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Objective: To investigate the association between pre-pregnancy body mass index ( BMI
and the risk of macrosomia through a preconception-early pregnancy-birth cohort in China.
Methods: From July 2018 to December 2021, we recru\iEgj a total of 12,25‘4‘w_w_of
childbearing age from the Northwest Women's and Children's Hospital of China. We
collected basic demographic characteristics and lifestyle behavior information of the
subjects through questionnaires and practical measurements, and conducted further
follow-up for pregnancy outcomes. The study assessed the association of pre-pregnancy
BMI with macrosomia using logistic regression models, and performed a linear trend test.
Moreover, we utilized restricted cubic splines and polynomial regression to investigate the
non-linear relationghip of pre-pregnancy BMI with macrosymla Ll\_g (“%Qg (\7 (,q, I
Results: A total of 11438 subjects were inclu n this study and the prevalence of

5.64 per cent. The results indicated that, when
compared to the normal weight group, the risk of macrosomia was higher in the
overweight and obesity groups (overweight: ( OR =1.66 (1.35-2.01)); obesity: ( OR =1.66
(1.13-2.45))), and the risk of macrosomia was lower in the underweight group ( OR =0.55
(0.41-0.73)). Additionally, similar findings were observed concerning the relationship
between pre-pregnancy BMI and grade 1 macrosomia. The use of restricted cubic splines
revealed that the prevalence of macrosomia/grade 1 macrosomia increased with rising
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pre-pregnancy BMI. Furthermore, when we stratified the data by covariates, the nonlinear
relationship between pre-pregnancy BMI and macrosomia/grade 1 macrosomia persisted.
The results of the polynomial regression showed a gradual increase in fetal birth weight
with increasing pre-pregnancy BMI levels.

Conclusions: Pre-pregnancy overweight and obesity were associated with higher risks of
Peer) reviewing PDF | (2025:04:117489:0:2:NEW 25 Apr 2025)
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macrosomia. Therefore, it indicates that it may be possible to decrease the risk of
macrosomia through preconception weight regulation.

Keywords: Pre-pregnancy BMI; Macrosomia; Grade 1 macrosomia; Underweight;
Overweight; Obesity; Birth weight
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Abstract

Objective: To investigate the association between pre-pregnancy body mass index (BMI) and the
risk of macrosomia through a preconception-early pregnancy-birth cohort in China.

Methods: From July 2018 to December 2021, we recruited a total of 12,254 women of
childbearing age from the Northwest Women's and Children's Hospital of China. We collected
basic demographic characteristics and lifestyle behavior information of the subjects through
questionnaires and practical measurements, and conducted further follow-up for pregnancy
outcomes. The study assessed the association of pre-pregnancy BMI with macrosomia using
logistic regression models, and performed a linear trend test. Moreover, we utilized restricted cubic
splines and polynomial regression to investigate the non-linear relationship of pre-pregnancy BMI
with macrosomia.

Results: A total of 11438 subjects were included in this study and the prevalence of macrosomia
among all infants was 5.64 per cent. The results indicated that, when compared to the normal
weight group, the risk of macrosomia was higher in the overweight and obesity groups
(overweight: (OR=1.66 (1.35-2.01)); obesity: (OR=1.66 (1.13-2.45))), and the risk of macrosomia
was lower in the underweight group (OR=0.55 (0.41-0.73)). Additionally, similar findings were
observed concerning the relationship between pre-pregnancy BMI and grade 1 macrosomia. The
use of restricted cubic splines revealed that the prevalence of macrosomia/grade 1 macrosomia
increased with rising pre-pregnancy BMI. Furthermore, when we stratified the data by covariates,
the nonlinear relationship between pre-pregnancy BMI and macrosomia/grade 1 macrosomia

persisted. The results of the polynomial regression showed a gradual increase in fetal birth weight
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with increasing pre-pregnancy BMI levels.
Conclusions: Pre-pregnancy overweight and obesity were associated with higher risks of
macrosomia. Therefore, it indicates that it may be possible to decrease the risk of macrosomia
through preconception weight regulation.
Keywords: Pre-pregnancy BMI; Macrosomia; Grade 1 macrosomia; Underweight; Overweight;
Obesity; Birth weight

Introduction

Fetal macrosomia, defined as a birth weight of >4000g, is known to commonly prolong the
labor process, increase the rate of cesarean section, postpartum hemorrhage and puerperal
infections in mothers, and also lead to fetal injuries and asphyxia during delivery!-3. Studies have
also shown long-term effects of macrosomia, including its influence on physical and intellectual
development during childhood and adolescence, as well as an increased risk of chronic diseases
such as hypertension and diabetes in adulthood*”. Notably, developed countries have seen a rise
of 15% to 25% in macrosomia prevalence over the past few decades®°. Similarly, developing
countries like China have also witnessed a rise in macrosomia due to improved living conditions
and economic growth, with the prevalence increasing from 6.9% to 7.8% between 2007 and
20171012, Given the significant social and personal burden of macrosomia, it is crucial to identify
its risk factors to develop primary prevention strategies.

This increase in macrosomia has coincided with changes in maternal pre-pregnancy BMI in
modern society. The prevalence of pre-pregnancy obesity among women of childbearing age in

the US has reached 22%, with a 69.3% increase over the past 10 years!>!4. In China, data from the
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2002 China Nutrition and Health Survey revealed that the rates of overweight and obesity among
women of childbearing age reached 21.8% and 6.1%, respectively, and have been consistently
increasing!>16, Some studies have suggested a potential association between elevated maternal pre-
pregnancy BMI and excessive fetal birth weight!7-1°.

For instance, a study from the ABCD Amsterdam cohort demonstrated a linear association
between pre-pregnancy BMI and the child's weight and BMI at 14 months of age. A one-unit
increase in pre-pregnancy BMI resulted in an increment of 29 g (95% CI 19 to 39) in weight and
0.041 kg/m? (95% CI 0.030 to 0.053) in BMI?. Similarly, a study from the Rotterdam cohort
indicated that pre-pregnancy overweight or obesity resulted in a 1.30-fold and 1.74-fold increased
risk of developing large sizes for gestational age?!. However, these studies lacked a specific focus
on the Chinese population and instead utilized international BMI standards. Even more
importantly, their pre-pregnancy height and weight data were based on self-reporting in
questionnaires. Another study in a Chinese population showed that women with pre-pregnancy
overweight and obesity were associated with a 1.99-fold and 4.05-fold risk of macrosomia,
respectively!’, while a cohort study in Taiwan, China, showed that a 6- to 46-fold increase in the
risk of macrosomia for women with pre-pregnancy overweight and obesity?>. Despite being
conducted on a Chinese population, their differences were still relatively large. In addition, a meta-

_—
analysis highlighted inconsistent relationships between pre-pregnancy underweight and
overweight/obesity in offspring, emphasizing the need for further research!®. Therefore, focusing

on the Chinese population, the effect of pre-pregnancy BMI on macrosomia needs to be further
—_— e —

explored in a large data and more rigorous design.
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84  relationship between maternal pre-pregnancy BMI and macrosomia.
85 Methods
86 Study design and data sources

87 A total of 12,254 women of childbearing age were recruited into the preconception-early

88  pregnancy-birth cohort at Northwest Women's and Children's Hospital of China from July 2018 to
\--’N

89 December 2021. To ensure uniformity and accuracy, a standardized and structured questionnaire

90 was used to conduct a face-to-face survey of study subjects by investigators using uniform criteria
91 and methods. Information on the birth of the newborn was collected according to the hospital
92  medical record system. In addition to surveying the pregnant women themselves, the relatives in
93 their family were also surveyed if necessary to enhance the accuracy of the information obtained.
94 The questionnaire included various aspects of information, such as diagnosis of pregnancy
95 outcome, sociodemographic characteristics, lifestyle, dietary nutrition and nutrient
96 supplementation during pregnancy, and reproductive history and maternal health. The
97 investigators, who are professionals ranging from front-line clinical and nursing staff to
98 researchers or graduate students, are uniformly trained. The survey results are subjected to rigorous
99 secondary quality control by professional auditors to ensure dual verification. This study was
100  conducted in accordance with the Declaration of Helsinki and was approved by the Medical Ethics
101  Committee of Beijing Obstetrics and Gynecology Hospital, Capital Medical University (Approval
A W o
102  Number: 2018-KY-003-02). All research participants were fully informed about the study content

103 prior to participation, obtained written consent, and signed informed consent forms.
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Inclusion criteria: Women of childbearing age who underwent pre-pregnancy check-ups at
the Northwest Women's and Children's Hospital of China from July 2018 to December 2021;
voluntary enrolment in the preconception-early pregnancy-birth cohort after obtaining informed
consent; and completeness of the relevant information. Exclusion criteria: Pre-pregnancy pre-
existing underlying illnesses that may have an impact on neonatal birth outcomes; and psychiatric
anomalies that hindered normal communication. Termination or withdrawal criteria: Request to
be withdrawn from the cohort for various reasons; and loss of follow-up during the study period,
serious illnesses, termination of pregnancy, or death. To ensure the final study's reliability and
validity, we excluded 89 mothers with missing pre-pregnancy weight/height and 38 with missing
covariates (parity. current GDM, fetal sex). Moreover, 624 participants were lost to follow-up,
and 65 others underwent terminations/abortions. After applying these exclusion criteria, we
included a total of 11,438 gestational mothers in the final study (Figure 1). ( A‘(U’V O\J\'
Pre-pregnancy BMI assessment

The pre-pregnancy BMI of the mothers in this study was calculated from the height and
weight values measured at the first antenatal visit (<12 gestational weeks of pregnancy). We
carefully measured height (accurate to 0.1 cm) and weight (accurate to 0.01 kg) of the mothers,
who wore light clothing but no shoes. BMI was calculated as weight/height? (kg/m?). In previous
studies, it has been observed that pre-pregnancy height of pregnant women through questionnaires
tends to be overestimated and weight tends to be underestimated, resulting in underestimation of
BMI, which introduces information bias?>?3. In addition, relevant studies have shown that height

and weight measured at the first antenatal visit (<12 gestational weeks of pregnancy) are highly

B ‘\,\ ot T (1€
MoN
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consistent with pre-pregnancy height and weight?*. Therefore, by utilizing measured height and
-~ e ——

weight in this study, we were able to minimize these biases and improve the accuracy of our
findings.

According to Chinese standards, pre-pregnancy BMI of mothers was categorized as
underweight (BMI < 18.5 kg/m?), normal weight (18.5 < BMI < 24.00 kg/m?), overweight (24 <
BMI < 28.00 kg/m?) and obesity (BMI > 28 kg/m?) 2°. Meanwhile, based on the World Health
Organization (WHO) criteria, underweight (BMI < 18.5 kg/m?), normal weight (18.5 < BMI <
25.00 kg/m?), overweight (25 < BMI < 30.00 kg/m?) and obesity (BMI > 30 kg/m?) were
redefined?.

Birth Outcomes

The primary outcome in this study was macrosomia, defined as infants with a birth weight >
4000 g. Macrosomia was further classified into three grades?’, with Grade 1 representing infants
weighing between 4000-4499¢g, Grade 2 between 4500-4999¢, and Grade 3 being infants with a
birth weight higher than 5000g28.

Covariates

The main covariates in the study included sociodemographic characteristics, lifestyle
behaviors and clinical characteristics of mothers during pregnancy, which might be associated with
pregnancy outcomes?>30. Sociodemographic characteristics included fetal sex (male, female),
parity (Nulliparous, Multiparous), maternal age (<24 years, 25~29 years, 30~34 years, and >35
years), maternal education (high school or less, College/university and Postgraduate), maternal

ethnicity (Han and Other), family socioeconomic status (Poor, Moderate and Rich). To measure
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the household economic level, we used principal component analysis, incorporating variables such
as monthly household income, monthly expenditure, housing type, household appliances, and
transportation, to construct a family wealth index and divided it into thirds as an indicator for poor,
medium, and rich households3'.

Lifestyle behaviors included alcohol drinking before or during pregnancy (Yes, No), passive
smoking before or during pregnancy (Yes, No). Alcohol drinking included a variety of alcoholic
beverages (e.g. white wine, beer, red wine, etc.) before or during the whole pregnancy; Passive
smoking was defined as inhaling smoke for more than 15 min per day and at least one day per
week before or during pregnancy.

Clinical characteristics included cold/fever before or during pregnancy (Yes, No),

supplementation before or during pregnancy (Yes, No), current gestational diabetes mellitus

(GDM) (Yes, No). Folic acid supplementation before or during pregnancy means taking folic acid m\' {)/O

from the first 3 months of pregnancy to the time of conception. Current GDM is diagnosed in the

sl

middle of pregnancy according to Chinese criteria: Fasting plasma glucose (FPG) >5.1mmol/L is
S
abnormal fasting glucose; 1-hour postprandial glucose >10.0moml/L is abnormal 1 hour glucose;
2-hour postprandial glucose >8.5mmol/L is abnormal 2-hour glucose. Those with at least one of
the above indicators were diagnosed with GDM?32,
Statistical analyses

In univariate analysis, categorical variables were expressed as frequencies (n) and

percentages (%) and compared between groups using the ? test or Fisher's exact test. Quantitative

variables were presented as median and interquartile range (IQR) when non-normally distributed.
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In multivariate analysis, we initially employed logistic regression models to examine the
correlation between pre-pregnancy BMI of mothers and macrosomia, accompanied by a linear
trend test. Subsequently, we investigated this relationship in various subgroups, stratified by
maternal age, maternal education, family wealth index, parity, current GDM, and fetal sex.
Additionally, we explored the association between pre-pregnancy BMI and the three different
grades of macrosomia. To ensure the robustness of the relationship between pre-pregnancy BMI
and macrosomia, we conducted three sensitivity analyses. Firstly, we substituted the China BMI
criteria with WHO BMI criteria to investigate the association between pre-pregnancy BMI and
macrosomia, replicating all the analyses. Secondly, for further validation, we utilized restricted
cubic splines with three knots to depict the potentially non-linear association between pre-
pregnancy BMI and macrosomia. Finally, we applied polynomial regression to assess the linear
relationship between pre-pregnancy BMI and birth weight. All statistical analyses were performed
using SAS version 9.4 and R version 4.2.0, and two-sided P< 0.05 indicated a significant
difference.

Results
Baseline characteristics

A total of 1 1‘438 subjects were included in this study, and pregnant women were divided into
four groups based on Chinese BMI criteria: underweight (15.69%), normal weight (67.74%),
overweight (13.59%) and obesity (2.98%) (Table 1). The subjects were predominantly aged 25-34
years (86.35%), college/university in education (75.88%), Han in ethnicity (98.61%), and

moderate in family wealth index (64.74%).
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The study showed significant differences between different pre-pregnancy BMI groups in

age, education, wealth index, folic acid supplementation, parity, and current GDM, but no
\ .

statistically significant differences in ethnicity, drinking, passive smoke, cold/fever, and fetal sex.
The association of pre-pregnancy BMI and macrosomia

Overall, a total of 645 (5.64%) cases of macrosomia were found in all infants, including 576
cases (89.30%) of grade 1 macrosomia, 50 cases (7.75%) of grade 2 macrosomia, and 19 cases
(2.95%) of grade 3 macrosomia. Birth weight significantly differed among different pre-pregnancy
BMI groups, with higher rates in the overweight and obesity groups (P <0.001). Among pre-
pregnancy BMI subgroups, including underweight, normal weight, overweight, and obesity
groups, stratified according to Chinese criteria, the incidence rates of macrosomia among infants
were 3.12%, 5.37%, 9.14%, and 9.09%, respectively (P < 0.001) (Table 2). Notably, the

overweight and obesity groups showed the highest prevalence of grade 1 macrosomia (Table 2).

After adjusting for all covariates using a logistic model, compared to the normal weight M

group, the underweight group had a 0.55-fold decreased risk of macrosomia (OR=0.55 (0.41-

e

0.73)), while the overweight group (OR=1.66 (1.35-2.01)) and obesity group (OR=1.66 (1.13-

2.45)) had a 1.66-fold increased risk of macrosomia. The linear trend tests were significant,
indicating that the risk for macrosomia increased with the increment of pre-pregnancy BMI (Table
3). Similarly, compared to the normal weight group, the underweight group had a 0.57-fold
decreased prevalence of grade 1 macrosomia (OR=0.57 (0.42-0.76)), while the overweight group
(OR=1.62 (1.31-2.01)) and the obesity group (OR=1.55 (1.02-2.35)) had a 1.62-fold and 1.55-fold

increased prevalence of grade 1 macrosomia, respectively. Furthermore, when compared to the
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normal weight group, the overweight group had a 2.80-fold increased prevalence of grade 2
macrosomia (OR=2.80 (1.47-5.32)), while the obesity group had a 3.46-fold increased risk of
grade 2 macrosomia (OR=3.46 (1.19-10.10)). The linear trend test indicated a progressive increase
in grade 1 and 2 macrosomia with increasing pre-pregnancy BMI (Supplementary Table S1).
Consistently, in different subgroups stratified by baseline covariates, the relationship between pre-
pregnancy BMI and macrosomia was directionally consistent, indicating good result stability
(Supplementary Table S2).
Sensitivity analyses

According to the BMI criteria proposed by the WHO, the rate of macrosomia decreased by
0.53-fold in the underweight group (OR=0.53 (0.40-0.71)), increased by 1.72-fold in the
overweight group (OR=1.72 (1.37-2.16)), and increased by 2.33-fold in the obesity group
(OR=2.33 (1.44-3.78)), in comparison with the normal weight group. The linear trend test results
were consistent with the results based on China criteria (P <0.001) (Table 4). Using the restricted
cubic spline model, results suggested that BMI lower than 25 kg/m? was associated with a
decreased risk of macrosomia/grade 1 macrosomia, while BMI higher than 25 kg/m? was
associated with an increased risk of macrosomia or grade 1 macrosomia (Figure 2A and 2B). This
correlation remains stable in different subgroups stratified by covariates (Supplementary Figures
S1 and S2). Additionally, the results of the polynomial regression showed a gradual increase in
fetal birth weight with increasing pre-pregnancy BMI levels (Supplementary Figure S3).
Discussion

According to this mother-infant cohort study in Northwest China, we found a prevalence of
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5.64% of macrosomia in all infants. Pre-pregnancy underweight was associated with a decreased
risk of macrosomia adjusting for all possible confounders by logistic regression, while pre-
pregnancy overweight and obesity were associated with an increased risk of macrosomia.
Moreover, we observed that the risk of macrosomia increased with quantitative pre-pregnancy
BMI. Through a variety of sensitivity analysis, this relationship still persisted, suggesting that pre-
pregnancy BMI is strongly associated with macrosomia.

In our cohort study, women with overweight and obesity had a 1.66-fold increased risk of
macrosomia, compared to the normal weight group. A 2008 prospective cohort study in Iran by
Sharifzadeh et al. confirmed that pre-pregnancy obesity was associated with an increased risk of
macrosomia’?. Clorado et al. based on the prenatal cohort found that for every 1 kg/m? increase in
maternal BMI before pregnancy, there was a 5.21 g increase in neonatal adiposity, a 7.71 g increase
in defatted weight, and a 0.12% increase in body fat percentage®*. Previous studies suggested that
pre-pregnancy overweight and obesity are important risk factors for pregnancy complications and
adverse perinatal outcomes®>3¢. Our study results was consistent with some researches that also
focused on Chinese. In a Chinese cohort study that included 20,321 mothers and infants, pre-
pregnancy overweight and obesity increased the risk of macrosomia by 1.99-fold and 4.05-fold,
respectively!’. Similarly, in another Chinese cohort study, pre-pregnancy overweight and obesity
increased the risk of macrosomia by 1.92-fold and 2.48-fold, respectively®?. A meta-analysis,
including 45 studies, showed that maternal pre-pregnancy overweight and obesity increased the
risk of macrosomia by 1.67-fold and 3.23-fold, respectively among infants'®.

Several mechanisms have been proposed to explain the association between pre-pregnancy
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overweight and obesity and macrosomia. First, pre-pregnancy overweight and obesity may lead to
the increased concentrations of glucose, amino acids and free fatty acids in the pregnant woman's
body, thereby increasing the risk of abnormal birth weight in the baby?’. Secondly, high pre-
pregnancy BMI may lead to an abnormal distribution of adipose tissue, disrupting metabolic and
immune functions, and affecting the intrauterine environment during pregnancy, resulting in fetal
dysplasia and the development of macrosomia3®. Additionally, studies confirm that adipose tissue
is resistant to insulin function, further amplifying the risk of fetal macrosomia3®40,

In our study, underweight mothers have a 0.55-fold decreased risk of macrosomia in
offspring, compared to mothers with the normal weight group. Past findings on the association
between pre-pregnancy underweight and macrosomia are inconclusive. Liu et al. systematically
reviewed 60 related studies and reported a negative association between low pre-pregnancy BMI
and macrosomia*!. In a large cohort study of 105,768 mother-infant pairs, Li et al. demonstrated a
correlation between pre-pregnancy underweight and the occurrence of macrosomia, which
persisted after adjusting for covariates?’. However, a recent cohort study that included 2,210
women found no significant association between pre-pregnancy underweight and macrosomia??.
The discrepancy in the results may be due to the small sample size in this study. Our findings are
consistent with most current studies suggesting that pre-pregnancy underweight is associated with
a decreased risk of macrosomia. However, previous studies have shown that pre-pregnancy
underweight increased the risk of small-for-gestational-age (SGA) and low birth weight (LBW)'.
Therefore, it may be possible to decrease the risk of macrosomia by regulating weight before

pregnancy, but it should be kept within a certain range to prevent an increased risk of other adverse
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pregnancy outcomes. Further studies should focus on the range of pre-pregnancy weight regulation
that decreases the risk of macrosomia without increasing the risk of other adverse pregnancy
outcomes.

Furthermore, we adopted restricted cubic splines to explore the association between pre-

—— T S—————

pregnancy BMI and macrosomia. The results showed that as pre-pregnancy BMI increased, the
risk of macrosomia among infants progressively ascended. The results of the study remained stable
in the subgroups stratified by covariates. Moreover, polynomial regression was further used to test
the linear relationship between pre-pregnancy BMI and birth weight of infants. Maternal pre-
pregnancy BMI was found to be linearly related to neonate birth weight. These results of restricted
cubic splines and polynomial regression confirmed the effects of maternal pre-pregnancy body
mass index on neonate macrosomia, and were consistent with the conclusion of logistic regression.
From different perspectives, it was clear that the high correlation between pre-pregnancy BMI and
macrosomia was confirmed separately.

The present study has the largest advantage of its birth cohort design. Data collection through
follow-up interviews in conjunction with a hospital medical record system had a low rate of
missing visits and provided strong evidence of causal association. Moreover, we conducted a
comprehensive analysis using the Chinese and international standards of BMI respectively. In
addition, we utilized different statistical models, including logistic regression, restricted cubic
spline, and polynomial regression, to explore the relationship between the categorical and
continuous BMI with macrosomia.

However, there are several limitations in our study that warrant discussion. Firstly, we did
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not measure the correlation between gestational weight gain and macrosomia in pregnant om €\ ]
Previous studies have indicated that pre-pregnancy BMI, rather than gestational welght in, 1s?“ E’@

more closely correlated with neonatal birth weight*?. Consequently, pre-pregnancy BMI has een

c \
proposed as an independent predictor of birth weight*. Secondly, even though\w\{ é.%ed the m
data from the questionnaire with actual height and weight measurements taken dpring thgﬁl )(”\\
\ (!

antenatal visit (<12 gestational weeks of pregnancy) to mitigate information bias, mé&'\l\
discrepancies with the true pre-pregnancy measurements may still exist. Furthe&re ?1’(1 the \(/ o
stratified analysis, the sample size was insufficient in certain subgroups to thoroughly exg(&e t@:
association between pre-pregnancy BMI and macrosomia. Therefore, further research with a larger
sample size is required to validate the findings. Finally, while we adjusted for numerous potential
confounders, there may still be some residual effects associated with unknown factors.
Conclusions

In conclusion, our study indicates that pre-pregnancy overweight and obesity are risk factors
for macrosomia, while pre-pregnancy underweight is also associated with macrosomia. Moreover,
the results confirm a significant linear trend in the relationship between the continuous pre-
pregnancy BMI and birth weight. These findings suggest that women may be able to potentially
decrease the risk of macrosomia by managing their weight before conception.
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Figure 1

Figure 1 Flow diagram for the study cohort selection
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Pregnant women enrolled in the Northwest Women's
and Children's Hospital Birth Cohort Study between
July 2018 and December 2021(n= 12254).

Excluded (n=816):.
Pre-pregnancy weight/height missing (n=89)«
L »| Termination/abortion (n=65).
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Y

11438 pregnant women were included in the data
analysis of present study«

Figure 1 Flow diagram for the study cohort selection
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Figure 2

Figure 2 Association of pre-pregnancy BMI with macrosomia (A) and Grade 1
macrosomia (B).
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Figure 2 Association of pre-pregnancy BMI with macrosomia (A) and Grade | macrosomia
(B). Adjusted for maternal age, education level, ethnicity, family financial situation, drinking
before or during pregnancy, passive smoke before or during pregnancy, cold/fever before or

during pregnancy, folic acid supplementation before or during pregnancy, parity, current GDM,

fetal sex.
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Table 1l(on next page)

Table 1 Comparison of baseline characteristics between the four pre-pregnancy BMI
groups.
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1 Table 1 Comparison of baseline characteristics between the four pre-pregnancy BMI groups.

Characteristics N Under weight ~ Normal weight ~ Overweight Obesity 7 P value

Patient number 11438 1795 7748 1554 341

Maternal age group, years 174342 <0.001
<24 680 166(9.25) 403(5.20) 88(5.66) 23(6.74)
25~29 5571 1010(56.27) 3773(48.70) 646(41.57)  142(41.64)
30~34 4210 540(30.08) 2895(37.36) 630(40.54)  145(42.52)
>35 977 79(4.40) 677(8.74) 190(12.23) 31(9.09)

Educational level 87.827  <0.001
Below high school 1298 185(10.31) 815(10.52) 231(14.86)  67(19.65)
College/university 8345 1362(75.88) 5598(72.25) 1144(73.62)  241(70.67)
Postgraduate 1795 248(13.82) 1335(17.23) 179(11.52) 33(9.68)

Ethnicity 0.770 0.857
Han 11260 1770(98.61) 7623(98.39) 1532(98.58)  335(98.24)
Other 178 25(1.39) 125(1.61) 22(1.42) 6(1.76)

Family wealth index 64.902 <0.001
Poor 1374 215(11.98) 879(11.34) 206(13.26)  74(21.70)
Moderate 7641 1162(64.74) 5154(66.52) 1092(70.27)  215(63.05)
Rich 2449 418(23.29) 1715(22.13) 256(16.47)  52(15.25)

Parity 79.455  <0.001
Nulliparous 8299 1437(80.06) 5590(72.15) 1042(67.05)  230(67.45)
Multiparous 3139 358(19.94) 2158(27.85) 512(32.95)  111(32.55)

Fetal sex 1.769 0.622
Male 5853 896(49.92) 3982(51.39) 805(51.80)  170(49.85)
Female 5585 899(50.08) 3766(48.61) 749(48.20)  171(50.15)

Drinking before or during pregnancy 1.908 0.592
Yes 371 62(3.45) 245(3.16) 49(3.15) 15(4.40)
No 11067 1733(96.55) 7503(96.84) 1505(96.85)  326(95.60)

Passive smoke before or during pregnancy 2.175 0.537
Yes 1771 291(16.21) 1173(15.14) 252(16.22)  55(16.13)
No 9667 1504(83.79) 6575(84.86) 1302(83.78)  286(83.87)

Cold/fever before or during pregnancy 0.729 0.866
Yes 2461 374(20.84) 1674(21.61) 341(21.94)  72(21.11)
No 8977 1421(79.16) 6074(78.39) 1213(78.06)  269(78.89)

Folic acid supplementation before or 273.051  <0.0012
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during pregnancy

Yes 11075

No 363
Current GDM

Yes 2796

No 8642

1795(100.00)

0(0.00)

285(15.88)
1510(84.12)

7385(95.31)

363(4.69)

1789(23.09)
5959(76.91)

1554(100.
00)
0(0.00)

587(37.77)
967(62.23)

341(100.
00)
0(0.00)

135(39.59)
206(60.41)

270.862

<0.001

2 2 Fisher exact test.
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Table 2(on next page)

Table 2 Relationship between macrosomia and pre-pregnancy BMI,
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1 Table 2 Relationship between macrosomia and pre-pregnancy BMI.

Pregnancy outcomes N Under weight Normal weight Overweight Obesity 2w F P value
Macrosomia, n (%) 65.855 <0.001
No 10793 1739(96.88) 7332(94.63) 1412(90.86) 310(90.91)
Yes 645 56(3.12) 416(5.37) 142(9.14) 31(9.09)
Grade 1 macrosomia 576 52(2.90) 373(4.81) 125(8.04) 26(7.26) 69.821 <0.0012
Grade 2 macrosomia 50 3(0.17) 28(0.36) 15(0.97) 4(1.17)
Grade 3 macrosomia 19 1(0.06) 15(0.19) 2(0.13) 1(0.29)
Birth weight(g). Median (IQR) 11438 3230.00(3000.0  3330.00(3060.0 3400.00(3100. 3340.00(3060 114.44 <0.001°
0,3500.00) 0,3600.00) 00,3700.00) .00,3670.00) 7

2 2 Fisher exact test; ® Kruskal-Wallis test.

3 IQR, interquartile range.
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Table 3(on next page)

Table 3 Association between pre-pregnancy BMI and macrosomia according to logistic
regression analysis.
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1 Table 3 Association between pre-pregnancy BMI and macrosomia according to logistic regression

2 analysis.

Model 1
Variable

Model 22

Model 3P

OR (95%CI), P

Adjusted OR (95%CI), P

Adjusted OR (95%CI), P

Pre-pregnancy BMI

Under weight 0.57(0.43~0.75), <0.001

Normal weight 1.00

Overweight 1.77(1.45~2.16), <0.001

Obesity 1.76(1.20~2.58), 0.004
P for trend <0.001

0.56(0.42~0.75), <0.001
1.00
1.79(1.47~2.19), <0.001
1.80(1.22~2.64), 0.003
<0.001

0.55(0.41~0.73), <0.001
1.00
1.66(1.35~2.01), <0.001
1.66(1.13~2.45), 0.010
<0.001

3 2 Model 2 used Model 1 and adjusted for maternal age, education level, ethnicity, and family financial situation. ®

4 Adjusted for Model 2 and drinking before or during pregnancy, passive smoke before or during pregnancy, cold/fever

5  before or during pregnancy, folic acid supplementation before or during pregnancy, parity, current GDM, fetal sex.
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Table 4(on next page)

Table 4 Effects of pre-pregnancy BMI on macrosomia based on the BMI criteria proposed
by the WHO.
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1 Table 4 Effects of pre-pregnancy BMI on macrosomia based on the BMI criteria proposed by the

2 WHO.

Variable

Model 1

Model 22

Model 3P

OR (95%CI), P

Adjusted OR (95%CI), P

Adjusted OR (95%CI), P

Pre-pregnancy BMI
Under weight
Normal weight
Overweight
Obesity

P for trend

0.55(0.42~0.73), <0.001
1.00
1.85(1.48~2.30), <0.001
2.43(1.51~3.92), <0.001
<0.001

0.55(0.41~0.73), <0.001
1.00
1.87(1.50~2.33), <0.001
2.48(1.54~4.02), <0.001
<0.001

0.53(0.40~0.71), <0.001
1.00
1.72(1.37~2.16), <0.001
2.33(1.44~3.78), 0.001
<0.001

2 Model 2 used Model 1 and adjusted for maternal age, education level, ethnicity, and family

financial situation. ® Adjusted for Model 2 and drinking before or during pregnancy, passive smoke

3
4
5 Dbefore or during pregnancy, cold/fever before or during pregnancy, folic acid supplementation
6

before or during pregnancy, parity, current GDM, fetal sex.
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