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ABSTRACT

Maternal pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) have been reported to be
associated with pregnancy outcomes. The aim of this study was to evaluate the effects of pre pregnancy BMI and
gestational weight gain on maternal and birth outcomes. A prospective and a longitudinal cohort study was
conducted among pregnant women who had attended antenatal centers in Constantine, Algeria, between 2013 and
2015. 200 pregnant women aged 19 to 41 years old were followed for 9 months of pregnancy. They underwent
body weight measurement during routine examination at first, second and third trimester. Baby birth weight also
measured after delivery. Data included age, parity and maternal outcomes. Results showed that mean BMI was
27.3 £ 4.7 kg/m2 and mean GWG was 8.9 + 5.4 kg. Of all subjects, 33% were in a normal weight range, which
left 41 and 26% classified as overweight and obese before pregnancy. Among these subjects, only 27.5% of
women had gained the recommended amount of weight, with 48.5% gaining less than recommended, and 24%
gaining more than recommended by the IOM. The average birth weight of infants born to inadequate GWG
women was lower than that of those born to adequate GWG women (32321564 g vs 34701464 g, p=0.04). The
risk of gestational hypertension (p=0.0006) and diabetes (p=0.04) increased steadily with pre-pregnancy BMI.
Also, the risk of hypertension increased with excessive GWG (p<0.0001). Conclusion; the effects of gestational

weight gain on pregnancy outcomes depend on the woman’s pre-pregnancy BMI.

KEYWORDS: Pre-pregnancy body mass index, gestational weight gain, maternal outcomes, birth outcomes.

INTRODUCTION

Low or high pre-pregnancy body mass index (BMI) and
inadequate or excess gestational weight gain (GWG) are
linked to an increased risk of adverse birth outcomes.*?
Several studies have shown that maternal excessive
gestational weight gain (GWG) was associated with
increased risks of pregnancy-induced hypertension,
gestational diabetes mellitus (GDM), caesarean delivery
and large for gestational age infant, and maternal
inadequate GWG was associated with increased risks of
low birth weight and small for gestational age infant.l**!

In 2009 the Institute of Medicine (IOM)® published new
recommendations regarding GWG. These guidelines
state that healthy women who have a normal weight for
their height (BMI 18.5-24.9) should gain 11.5-16 kg
during pregnancy. Overweight women (BMI 25-29.9)
should gain 7-11.5 kg and obese women (BMI greater
than 30) should only put on 5-9 kg. It is also
recommended to gain between 0.5 and 2 kg during the
first trimester.!® In the second and the third trimesters,
underweight women should gain 0.5 kg each week of
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pregnancy, normal women 0.4 Kkg/week, overweight
women 0.3kg/week and obese women 0.2kg/week.!

The guidelines have been validated by several studies
demonstrating that weight gain in accordance with the
guidelines is associated with optimal birth weight and
obstetric outcomes. Women gaining either above or
below I0M guidelines have higher risks of many adverse
outcomes.”®! Despite these guidelines, over 55 % of
obese women gain more than the recommended
amount.!®

GWG is not linear over the course of pregnancy. It starts
slowly in the first trimester and increases more
consistently in the second and third trimesters.”) The
ability to identify women at risk for excessive or
inadequate gestational weight gain allows for weight
management interventions.

In Algeria, this is the first study on weight gain in
pregnant women. We do not have any previous data on
the effect of pre-pregnancy BMI and gestational weight
gain on maternal and birth outcomes.
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Therefore, our study assessed each trimester and total
GWG in pregnant women with the aim of evaluating the
effects of gestational weight gain on maternal and birth
outcomes in different body mass index (BMI) classes.

MATERIALS AND METHODS

We conducted a prospective and a longitudinal cohort
study. We followed for 9 months a cohort of Algerian
pregnant women, aged 19 to 41 years old, residing in the
city of Constantine, Algeria. Among all women who
presented to prenatal consultation centers, only 200
pregnant women were accepted to participate in the
study. They were recruited at three different sites; at
maternities, antenatal centers and private gynecologists,
from December 2013 to December 2015. 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).

Demographic characteristics of the pregnant women
included: age, parity, pre-pregnancy weight and height,
pre-pregnancy BMI, weight gain at the end of the first,
second and third trimester of pregnancy and total GWG.
Maternal outcomes evaluated included anemia,
gestational hypertension, gestational diabetes and
cesarean delivery. Gestational hypertension was defined
according to the Canadian Hypertension Society as a
diastolic blood pressure _ 90mm Hg on at least two
measurements."” Birth outcomes evaluated included
gestational age at delivery, preterm birth < 37 weeks of
amenorrhea and birth weight (including low birth weight
< 2500 g and high birth weight > 4000 g). These
informations were obtained by face to face interview
with each pregnant woman.

Women were eligible for participation if they entered
prenatal care before the 16s week of amenorrhea, aged
18 years old and more and were healthy and mentally
competent. We excluded women refusing to participate
in the study, women with missing information on pre-
pregnancy weight, known diabetes, hypertension and
anemia before pregnancy.

Potentially eligible women were given an informational
letter explaining the study and its objectives and
requesting their participation. A signed consent was
obtained from each study participant.

Weight and height were measured according to a
standard protocol. Pre-pregnancy weight was self
reported or measured if the pregnant woman consults at
the early first trimester. Weight gain was measured at the
end of each trimester of pregnancy (first, second and
third) by using an electronic weighing balance Seca to
the nearest 0.1 kg. Height was measured in cm using a
locally made anthropometer. Pregnant women were
asked to maintain an upright and erect posture with her
feet together and the back of her heels touching the pole
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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. Weight gain (in kg) at
each prenatal visit (at the end of the first, second and
third trimesters) and total GWG were collected. We used
the 2009 Institute of Medicine (IOM) guidelines on
GWG to categorize women’s weight gain as below,
within or above recommended.™ These guidelines have
also been adopted by Health Canada.™?

Statistical analyses were performed using Stat View
software. Data were expressed as means + standard
deviation (SD) or percentages (number). Differences
between groups were tested for statistical significance by
using Student’s t-test, or one-way ANOVA and multiple
comparisons. Analysis was done to find out the
association among body mass index, gestational weight
gain and some maternal characteristics such as age and
parity. The x* test was used in comparison analyses.
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.

RESULTS

Demographic data of all subjects are shown in Table 1.
Mean pre-pregnancy BMI was 27.3 + 4.7 kg/m2. GWG
in the first, second and third trimester was respectively
1.2 £35Kkg, 4.7 £ 29 kg and 3.1 + 2.3 kg. Mean total
GWG in this population was 8.9 + 5.4 kg, and infant
birth weight was 3335.9 + 586.4 g.

Of all subjects, 33% were in a normal weight range,
which left 41 and 26% classified as overweight and
obese before pregnancy, respectively. Among these
subjects, only 27.5% of women had gained the
recommended amount of weight, with 48.5% gaining
less than recommended, and 24% gaining more than
recommended by the IOM.

Table 2 shows gestational weight gain (GWG) over
pregnancy among different weight gain groups. Women
with excessive and inadequate weight gain were more
likely to begin pregnancy with a higher BMI compared
to those with an adequate weight gain (p = 0.005). Over
the first trimester, women with excessive GWG gained
more weight compared to women with inadequate and
adequate GWG (p < 0.0001).

Table 3 shows the distribution of participants according
to total and each trimester weight gain by pre-pregnancy
BMI. In general, as pre-pregnancy BMI increased, the
amount of weight gained during pregnancy decreased.
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During the first trimester, there are no significant
differences in the three BMI groups. For second and
third trimesters, weight gain is higher in normal weight
women than in overweight (p < 0.05) and obese women
(p <0.0001).

Among the 200 pregnant women analyzed, 15.15% of
women with a normal pre-pregnancy BMI, 20.7% of
overweight and 40.4% of obese women had an excessive
GWG. Whereas 56.1% of women with a normal pre-
pregnancy BMI, 39.0% of overweight and 53.8% of
obese women had an inadequate GWG, (p<0.0001) (Fig
1).

There were no differences in gestational age at delivery,
rates of gestational hypertension, gestational diabetes and
mode of delivery between GWG groups. The average
birth weight of infants born to inadequate and excessive
GWG women was lower than that of those born to
adequate GWG women (p = 0.04) (Table 4).

The risk of gestational hypertension increased steadily
with pre-pregnancy BMI (26.9% of obese women vs.
3.0% of normal weight women, p = 0.0006). Similarly,
gestational hypertension was significantly higher in
women with excessive GWG than in those with adequate
GWG (p < 0.0001). Gestational diabetes also increased
with pre-pregnancy BMI (p = 0.04). The risk of both low
and high birth weight was observed more in obese
women (p = 0.0007) and in women with excessive GWG
(p =0.04) (Table 5).
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Fig 1: Maternal weight gain based on pre-pregnancy
BMI.
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Table 1: Characteristics of 200 pregnant women.

Category Mean + SD
Age (years) 30.3+49
20-35 167 (83.5%)
> 35 33 (16.5%)
Parity 1.0+£0.9
Primiparity 69 (34.5%)
Multiparity 131 (65.5%)
Pre-pregnancy weight (kg) 71.1+12.7
Height (m) 16x0.1
Pre-pregnancy BMI (kg/m?) 27.3+4.7
Normal (18.5-24.9) 66 (33%)
Overweight (25-29.9) 82 (41%)
Obese (>30) 52 (26%)
Total GWG (kg) 89+54
Inadequate 97 (48.5%)
Normal 55 (27.5%)
Excessive 48 (24%)
GWG (kg) based on trimester

First trimester 1.2+35
Second trimester 4.7+29
Third trimester 31+£23
Gestational age  (weeks of 389+2.0
amenorrhea) 3335.9£586.4
Birth weight (g)

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

Table 2: Comparison of gestational weight gain (kg)
between groups (n=200).

Inadequate | Adequate | Excessive
GWG GWG GWG p*
N= 97 N=55 N=48

Pre-
pregnancy
BMI
(kg/m?)

27.5+54 |25.8+3.1|28.7+4.3| 0.005

First
trimester
GWG

(kg)

-06+33 | 1.8+25|4.0+2.9 (<0.0001

Second
trimester
GWG

(kg)

34428 |55+24|6.2+2.7 (<0.0001

Third
trimester
GWG

(ka)

22+22 |36+x18|4.4+24|<0.0001

Total
GWG

(kg)

50+3.8 |10.8+3.1|14.7 + 3.5|<0.0001

Data are Mean + SD, GWG: gestational weight gain
*Comparison performed using ANOVA analysis

141




Tebbani et al. European Journal of Biomedical and Pharmaceutical Sciences

Table 3: Distribution of participants according to weight gain in the three trimesters of pregnancy by pre-
pregnancy BMI.

Weight gain (kg) (M + SD)

Pre-pregnancy BMI First trimester | Second trimester | Third trimester | Total weight gain
Normal 16+29 58+£2,6 3,8+£25 11,2+£5,1
Overweight 1,0+£33 4,6 £2,4* 3,1+£19* 8,7 +4,8*
Obese 08+45 33+34° 2325 6,5+5,6°

*: significant difference between overweight and normal (p<0.05).
%: significant difference between obese and normal (p < 0.0001).

Table 4: Maternal and birth outcomes classified by gestational weight gain groups.

Inadequate GWG | Adequate GWG | Excessive GWG | p
Maternal outcomes 38.7+22 39.3+16 38622 0.15*
Gestational age at delivery (weeks)
Gestational hypertension 8 (8.2%) 3 (5.4%) 15 (31.2%) 0.26
Gestational diabetes 2 (2.1%) 1 (1.3%) 3 (6.2%) 0.75
Anemia 39 (44.3%) 17 (36.2%) 14 (31.1%) 0.18
Mode of delivery
Vaginal delivery 61 (62.9%) 36 (65.4%) 25 (52.1%) 0.99
Cesarean delivery 36 (37.1%) 19 (34.5%) 23 (47.9%) 0.99
Birth outcomes
Birth weight (g) 3232.1 £ 564.5 3470.9 + 464.1 3391.0+714.8 0.04*

Data are Mean £ SD or n (%) unless otherwise specified
*Comparison performed using ANOVA

Table 5: Maternal and birth outcomes classified by pre-pregnancy BMI and gestational weight gain.

Pre pregnancy BMI Gestational weight gain (GWG)

Pregnancy Normal o-
Outcomes - Overweight | Obese . | Inadequate| Adequate | Excessive | p- value*

weight value
Gestational 0 0 0 o 0 0
ypertonsion | 2 (3.0%) | 10 (12.2%) | 14 (26.99)| 0.0006 | 8(8.2%) | 3(5.4%) | 15(31.2%)| <0.0001
dGIZf)t:ttég”a' 0 204%) | 4(77%) | 004 | 2(21%) | 1(18%) | 3(62%) | 03
Anemia 22 (36.1%)| 31 (43.7%) | 17 (35.4%)| 0.5 | 30 (44.3%)| 17 (36.2%) | 14 (31.1%)| 0.3
dC:ISSLe&” 23 (34.8%)| 32 (39.0%) | 23 (44.2%)| 0.5 | 36 (37.1%)| 19 (34.5%) | 23 (47.9%)| 0.3
Macrosomia8 | 7 (10.6%) | 8 (9.8%) | 18 (34.6%)| 0.0007 | 12 (12.4%)| 8 (145%) | 13 (27.1%)| 0.04
\',‘V‘;‘i’;ht$ birth| & 9106) | 7(85%) | 7(135%) | 0.0007 | 11 (11.3%)| 2 (3.6%) | 7 (14.6%) | 0.04

Data are n (%) unless otherwise specified.
*Comparison performed using Chi-square test.
8Macrosomia is defined as birth weight > 4000g
$Low birth weight is defined as birth weight < 250009

DISCUSSION

In Algeria, this is the first study on weight gain in
pregnant women. We do not have any previous data on
the effect of pre-pregnancy BMI and gestational weight
gain on maternal and birth outcomes. Therefore, our aim
was to evaluate the effects of gestational weight gain on
maternal and birth outcomes in different body mass
index (BMI) classes and compared it with the
recommended weight gain by IOM.

In this study, 15.15% of women with a normal pre-

pregnancy BMI, 20.73% of overweight and 40.38% of
obese women had an excessive gestational weight gain
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(p<0.0001) greater than the IOM recommendations. In
the other hand, 56.06% of normal pre-pregnancy BMI
women, 39.02% of overweight and 53.85% obese
women had an inadequate gestational weight gain
(p<0.0001) less than the IOM recommendations. The
goal of these guidelines is to optimize both maternal and
child outcomes, and to decrease the rates of both
maternal postpartum and childhood obesity.™!

Our results showed that weight gain in pregnancy was
lower when pre-pregnancy BMI was elevated. In
particular, women who were overweight or obese before
pregnancy generally gained less weight during
pregnancy and very few women had an excessive weight
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gain. However, during pregnancy, fat is stored to secure
energy supply during fetal growth and lactation. In obese
women, no additional storage is necessary, which
suggests that pregnancy weight gain could be restricted
because of physiological mechanisms.

In the present study, we found that maternal weight gain
increase significantly during second and third trimester,
with mean total maternal weight gain ranged at 8.95 +
5.41kg. This maternal weight gain was proper with the
IOM recommendation about maternal weight gain during
pregnancy. Ota et al.™ and Yang et al.,"*® found the
same result with our study. Maybe, it is because of
decreasing emesis symptoms in second and third
trimesters and also increasing of uterine size and volume,
so does the other maternal organic tissues. Maternal
weight gain also affected by Leptin, a protein-like
produced by adipose tissue that regulate appetite and
body weight.

We found that maternal pre-pregnancy BMI plays a more
important role than GWG in maternal outcomes,
especially in pregnancy complications. Pregnancy-
induced hypertension and gestational diabetes are the
two key common pregnancy complications. Previous
studies have reported that maternal obesity is associated
with increased risks of adverse pregnancy outcomes
including gestational diabetes and pregnancy- induced
hypertension.[*%1728

For neonatal outcomes, both higher pre-pregnancy BMI
and excessive GWG could result in high maternal
glucose, free fatty acid, and amino acid concentrations,
thus leading to the risk of greater infant size at birth.
Therefore, maternal pre-pregnancy BMI has similar
effects as GWG in the neonatal outcomes.™™ Our results
are in accordance with Heude et al.”” who found that
obese women were twice more likely to have high birth
weight babies. In addition, those who gained weight
above the recommended level are significantly at
increased risk of high birth weight. This could be due to
the life style and eating habits of pregnhant obese women
along with the genetic factors.

Also, similarly with our study, many investigators
reported similar associations between pre-pregnancy
BMI and birth weight. Fleten et al.”?*! reported a direct
association between BMI and birth weight among 43,705
Norwegian mothers. The authors concluded that a one-
unit increase in BMI resulted in a 20.3 gram increase in
birth weight. Moreover, in a study among 292,568
singleton term Chinese pregnancies, pre-pregnancy
underweight was associated with an increased risk of
delivering a low birth weight infant (OR: 1.9, 95% CI:
1.3-1.6), while overweight and obese women had a 2.5-
and 3.5-fold likelihood of giving birth to a macrosomic
infant, respectively.??”

In addition, a systematic review of the effect of maternal
weigh gain during pregnancy on birth weight confirmed
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our findings that excessive GWG increased risk of high
birth weight in normal and obese pregnant women.?*!

We acknowledge that the relationship between maternal
health conditions and birth outcomes is complex since
especially maternal anthropometry is the consequence of
many other genetic or environmental factors such as
eating habits, exercise and social economic conditions*!
that themselves can impact on pregnancy outcomes.

CONCLUSIONS

The effects of gestational weight gain on pregnancy
outcomes depend on the woman’s pre-pregnancy BMI.
Being overweight/obese and having a high weight gain,
as well as being underweight and having a low weight
gain, were associated with increased risks for adverse
pregnancy outcomes in pregnant women. Our findings
from the present study confirmed the association
between pre-pregnancy BMI and GWG and adverse birth
outcomes.
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