the suggested gain and abnormal one as above or below 
the recommendations.

Weight sta-
tus before 
pregnancy

Pre- 
pregnan-

cy BMI 
(kg/m²)

Weight 
gain dur-
ing the 1st 
trimester 

(kg)

Weight gain 
during the 
2nd and 3rd 

trimesters 
(kg)

Total 
weight 

gain 
(kg)

Under-
weight

≤ 18.5 0.5-2 5.28 à 6.96 12.5 à18

Normal 18.5-24.9 4.20 à 6.0 11.5 à 16
Overweight 25-29.9 2.76 à 3.96 7 à 11.5

Obese ≥ 30 2.04 à 3.24 5 à 9

Table 1: Recommended range of quarterly and total gestational 
weight gain (GWG) for pregnant women by pre-pregnancy body 

mass index (BMI) [1].

Outcomes

Statistical analyses
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The mean gestational age was 38.9 ± 2.0 weeks. The lowest gesta-
tional age was 27.0 weeks and the longest gestational age was 43.0 
weeks. The majority of women (67.6 %) had a normal-term (> 37 
weeks). The prematurity rate (< 37SA) was 22.7 % and the term 
overrun (≥ 42 weeks) concerned 9.7 % of women in our population 
(Table 2).

The mean overall gestational weight gain was 8.6 ± 5.6 kg. The 
mean rate of GWG in 1st, 2nd and 3rd trimester was respectively 
1.0 ± 3.3 kg, 4.4 ± 2.9 kg and 3.2 ± 2.4 kg (Table 3). According to 
the 2009 IOM recommendations, we categorized weight gain into 
three categories: insufficient, adequate and excessive. The majority 
of women (72.3 %) had an abnormal weight gain at the end of preg-
nancy (of which 51.3 % had an insufficient weight gain and 21.0 
% had an excessive weight gain) and only 27.7 % of them had an 
adequate weight gain (Figure 1).

Multivariate analyses were done to find out the association be-
tween GWG and term of delivery and were adjusted for some ma-
ternal characteristics such as age, parity, education, socioeconomic 
level and BMI. Comparisons were made between recommended 
weight gain, less than recommended weight gain, and more than 
recommended weight gain in each BMI class. A value of P < 0.05 
was considered significant.

A total of 238 women participated in the study with a mean age 
of 30.1 ± 4.9 years. Of those, only 15.5 % were over 35 years old 
and 84.5 % were between 20 and 35 years old. The majority of 
women were primiparous (36.6 %). Mean pre-pregnancy BMI 
was 27.2 ± 5.2 kg/m2. Before pregnancy, 63.9 % of women were 
overweight (of which 23.1 % obese) and only 36.1 % of them had 
normal weight status before pregnancy. None of the women was 
underweight before pregnancy. Further demographic information 
was listed on Table 2.

Results

Number (%) Mean ± SD
Maternal age (years)
20-35 201 (84.5) 30.1 ± 4.9
> 35 37 (15.5)
Parity
Nuliparity 82 (34.5) 1.0 ± 0.9
Primiparity 87 (36.6)
multiparity 69 (29.0)
Maternal education
Low 49 (20.6)
Average 96 (40.3)
High 93 (39.1)
Socio-economic level
Low 79 (33.2)
Average 115 (48.3)
High 44 (18.5)
Pre-pregnancy BMI (kg/m2)
Normal (18.5-24.9) 86 (36.1) 27.2 ± 5.2
Overweight (25-29.9) 97 (40.8)
Obese (≥30) 55 (23.1)
Gestational age at delivery (weeks)
Pre-Term 54 (22.7) 38.9 ± 2.0
Full-Term 161 (67.6)
After-Term 23 (9.7)

Table 2 : Characteristic of women included in the study.

Figure 1: Distribution of women by total 
gestational weight gain categories.

Excessive weight gain was significantly more frequent (p <0.0001) 
in obese women (30.9%) compared to overweight (20.6%) and 
normoponderal women (15.1%). And insufficient gain was more 
common (p <0.0001) in obese (65.5%) and normoponderal women 
(55.8%) (Table 4). Meanwhile, the mean weight gain in the four pre 
pregnancy BMI groups (18.5 -24.9, 25.0-29.9, ≥ 30) was respective-
ly 11.0 ± 5.2 kg, 8.5 ± 5.2 kg and 5.1 ± 5.1 kg.

Data are mean ± SD or n (%) unless otherwise specified
BMI: body mass index
GWG: gestational weight gain.
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Mean ± SD Min Max
1er trimester weight gain (kg) 1.0 ± 3.3 -8.4 10.0
2ème trimester weight gain (kg) 4.4 ± 2.9 -2.3 12.8
3ème trimester weight gain (kg) 3.2 ± 2.4 -5.7 10.3

Table 3 : Average weight gain of pregnant women 
during the three trimesters of pregnancy.

Maternal 
weight gain

Pre-pregnancy BMI p
Obese Overweight Normal

N % N % N %
Above IOM recs 17 30.9 20 20.6 13 15.1 <0.0001
Within IOM 
recs

2 3.6 39 40.2 25 29.1

Below IOM recs 36 65.5 38 39.2 48 55.8

BMI, body mass index; IOM, Institute of Medicine.
Comparison performed using Chi-square test.

Table 4 : Maternal weight gain by pre-pregnancy BMI category.

As it was shown in Table 5, the percentage of inadequate gestation-
al weight gain was higher among women who gave a pre-term birth 
(p = 0.001), compared with women in other groups (68.5 % versus 
49.1 % and 26.1 %) while the percentage of excessive gestational 
weight gain was higher among women who gave a post-term birth 
(p = 0.001), compared with women in other groups (47.8 % versus 
21.1 % and 9.3 %). For weight gain in each trimester of pregnancy, 
we have found that women with insufficient gain in the 2nd (p = 
0.0002) and 3rd (p = 0.0086) trimesters were more likely to gave a 
pre term delivery. While, women with excessive gain in the 2nd (p = 
0.0002) and 3rd (p = 0.0086) trimesters were more likely to gave a 
post term delivery. For weight gain in the 1st trimester of pregnancy, 
no significant difference was observed. Further data on parity, age, 
education and pre-gestational status divided by the three groups 
was given in Table 5.

Full-Term 
(%)

Pre-Term 
(%)

Post-Term 
(%)

P

Maternal age (years)
20-35 86.3 81.5 78.3 0.47
> 35 13.7 18.5 21.7
Parity
Nuliparity 33.5 40.7 26.1 0.3
Primiparity 39.8 29.6 30.4
multiparity 26.7 29.6 43.5
Maternal education
Low 21.7 18.5 17.4 0.4
Average 36.0 48.1 52.2
High 42.2 33.3 30.4
Socio-economic level
Low 31.1 35.2 43.5 0.5
Average 48.4 51.9 39.1
High 20.5 13.0 17.4
Pre-pregnancy BMI (kg/m2)
Normal (18.5-
24.9)

34.2 44.4 30.4 0.26

Overweight 
(25-29.9)

44.7 27.8 43.5

Obese (≥ 30) 21.1 27.8 26.1
Total GWG 
(kg)
Below IOM 
recs

49.1 68.5 26.1 0.001

WithinIOM 
recs

29.8 22.2 26.1

Above IOM 
recs

21.1 9.3 47.8

1st trimester GWG (kg)
Below IOM 
recs

44.7 42.6 43.5 0.49

WithinIOM 
recs

17.4 14.8 4.3

Above IOM 
recs

37.9 42.6 52.2

2nd trimester GWG (kg)
Below IOM 
recs

2.92 57.4 17.4 0.0002

WithinIOM 
recs

28.6 9.3 17.4

After a multivariate analysis, we were able to show that regard-
less of age, parity, socio-economic level and pre-gestational weight 
status of women, excessive weight gain was more common among 
women who gave birth after term, while insufficient weight gain 
was more common among those who gave birth before term.
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Discussion

Above IOM recs 42.2 33.3 65.2
3rd trimester GWG (kg)
Below IOM recs 43.5 69.8 39.1 0.0086
WithinIOM recs 29.2 13.2 21.7
Above IOM recs 27.3 17.0 39.1

Data are (%) unless otherwise specified
Comparison performed using Chi-square test.

Table 5 : Materanl characteristics based on term of delivery.

In our study, we were able to demonstrate that obesity before preg-
nancy is a risk factor for both excessive and insufficient gestational 
weight gain. Similar associations have been reported in other stud-
ies examining the relationship between pre-pregnancy BMI and 
weight gain during pregnancy. They found rates of excessive ges-
tational weight gain in obese women ranging from 44.0 % to 69.0 
% [16, 17, 18]. Being obese before pregnancy and having excessive 
gestational weight gain are important issues that have been asso-
ciated with an increase in adverse outcomes for pregnant women 
and their children in the short and long term [19]. Also, our results 
are consistent with other studies that have found that high mater-
nal BMI before pregnancy is associated with low weight gain dur-
ing pregnancy [16, 20, 21]. Inadequate weight gain in obese women 
could be explained by medical care and / or women’s monitoring of 
their weight gain to avoid gaining too much weight [21]. However, 
information on the ideal gestational weight gain for each wom-
an based on her starting BMI, if delivered, is among a significant 
amount of messages to be transmitted to the woman during her 
pregnancy. Thus, in our population, the majority of women (78.7 
%) did not know the proper value of weight gain during pregnancy 
and the real impacts of abnormal weight gain (excessive or insuf-
ficient) on their health and that of their child. This could explain 
the high percentage of excessive and insufficient gain observed in 
obese women.

The average term of pregnancy is 38.9 ± 2.0 Week of Amenor-
rhea (WA). The majority of women (67.6 %) had normal-term (> 
37 weeks). The prematurity rate (< 37 SA) is 22.7 % and the term 
surpassing rate (> 41SA) concerns 9.7 % of women. According to 
the World Health Organisation, the rate of prematurity in the world 
varies between 5.0 % and 18.0 % [11]. In Constantine (Algeria), 
in 2002, TOUATI [22] observed a preterm birth rate of 6.2 %. Our 
results are far superior to the different observations.

In terms of weight gain, women with low weight gain were signifi-
cantly more likely (68.5 %) to have delivered prematurely, com-
pared to women with full (49.1 %) and post term (26.1 %) (p = 
0.001). these findings can be explained by the fact that in women 
with insufficient weight gain, the nutritional needs of the fetus are 
no longer covered by the mother, that’s why we have noted a pre 
term delivery in this group of women. Several studies have found 
that prematurity is associated with insufficient gestational weight 
gain [23, 24]. XINXO et al. [25] et HAN et al, [26], reported that 
women with low weight gain had a 1.8-fold risk of premature de-
livery. A meta-analysis found that insufficient gestational weight 
gain was associated with an increase in premature births [27]. In a 
systematic review, researchers found that of 13 studies, 11 showed 
a significant association between low weight gain and prematurity, 
mainly when the weight gain was lower in the third trimester of 
pregnancy [28]. Similarly, the study by HICKEY et al. [29], found 
that less weight gain than IOM’s recommendations during the third 
trimester of pregnancy is associated with an increased risk of pre-
term birth. The study by ROMAN et al. [30], showed that prema-
turity is found to be significantly greater in women with insuffi-
cient weight gain during pregnancy regardless of BMI. Weight gain 
during pregnancy is linked to premature delivery. A meta-analysis 
of 13 studies concluded that insufficient weight gain is associated 
with an increased risk of prematurity [28]. The rate of preterm de-
livery increases with weight gain of less than 0.34 kg per week from 
20th to 36th SA [31].

We have also found that women with insufficient gain in the 2nd 
and 3rd trimesters were more likely to gave a pre term delivery. For 
weight gain in the 1st trimester of pregnancy, no significant differ-
ence was observed. Similarly, the study by HICKEY et al. [29], found 
that insufficient weight gain than IOM’s recommendations during 
the third trimester of pregnancy is associated with an increased 
risk of preterm birth. The same authors showed that insufficient 
weight gain in the first trimester was not associated with prema-
turity (HIEKEY et al. 1995). Several studies have reported an asso-
ciation between low gestational weight gain (GWG) and increased 
risk of preterm birth [26, 23]. However, a simulation study demon-
strated that conventional measures of GWG historically examined 
(i.e., total GWG or average rate of GWG) may have biased observed 
associations between GWG and preterm birth due to the inherent 
correlation between GWG and gestational age [32]. GWG is not 
linear throughout pregnancy. Instead, it is slower during the first 
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trimester and then increases at a relatively linear rate in the sec-
ond and third trimesters [1]. Thus, a woman who delivers earlier 
will have a lower total and average rate of GWG than a woman who 
delivers later. Most studies have been limited by the availability of 
only two weight measures (pregravid or early pregnancy weight 
and weight at delivery) and therefore have examined total GWG or 
average rate of GWG across the entire pregnancy [26].

To reduce bias associated with gestational age, some studies have 
examined rate of GWG in the second and third trimesters only by as-
suming a constant GWG in the first trimester among all pregnancies. 
This, however, also assumes that first trimester gain is less informa-
tive and few studies have specifically examined first trimester GWG. 
An alternative approach to resolve the inherent bias with gestation-
al age is to examine GWG up to a given gestational week achieved by 
all pregnancies and determine whether GWG differs among those 
who eventually delivered pre-term or at term. Furthermore, it has 
been suggested that the pattern and timing of GWG over the course 
of pregnancy, not just the total amount, may be an important pre-
dictor of preterm birth, particularly for spontaneous preterm labor 
[33, 34]. Few studies, however, have used serial weight measures to 
examine GWG patterns throughout pregnancy [33, 28].

In the other hand, women in our study with total excessive weight 
gain and excessive gain in the 2nd and 3rd trimesters were signifi-
cantly more frequent (47.8 %) to have delivered after term, com-
pared to women with full (21.1 %) and pre term (9.3 %) (p = 0.001). 
Our results are similar to those found by DERUELLE et al. [35], who 
suggested that excessive weight gain is a risk factor for a term ex-
ceeding. Other studies have also shown that overtime delivery is 
more common in women with excess weight gain [36, 37]. Thus, 
gestation duration is significantly higher in women with excessive 
weight gain compared to women with reasonable weight gain [38]. 
Our findings can be explained by the fact that in women with exces-
sive gestational weight gain nutritional needs of the fetus were still 
be covered by the mother, that’s why we have noted a post term 
delivery in this group of women.

Conclusion
Gestational weight gain can determine the term of delivery among 
the Algerian women. Thus, in our study, regardless of age, parity, 
socio-economic level and pre-pregnancy weight status of women, 
excessive weight gain is more common among women who gave 
birth after term, while insufficient weight gain is more common 

among those who gave birth prematurely. These findings place the 
maternal gestational weight gain as potential predictor of term of 
delivery. Gestational weight gain assessments should be part of 
routine prenatal visits to avoid inadequate weight gain, whether 
excessive or insufficient.
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