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Abstract
Background  Overweight and obesity epidemic is still expanding, and it is affecting women of childbearing age. Multiple 
studies have shown unmatched results concerning the effect of body mass index (BMI) besides gestational weight gain (GWG) 
on pregnancy and neonatal outcomes. This study aims to determine the effect of each of the two anthropometric indicators: 
pre-gestational BMI and gestational weight gain on the course of pregnancy, and neonatal outcomes.
Methods  A retrospective study was conducted at Notre Dame de Secours University Hospital (CHU-NDS) Jbeil-Lebanon. 
The data was collected from the hospital archive. Out of 804 deliveries during 2020, 583 women were included after ran-
domly choosing their files and eliminating those with exclusion criteria or incomplete data.
Results  Underweight/healthy BMI mothers had a higher chance of having low GWG (45.5%), vaginal delivery (51.3%), and a 
baby of appropriate size (78.6%) or small size for gestational age (10.4%). Obese women had a higher risk of excessive GWG 
(49.3%), delivery via C-section. (69.3%), and large for gestational age babies (26.7%). Mothers who had low GWG were at a 
higher risk of having babies of appropriate size (80.1%) or small size for gestational age (13.1%). Mothers who had high GWG 
had a higher risk of having baby boys (58.9%), large for their gestational age (26.1%), with hypoglycemia at birth (20.6%).
Conclusion  Both extremes of BMI and GWG are linked to adverse neonatal outcomes. This highlights the importance of 
weight monitoring even during pregnancy to prevent its negative impact on neonates.
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Background

Obesity has emerged as one of the twenty-first century’s 
most pressing public health challenges, for as being the 
second most common preventable cause of death world-
wide [1]. The excess of fat accumulation defines obesity, 
and its prevention benefits children’s health and well-being 

immediately and throughout adulthood [2]. The World 
Health Organization defines obesity as a body mass index 
of 30 and above [3]. Between 1975 and 2016, the prevalence 
of obesity nearly tripled [3]. In the USA, the National Health 
and Nutrition Examination Survey (NHANES) found that 
for citizens aged 20 and over, 42.5% are obese, with 9% hav-
ing severe obesity, and 31.1% being overweight [4].

There is a relationship between obesity and a dozen dis-
tinct forms of cancer [5–7], coronary artery disease [8, 9], 
stroke [1], chronic kidney disease [10, 11], impaired cog-
nition [12, 13], diabetes mellitus type 2 [6, 14, 15], fatty 
liver disease [16], gallbladder disease [17, 18], hypertension 
[19], lung disorders [20, 21], metabolic syndrome [22, 23], 
musculoskeletal disorders [24, 25], psychosis [26], infertility 
[27–30], and mortality [3, 31].

In women of childbearing age, increased BMI was 
linked to a variety of adverse effects during pregnancy: 
gestational diabetes mellitus, hypertensive events, and a 
higher risk of maternal mortality. It also resulted in an 
increased risk of perinatal mortality, prenatal macrosomia, 

Souheil Hallit and Georges Nicolas share senior authorship.

 *	 Souheil Hallit 
	 souheilhallit@hotmail.com

1	 School of Medicine and Medical Sciences, Holy Spirit 
University of Kaslik, P.O. Box 446, Jounieh, Lebanon

2	 Applied Science Research Center, Applied Science Private 
University, Amman 11931, Jordan

3	 Research Department, Psychiatric Hospital of the Cross, 
Jal‑Eddib, Lebanon

4	 Department of Pediatrics, Notre Dame des Secours 
University Hospital Center, Street 93, Byblos Postal Code 3, 
Lebanon

http://crossmark.crossref.org/dialog/?doi=10.1007/s11845-023-03472-w&domain=pdf
http://orcid.org/0000-0001-6918-5689


304	 Irish Journal of Medical Science (1971 -) (2024) 193:303–312

1 3

certain birth abnormalities, and childhood metabolic dis-
orders [32]. Hence, it is necessary to evaluate the burden 
of high BMI among pregnant women, given its impact on 
mothers and newborns. Low or high pre-pregnancy BMI 
and insufficient or excessive weight gain during pregnancy 
have been related to a high risk of poor consequences on 
the newborn. Large for gestational age newborns, preterm 
birth, and neonatal mortality have been linked to over-
weight and obese BMI and high gestational weight gain, 
whereas preterm birth and small for gestational age infants 
have been linked to underweight BMI and insufficient 
weight gain during pregnancy [33].

The Eastern Mediterranean area is not excluded, as data 
show that obesity is on the rise in the Arab world. There is an 
expansion in the proportion of young Lebanese women with 
a high BMI, exceeding the stated global average of 0.5 kg/
m2 each decade in women [34]. Since multiple studies dem-
onstrated unmatched results, and since there are few stud-
ies done in the region concerning this particular topic, it is 
critical to investigate the effects of this increased weight gain 
on mothers and newborns in a sample of Lebanese women. 
Hence, the two objectives of this study are to determine the 
effect of pre-gestational BMI and gestational weight gain on 
the course of pregnancy and neonatal outcomes.

Methods

Study design

A retrospective study was conducted at Notre Dame des 
Secours University Hospital Center (CHU-NDS), Jbeil-
Lebanon, to determine the effect of each of the two anthro-
pometric indicators: pre-gestational BMI and gestational 
weight gain first, on the course of pregnancy, and second 
on neonatal outcomes. Data was collected from the CHU-
NDS Hospital archive (electronic and paper-based), and out 
of 804 deliveries during the year 2020, 583 women were 
included in the study after eliminating those with missing 
data and those with the following exclusion criteria: (1) Peri-
natal mortality, (2) twin pregnancy, (3) in vitro fertilization, 
(4) weight loss during pregnancy, and (5) COVID-19 infec-
tion during pregnancy based on a positive PCR.

Minimal sample size calculation

Based on the fact that BMI is associated with higher odds 
of cesarean delivery (OR = 1.74) and a 22.2% frequency 
of cesarean delivery in underweight women according 
to a study published by Ratnasiri et al. [49], the Epi-info 
software v 7.2 calculated a minimal sample size of 520 
to have enough statistical power with 5% alpha error and 
80% power.

Questionnaire and variables

The following variables were studied

For neonatal, the following variables were collected: gen-
der, size for gestational age (based on the Fenton curve of 
2013 [35]), preterm birth [36], Apgar score at 1 min and 5 
min [37], icterus, the need for ICU admission (NICU), and 
glycemia at birth (according to the American Academy of 
Pediatrics [38]).

For pregnant women, information about age, pre-pregnancy 
BMI [39, 40], level of education, employment, chronic ill-
nesses, consumption of tobacco, alcohol, and coffee during 
pregnancy were collected. Information regarding the course 
of pregnancy (the threat of premature labor, vaginal bleed, 
pregnancy-induced HTN [41], preeclampsia and eclampsia 
[42], gestational diabetes based on the WHO criteria [22], 
total gestational weight gain [43], gestational weeks, type of 
delivery) were also gathered.

Statistical analysis

The Statistical Package for Social Science (SPSS) version 22 
was used to analyze the data. The Chi-square test was used 
to compare two categorical variables, whereas the ANOVA 
test was used to compare three means. P value < 0.05 was 
considered statistically significant.

Results

The results of the bivariate analysis of factors associated 
with the pre-pregnancy BMI categories are summarized in 
Table 1. Underweight/healthy BMI mothers had a higher 
chance of having a university level of education, gaining 
weight less than it is recommended during pregnancy, hav-
ing a vaginal delivery, and delivering a baby with appropri-
ate size or small size for his gestational age. Overweight 
mothers had a higher chance of having an appropriate weight 
gain during pregnancy. Obese mothers had a higher chance 
of having a secondary level of education or less, gaining 
weight more than is recommended, delivering via C-section, 
and having large for gestational age babies.

The results of the bivariate analysis of factors associated 
with the total weight gain during pregnancy categories are 
summarized in Table 2. Mothers who had deficient GWG 
had a higher chance of not having chronic illnesses and hav-
ing babies of appropriate size or small size for gestational 
age. Those who had appropriate GWG had a higher chance 
of not smoking during gestation, having baby girls, and hav-
ing infants with normal glycemia at birth. Mothers who had 
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Table 1   Bivariate analysis of factors associated with the pre-pregnancy BMI categories

Pre-pregnancy BMI categories P

Underweight/normal
(N = 345)

Overweight
(N = 163)

Obese
(N = 175)

Education 0.003
   Secondary or less 57 (16.5%) 44 (27.0%) 23 (30.7%)
   University 288 (83.5%) 119 (73.0%) 52 (69.3%)

Employment during pregnancy 0.196
   No 147 (42.6%) 68 (41.7%) 40 (53.3%)
   Yes 198 (57.4%) 95 (58.3%) 35 (46.7%)

Total weight gain during pregnancy  < 0.001
   Less than recommended 157 (45.5%) 25 (15.3%) 9 (12.0%)
   Appropriate 116 (33.6%) 67 (41.1%) 29 (38.7%)
   More than recommended 72 (20.9%) 71 (43.6%) 37 (49.3%)

Chronic illnesses before pregnancy 0.05
   No 261 (75.7%) 128 (78.5%) 48 (64.0%)
   Yes 84 (24.3%) 35 (21.5%) 27 (36.0%)

Threat of premature labor 0.677
   No 338 (98.0%) 161 (98.8%) 73 (97.3%)
   Yes 7 (2.0%) 2 (1.2%) 2 (2.7%)

Vaginal bleed 0.915
   No 313 (90.7%) 146 (89.6%) 68 (90.7%)
   Yes 32 (9.3%) 17 (10.4%) 7 (9.3%)

Preterm birth 0.138
   No 304 (88.1%) 133 (81.6%) 65 (86.7%)
   Yes 41 (11.9%) 30 (18.4%) 10 (13.3%)

Pregnancy-induced hypertension 0.065
   No 340 (98.6%) 157 (96.3%) 71 (94.7%)
   Yes 5 (1.4%) 6 (3.7%) 4 (5.3%)

Pre-eclampsia 1
   No 342 (99.1%) 162 (99.4%) 75 (100%)
   Yes 3 (0.9%) 1 (0.6%) 0 (0%)

Gestational diabetes 0.122
   No 332 (96.2%) 157 (96.3%) 68 (90.7%)
   Yes 13 (3.8%) 6 (3.7%) 7 (9.3%)

Type of delivery 0.004
   Vaginal 177 (51.3%) 72 (44.2%) 23 (30.7%)
   C-section 168 (48.7%) 91 (55.8%) 52 (69.3%)

Gender of the newborn 0.606
   Boy 176 (51.0%) 84 (51.5%) 43 (57.3%)
   Girl 169 (49.0%) 79 (48.5%) 32 (42.7%)

Size of the baby  < 0.001
   Appropriate for gestational age 271 (78.6%) 124 (76.1%) 49 (65.3%)
   Small for gestational age 36 (10.4%) 6 (3.7%) 6 (8.0%)
   Large for gestational age 38 (11.0%) 33 (20.2%) 20 (26.7%)

Apgar score at 1 min 0.579
   Abnormal 38 (11.0%) 14 (8.6%) 6 (8.0%)
   Normal 307 (89.0%) 149 (91.4%) 69 (92.0%)

Apgar score at 5 min 0.294
   Low 3 (0.9%) 0 (0%) 1 (1.3%)
   Moderately abnormal 8 (2.3%) 1 (0.6%) 0 (0%)
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excessive GWG had a higher chance of having chronic ill-
nesses, smoking tobacco during pregnancy, and having baby 
boys who are large for their gestational age with hypogly-
cemia at birth.

Discussion

Pre‑pregnancy BMI association with maternal 
factors and pregnancy outcomes

In our study, underweight/healthy BMI mothers had a higher 
chance of having a university level of education, gaining 
weight less than it is recommended during pregnancy, and 
having a vaginal delivery. Overweight mothers had a higher 
chance of having an appropriate weight gain during preg-
nancy. Obese mothers had a higher chance of having a sec-
ondary level of education or less, gaining weight more than 
it is recommended, and delivering their baby via C-section.

Concerning education level, Sun et al. in Korea demon-
strated that women who are uneducated or who have any 
education degree until high school were risk factors to keep 
normal pre-pregnancy BMI compared with those who have 
a college or a university degree [44]. The discordance with 

our results may be linked to our small sample size, the eth-
nicity of the pregnant women (583 Lebanese vs 3172 Chi-
nese women in this study), and the diet of each country that 
is mainly based on rice and wheat in China, in contrast to 
the healthy Mediterranean diet that is based on vegetables, 
fruits, whole beans, grains, and dairy products. In contrast, 
our results are consistent with those of Wahabi et al. with 
a higher percentage of high BMI among illiterate women 
[45]. Hermann et al. studied in a multi-center prospective 
cohort study the relation of education with BMI and waist 
circumference in 10 countries [46]. They concluded that in 
comparison to women with the lowest education level, those 
with university education had a 2.1 kg/m2 lower BMI due 
to the lower energy intake from food and sports practice.

Concerning GWG, Magdalena Nowak et al. in Poland 
demonstrated that there is no association between insuf-
ficient GWG and low or normal pre-pregnancy BMI [47]. 
The difference with our results may be due to the higher 
percentage of underweight women; 43 out of 474 = 9% and 
normal weight women; 313 out of 474 = 66% in this study 
compared to ours; and 22 out of 583 = 4.8% and 323 out of 
583 = 55.4%, respectively. In addition, it may be because 
the previously named study was done in Poland, a coun-
try where the underweight/normal BMI women are not 

Table 1   (continued)

Pre-pregnancy BMI categories P

Underweight/normal
(N = 345)

Overweight
(N = 163)

Obese
(N = 175)

   Reassuring 330 (96.8%) 161 (99.4%) 74 (98.7%)
Neonatal icterus 0.149
   No 284 (82.3%) 144 (88.3%) 60 (80.0%)
   Yes 61 (17.7%) 19 (11.7%) 15 (20.0%)

Neonatal need for ICU at birth 0.769
   No 316 (91.6%) 147 (90.2%) 67 (89.3%)
   Yes 29 (8.4%) 16 (9.8%) 8 (10.7%)

Neonatal glycemia at birth 0.220
   Hypoglycemia 47 (13.6%) 27 (16.6%) 16 (21.3%)
   Normal glycemia 298 (86.4%) 136 (83.4%) 59 (78.7%)

Maternal tobacco smoking during pregnancy 0.091
   No 323 (93.6%) 156 (95.7%) 66 (88.0%)
   Yes 22 (6.4%) 7 (4.3%) 9 (12.0%)

Maternal alcohol drinking during pregnancy 0.332
   No 328 (95.1%) 157 (96.3%) 69 (92.0%)
   Yes 17 (4.9%) 6 (3.7%) 6 (8.0%)

Maternal age during pregnancy 31.15 ± 4.48 31.40 ± 4.31 31.59 ± 4.66 0.683
Gestational age 37.74 ± 1.42 37.46 ± 1.42 37.55 ± 1.58 0.112
Cigarettes per day during pregnancy 0.59 ± 3.05 0.03 ± 0.36 0.62 ± 3.28 0.069
Waterpipes per week during pregnancy 0.03 ± 0.40 0.06 ± 0.56 0.11 ± 0.82 0.475
Coffee cups per day during pregnancy 0.60 ± 0.71 0.65 ± 0.71 0.69 ± 0.73 0.558

Numbers in bold indicate significant P values
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Table 2   Bivariate analysis of 
factors associated with the total 
weight gain during pregnancy 
categories

Total weight gain during pregnancy P

Less than 
recommended
(N = 191)

Appropriate
(N = 212)

More than 
recommended
(N = 180)

Education 0.053
   Secondary or less 38 (19.9%) 37 (17.5%) 49 (27.2%)
   University 153 (80.1%) 175 (82.5%) 131 (72.8%)

Employment during pregnancy 0.166
   No 74 (38.7%) 102 (48.1%) 79 (43.9%)
   Yes 117 (61.3%) 110 (51.9%) 101 (56.1%)

Chronic illnesses before pregnancy 0.048
   No 149 (78.0%) 165 (77.8%) 123 (68.3%)
   Yes 42 (22.0%) 47 (22.2%) 57 (31.7%)

Threat of premature labor 0.187
   No 190 (99.5%) 206 (97.2%) 176 (97.8%)
   Yes 1 (0.5%) 6 (2.8%) 4 (2.2%)

Vaginal bleed 0.099
   No 169 (88.5%) 199 (93.9%) 159 (88.3%)
   Yes 22 (11.5%) 13 (6.1%) 21 (11.7%)

Preterm birth 0.092
   No 156 (81.7%) 186 (87.7%) 160 (88.9%)
   Yes 35 (18.3%) 26 (12.3%) 20 (11.1%)

Pregnancy-induced hypertension 0.308
   No 186 (97.4%) 209 (98.6%) 173 (96.1%)
   Yes 5 (2.6%) 3 (1.4%) 7 (3.9%)

Pre-eclampsia 0.333
   No 189 (99.0%) 212 (100%) 178 (98.9%)
   Yes 2 (1.0%) 0 (0%) 2 (1.1%)

Gestational diabetes 0.323
   No 179 (93.7%) 204 (96.2%) 174 (96.7%)
   Yes 12 (6.3%) 8 (3.8%) 6 (3.3%)

Type of delivery 0.059
   Vaginal 93 (48.7%) 108 (50.9%) 71 (39.4%)
   C-section 98 (51.3%) 104 (49.1%) 109 (60.6%)

Gender of the newborn 0.044
   Boy 99 (51.8%) 98 (46.2%) 106 (58.9%)
   Girl 92 (48.2%) 114 (53.8%) 74 (41.1%)

Size of the baby  < 0.001
   Appropriate for gestational age 153 (80.1%) 167 (78.8%) 124 (68.9%)
   Small for gestational age 25 (13.1%) 14 (6.6%) 9 (5.0%)
   Large for gestational age 13 (6.8%) 31 (14.6%) 47 (26.1%)

Apgar score at 1 min 0.06
   Abnormal 23 (12.0%) 25 (11.8%) 10 (5.6%)
   Normal 168 (88.0%) 187 (88.2%) 170 (94.4%)

Apgar score at 5 min 0.446
   Low 2 (1.1%) 2 (1.0%) 0 (0%)
   Moderately abnormal 4 (2.1%) 4 (1.9%) 1 (0.6%)
   Reassuring 182 (96.8%) 204 (97.1%) 179 (99.4%)

Neonatal icterus 0.286
   No 158 (82.7%) 184 (86.8%) 146 (81.1%)
   Yes 33 (17.3%) 28 (13.2%) 34 (18.9%)
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living in a low-income country that warrants them access 
to healthcare and a healthy diet. Thus, during their preg-
nancy, they had a medical follow-up besides a healthy and 
rich diet to gain a recommended weight. In addition, this 
same study besides other studies concluded that high BMI, 
whether overweight or obese, correlates with excessive 
GWG [34, 47, 48]. These results are incompatible with 
ours; it may be due to the exclusion of women with chronic 
illnesses in the previously named study, whereas in our 
study, they were included. In addition, probably our over-
weight participants have chronic illnesses (such as poly-
cystic ovarian syndrome, hypothyroidism, and diabetes) 
that promote them to consult a dietitian during their preg-
nancy to track their gestational weight gain. Besides the 
tendency of obese women to consume high caloric food, 
binge eating, not exercising, and according to the IOM 
recommendations, this category has the lowest gestational 
weight gain cut-offs compared to other BMI categories.

Concerning the delivery type, our results are consistent 
with Ratnasiri et al. [49], Yesilçiçek Çalik et al. [50], Choi 
et al. [51], and Wang et al. [52] who demonstrated that 
the rate of cesarean delivery is lower in underweight and 
normal weight mothers than in those overweight or obese. 
This can be explained by the fact that high BMI mothers 
have criteria of metabolic syndrome like hyperinsulinemia 
due to insulin resistance and resultant hyperglycemia. In 
addition, as maternal glucose will cross the placenta, the 

fetus will have hyperinsulinemia that will store glucose as 
fat. As a result, we will have a high risk of fetal macroso-
mia, which increases the need for cesarean delivery.

Pre‑pregnancy BMI association with neonatal outcomes

In our study, we found that being underweight/healthy BMI 
is associated with a higher risk of delivering a baby with 
appropriate size or small size for gestational age. Obese 
mothers had a higher chance of having babies large for ges-
tational age. Liu et al. [53] besides another study done in 
California by Ratnasiri et al. [49] revealed that decreased 
maternal BMI resulted in babies being small for their ges-
tational age, and increased maternal BMI resulted in babies 
being large for their gestational age. The relation between 
small for gestational age neonates and underweight mothers 
can be explained by the baby being constitutionally small; 
it may be related to a family history of being small for their 
gestational age, thus having a small weight and/or height. 
High BMI mothers have peripheral insulin resistance that 
results in hyperglycemia leading to large for his gestational 
age neonates by the mechanism previously explained. In 
contrast, Rong Peng et al. concluded that there is no relation 
between BMI and high neonatal weight [54]. The discord-
ance with our results can be explained by the fact that it was 
a case–control study where the cases were the mothers who 
delivered normal birth weight babies and the control group 

Table 2   (continued) Total weight gain during pregnancy P

Less than 
recommended
(N = 191)

Appropriate
(N = 212)

More than 
recommended
(N = 180)

Neonatal need for ICU at birth 0.299

   No 169 (88.5%) 197 (92.9%) 164 (91.1%)
   Yes 22 (11.5%) 15 (7.1%) 16 (8.9%)

Neonatal glycemia at birth 0.03
   Hypoglycemia 30 (15.7%) 23 (10.8%) 37 (20.6%)
   Normal glycemia 161 (84.3%) 189 (89.2%) 143 (79.4%)

Maternal tobacco smoking during preg-
nancy

0.042

   No 177 (92.7%) 205 (96.7%) 163 (90.6%)
   Yes 14 (7.3%) 7 (3.3%) 17 (9.4%)

Maternal alcohol drinking during preg-
nancy

0.357

   No 185 (96.9%) 200 (94.3%) 169 (93.9%)
   Yes 6 (3.1%) 12 (5.7%) 11 (6.1%)

Maternal age during pregnancy 31.38 ± 4.34 31.16 ± 4.64 31.32 ± 4.36 0.880
Gestational age 37.48 ± 1.73 37.70 ± 1.32 37.72 ± 1.23 0.180
Cigarettes per day during pregnancy 0.74 ± 3.59 0.24 ± 2.05 0.36 ± 1.97 0.141
Waterpipes per week during pregnancy 0.01 ± 0.08 0.05 ± 0.50 0.09 ± 0.74 0.329
Coffee cups per day during pregnancy 0.61 ± 0.78 0.60 ± 0.71 0.68 ± 0.65 0.533

Numbers in bold indicate significant P values
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was formed of the mothers who delivered high birth weight 
infants (> 4 kg). In contrast, in our study, we used the Fenton 
curve where the babies that are large for their gestational 
age had a larger weight and/or height relatively according 
to their gestational age.

Total gestational weight gain association 
with maternal factors and pregnancy outcomes

We found that having a low GWG is associated with a higher 
chance of not having chronic illnesses. A high GWG is asso-
ciated with a higher risk of having chronic illnesses and 
smoking tobacco during gestation.

Many revised articles from the literature have excluded 
from their study women with chronic diseases (MINA cohort 
study in Qatar and Lebanon [55], prospective cohort study in 
Poland [56], a study conducted by Magdalena Nowak et al. 
[47]). In our study, we did not exclude chronic illnesses, 
and we found a link with GWG. It can be explained by the 
fact that chronic illnesses cause chronic inflammation and 
elevation of stress hormone which is cortisol, resulting in 
excessive weight gain.

Concerning smoking, Kominiarek et  al.’s results are 
coherent with ours, and it was found that the lowest per-
centage of women who smoked is among those who had ade-
quate GWG over 25 hospitals in the USA [57]. In contrast, a 
MINA cohort study done in Lebanon and Qatar concluded 
that smoking during pregnancy did not affect GWG [55]. 
The results are inconsistent with ours, and many studies have 
shown that smoking interferes with our metabolism by pro-
moting the burn of calories proportionally to the number of 
cigarettes. Hence, quitting smoking will result in a rebound 
effect leading to weight gain.

Total weight gain during pregnancy association 
with neonatal outcomes

We found that mothers who had deficient GWG had a higher 
chance of having babies of appropriate size or small size for 
gestational age. Mothers who had appropriate GWG had a 
higher chance of having baby girls and having infants with 
normal glycemia at birth. Those who had excessive GWG 
had a higher chance of having baby boys who are large for 
their gestational age with hypoglycemia at birth.

Concerning the female gender relation with GWG, it 
was not discussed in the articles reviewed in the literature. 
This association can be explained by the fact that adequate 
and healthy caloric intake leads to appropriate weight gain. 
Besides that on the Fenton curve, the female neonate cut-offs 
concerning the weight and the height are lower than those of 
baby boys. In contrast, concerning the male gender, a retro-
spective cohort study done in Turkey found no relationship 
between male gender and GWG [58]. The discordance in the 

results may be due to the lower percentage of women with 
excessive GWG in the Turkish study (80 out of 572) versus 
our study (180 out of 583) where they are better represented. 
Besides, it may be linked to the fact that boys have higher 
cut-offs of weight and size compared to girls on the Fenton 
curve, which can explain the higher gestational weight gain.

Concerning the babies’ size for their gestational age, Yin 
Sun et al. demonstrated that high BMI and excessive weight 
gain during gestation were related to large for gestational 
age infants [44]. A MINA cohort study done in Lebanon and 
Qatar demonstrated that excessive weight gain during gesta-
tion was linked to having babies large for their gestational 
age [55]. Kominiarek et al. results are also coherent with the 
previously cited studies with macrosomia in the case of high 
GWG [48]. These results can be explained by the excessive 
caloric intake that can lead to gestational diabetes leading 
to maternal hyperglycemia, neonatal hyperinsulinemia, and 
hence excessive neonatal fat deposition. In addition, low 
gestational weight gain besides low maternal caloric intake 
and poor protein diet is positively correlated with small for 
gestational age babies.

Concerning neonatal glycemia, Kominiarek et al. con-
cluded that adequate GWG is associated with normal neonatal 
glycemia, whereas excessive gestational weight gain is asso-
ciated with neonatal hypoglycemia [48]. Besides, Stotland  
et al. concluded that excessive GWG was associated with a 
higher risk of hypoglycemia [59]. This is consistent with our 
results; hence, being on the right track, gaining weight ade-
quately means the healthy consumption of calories. This will 
decrease the risk of the development of gestational diabetes. 
Hence, the mother will have normal glycemia, besides a nor-
mal insulin production, and a peripheral insulin sensitivity 
warranting high and excessive maternal glucose concen-
tration to cross the placenta. Therefore, the baby will have 
normal glucose concentration, resulting in a normal level of 
insulin production. Mothers with high excessive weight gain 
during pregnancy will lead to neonatal hyperinsulinemia as 
previously explained. After birth, the neonate still has an 
excessive insulin release by the pancreas despite that he is 
not receiving anymore excessive maternal glucose, which 
will result in hypoglycemia.

Limitations

The sample was collected from one center in Jbeil area and 
maybe not be representative on a national level. Besides, it 
is a retrospective study, instead of being a prospective study 
that will follow the pregnant patients from the beginning of 
their pregnancy until the date of their delivery, to record the 
data concerning the neonates (Apgar score, the reason of 
NICU admission), gestation course, and the pregnant women 
(screening of gestational diabetes and gestational hypertension, 
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recording BMI and GWG, the causes of cesarean delivery). 
Moreover, no data about medications was collected.

Despite these limitations, our study has multiple 
strengths. We studied the relation between pre-pregnancy 
BMI and GWG, besides the effect of each one of them on 
the pregnancy and the neonate. Two previous studies were 
indeed done in Beirut, but our study concentrated on both 
pregnancy course and neonatal variables, and we relied on 
the Fenton curve to analyze the gestational age of neonates. 
In addition, we studied the threat of premature labor, vaginal 
bleed, neonatal icterus, and the consumption of alcohol and 
coffee; the relation of these variables with pre-pregnancy 
BMI and GWG was not discussed in the articles reviewed 
for the literature review, besides the relations of neonatal 
glycemia at birth with pre-pregnancy BMI and female gen-
der with GWG.

Conclusion

In our study, we found that there is a significant associa-
tion between the different pre-pregnancy BMI classes and 
maternal education, total gestational weight gain, type of 
delivery, and size of the baby. Moreover, we found that there 
is a significant association between total GWG and maternal 
chronic illnesses, tobacco smoking during pregnancy, gender 
of the newborn, size of the baby, and neonatal glycemia at 
birth. Hopefully, the results of this study will be helpful in 
the gynecology and pediatrics medical fields. By insisting on 
the importance of maintaining the BMI range within normal 
values, many pregnancies are unplanned; thus, this study also 
provides the necessity of weight gain monitoring during ges-
tation to prevent negative neonatal and delivery outcomes.

Abbreviations  BMI: Body mass index; GWG​: Gestational weight gain; 
HTN: Hypertension; NICU: Neonatal intensive care unit
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