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Objective: We aim to investigate the influence of weight gain during pregnancy on the risk of offspring adiposity before five years
old.

Methods: We retrospectively collected health information from the Tianjin mother-child cohort. Offspring outcome was BMI Z-score
and prevalence of childhood adiposity from 0.5-5 years old. Gestational weight gain was analyzed using continuous and categorical
variables evaluated by the IOM guidelines. Multivariate analysis adjusted maternal age, prepregnancy BMI, maternal height, smoking,
cesarean section, gestational age at birth, birth weight, birth length, and mode of infant feeding during 0—6 months.

Results: Gestational weight gain contributed to offspring’s BMI Z-score from 1-5 years old, and the effect was most obvious in the
first half of pregnancy (multivariate analysis, at 1, 2, 2.5, 3, 4, and 5 years of age: £ 0.011, 95% CI 0.008-0.014; £ 0.017, 95% CI
0.015-0.020; g 0.005, 95%CI 0.002-0.008; 5 0.018, 95% CI 0.015-0.021; 5 0.014, 95% CI 0.009-0.020; 5 0.013, 95% CI 0.005—
0.021). Excessive weight gain was associated with a higher prevalence of offspring adiposity before five years, even if prepregnancy
BMI is normal. Multivariate regression analysis further confirmed that excessive weight gain during the first half of pregnancy
significantly increased the risk of childhood obesity at aged one and three (AOR 1.083, 95% CI 1.003—-1.169; AOR 1.158, 95% CI
1.036-1.293).

Conclusion: Offspring have a higher risk of preschool adiposity when gestational weight gain was excessive during the first half of
pregnancy.
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Plain Language Summary

® Pregnancy offers an opportunity to break the vicious cycle of obesity between generations.

® Many studies reported the effects of maternal prepregnancy obesity and gestational diabetes on the offspring adiposity while was
paid insufficient attention to the gestational weight gain of healthy pregnant women.

® Gestational weight gain, especially during the first half of pregnancy, significantly affects offspring BMI Z-scores at 1-5 years of
age.

® Excessive weight gain during the first half of pregnancy increases the prevalence of offspring adiposity before five years old,
even if their mother had a normal prepregnancy BMI and did not suffer from diabetes.

® Weight gain during the first half of pregnancy contributed more to the risk of childhood obesity than during the second half of

pregnancy.
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® Today, most countries and regions carry out gestational diabetes screening in the second trimester, so assessing gestational
weight gain in hospitals is convenient and feasible. Identifying inappropriate weight gain in the first half is essential in prenatal

care.

Introduction

Obesity has become a significant public health issue in China. Overweight and obesity have increased rapidly in the past
four decades, and the latest national prevalence estimates for 2015-2019, based on Chinese criteria, were 3.6% for
obesity in children younger than six years, 7.9% for obesity in children and adolescents aged 6—17 years, and 16.4% for
obesity in adults (>18 years).' Prevalence differed by sex, age group, and geographical location but was substantial in all
subpopulations. Children from North China and more-developed areas were more likely to develop obesity.! The effects
of dietary factors and physical inactivity intersect with other individual risk factors such as genetic susceptibility,
psychosocial factors, obesogens, and in-utero and early-life exposures have resulted in a rapid increase in overweight
and obesity rates among children and adolescents.'> Obesity occurred early in life and persisted into adolescence.**

The association of maternal weight status with child adiposity does not only appear before pregnancy but also during
the postnatal stages. Maternal prepregnancy body mass index (BMI) and gestational weight gain (GWG) are both
positively and independently associated with neonatal and infant.” Other prenatal and early postnatal factors were also
related to the development of infant adiposity, including gestational diabetes,® maternal smoking,’” cesarean delivery,®
preterm birth, and the absence of breastfeeding during the first year of life.”'® Furthermore, low (<2500 g) or high
(>4000 g) birth weight and rapid infant growth were strongly related to increased children’s adiposity.'' "

Pregnancy offers a window of opportunity to program both mothers and offspring.'® Pre-gestational obesity
represents a challenge of treatment, and there is new evidence regarding its management, especially regarding adequate
weight gain.'* The Institute of Medicine (IOM) guidelines are the most widely used recommendations for weight gain
during pregnancy.'® It aims to improve maternal and child health through weight management during pregnancy. At
present, many researchers are continuously supplementing and improving it. Since most of its evidence comes from
European and American populations, its applicability to Chinese and other Asian people has been a concern.'® Many
previous studies report only complications during pregnancy and neonatal outcomes, but few have consistently reported
the risk of obesity from birth to preschool. In addition, most studies have focused on the effects of maternal prepregnancy
obesity and gestational diabetes on the offspring while paying insufficient attention to healthy pregnant women.

The body composition of mothers changes over the trimesters to support fetal growth. Maternal fat mass is the most
variable component of GWG, which mainly contributes to the energy costs of pregnancy and positively correlates with
GWG."” Previous research claims normal-weight women might be more physiologically sensitive to high gestational
weight gain than women with obesity.” However, in a prospective cohort of 146,894 participants, maternal full-term
weight gain was positively associated with offspring BMI from women with overweight and obesity, but not in normal-
weight mothers.'® More evidence is needed to explore the mechanism of fetal programming related to energy metabo-
lism. When discussing the influence of weight gain during pregnancy on maternal and child health outcomes, we need to
consider the specificity of GWG at different trimesters.

We studied a population from North China with a high rate of childhood adiposity. We conducted a maternal-infant
cohort from the first trimester of pregnancy and followed it until the offspring were five years old. This study is devoted
to observing the influence of weight gain in different stages of pregnancy on offspring adiposity from birth to five years.
We focused on healthy pregnant women with normal weight and also reported that with underweight, overweight, and
obesity.

Methods

Population and Data Collection

This cohort included singleton pregnant women aged 18—45 who received antenatal care from January to December 2015
in Tianjin, China. We retrospectively collected healthcare records data of mothers and offspring from the Tianjin Women
and Children Health Care system. It is a government-administered public health system covering all community
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populations, and the antenatal care coverage rates of the local pregnant population exceed 95%. All women are registered
for healthcare from getting pregnant till delivery, and their children are given health care from birth to six years old. In
different phases and examination locations, trained healthcare practitioners conduct the necessary examinations for
pregnant women and their children, collect the data, and enter it into an electronic health information system.'?

The medical information of pregnant women starts from the first antenatal examination in early pregnancy. Basic
information includes age, ethnicity, gravidity, parity, last menstrual period, chronic disease history, family history of
diseases, routine prenatal tests (such as height, weight, blood pressure, lab tests of blood and urine, ultrasonography, and
gestational diabetes screening), complications during pregnancy, and pregnancy outcomes (delivery modes and labor
complications). And children’s information is linked to their mothers. It includes the information about newborns (date of
birth, sex, gestational week of birth, birth weight and length, and Apgar score), infancy (weight, recumbent length before
24 months and height from 24 months, head circumference, blood hemoglobin, and feeding modalities), and preschool
(weight, height, blood hemoglobin, and blood pressure). The study was approved by the Human Subjects Committee of
the Tianjin Women’s and Children’s Health Center. Since this was a retrospective analysis of data routinely collected
from health information databases. It does not involve sample collection or touching the participants and has almost no
risk to the participants. It is objectively impossible to obtain informed consent from the subject. All participant
information was kept confidential and anonymous. The Human Subjects Committee of Tianjin Women’s and
Children’s Health Center waived the need for informed consent. This study complies with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (a) singleton pregnancy; (b) aged 18-45 years; (c) mothers did not suffer from
diabetes or hypertension in prepregnancy or inter-pregnancy; (d) full-term delivery (gestational age at birth >37 weeks
and <42 weeks). The exclusion criteria were as follows: (a) intrapartum stillbirth or neonatal death in the first seven days
of life; (b) offspring had severe birth defects or other diseases; (c) mother suffered from severe anemia, digestive
diseases, or tumors; (d) prenatal care and delivery information are not entirely recorded.

Measurement

Maternal body weight was measured at least three times during pregnancy, including 1) at the initial prenatal visit in the first
trimester (baseline weight), 2) at the time of gestational diabetes screening in the second trimester (mid-pregnancy weight),
and 3) before delivery in the third trimester (final weight). We adjusted gestational weeks of weight measurement in the
analysis. Because the average weight gain during the first trimester was assumed to be 0.5—2kg, it had little impact on BMI
classification and GWG calculations.”® We used bodyweight at the first prenatal visit to calculate prepregnancy BMI. BMI was
calculated as weight in kilograms divided by squared height in centimeters. Maternal BMI categories were commented the
Chinese BMI criteria: underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-23.9 kg/m?), overweight (BMI 24.0—
27.9 kg/m?), and obesity (BMI >28.0 kg/m?).*!

Total GWG was calculated as follows: (final weight — baseline weight). We defined weight gain during the first half of
pregnancy (fF-GWG) as GWG before mid-pregnancy weight measurement, and later was defined as weight gain during
the second half of pregnancy (s-GWG). According to f-GWG, we divided pregnant women into three categories:
insufficient, appropriate, or excessive, based on the IOM’s recommendations. The guidelines recommended rate of
weight gain in the second and third trimesters was 0.44—0.58, 0.35-0.50, 0.23-0.33, and 0.17-0.27 kg/week in the
underweight, normal weight, overweight, and obesity group.

Offspring’s weight and length/height were measured at birth (<3 days after birth), 0.5 years (6 months and <7
months), 1 year (12 months and <13 months), 1.5 years (18 months and <20 months), 2 years (24 months and <26
months), 2.5 years (30 months and <32 months), 3 years (36 months and <38 months), 4 years (48 months and <50
months), and 5 years (60 months and <62 months). Trained pediatricians collected anthropometric data in the community
hospitals, and measurement devices and standards were uniforms.

Birth BMI Z-scores for sex- and gestational age were calculated using our study population means and standard
deviations.”> We calculated age- and sex-specific BMI Z-scores from 0.5—5 years old based on the World Health
Organization (WHO) child growth references.”> To make the data more useful for comparison and contribute to
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understanding international standard definitions of overweight and obesity, we used BMI to classify each child as normal,
overweight, or with obesity. Normal weight was defined as a BMI less than the 85th percentile for age and sex using the
WHO growth reference (<1.035 Z-score), overweight and obesity was described as a BMI >85th percentile (=1.035
Z-score) and a BMI >95th percentile (>1.645 Z-score).>> We defined offspring adiposity as obesity at 0.5, 1, 1.5, 2, 2.5, 3,
4, and 5 years of age.

Term infants were classified as small for gestational age (SGA; <10th percentile) and large for gestational age (LGA;
>90th percentile) according to the Chinese neonatal birth weight curve, which was sex- and gestational age-matched with
newborns that were appropriate for gestational age (AGA).>* We defined rapid weight gain (RWG) as an increase in BMI
Z-score of >0.67 standard deviations (0—6 months)."

Outcome
Offspring outcome was BMI Z-score and prevalence of childhood adiposity from 0.5-5 years old.

Statistical Analysis

IBM SPSS Statistics for Windows (Version 21.0. Armonk, NY: IBM Corp) and GraphPad Prism 8 (San Diego, CA:
GraphPad Software) was used for data analysis and figure drawing. Normally distributed continuous variables were
presented as means (standard deviations) and were compared between groups using ¢-test of independent samples or one-
way analysis of variance. Categorical variables were presented as frequencies (percentages) and were compared using the
Chi-square test. We established linear regression models to analyze the effect of GWG on offspring BMI Z-score.
Logistic regression analysis was performed to analyze the effects of GWG on offspring adiposity. A two-tailed P-value of
less than 0.05 was considered statistically significant. In the multivariate analysis, we adjusted the confounders including
maternal age, prepregnancy BMI, maternal height, smoking, cesarean section, gestational age at birth, birth weight, birth
length, mode of infant feeding during 0—6 months (exclusively breastfeeding, mixed feeding, or formula only).

Results

Characteristics of Pregnant Women and Their Offspring

A total of 58,332 mother-child pairs were included in the final analysis (Figure S1). The mean maternal age was 27.95
(SD 4.06) years, and the mean prepregnancy BMI was 22.33 (SD 3.57) kg/m.> Among them, 6464 (11.1%) were
underweight, 36,143 (62.0%) were normal weight, 11,449 (19.6%) were overweight, and 4276 (7.3%) were obesity. The
mean gestational age at birth was 39.56 (SD 1.05) weeks. Of the total newborns, 29,898 (51.3%) were male, and 28,434
(48.7%) were female. AGA, SGA and LGA was 48,382 (82.9%), 2979 (5.1%) and 6971 (12.0%), respectively. At 0.5, 1,
1.5, 2, 2.5, 3,4, and 5 years of age, 49,824 (85.4%), 47,388 (81.2%), 48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%),
43,948 (75.3%), 15,896 (27.3%), and 9661 (16.6%) children were followed up respectively. Non-participants were
mainly 1) moved to another province, 2) overdue health check-ups, and 3) not enrolled in public kindergartens after age
three. Table 1 showed that higher prepregnancy BMI was associated with higher maternal age, gravidity, infant birth-
weight, proportions of multiparity, cesarean delivery, LGA, and BMI Z-score from birth to five years old. It is also related
to lower GWG, proportions of education >12 years, first pregnancy conception, SGA, and RWG (P<0.001).

Weight Gain and Offspring Body Mass Index-for-Age Z-Score

Linear multivariate regression analysis showed that -GWG (continuous variable) had significant effects on offspring
BMI Z-scores at 1, 2, 2.5, 3, 4, and 5 years of age (5 0.011, 95% CI 0.008-0.014; £ 0.017, 95% CI 0.015-0.020; g 0.005,
95% CI 0.002—-0.008; £ 0.018, 95% CI 0.015-0.021; £ 0.014, 95% CI 0.009-0.020; $ 0.013, 95% CI 0.005-0.021). The
effect was more obvious than total GWG and s-GWG (Table 2).

Weight Gain and Offspring Adiposity
Logistic regression analysis confirmed that maternal weight gain during pregnancy (continuous variable) significantly
increased the risk of offspring adiposity (Figure 1). Weight gain during pregnancy greatly affected the risk of offspring
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Table | Characteristics of the Study Population
Characteristics Overall Prepregnancy BMI Category P-value
Underweight | Normal weight Overweight Obesity
n 58,332 6464 36,143 11,449 4276
Maternal age, year 27.95 (4.06) 26.65 (3.59) 27.94 (3.97) 28.62 (4.31) 28.24 (4.37) | <0.001
Ethnic Han 55,807 (95.7%) 6198 (95.9%) 34,548 (95.6%) 10,966 (95.8%) 4095 (95.8%) 0.623
Education >12 years 36,495 (62.6%) 4169 (64.5%) 23,802 (65.9%) 6601 (57.7%) 1923 (45.0%) | <0.001
First pregnancy conception 30,647 (52.5%) 4113 (63.6%) 19,699 (54.5%) 5123 (44.7%) 1712 (40.0%) | <0.001
Multiparity 17,313 (29.7%) 1151 (17.8%) 9965 (27.6%) 4371 (38.2%) 1826 (42.7%) | <0.001
Smoking 211 (0.4%) 26 (0.4%) 117 (0.3%) 46 (0.4%) 22 (0.5%) 0.170
Total GWG, kg 14.27 (4.65) 15.54 (4.19) 14.69 (4.40) 13.33 (4.82) 11.30 (5.25) | <0.001
f-GWG, kg 7.82 (3.47) 8.77 (3.12) 8.13 (3.26) 7.15 (3.61) 5.54 (3.98) | <0.00l
s-GWG, kg 6.46 (3.03) 6.77 (2.95) 6.57 (3.00) 6.19 (3.06) 5.76 (3.15) | <0.00l
Gestational age at birth, week 39.56 (1.05) 39.61 (1.02) 39.59 (1.04) 39.52 (1.07) 39.42 (1.07) <0.001
Cesarean delivery 28,760 (49.3%) 2325 (36.0%) 16,525 (45.7%) 6886 (60.1%) 3024 (70.7%) | <0.001
Infant sex (male) 29,898 (51.3%) 3209 (49.6%) 18,591 (51.4%) 5928 (51.8%) 2170 (50.7%) 0.031
Birthweight, g 3410.00 (412.97) | 3262.37 (382.42) | 3393.97 (396.69) | 3493.57 (430.11) | 3544.83 (456.21) | <0.001
AGA 48382 (82.9%) 5562 (86.0%) 30,635 (84.8%) 8979 (78.4%) 3206 (75.0%) | <0.001
SGA 2979 (5.1%) 589 (9.1%) 1834 (5.1%) 423 (3.7%) 133 3.1%)
LGA 6971 (12.0%) 313 (4.8%) 3674 (10.2%) 2047 (17.9%) 937 (21.9%)
RWG (0—6 months)* 23,956 (48.7%) 2729 (49.8%) 14,972 (49.3%) 4579 (47.1%) 1676 (45.6%) | <0.001
BMI Z-score at birth 0.05 (0.99) —0.32 (0.92) 0.00 (0.95) 0.27 (1.02) 0.41 (1.09) | <0.001
BMI Z-score at 0.5 years 0.67 (1.10) 0.37 (1.06) 0.65 (1.08) 0.83 (1.12) 0.95 (1.15) | <0.001
BMI Z-score at | year 0.57 (1.03) 0.31 (1.00) 0.53 (1.02) 0.72 (1.05) 0.85 (1.09) | <0.001
BMI Z-score at 1.5 years 0.53 (0.99) 0.23 (0.96) 0.50 (0.97) 0.69 (0.99) 0.84 (1.04) | <0.001
BMI Z-score at 2 years 0.43 (1.00) 0.17 (0.97) 0.40 (0.98) 0.58 (1.03) 0.76 (1.09) | <0.001
BMI Z-score at 2.5 years 0.21 (1.02) —0.14 (0.95) 0.17 (0.98) 0.41 (1.05) 0.60 (1.12) | <0.001
BMI Z-score at 3 years 0.18 (1.05) —0.14 (0.98) 0.12 (1.00) 0.38 (1.10) 0.60 (1.21) | <0.001
BMI Z-score at 4 years 0.20 (1.14) —0.26 (0.95) 0.11 (1.07) 0.46 (1.19) 0.74 (1.36) | <0.001
BMI Z-score at 5 years 0.17 (1.25) —0.32 (1.01) 0.05 (1.15) 0.48 (1.35) 0.84 (1.49) | <0.001

Notes: Mean (SD) or n (%). P-value refers to trend (except for birth weight, where p-value refers to distribution) from comparison among four groups: underweight, normal
weight, overweight, and obesity. *RWG as an increase in BMI Z-score of >0.67 standard deviations from birth to six months of age (n=49,240). The total study sample size
was 58,332 at birth, and 49,824 (85.4%), 47,388 (81.2%), 48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%), 43,948 (75.3%), 15,896 (27.3%), and 9661 (16.6%) at 0.5, I, 1.5, 2,
2.5, 3, 4, and 5 years of age.

Abbreviations: BMI, body mass index; GWG, gestational weight gain; -GWG, gestational weight gain during the first half of pregnancy; s-GWG, gestational weight gain
during the second half of pregnancy; AGA, appropriate for gestational age; SGA, small for gestational age; LGA, large for gestational age; RWG, rapid weight gain.

adiposity before five years old. The effects of f-GWG on offspring adiposity were more evident than total GWG. We did
not observe a significant impact of s-GWG on offspring adiposity at 2—5 years of age. The results indicated that -GWG
and total GWG on childhood adiposity is consistent. The f~-GWG has high clinical value for early screening and
intervention. Therefore, this study focuses on maternal weight gain in the first half of pregnancy on offspring adiposity.

According to maternal -GWG, we divided all the mother-infant pairs into three categories: insufficient (n=9640),
appropriate (n=10,720), and excessive (n=37,972). Figure 2 showed the prevalence of offspring adiposity at 0.5—5 years
of age in each f-GWG category and maternal prepregnancy BMI group. In general, the risk of offspring adiposity
increased with an increase in maternal prepregnancy BMI. Subgroup analysis showed that insufficient or excessive
f~-GWG did not affect the prevalence of childhood adiposity in underweight and obesity groups (Table S1). In the normal-
weight group, excessive f~-GWG was associated with a higher prevalence of childhood adiposity (at 0.5, 1, 1.5, 2, 3, and 5
years of age). A similar significant effect was found in the overweight group when the offspring were 0.5, 1, 1.5, 2, 2.5,
and 3 years old.

Univariate logistic regression analysis revealed that excessive f~-GWG significantly increased the risk of offspring
adiposity at 1, 1.5, 2, 2.5, 3, 4, and 5 years of age (all P<0.001) (Table 3). Excessive f-GWG significantly contributed
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Table 2 Linear Regression Analysis of the Effects of Gestational Weight Gain on Offspring BMI Z-Scores

BMI Z-Score B 95% CI P-value p 95% CI P-value

Univariate analysis Multivariate analysis

Total GWG 0.5 years 0.005 0.003-0.007 <0.001 0.002 0.000-0.004 0.087
| year 0.011 0.009-0.013 <0.001 0.009 0.007-0.012 <0.001

1.5 years <0.001 —0.002-0.002 0.901 —0.001 —0.003-0.002 0.601

2 years 0.012 0.010-0.014 <0.001 0.012 0.010-0.015 <0.001

2.5 years —0.001 —0.003-0.001 0.456 0.001 —0.001-0.003 0.483

3 years 0.010 0.008-0.013 <0.001 0.013 0.011-0.016 <0.001

4 years 0.004 0.000-0.008 0.043 0.010 0.006-0.014 <0.001

5 years 0.002 —0.004-0.008 0.452 0.007 0.001-0.013 0.015

f-GWG 0.5 years 0.005 0.002-0.008 0.001 0.002 —0.001-0.005 0.208
| year 0.011 0.009-0.014 <0.001 0.011 0.008-0.014 <0.001

1.5 years 0.001 —0.001-0.004 0.300 0.001 —0.002-0.004 0.390

2 years 0.016 0.014-0.019 <0.001 0.017 0.015-0.020 <0.001

2.5 years 0.002 —0.001-0.005 0.206 0.005 0.002-0.008 0.003

3 years 0.014 0.011-0.017 <0.001 0.018 0.015-0.021 <0.001

4 years 0.005 0.000-0.011 0.051 0.014 0.009-0.020 <0.001

5 years 0.004 —0.004-0.012 0.344 0.013 0.005-0.021 0.001

s-GWG 0.5 years 0.005 0.002-0.009 0.001 0.002 —0.001-0.005 0.256
| year 0.010 0.007-0.014 <0.001 0.007 0.004-0.011 <0.001

1.5 years —0.002 —0.005-0.002 0.319 —0.003 —0.006-0.000 0.085

2 years 0.006 0.003-0.009 <0.001 0.006 0.003-0.009 <0.001

2.5 years —0.004 —0.008—0.001 0.009 —0.004 —0.007—0.001 0.022

3 years 0.007 0.003-0.010 <0.001 0.007 0.004-0.011 <0.001

4 years 0.003 —0.003-0.009 0.893 0.005 —0.001-0.011 0.131

5 years <0.001 —0.008-0.009 0.923 0.001 —0.008-0.009 0.899

Notes: Univariate regression analysis, with gestational weight gain as the dependent variable. Multivariable regression analysis, adjusting for maternal
age, prepregnancy body mass index, maternal height, smoking, cesarean section, gestational age at birth, birth weight, birth length, mode of infant
feeding during 0-6 months (exclusively breastfeeding, mixed feeding, or formula only). The total study sample size was 58,332 at birth, and 49,824
(85.4%), 47,388 (81.2%), 48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%), 43,948 (75.3%), 15,896 (27.3%), and 9661 (16.6%) at 0.5, I, 1.5, 2, 2.5, 3, 4, and
5 years of age.

Abbreviations: BMI|, body mass index; Cl, confidence interval; GWG, gestational weight gain; f-GWG, weight gain during the first half of pregnancy;
s-GWG, weight gain during the second half of pregnancy.

high risk of adiposity at one and three years of age (AOR 1.083, 95% CI 1.003-1.169, P=0.042; AOR 1.158, 95% CI
1.036-1.293, P=0.009) in offspring delivered at term after adjusting for maternal age, prepregnancy BMI, maternal
height, smoking, cesarean section, gestational age at birth, birth weight, birth length, mode of infant feeding during 0-6
months (exclusively breastfeeding, mixed feeding, or formula only) in multivariate regression analysis (Table 3).

Discussion
This study found that gestational weight gain, especially during the first half of pregnancy, significantly affected the risk
of childhood adiposity in offspring.

Maternal prepregnancy obesity and excessive weight gain during pregnancy are important risk factors for various
adverse offspring outcomes, including stillbirth, neonatal death, LGA, increased blood pressure, adverse lipids profile,
impaired insulin and glucose homeostasis, and obesity.>” It is crucial and urgent to identify early life risk factors for
offspring obesity and cardiovascular diseases.”® However, the elements are complex, including intrauterine exposure
mechanisms, genetic background, family environment, and lifestyle. Some studies have demonstrated the contribution of
weight gain during pregnancy to birth weight.'” The interaction between prepregnancy BMI and GWG on childhood
obesity has been a concern. The effects of GWG on childhood adiposity were inconsistent across maternal BMI.>”2°
Thus, we fully considered prepregnancy BMI and said the prevalence of childhood obesity in different prepregnancy
BMI categories. The results showed that the prevalence of adiposity in offspring at 0.5, 1, 1.5, 2, 3, and 5 years old was
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c:;'i‘;:‘;;‘)‘, Univariate analysis ~ OR (95% Clof OR) P-value  Multivariate analysis  AOR (95% Cl of AOR) P-value
Total GWG 0.5 years = 1.008 (1.003 - 1.013)  0.001 b 1.004 (0.999 — 1.009)  0.153
1 year = 1.021 (1.015 - 1.027)  <0.001 - 1.017 (1.011 - 1.024) <0.001
15 years = 1.000 (0.994 — 1.006)  0.942 - 1.000 (0.994 — 1.007)  0.954
2 years = 1.016 (1.010 — 1.023)  <0.001 - 1.020 (1.013 = 1.027) <0.001
2.5 years = 1.002 (0.993 - 1.010)  0.708 - 1.010 (1.001 —1.019)  0.026
3 years = 1.018 (1.009 — 1.026)  <0.001 - 1.030 (1.021 - 1.038) <0.001
4 years - 0.096 (0.984 —1.009)  0.557 - 1.013 (1.000 — 1.026)  0.044
5 years —=f 0.092 (0.977 —1.008)  0.352 +a— 1,008 (0.993 — 1.024)  0.304
£.GWG 0.5 years = 1.004 (0.998 - 1.011)  0.186 ¥ 1,001 (0.994 — 1.008)  0.870
1year ~ 1.020 (1.012 - 1.028)  <0.001 - 1.018 (1.010 — 1.027)  <0.001
15 years - 1.007 (0.999 — 1.016)  0.080 > 1,009 (1.001 - 1.018)  0.036
2 years = 1.026 (1.017 - 1.035)  <0.001 -~ 1.032 (1.022 — 1.041)  <0.001
2.5 years L 1.010 (0.998 — 1.021)  0.091 - 1.022 (1.010 — 1.034)  <0.001
3 years — 1.024 (1.013 - 1.035)  <0.001 - 1.042 (1.030 — 1.054) <0.001
4 years — 0.995 (0.797 —1.011)  0.539 —— 1.019 (1.002 - 1.037)  0.026
5 years — 0.995 (0.975 —1.015)  0.598 —v 1.026 (1.005 — 1.048)  0.017
S-GWG 0.5 years e 1.013 (1.006 — 1.021)  0.001 - 1.008 (1.000 — 1.016)  0.051
1 year - 1.023 (1.014 - 1.032)  <0.001 - 1.016 (1.006 - 1.025)  0.001
15 years - 0.991 (0.982 — 1.000)  0.058 - 0.989 (0.979 —0.998)  0.023
2 years A 1.005 (0.995 — 1.015)  0.366 A 1.005 (0.995 - 1.016)  0.313
2.5 years At 0.991 (0.979 — 1.004)  0.176 — 0.995 (0.982 — 1.008)  0.449
3 years 1A 1.010 (0.997 - 1.023)  0.118 - 1.014 (1.001 - 1.027)  0.036
4 years —A 0.998 (0.979 —1.017)  0.840 —a— 1.005 (0.986 — 1.025)  0.601
Syears = —A— 0.986 (0.963 —1.010) 0260  —A—t 0.980 (0.958 — 1.003)  0.091
0.95 1.00 1.05 0.‘95 1.00 1.b5 1.110

Figure | Forest plot of odds ratios (95% confidence intervals) for the association of gestational weight gain with offspring adiposity.

Notes: The total study sample size was 58,332 at birth, and 49,824 (85.4%), 47,388 (81.2%), 48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%), 43,948 (75.3%), 15,896 (27.3%),
and 9661 (16.6%) at 0.5, 1, 1.5, 2, 2.5, 3, 4, and 5 years of age. Squares (Total GWG), inverted triangle (weight gain during the first half of pregnancy), and upright triangle
(weight gain during the second half of pregnancy) represent the point estimate, and the bars are the 95% confidence intervals. Multivariable regression analysis, adjusting for
maternal age, prepregnancy body mass index, maternal height, smoking, cesarean section, gestational age at birth, birth weight, birth length, mode of infant feeding during 0—
6 months (exclusively breastfeeding, mixed feeding, or formula only).

Abbreviations: OR, odds ratios; Cl, confidence interval; GWG, gestational weight gain; f-GWG, weight gain during the first half of pregnancy; s-GWG, weight gain during
the second half of pregnancy.

higher if their normal-weight mothers gained too much weight during the first half of pregnancy. A similar significant
effect was found in the overweight group when the offspring aged 0.5, 1, 1.5, 2, 2.5, and 3 years. However, for mothers
underweight or with obesity, weight gain during pregnancy did not contribute to preschool obesity of their offspring.
Earlier studies of intrauterine fat development in human embryos and fetuses have shown five stages in adipose tissue
formation.* Fat tissue differentiates between 14—16 weeks of gestation. During this period, the disturbances of normal
adipogenesis may play a role in the etiology of obesity in later life. Fat lobules are the earliest structures to be identified
before typical vacuolated fat cells appear. The total number of fat lobules remains approximately constant after the 23rd
week. The growth of adipose tissue is determined mainly by increasing the size of the lobules from 23—29 weeks of
gestation. These results suggest that 14—23 weeks of pregnancy are sensitive periods in fat lobule development and that
disturbances of normal adipogenesis during this period may play a role in the etiology of obesity in later life.** Early
GWG represents a metabolically dysregulated intrauterine environment (ie, lower adiponectin and higher insulin) that
could predispose offspring to adiposity and insulin resistance. Low adiponectin in utero may be a pathway through which
the first-trimester GWG could program increased adiposity, especially central adiposity. In addition, the second trimester
gain matters more for hormones related to growth and adiposity (eg, insulin-like growth factor [IGF]-1, IGF-2, IGFBP-3,
and leptin), but the third-trimester GWG was not associated with cord blood hormones.>’ We confirmed that GWG
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Figure 2 Heatmap of the prevalence of offspring adiposity at 0.5-5 years of age.

Notes: Values represent the prevalence of offspring adiposity for each body mass index and weight gain category. The total study sample size was 58,332 at birth, and 49,824
(85.4%), 47,388 (81.2%), 48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%), 43,948 (75.3%), 15,896 (27.3%), and 9661 (16.6%) at 0.5, I, 1.5, 2, 2.5, 3, 4, and 5 years of age. BMI
groups were commented the Chinese BMI criteria, underweight (BMI <18.5 kg/m?), normal weight (BMI 18.5-23.9 kg/m?), overweight (BMI 24.0— 27.9 kg/m?), and obesity
(BMI = 28.0 kg/m?). According to the IOM guidelines, participants were divided into three categories based on maternal weight gain during the first half of pregnancy.
Abbreviations: f-GWG, weight gain during the first half of pregnancy; AGA, appropriate for gestational age.

(continuous variable) during the first half of pregnancy had significant effects on offspring BMI Z-scores at 1-5 years of
age. For each lkg increase in weight gain during the first half of pregnancy, the offspring’s BMI Z-score increased by
0.013 (95% CI 0.005-0.021) at age five. The effect was more evident than total GWG (f 0.007, 95% CI 0.001-0.013,
P=0.015) and s-GWG (f 0.001, 95% CI —0.008-0.009, P=0.899). Furthermore, the results revealed that weight gain
during pregnancy significantly affected the risk of offspring adiposity before five years of age. The effects of -GWG on
offspring adiposity were more evident than total GWG. We did not observe a significant impact of s-GWG on offspring
adiposity at 2—5 years.

Early identification of inappropriate weight gain during pregnancy is a prerequisite for intervention in the second half
of pregnancy. Our population-based mother-child cohort well illustrates it. A previous meta-analysis of multiple
randomized controlled trials showed that dietary and physical activity interventions aimed at reducing maternal weight
gain during pregnancy might lead to small reductions in gestational weight gain and lower risks of adverse fetal
outcomes.>* Therefore, scientific control of weight gain during pregnancy, especially in the first and second trimesters,
may contribute to the prevention of childhood adiposity.
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Table 3 Odds Ratios and 95% Confidence Intervals for the Effects of Maternal Weight Gain During the First
Half of Pregnancy on Offspring Adiposity

Childhood Adiposity Insufficient Weight Gain Excessive Weight Gain

OR | 95% CI of OR P-value OR | 95% CI of OR P-value

Univariate analysis

0.5 years 0.981 0.905 — 1.063 0.634 1.140 1.027 — 1.231 0.634
| year 1.020 0.926 — 1.125 0.685 1.275 1.183 — 1.374 <0.001
1.5 years 1.017 0918 — 1.127 0.750 1.277 1.180 — 1.381 <0.001
2 years 0.891 0.795 — 0.997 0.045 1.303 1.198 — 1.417 <0.001
2.5 years 1.108 0.963 — 1.274 0.151 1.328 1.191 — 1.480 <0.001
3 years 1.018 0.883 — 1.174 0.809 1.418 1.273 — 1.580 <0.001
4 years 1.100 0.894 — 1.354 0.366 1.341 1.139 - 1.579 <0.001
5 years 1.259 0.986 — 1.608 0.064 1.410 1.162 - 1.710 <0.001

Multivariate analysis

0.5 years 0.954 0.879 — 1.035 0.259 0.970 0.910 — 1.033 0.340
| year 0.981 0.888 — 1.084 0.707 1.083 1.003 — 1.169 0.042
1.5 years 0.982 0.884 — 1.090 0.729 1.080 0.996 — 1.170 0.062
2 years 0.842 0.750 — 0.946 0.004 1.087 0.998 — 1.185 0.057
2.5 years 1.025 0.889 — 1.182 0.733 1.093 0.978 — 1.221 0.116
3 years 0.921 0.188 — 1.055 0.215 1.158 1.036 — 1.293 0.009
4 years 0.980 0.792 — 1.213 0.851 1.094 0.925 — 1.294 0.294
5 years 1.056 0.819 — 1.36l 0.674 1.107 0.906 — 1.352 0.322

Notes: Univariate regression analysis, with weight gain categories during the first half of pregnancy as the dependent variable. Multivariable
regression analysis, adjusting for maternal age, pre-pregnancy body mass index, maternal height, smoking, cesarean section, gestational age at
birth, birth weight, birth length, mode of infant feeding during 0—6 months (exclusively breastfeeding, mixed feeding, or formula only). According
to the Institute of Medicine (IOM)’s recommendations, we divided participants into three categories: inadequate, appropriate (ref), or excessive,
based on weight gain during the first half of gestation. The total study sample size was 58,332 at birth, and 49,824 (85.4%), 47,388 (81.2%),
48,401 (83.0%), 47,709 (81.8%), 42,604 (73.0%), 43,948 (75.3%), 15,896 (27.3%), and 9661 (16.6%) at 0.5, I, 1.5, 2, 2.5, 3, 4, and 5 years of age.
Abbreviations: OR, odds ratios; Cl, confidence interval.

Although other studies have demonstrated the significance of weight gain in three trimesters,” this ideal measurement
may be difficult to achieve in a population-wide public health management system. As things stand, most countries and
regions carry out gestational diabetes screening in the second trimester, so it is very convenient and feasible to take
weight measurements at this time. Therefore, assessing weight gain during the first half of pregnancy has undeniable
clinical application value for prenatal care.

There are some limitations to consider in this study. It is a retrospective study and cannot claim a cause-effect
relationship between gestational weight gain and obesity in offspring. Further prospective studies are needed to improve
our findings. Information on four - and five-year-olds came from public kindergarten health checks, but the information
of children who attended private kindergartens or were not enrolled in kindergartens was missing. It led to a sharp decline
in follow-up rates and may have weakened the statistical significance of the results.

Conclusion
Offspring have a higher risk of preschool adiposity when gestational weight gain was excessive during the first half of
pregnancy.

Abbreviations

BMI, body mass index; GWG, gestational weight gain; IOM, Institute of Medicine; -GWG, weight gain during the first
half of pregnancy; s-GWG, weight gain during the second half of pregnancy; WHO, World Health Organization; SGA,
small for gestational age; LGA, large for gestational age; AGA, appropriate for gestational age; RWG, rapid weight gain.
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