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Abstract: Background: The association of maternal parity, pre-pregnancy body mass index (BMI) and
gestational weight gain (GWG) with childhood weight status has been well studied; however, little is
known about these factors with respect to the rate of weight changes in early childhood. Methods:
This study was based on a prospective longitudinal study. The follow-up surveys were conducted at
the ages of 1, 3, 6, 8, 12, and 18 months. Child weight was investigated twice at each wave. Data on
maternal parity, pre-pregnancy weight and height were collected at baseline. The latent growth curve
model was used to examine the effects of interested predictors on the trajectory of weight in early
childhood. Results: Finally, 893 eligible mother-child pairs were drawn from the cohort. In adjusted
models, multiparas were associated with higher birth weight (3 = 0.103) and slower weight change
rate of children (3 = —0.028). Pre-conception BMI ( = 0.034) and GWG (3 = 0.014) played important
roles in the initial status of child weight but did not have effects on the rate of weight changes of the
child. Conclusions: Multiparous pregnancy is associated with both higher mean birth weight and
slower weight-growth velocity in early childhood, while pregravid maternal BMI and GWG are only
related to the birth weight.

Keywords: child weight; parity; pre-pregnancy body mass index; gestational weight gain; trajectory

1. Introduction

In China, the prevalence of overweight/obesity in women aged 18—44 years has increased from
19.9% to 33.5% from 1992 to 2010 [1]. Excessive gestational weight gain (GWG), in parallel to the
rapid increase of overweight/obesity, has also been a growing global epidemic concern [2]. Data
from recent studies reported that nearly one-third of women had excessive GWG in pregnancy [3].
Emerging evidence has suggested that increased levels of body mass index (BMI) at conception and
excessive GWG might be associated with the adverse pregnancy outcomes, such as gestational diabetes
mellitus, gestational hypertension, and maternal postpartum weight retention [4,5]. In addition, their
fetuses are exposed to an unfavorable in utero metabolic environment [6], to increased levels of chronic
inflammation, insulin resistance [7], glucose and fatty acids [8,9], resulting in a greater risk of obesity
in offspring and poor health outcomes over the short- and long-term [4,10].
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Increasing obesity trends that are observed early in fetal growth [10], offspring, even in
childhood [11] might contribute to the harmful changes in the environment which children are born
and grow up in [12]. This increasing evidence has led to the hypothesis that maternal pre-pregnancy
BMI or GWG status is associated with lifelong consequences in offspring, childhood, and, possibly,
over successive generations.

Factors related to the children’s weight such as GWG, pre-pregnancy BMI, and parity, have
been extensively studied. However, several gaps in the evidence base challenge the existing results.
Most of the previous studies have concentrated on effects of pre-pregnancy BMI or GWG on fetal
growth, childhood, or adolescence weight/BMI status; however, little is known about the longitudinal
associations of pre-pregnancy BMI or GWG with the rate of development of child weight. Moreover,
a limitation is that pre-pregnancy weight used in previous studies mostly relied on self-reported
weight, resulting in the underestimation of BMI and overestimation of GWG [13]. In addition, the
association between maternal parity and children’s weight has yielded conflicting findings in previous
studies [14], with several [15,16], but not all [17], suggesting that multiparity might be associated with
the rates of accelerated infant growth and the levels of childhood BML

Although childhood obesity-prevention efforts have been predominantly school-based, estimates
show that 41 million children younger than 5 years of age globally have been already affected by
overweight and obesity when they started school [18]. Emerging evidence suggests that the duration
of pregnancy and early life, particular in the “first 1000 days” of childhood, are critical periods for the
obesity development of children [19,20]. Therefore, it is helpful to discover children who are susceptible
to overweight and obesity in early childhood by identifying the potential risk factors for children’s
weight, especially understanding the roles of GWG, pre-pregnancy BMI, and maternal parity.

The latent growth curves model (LGCM) is one of the advanced analytical methods which can
create random intercepts and slopes to depict the different trajectories over time. LGCM can not
only model the intra-individual and inter-individual change but also it permits exploration of the
antecedents and consequences of change. Therefore, based on a community-based cohort study,
the present study adopted the LGCM to describe the longitudinal developmental trajectories of child
weight in first 18 months of life and examined the association of the pre-pregnancy BMI, GWG, and
maternal parity with the weight status and the rates of weight changes of children.

2. Materials and Methods

2.1. Study Population

This study was based on an in-progress community-based cohort study, which was conducted in
Changsha, China. The baseline survey was conducted at three Community Health Service Centers
(CHSCs) of Kaifu District of Changsha from January 2015 to December 2015. The follow-up surveys
were conducted at infants’ regular check-ups at the ages of 1, 3, 6, 8, 12, and 18 months. The sample
in our final analysis only included respondents who were permanent residents in Kaifu District,
delivered live-born babies during study period, provided complete health care records in the CHSCs,
had no history of mental illnesses or brain diseases, completed the follow-up surveys, and agreed
to participate and signed the written informed consents, and excluded mothers with multiple births,
conceived via assisted reproductive techniques, and without antenatal care information. Detailed
eligibility requirements of subjects are available in the previous study [21].

2.2. Measurement of Maternal Pre-Pregnancy BMI, GWG, and Parity

Maternal weight and height were measured by trained nurses, using the same standardized
techniques (RGZ-120-RT, Wuxi Weighing Apparatus Co., Wuxi, China) with participants wearing
light clothing and no shoes. Weight was measured within the first prenatal care visit occurring within
13 weeks of gestation as a proxy for pre-pregnancy weight. According to the Working Group on
Obesity in China, pre-pregnancy BMI was calculated as kg/m? and classified into four categories:
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underweight (BMI < 18.5 kg/m?), normal weight (18.5 kg/m? < BMI < 24.0 kg/m?), overweight
(24.0 kg/m? < BMI < 28.0 kg/m?), and obesity (BMI > 28.0 kg/m?) [1].

GWG was calculated as the difference between pre-pregnancy weight and maternal delivery
weight. Considering the recommendations of the 2009 Institute of Medicine (IOM) [22], GWG was
defined as the following three categories: inadequate, adequate, and excessive, on the basis of
pre-pregnancy BMI. The IOM-recommended GWG is 12.5-18 kg for underweight, 11.5-16 kg for
normal weight, 7-11.5 kg for overweight, and 5-9 kg for obesity.

Data for maternal parity were collected through the child’s maternity card from the community
health management information system, and were divided into two categories: primiparous
and multiparous.

2.3. Measurement of Children’s Weight

At regular check-ups, children’s weight was tested twice on a digital scale with a precision of
0.1 kg by the trained nurses with light clothing, no shoes, and no caps. Child weight was the average
of two measurements. Birth weight was extracted from the child’s maternity card.

2.4. Measurement of Covariates

Based on the previous literature [23,24], the following potential confounding factors were
identified and assessed: (1) socio-demographic factors: maternal age (<25, 25-29, 30-34, or >35 years),
parental educational attainment (<junior school, senior school or >college) and household income
(<2000, 2000-5000, 5001-10,000, or >10,000 yuan); (2) children’s characteristics: gender (male or female)
and gestational week of birth (<28, 28-36, 37-42 or >42 weeks), and (3) the children’s feeding practices:
provided any breastfeeding or formula for children. Except for feeding practices, other covariates were
collected at the baseline survey within 15 days after delivery. Breastfeeding practices were assessed by
WHO-recommended definitions.

Current daily infant-feeding practices were collected by asking their mothers at 1 month, 3 months,
6 months, 8 months, 12 months, and 18 months postpartum through face-to-face interviews. Mothers
were asked by the following questions to measure the infant-feeding practices: (1) Whether they
engaged in any breastfeeding or stopped breastfeeding for infants at a given time point; (2) whether
they provided any formula for infants at a given time point.

2.5. Data Analysis

The descriptive statistics were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA).
LGCM analyses and multiple imputations were performed using Mplus, version 7.0 (Muthén & Muthén,
Los Angeles, CA, USA). All tests were two-tailed and performed at a level of significance of o« = 0.05.

2.5.1. Descriptive Statistics

Continuous variables were presented as mean (standard deviation (SD)) if normally distributed,
median (interquartile range (IQR)) if not, and categorical variables were presented as numbers
(proportions). Chi-square tests and t-tests were used to examine the differences in the missing and
non-missing data group. The one-way repeated ANOVA analyses or t-tests were applied to assess the
changes in children’s weight by pre-pregnancy BMI, GWG, and maternal parity.

2.5.2. Latent Growth Curve Model

LGCMs were used to investigate the association of trajectories of child weight aged 0-18 months.
The trajectories of weight change were modeled with two latent variables: Latent intercept growth
factor, representing the initial status of the child weight; and latent slope growth factor, reflecting the
rate of the weight change. The loadings from the intercept factor to each of the repeated measures were
set to the fixed values of 1.0 and the slope factor loadings allowed flexibility settings. In this study, we
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modeled the trajectory of children’s weight based on three assumptions to identify the most suitable
model. First, for a linear change assumption of child weight, the slope factor loading was set at 1, 2, 3,
to 6 for 1-month-old, 3-month-old, 6-month-old, to 18-month-old respectively. Second, with quadratic
change assumption, an additional quadratic slope factor with appropriate factor loadings needed to be
added to represent the quadratic term. For example, the quadratic slope factor loading was set at 1 for
the first follow-up, 4 for the second follow-up, and so on. Thirdly, a more flexible change assumption
was modeled by setting some of the factors free for the subsequent follow-up measures.

The following indices were used to assess the goodness of model fit: x* statistic, Tucker-Lewis
index (TLI) > 0.90, comparative fit index (CFI) > 0.90, standardized root mean square residual
(SRMR) < 0.50, and root mean square error of approximation (RMSEA) < 0.08 [25]. One hypothesis in
this research was that data were missing at random. Statistical analyses for LGCM were conducted
with the robust maximum likelihood estimator method which provided the robust estimates in the
presence of non-normality and non-independence of observations [26].

Finally, we performed with multiple imputations to evaluate the evidence of bias from the
participants with missing data. We generated 50 imputed data sets. LGCM was repeated using each of
the augmented data sets, and parameter estimates were averaged across the 50 analyses.

2.6. Ethics Approval and Consent to Participate

This study was conducted under the approval of the independent Ethics Committee (EC) of
clinical pharmacology institute of Central South University (CTXY-130041-3-2).

3. Results

3.1. Descriptive Analysis

A total of 1286 infants were born during the baseline survey. Two-hundred and sixty-five
mother-child pairs were not permanent residents, and 45 refused to participate. Eventually, 976 eligible
mother-child pairs enrolled in the cohort. After excluding mothers with multiple births, conceived via
assisted reproductive techniques, without antenatal care information, or who initiated antenatal care
later than 13 weeks of gestation, a subset of 893 mother-child pairs was included in the final analysis.
One-hundred and twenty-eight respondents had some missing data in their variables. When compared
to the cases with complete data, cases with missing data were more likely to have parents with less
education. No significant differences were found with respect to maternal parity, pre-pregnancy BMI,
GWG, and children’s weight between missing and non-missing data groups (Supplemental Table S1).
Table 1 shows the characteristics of the mother-child pairs.

Table 1. Characteristics of the mother-child pairs.

Variable Value

Male, No. (%) 469 (52.9)
Maternal education, No. (%)

Junior or below 31 (3.5)

High school 110 (12.5)

College or above 742 (84.0)
Paternal education, No. (%)

Junior or below 29 (3.3)

High school 103 (11.7)

College or above 752 (85.0)
Family income, mean (SD), yuan

<5000 486 (56.0)

5001-10,000 346 (39.9)

>10,001 36 (4.1)
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Table 1. Cont.

Variable Value
Pre-pregnancy BMI group, mean (SD), kg/ m?
Underweight 169 (18.9)
Normal Weight 584 (65.4)
Overweight 107 (12.0)
Obesity 33 (3.7)
GWG group, mean (SD), kg
Inadequate 186 (20.9)
Adequate 412(46.3)
Excessive 292(32.8)
Multiparous, No. (%) 266 (29.8)
Maternal age, mean (SD), years 29.9 (3.9)
Gestational week, median (IQR), weeks 39.0 (1.4)
Pre-pregnancy-BMI, mean (SD), kg/ m? 21.3 (3.0)
Birth weight, mean (SD), kg 3.4 (0.4)
Weight at 1-month-old, mean (SD), kg 4.5 (0.6)
Weight at 3 months old, mean (SD), kg 6.7 (0.8)
Weight at 6 months old, mean (SD), kg 8.2 (0.9)
Weight at 8 months old, mean (SD), kg 8.9 (1.0)
Weight at 12 months old, mean (SD), kg 9.8 (1.0)
Weight at 18 months old, mean (SD), kg 11.1(1.2)

Abbreviation: GWG, gestational weight gain; SD, standard deviation; IQR, interquartile range. Owing to missing
data, the number of cases does not always sum to 893.

Correlation coefficients among pre-pregnancy BMI, GWG, and children’s weight are summarized
in Supplemental Table S2. Pre-pregnancy BMI had positive effects on the children’s weight from
birth to 18 months old, while GWG was only positively associated with the children’s birth weight
and the weight at 1 month or 12 months postpartum. Changes in the children’s weight by different
maternal parity, pre-pregnancy BMI, and GWG categories are presented in Table 2. At birth, neonates
of multiparas were heavier than neonates of primiparas. The differences in weight between infants of
multiparas and primiparas still remained but had decreased at 1 month and 3 months of age, while
this difference had disappeared at the age of 6 months. In contrast, the infants of multiparas were
lighter than infants of primiparas after 6 months postpartum and this difference lasted to 18 months
postpartum. The neonates of mothers who were underweight and gained less than recommended had
lower mean birth weight than those of mothers with overweight or obesity. Weak positive associations
were found in different GWG groups with children’s weight across time.

3.2. Latent Growth Curve Model

Table 3 presents the unconditional LGCM parameter estimates for the trajectories of children’s
weight aged 0-18 months using LGCMs. Our results showed a substantively appreciable enhancement
in model fit in freely estimated LGCM than the quadratic or linear models (Figure 1). Therefore, freely
estimated LGCM was used to describe the trajectory of weight in early childhood. The estimate of
intercept was 3.35 (p < 0.01), showing the initial level of the birth weight was 3.35 kg, consistent with
the children’s mean birth weight. The estimate of the slope was 1.17 kg per wave (p < 0.01), showing a
typical increase in the average rate of change in children’s weight. The free loadings of the slope were
0, 1.00, 2.83, 4.15, 4.80, 5.52, and 6.60, corresponding to the seven-time points.
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Table 2. Levels of child weight for different pre-pregnancy BMI groups and GWG groups.

bl Birth Weight 1 Month Old 3 Month Old 6 Month Old 8 Month Old 12 Month Old 18 Month Old
Variable

Mean (SD) p! Mean(SD) p! Mean(SD) p! Mean(SD) p! Mean(SD) p! Mean(SD) p! Mean(SD) p!
Weight, mean (SD), kg
Total 3.35(0.44) 4.53 (0.56) 6.66 (0.76) 8.19 (0.90) 8.94 (0.98) 9.80 (1.04) 11.07 (1.23)
Maternal Parity F=026,p%=061
Primiparous 3.32(0.46)  0.10  4.51(0.56) 0.07  6.64(0.76) 0.31 8.19(0.89) 0.92  8.97(0.95) 0.35 9.81(1.02) 0.60 11.08(1.22) 0.75
Multiparous 3.39 (0.41) 4.58(0.56) 6.70(0.75) 8.19(0.95) 8.90(1.06) 9.76(1.09) 11.05(1.28)
Pre-pregnancy-BMI group, mean (SD), (kg/m?) F=2237,p2<0.01
Underweight 3.21 (0.37) 4.44 (0.49) 6.52 (0.71) 8.08 (0.84) 8.85(0.91) 9.74 (1.01) 10.95 (1.14)
‘1;1]:;1?1 335(0.44) <0.01 453(0.56) 005 6.67(0.76) 003 818(0.88) 0.03 894(0.96) 019 9.75(0.99) 002 11.03(1.22) 0.02
Overweight 3.50 (0.49) 4.62 (0.63) 6.75 (0.86) 8.32 (1.02) 9.09 (1.17) 10.01 (1.27) 11.36 (1.43)
Obesity 3.60 (0.51) 4.64 (0.62) 6.85 (0.75) 8.52 (1.01) 9.12 (1.02) 10.15 (1.07) 11.47 (1.26)
GWG group, mean (SD), kg F=437,p2=001
Inadequate  3.21 (0.45) 4.46 (0.56) 6.56 (0.78) 8.10 (0.91) 8.78 (0.98) 9.60 (0.97) 11.01 (1.26)
Adequate  3.35(0.40) <0.01 452(0.52) 004 6.67(0.75) 012 820(0.91) 031 897(1.00) 0.06 9.81(1.05) 0.01 11.08(1.27) 0.10
Excessive 3.44 (0.48) 4.59 (0.61) 6.70 (0.74) 8.23 (0.89) 9.00 (0.94) 9.91 (1.05) 11.11 (1.20)

Abbreviations: GWG, gestational weight gain, BMI, body mass index. ! p value was calculated through one-way ANOVA or t-tests. 2 p was calculated through one-way repeated
measures ANOVA.
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Figure 1. The weight means and estimated weight means of the children in unconditional freely
estimated, linear, quadratic latent growth curve models. The child weight appears on the vertical axis
(y) and the horizontal axis (x) represents the seven-time points; the axes should be continuous, not
broken. The blue line represents the sample means and the red line represents the estimated means
of the LGCMs. Panel (A) displays weight means and estimated weight means of the children in the
unconditional freely estimated LGCM. Panel (B) displays weight means and estimated weight means
of the children in the unconditional linear LGCM. Panel (C) displays weight means and estimated

weight means of the children in the unconditional quadratic LGCM.
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Table 3. Parameter estimates of unconditional LGCMs for the trajectories of child weight aged
0-18 months old.

The Trajectory of Child

Weight Parameters Coefficients  Z-Value The Goodness of Fit Indices
2

Intercent x2(21) = 1946.34, p < 0.001, CFI = 0.21,
Unconditional linear LGCM CICep 3.367 219.02 @) TLI = 0.28, gRMR =0.69;
slope 1.347 150.28 RMSEA = 0.31 (0.30-0.32)

Intercept 3.38 *+* 204.59 x2(21) = 1137.06, p < 0.001, CFI = 0.54,
Quadratic LGCM slope 1.75 *** 94.86 TLI=0.49, SRMR = 0.44;
Quadratic slope —0.08 *** —25.09 RMSEA = 0.26 (0.24-0.27)

Intercept 3.35 *** 225.11 X2(18) = 213.98, p< 0.001, CFI =0.92,
Conditional LGCM TLI=0.91,SRMR =0.19;
slope 1.17 = 80.71 RMSEA = 0.11 (0.10-0.12)

. . 2(42) = 576.29, p < 0.001, CFI = 0.84

Freel LGCM with Intercept 3.35 # 225.33 x“( \p , ,
cliple mputaton dota ’ " TLI =0.83, SRMR = 0.1,
slope 117 80.86 RMSEA = 0.12 (0.11-0.13)

*** represents p < 0.001. Abbreviation: LGCM, latent growth curves model; TLI, Tucker-Lewis index; CFIL,
comparative fit index; SRMR, standardized root mean square residual; RMSEA, root mean square error
of approximation.

Figure 2 shows the measurement of LGCM with covariates for the trajectory of child weight.
Table 4 shows the estimates from the conditioned freely estimated LGCM. The model fitness was
improved after adding the primary predictors and covariates incrementally. The intercept and slope
factors remained statistically significant. Both maternal pre-conception BMI ( = 0.033, p < 0.01) and
GWG (B =0.014, p < 0.01) played important roles in the initial status of children’s weight, but didn’t
have effects on the slope of the trajectory of weight change. Women who were multiparous had
offspring with a higher birth weight ($ = 0.110, p = 0.01), but had negative effects on the rate of weight
change (p = —0.034, p = 0.01). What is more, these findings remained consistent and steady on the
multiple imputation analyses. Child gender and gestational weeks were not only associated with the
birth weight but also affected the rate of childhood weight change. Females had a lower mean birth
weight than males and presented a slower increase in the rate of weight change. Additionally, children
who had a longer gestational period were more likely to have large body size at birth, but presented
slower rates of weight increase than their counterparts.

- C2
g c1 — i T
Time-invariant R I —— \
e I ( Slopel )
covariates: [~ e \
; Z. P a4
GW.Medy, ——— A,Jf Interceptl ) P /a0 RN
gender, N A 3
delivery et al. 7 AN . \
; /AT XN Y N *
X \/ y 5 2 N T \
A A KN INT
i N vy Ny s | Ty A
Bweight l Weight01 Weight03 J Weight06 Weight08 Weight12 Weightl8
X x B S X x £ —F
BOl | B03 I B06 ‘ B0S ‘ BI2 ‘ BIS ‘
F— f T 1t

Figure 2. The measurement of LGCM with time-invariant and time-varying covariates for the trajectory
of child weight. The time-varying covariates were the feeding practices such as whether engaged in
any breastfeeding or introduced any formula during the study period. The time-invariant covariates
were maternal age, child gender, pre-pregnancy BMI, GWG, paternal educational level, family income,
multiparous, mode of delivery, physical exercise during pregnancy, maternal passive smoking during
pregnancy, and GDM/hypertension. Abbreviations: Bweight, birth weight; weigthO1-weight18, child
weight at children’s 1, 3, 6, 8, 12, and 18 months old, B01-B18, whether engaged in breastfeeding during
the study; GW, gestational week; Medu, maternal educational attachment; C1-C2, the correlation of the

interceptl and slopel.
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Table 4. Estimates of the intercept and slope of the trajectory of child weight for the LGCMs.

90f13

1 1
Characteristic Intercept Slope Intercept Slope
B 4 B 4 B 4 B 4
Time-invariant covariates
Gender —-0.165 <0.01 -0.070 <0.01 —-0150 <0.01 —0.079 <0.01
Gestational week 0.135 <0.01 —-0.014 <0.01 0.136 <0.01 —-0.016 <0.01
Pre-pregnancy BMI 0.034 <0.01 0.000 0.87 0.030 <0.01 0.001 0.78
GWG 0.014 <0.01 —-0.002 0.10 0.014 <0.01 —-0.001 0.28
Maternal age —0.001  0.75 0.002 0.16 —0.001  0.82 0.002 0.27
Maternal education —-0.021  0.42 0.005 0.61 —-0.017  0.50 0.007 0.51
Family income 0.005 0.81 —0.002  0.80 0.005 0.80 —0.003 077
Multiparous 0.103 <0.01 —0.028  0.02 0.110 0.01 —-0.032 0.02
Time-varying covariates Estimates 4 Estimates 4
Breastfeeding01 — Weight01 0.160 0.04 0.018 0.82
Formula01 — Weight01 0.013 0.71 0.013 0.70
Breastfeeding03 — Weight03 —0.008 0.91 -0.026 0.69
Formula03 — Weight03 —0.011 0.83 —0.009 0.85
Breastfeeding06 — Weight06 0.006 091 0.026 0.61
Formula06 — Weight06 —0.094 0.04 —0.074 0.09
Breastfeeding08 — Weight08 —0.012 0.82 0.010 0.83
Formula08 — Weight08 —0.097 0.05 —0.097 0.15
Breastfeeding12 — Weight12 0.053 0.43 0.027 0.67
Formulal2 — Weight12 0.086 0.24 0.073 0.38
Breastfeeding18 — Weight18 0.026 0.23 0.015 0.75
Formulal8 — Weight18 0.054 0.42 0.056 0.56
Fit indices
AIC 9441.205 11666.693
BIC 9641.775 11882.449
RMSER 0.047 0.049
CFI 0.938 0.921
TLI 0.922 0.905
SRMR 0.051 0.058
P (chi-square test) <0.01 <0.01

Abbreviations: GWG, gestational weight gain; weight01-weight18, child weight at the ages of 1 to 18 months;
formula0l-formulal8, child formula at the ages of 1 to 18 months, breastfeeding01-breastfeeding18, child
breastfeeding status at the ages of 1 to 18 month. ! presented the data analyses with multiple imputation data.

4. Discussion

This study indicated that model estimates under freely estimated LGCM can provide a favorable
reflection of the growth trajectory of child weight aged 0-18 months. Our results documented that after
taking account of the covariates, multiparous pregnancy was associated with higher birth weight and
contributed to a slower weight-growth velocity. Maternal pre-pregnancy BMI and GWG had effects
on the initial status of children’s weight, but showed no association with the future weight change in
early childhood.

In line with previous studies [27,28], our findings showed that higher pregravid BMI and GWG
had the potentials to contribute to an increase in children’s birth weight. Recently, a study compared
the association of maternal pre-pregnancy and postpartum BMI Z scores with the child SD scores of
weight and BMI at birth, 5 months, 12 months, and 7 years of age, and suggested that the differences
among the associations were strong at birth but declined with child aging [29], which was consistent
with our results. The effects of pre-pregnancy BMI and GWG declined with advancing age of the child,
suggested that the lasting effects of this environment declined over time.

Consistent with our findings, a recent study suggested that offspring from primiparas have
lower fetal but higher infant growth rates and higher risks of childhood overweight [15]. In another
prospective cohort including 1335 infants indicated that infants of primiparas had strong catch-up
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growth, and from 12 months onward these infants were heavier compared with infants of
multiparas [30]. Nolwenn and his colleagues reported a positive association between multiparous
pregnancy and offspring birth weight, and this effect reduced with the advancing age of the infant [16].
However, different from the current study, no significant difference was found in the weight velocities
in their study, which might result from the short follow-up period, as they only evaluated this
association at the age of 1 month and 3 months. The results of the current study support that obesity risk
can be passed from one generation to the next and maternal obesity, excessive gestational weight gain,
and maternal parity can have adverse influences on later offspring weight status and rate of the weight
change during early childhood. Although the observed effect estimates of these factors are small, they
are mainly of interest from a child weight developmental perspective. Previous studies have shown
that these childhood obesity risk factors may have lasting effects on adulthood obesity /overweight and
are also related to the development of cardiovascular disease in later life [31,32]. It has therefore been
recommended that achieving a healthy weight before pre-conception and a healthy weight gain during
pregnancy may contribute to obesity and negative health outcomes prevention in childhood [33].
However, there is limited evidence for the effectiveness of interventions that target gestational or
maternal weight gain on offspring obesity [34]. Higher pregravid BMI and GWG, as the modifiable risk
factors, highlight the importance of public health implications that even small benefits are achievable
in terms of preventing childhood overweight or obesity [35,36].

The mechanisms among pre-pregnancy BMI and GWG with early childhood weight are not clear.
Increased pre-pregnancy BMI and GWG are thought to affect the children’s weight through regulatory
changes in the specific intrauterine effects (increased insulin resistance, fetal glucose exposure, and
low-grade systemic inflammation) [8], and sharing the same susceptibility genes of obesity [37].
Besides this, the amounts that children eat as well as food choices and eating behaviors in the early
childhood were greatly influenced by their parents, and children may engage in the same unhealthy
lifestyles as their mothers with obesity, such as intake of high-energy, low-nutrient foods, increased
sedentary behavior, and deficient physical activity [38]. These pathways result in positive effects on
promoting weight gain of offspring at birth, and even in later life. Similarly, the exact mechanisms
linking maternal parity with child weight are still not completely understood. The spiral arteries,
which provide maternal blood to the placenta, are remodeled during the first pregnancy. Moreover,
these remodeled maternal vascular structures might offer a more favorable environment for placental
development and fetal nutrition for multiparous pregnancies [39]. Additionally, the maternal metabolic
and hormonal environments in multiparous women might differ from those in nulliparous women
and these differences can also affect the fetal development [40]. The strengths of this study included its
well-established longitudinal cohort, and its community-based sample, while most previous studies
concerning this topic were based on cross-sectional or retrospective designs. Detailed, repeatedly
measured, birth and childhood growth characteristics were available in the present study. To our best
knowledge, this is the first longitudinal study in China investigating the contributions of pregravid
BMI, GWG, and maternal parity to the development of children’s weight and its rate of change by
using the LGCMs. Apart from maternal pre-pregnancy weight, which was based on the record of
the maternal card, data for weight were all measured by the standardized techniques. Previous
studies have demonstrated good validity and a strong correlation of the first antenatal visit weight
and pre-pregnancy weight (r = 0.95, p < 0.01) [41].

Some attention should be paid when explaining the results. Due to the limitations of manpower
and financial resources, we could not afford to conduct our study on a larger scale, limiting the external
validity of our findings to all Chinese children. Second, although child weight is a direct measure to
reflect the development of children, data on other anthropometric measures such as body composition
were not available at regular check-ups in communities. Overweight and obesity are always predicted
by anthropometric measures such as weight-for-length and BMI in infancy [42], whereas we only
measured children’s weight, which was less useful for assessing the risk of fatness in longitudinal
studies [43] and reduced the comparability of our results with other studies that used weight-for-length
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or BMI. Lastly, there are still several potential factors, such as child daily diet and physical activities
that were not available, which might have influences on our findings. Therefore, in a future study, we
will consider the diet quality and level of physical activity of children to address the potential influence
on later childhood weight.

5. Conclusions

In summary, the implication of our results demonstrates that multiparous pregnancy, higher
pre-pregnancy BMI, and GWG are associated with higher later offspring weight status, while only
multiparous pregnancy contributes to a slower weight velocity during the first 18 months of life.
Further well-designed and continued follow-up studies are needed to explore underlying mechanisms
and clinical implications.
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