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Abstract

Background Previous studies showed that the association of gestational weight gain (GWG) with fetal birthweight and
offspring developmental growth was unclear. The aim of this study is to investigate the respective effect of 1 kg of GWG
during three trimesters on birthweight and offspring growth from birth to 3 years of age.

Methods We extracted the decoded information from the Maternal and Child Health Information Management System of
Zhoushan Maternal and Child Health Hospital in Zhejiang, China from October 2001 to March 2015, and used multiple
linear and logistic regression models.

Results This study included 20,232 women with a full-term singleton birth and 15,557 newborns who took regular health
check-ups. Compared to that in the 2nd and 3rd trimester, 1 kg GWG increasing in the 1st trimester had the strongest positive
association with higher birthweight, body weight, and height from 1 to 36 months. Their associations with BMI after birth
were similar among the three trimesters. In addition, some positive dose—response effects found between quartiles of GWG
in the 1st trimester and offspring body weight, as well as BMI. The 1 kg GWG in 1st trimester played the strongest role in
contributing to birth weight and benefiting to body growth among children aged up to 3 years.

Conclusion The 1 kg GWG in 1st trimester contributed more to birth weight and body development from birth to 3 years
compared to the 2nd and 3rd trimesters. The possible beneficial effects of GWG in the st trimester on birthweight and
offspring development in under/normal weight mothers are found.
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Introduction

Nearly half of the Chinese women exceed the recom-
mended gestational weight gain (GWG) [1], which also
exists in developed countries. Approximately 50% of preg-
nant women in Australia [2] and over 50% [3, 4] of pregnant
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sia, and gestational diabetes mellitus [7], large for gestational
age (LGA) infant [8], child, and adult obesity. Meanwhile,
women with inadequate GWG are also at increased risk for
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including maternal age, pre-pregnancy body mass index
(BMI), GWG, environmental and socioeconomic factors, as
well as illnesses encountered in pregnancy. Previous studies
have revealed that birth weight was highly associated with
GWG [12, 13]. A study suggested that the association of
each kg of GWG with birth weight may be stronger in the
2nd trimester than that in the 1st or 3rd trimester [14]. How-
ever, there is an inconsistency among the reported results. A
population-based, prospective study in Minnesota found that
GWG in the 1st and 2nd trimesters predicted birthweight,
but did not in the 3rd trimester [15]. Furthermore, the asso-
ciation between trimester-specific GWG and birthweight
depended on maternal pre-pregnancy BMI [16]. In terms
of fetal growth, studies about the long-term effects of the
perinatal maternal size on offspring health still need. Some
studies have shown an independent effect of GWG on chil-
dren’s BMI. One study in the US found that 1 kg of the 1st
trimester GWG was significantly associated with increased
child BMI z-score in low and normal pre-pregnancy BMI
pregnancies. Their results also showed that only GWG in
the 1st trimester associated with modest increases in child
BMI z-score and overweight at age 5 years [14]. A study in
Denmark showed that GWG in the first and second period
(g/week) of pregnancy positively associated with the off-
spring’s BMI at 7 years of age [17]. Furthermore, sex-spe-
cific differences in fetal development and growth trajectories
were also recognized [18]. Trimester-specific GWG may
vary in terms of male and female infants.

The effect of GWG on weight at birth and offspring
growth may depend on the trimester of pregnancy. It is
unclear whether there is a critical time window which GWG
most strongly associated with birthweight and fetal growth.
There are limited studies on the relationship between 1 kg
of trimester-specific GWG with fetal birth weight, and post-
natal growth. This study aims to investigate the associations
of trimester-specific GWG with fetal birth weight, postnatal
growth among the Chinese population.

Methods
Dataset and study population

Zhoushan city locates in the east coast island of Zhejiang
province, China, which has about one million inhabitants.
Zhoushan Maternal and Child Care Hospital is a tertiary
care hospital, where some 3000 pregnant women obtain the
prenatal medical service and delivery per year, almost all
children after birth receive conventional health examination.
The institutional review board of Zhejiang University School
of Medicine and Zhoushan Maternal and Child Care Hospi-
tal approved the study protocol.
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We extracted data from decoded datasets, which was the
Electronic medical record system (EMRS) from Zhoushan
Maternal and Child Care Hospital constructed in 1999 and
formally run from October 2001. The EMRS originally uti-
lized by Zhoushan Maternal and Child Care Hospital from
2001 to 2010 and then was introduced to all hospitals in
Zhoushan city since January 2011. The EMRS used between
2001 and 2015 contained two datasets: prenatal health data-
set and conventional child health examination dataset. For
prenatal health dataset, it covered the information of prenatal
health care of pregnant women and fetal delivery records;
there were 65,218 pregnant women took the prenatal health
care and delivered babies. For the conventional child health
examination, it covered the medical records of 52,711 chil-
dren. In the present study, pregnant women should meet the
following inclusion and exclusion criteria. Inclusion criteria
were as follows: (1) singleton pregnancy; (2) maternal age
between 18 and 45 years; (3) term birth (37-42 gestational
weeks); (4) pre-pregnant body mass index (BMI) <40. The
exclusion criteria include: (1) missing neonate birth weight;
(2) failing to predict the given GWG.

Data extraction

From the decoded prenatal health datasets, we extracted the
maternal and fetal information, including maternal ID, cal-
endar year, maternal age, pre-pregnancy weight and height,
body weight at each gestational visit, visiting date, gesta-
tional week, cigarette smoking and alcohol drinking, date
of birth, birth weight, fetal gender, etc. From the postnatal
health datasets, the offspring information contained off-
spring ID, body weight and height, visiting date, feeding
type, etc.

Assessment of GWG

Pre-pregnancy weight and height were self-reported by
mothers, and we extracted body weight at each prenatal visit.
The time points that some pregnant women visited hospital
were not the exact targeted time (at 6th, 12th, 18th, 24th,
28th, 32th and the last gestational week) that we expected. If
pre-pregnancy weight or body weight at a given gestational
age were not available, the available weight of the closest
gestational week was used to predict using the linear regres-
sion model (the least adjusted R? in all predicted models was
0.81). BMI was calculated as weight in kilograms divided
by the square of height in meters. According to the Chinese
maternal pre-pregnancy BMI status [19], pre-pregnancy
BMI categories were defined as follows: “underweight”
(pre-pregnancy 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 kg/m?).
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The difference between weight at delivery and pre-preg-
nancy was total GWG in kg. We categorized GWG into two
forms, by trimester and by stage. WgainT1, WgainT2, and
WgainT3 were used to indicate GWG during the gestational
interval from week 1 to 12 (the 1st trimester), 13 to 28 (the
2nd trimester) and week 29 to delivery (the 3rd trimes-
ter), respectively. Wgain6, Wgainl2, Wgainl6, Wgain20,
Wgain24, Wgain28, Wgain32, and WgainF were used to
indicated that GWG during the gestational interval from
week 1 ~,7~,13~,17~,21~,25~,29~and from week
32 to delivery, respectively.

Assessment of birthweight and offspring growth

We obtained birth weight from the hospital delivery logs,
and postnatal height and weight from the medical records.
Standardized birth weight below the 10th percentile and
above the 90th percentile was used to define the infant
small for gestational age (SGA) and large for gestational
age (LGA). Low birth weight (LBW) and macrosomia were
defined as birth weight <2500 g and >4000 g, respectively.

Generally, babies after birth must, respectively, receive
the regular health examinations at the age of 1 month,
3 months, 6 months, 9 months, 12 months, 18 months,
24 months, 30 months and 36 months, according to Chi-
nese children health management procedure. However, the
timing that children visited the hospital was not always
punctually follow the scheduled time. Hence, the weight
and height were replaced by the measurement at the given
point in 2 weeks if the measurement was not at the exact
scheduled time. Weight gain after birth in g was calculated
as the difference between weight at a given time point and
birthweight.

Outcomes

The primary outcomes of pregnancy included birth weight,
SGA, LGA, LBW, and macrosomia. During postnatal peri-
ods, offspring developmental variables included continu-
ous variables (weight, weight gain, height and BMI at the
age of 1 month, 3 months, 6 months, 9 months, 12 months,
18 months, 24 months, 30 months, and 36 months) and cat-
egorical variables (low, normal and high level of weight,
height and BMI) according to Chinese Children Develop-
ment Norm under the age of 7 years [20].

Statistical analysis

The general information of continuous variables and cat-
egorical variables were described as mean+ SD and fre-
quencies and percentages (%), respectively. Multiple linear
regression models were used to analyze the association of
GWG by trimester and by stage in kg with birth weight and

offspring developmental outcomes. We also used multi-
ple logistic regression models to assess the association of
WgainT1, WgainT2, and WgainT3 with categorical out-
comes. Considering the sample size and the time of the vis-
iting, we selected 6th month, 12th month and 24th month
to explore the association of GWG of mothers with weight,
height, and BMI after birth stratified by the categorical vari-
able of birthweight (LBW, normal and macrosomia). To test
the hypothesis that trimester-specific GWG might vary for
male and female infants, we performed sex-stratified analy-
ses. We also fitted linear regression models to evaluate the
statistical significance of sex-GWG interactions with an
interaction term (WgainT1* infant gender, WgainT2* infant
gender, WgainT3* infant gender).

All models were adjusted for the following potential con-
founders: maternal age, gestation age, pre-pregnancy BMI,
fetal gender and calendar year; the models about offspring
developmental outcomes after birth included another two
potential confounders: feeding type and offspring’s age.
Due to only several females had cigarette smoking and alco-
hol drinking during the pregnancy, both of them were not
included in the models. While the relevant variables were
standardized, this community-based population was taken
as the standard population.

To explore the dose-response effect of trimester-specific
GWG on offspring’s weight and BMI, each trimester GWG
was quartered as Q1, Q2, Q3, and Q4. For intuitively pre-
senting the effects of 1 kg WgainT1, WgainT2 and WgainT3
on birthweight, postnatal development variables, slop val-
ues (P and se) of WgainT1, WgainT2 and WgainT3 in the
linear models were plotted against offspring’s age months.
WgainT1 was divided into ten groups by decile to present
the dose-response effect on LGA and SGA. Then the fig-
ure was plotted by the decile of WgainT1 against the odds
ratio of LGA and SGA, respectively. Quartiles of WgainT1
and WgainT2 (Q1, Q2, Q3, and Q4) were, respectively,
plotted against offspring’s weight and BMI aged from 1 to
36 months. All analyses were performed using the statisti-
cal software R version 3.3.2 with significance defined as a
P value of <0.05.

Results
Participant characteristics

There were 20,232 mothers included in this study, of whom
100 mothers were minorities. Range maternal age was from
18 to 45 years with the mean of 25.77 years (SD 3.05), and
maternal weight was 51.62 kg (SD 4.06 kg) with the range
from 34.29 to 94.93 kg, and maternal height ranged from
130 to 179 cm with the mean of 160.2 cm (SD 4.55 cm).
Mean (SD) maternal GWG was 16.63 kg (SD 6.19) and
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ranged from — 2.02 to 37.65 kg. 10,768 male newborns and
9464 female newborns were included. 15,557 infants took
regularly health check-ups, including 8303 male infants and
7254 female infants. The birth weight ranged from 1075 to
5850 g, the offspring height ranged from 41 to 120 cm, and
weight ranged from 2.40 to 29.50 kg.

Table 1 showed the general characteristics of pregnant
women and children by pre-pregnancy BMI categories.
23.0% of mothers were underweight, and 71.8% were nor-
mal weight. The distribution of infant gender in four groups

was comparable (P =0.1443), and the gestational week and
feeding type had significant differences (P <0.05). But both
maternal age and birth weight were positively associated
with pre-pregnancy BMI (P <0.0001). The most feeding
type was mixed feeding. The association of pre-pregnancy
BMI level with WgainT1 was positive, but their relationship
was reverse with WgainT2, and the distribution of WgainT3
was various. Table 2 presented the distribution of weight,
height, and BMI of offspring at age 1, 3, 6, 9, 12, 18, 24,
30, 36 months.

Table 1 The distribution of

; Variable* Pre-pregnancy BMI categories P value
relevant variables by pre-
pregnancy BMI (n=20,232) Underweight Normal weight Overweight Obesity
N (%)
N 4665 (23.0) 14,528 (71.8) 945 (4.7) 94 (0.5)
Residence
Rural 852 (44.0) 2528 (41.7) 176 (41.5) 14 (41.2) 0.3517
Urban 1084 (56.0) 3532 (58.3) 248 (58.5) 20 (58.8)
Fetal
Male 2415 (51.8) 7797 (53.7) 508 (53.8) 48 (51.1) 0.1443
Female 2250 (48.2) 6731 (46.3) 437 (46.2) 46 (48.9)
Feeding type at one-month age 0.0001
Breast 1029 (30.8) 3632 (34.3) 216 (30.8)  12(17.1)
Mixed 1798 (53.7) 5364 (50.7) 357(50.9) 42 (60.0)
Artificial 519 (15.5) 1589 (15.0) 129 (18.4) 16 (22.9)
Mean +SD
Age (years) 253+2.8 259+32 26.3+3.5 26.5+35 < 0.0001
Pre-pregnancy (BMI *kg/m?) 17.6+0.7 20.5+1.5 254+1.0 29.7+19 < 0.0001
Birth weight (g) 3303 +386 3433 +416 3592+460 3606+430 < 0.0001
Gweek (wk) 39.8+1.2 399+1.2 39.7+1.2 39.6+1.3 0.0488
Wgain T (kg) 16.4+3.9 16.7+4.1 16.4+4.5 162+52 < 0.0001
Wgain T1 (kg) 05+1.0 1.2+1.1 23+1.6 33+19 < 0.0001
Wgain T2 (kg) 9.0+2.7 8.7+2.8 7.6+3.1 6.2+33 < 0.0001
Wgain T3 (kg) 6.9+2.3 6.8+24 6.5+2.6 6.8+3.0 0.0002

*Wgain T1, Wgain T2, Wgain T3 indicates maternal weight gain during the 1st, 2nd, 3rd trimester, respec-

tively

Gweek gestational week, Wgain T maternal weight gain during pregnancy

I::ﬂ;i h?il;h(th:;rtlib];;\l/?lno?f Age (months)  Weight (kg) Height (cm) BMI (kg/m’)

offspring at each age month n Mean +SD n Mean +SD n Mean +SD
1 14,657 5.0+£0.6 14,080 56.1+2.0 14,071 159+1.3
3 14,519 6.8+0.8 14,520 62.1+2.1 14,510 17.5+1.5
6 13,777 85+1.0 13,774 68.5+2.3 13,762 18.0+1.5
9 9488 9.5+1.1 9483 729+2.4 9478 17.9+1.5
12 11,940 103+1.1 11,943 76.7+2.5 11,930 17.4+14
18 10,515 11.5+1.2 10,512 83.2+2.38 10,505 16.6+1.3
24 9781 128+14 9773 88.8+3.1 9769 162+1.3
30 7950 14.0+£1.7 7947 938+3.4 7941 159+1.3
36 6358 151+1.8 6355 97.9+3.5 6350 15713
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Table 3 The maternal weight gain in each pregnant trimester contributed to fetal birth weight

Variable Total population (n=20,232) BMI<18.5 kg/m2 (n=4665) BMI 18.5-23.9 kg/m2 BMI>?24 kg/m2 (n=1039)
(n=14,528)
P (se) P value P (se) P value P (se) P value P (se) P value
WgainT1 42.60 (2.52) < 0.0001 44.13 (5.27) < 0.0001 43.07 (3.09) < 0.0001 35.42 (8.52) < 0.0001
WgainT2 37.52 (0.93) < 0.0001 39.11 (1.85) < 0.0001 37.85(1.11) < 0.0001 26.50 (4.38) < 0.0001
WgainT3 14.25 (1.13) < 0.0001 17.35 (2.25) < 0.0001 12.99 (1.34) < 0.0001 20.19 (5.28) 0.0001

Adjustment for each other of Wgain T1, Wgain T2 and Wgain T3, gestational age, maternal age, pre-pregnancy BMI, fetal gender, calendar year

Table 4 Adjusted association of maternal weight gain at each pregnant trimester with LGA, SGA, macrosomia and LBW

Variable OR (95% CI) P value OR (95% CI) P value
LGA SGA

WegainT1 1.23 (1.17-1.29) < 0.0001 0.81 (0.77-0.85) < 0.0001

WgainT2 1.21 (1.18-1.23) < 0.0001 0.83 (0.81-0.84) < 0.0001

WgainT3 1.09 (1.07-1.11) < 0.0001 0.97 (0.95-0.99) < 0.0036
Macrosomia LBW

WeainT1 1.24 (1.18-1.31) < 0.0001 0.81 (0.69-0.94) 0.0061

WgainT2 1.22 (1.20-1.25) < 0.0001 0.77 (0.73-0.82) < 0.0001

WgainT3 1.10 (1.07-1.13) < 0.0001 0.98 (0.91-1.05) 0.5095

Adjustment for each other of Wgain T1, Wgain T2 and Wgain T3, gestational age, maternal age, pre-pregnancy BMI, fetal gender, calendar year

Association of 1 kg of trimester-specific GWG
with birth weight

Table 3 presented the association of trimester-specific GWG
with fetal birth weight stratified by pre-pregnancy BMI
category. WgainT1, WgainT2, and WgainT3 were inde-
pendently and positively associated with birthweight after
adjustment for the potential confounders. WgainT1 had the
strongest association with fetal birth weight in total popula-
tion, and the strength of association successively followed
by WgainT2 and WgainT3. Similar patterns observed across
BMI groups (Table 3). When pregnancy duration divided
into more stages, similar associations, which 1 kg of GWG
from early pregnancy to late pregnancy (except GWG from
week 1 to 6—WgainT6) gradually decreased the effect on
birthweight, were observed (Supplemental Table S1).
Table 4 shows the association of GWG with SGA/LGA
and LBW/macrosomia after adjustment for each other of
WgainT1, WgainT2 and WgainT3, and other potential con-
founders. GWG in each trimester was independently asso-
ciated with an increased risk of LGA and macrosomia, a
decreased risk of SGA and LBW, respectively. The strongest
risk of WgainT1 on LGA and macrosomia and strongest pro-
tective effects of WgainT1 on SGA and LBW were observed.
The lowest effect of WgainT3 on LGA, macrosomia, SGA,
and LBW was found. Meanwhile, the dose-response effect
of WgainT1 on LGA and SGA is presented in Fig. 1. With
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Fig. 1 The association of decile of maternal weight gain in the first
trimester with LGA and SGA

WgainT1 increased, the risk of LGA increased and the risk
of SGA decreased.

Association of 1 kg of trimester-specific GWG
with offspring growth

The association of trimester-specific GWG with body
weight, height and BMI from 1 month to 36 months was
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Table 5 The maternal weight gain in each pregnant trimester contributed the body weight of offspring after birth

Variable P (se) P value P (se) P value P (se) P value
1st month (n=14,656) 3rd month (n=14,518) 6th month (n=13,776)

WgainT1 48.78 (3.77) < 0.0001 60.04 (5.42) < 0.0001 83.70 (7.26) < 0.0001

WgainT2 35.41 (1.45) < 0.0001 39.39 (2.08) < 0.0001 45.61 (2.76) < 0.0001

WgainT3 13.91 (1.76) < 0.0001 10.51 (2.51) < 0.0001 6.74 (3.34) 0.0433
9th month (n=9487) 12th month (n=11,938) 18th month (n=10,514)

WgainT1 113.32 (11.76) < 0.0001 96.03 (9.25) < 0.0001 126.90 (11.01) < 0.0001

WgainT2 63.18 (3.73) < 0.0001 53.05 (3.44) < 0.0001 44.46 (4.10) < 0.0001

WgainT3 8.47 (4.43) 0.0556 35.42 (4.13) < 0.0001 18.62 (4.92) 0.0002
24th month (n=9780) 30th month (n=7949) 36th month (n=6357)

WgainT1 145.51 (13.42) < 0.0001 177.03 (18.16) < 0.0001 202.01 (24.72) < 0.0001

WgainT2 59.14 (4.92) < 0.0001 70.89 (6.29) < 0.0001 76.03 (7.67) < 0.0001

WgainT3 54.05 (5.90) < 0.0001 31.03 (7.49) < 0.0001 82.86 (9.27) < 0.0001

Adjustment for each other of WgainT1, WgainT2 and WgainT3, gestational age, maternal age, pre-pregnancy BMI, fetal gender, calendar year,

feeding type and offspring’s age

*WgainT1, WgainT2 and WgainT3 indicate that weight gain during the gestational interval from week 1-12, 13-28 and from week 29 to deliv-

ery, respectively

200
Trimester
* First
- Second
1901 = Thirg

e
o
o

Beta value of linear regression models
o
o

Offspring's age, month

Fig.2 Maternal weight gain during pregnancy with offspring weight
after birth

analyzed, respectively. GWG in three trimesters were
independently and positively associated with body weight
(Table 5 and Fig. 2), weight gain (Supplemental Table S2,
Supplemental Figure S1), and height (Fig. 3). Furthermore,
the effect gradually increased with age growth. But the effect
was the strongest in WgainT1, and 1 kg WgainT3 was the
lowest. However, it was very interesting that GWG by tri-
mester or by stage had similar effects on offspring BMI at
each age time point, except at the age of 6-months. Even, we
found that 1 kg WgainT1 had lower effects on BMI at some
time-points than WgainT2 and WgainT3 (Table 6, Fig. 4 and
Supplemental Table S3).
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Fig.3 Maternal weight gain during pregnancy with offspring height
after birth

The association of trimester-specific GWG with birth-
weight, weight gain and BMI aged at 6th, 12th and 24th
week showed in Supplemental Table S4. The results
showed that 1 kg WgainT1 still had the highest effect on
body weight at three time points and 1 kg WgainT3 also
had the lowest effects, despite birthweight levels. The
associations of GWG at each trimester with weight gain
offspring aged at 6th, 12th, and 24th week were similar to
those of body weight. In three subgroups of birthweight,
WgainT1, WgainT2, and WgainT3 similarly contrib-
uted BMI of offspring after birth aged at 6th, 12th, and
24th week, respectively (Supplemental Table S4). The
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Table 6 The maternal weight gain in each pregnant trimester contributed to BMI of offspring after birth

Variable P (se) P value P (se) P value P (se) P value
1st month (n=14,070) 3rd month (n=14,509) 6th month (n=13,773)

WeainT1 0.043 (0.010) < 0.0001 0.036 (0.011) 0.0017 0.243 (0.017) < 0.0001

WgainT2 0.050 (0.004) < 0.0001 0.042 (0.004) < 0.0001 0.105 (0.006) < 0.0001

WgainT3 0.062 (0.004) < 0.0001 0.034 (0.005) < 0.0001 0.004 (0.008) 0.5886
9th month (n=9477) 12th month (n=11,929) 18th month (n=10,504)

WgainT1 0.035 (0.017) 0.0381 0.030 (0.012) 0.0105 0.054 (0.012) < 0.0001

WgainT2 0.066 (0.005) < 0.0001 0.045 (0.004) < 0.0001 0.024 (0.004) < 0.0001

WgainT3 0.008 (0.006) 0.1992 0.045 (0.005) < 0.0001 0.009 (0.005) 0.0713
24th month (n=9768) 30th month (n=7940) 36th month (n=6349)

WgainT1 0.035 (0.012) 0.0039 0.021 (0.014) 0.1341 0.002 (0.018) 0.9264

WgainT2 0.037 (0.004) < 0.0001 0.035 (0.005) < 0.0001 0.039 (0.005) < 0.0001

WgainT3 0.053 (0.005) < 0.0001 0.012 (0.006) 0.0426 0.058 (0.007) < 0.0001

Adjustment for each other of WgainT1, WgainT2 and WgainT3, gestational age, maternal age, pre-pregnancy BMI, fetal gender, calendar year,

feeding type and offspring’s age

*WgainT1, WgainT2 and WgainT3 indicate that weight gain during the gestational interval from weeks 1-12, 13-28 and from week 29 to deliv-

ery, respectively
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Fig.4 Maternal weight gain during pregnancy with offspring BMI
after birth

association of GWG with the categorical variable of off-
spring height was similar to that of GWG with offspring
weight. WgainT1, WgainT2, and WgainT3 were indepen-
dently associated with an increased risk of high weight
and a decreased risk of low weight, regardless of the age
time points. Furthermore, the effect of 1 kg WgainT1 on
the risk of low and high weight was stronger than that
of WgainT2 and WgainT3 (Supplemental Table S5).
However, WgainT1, WgainT2, and WgainT3 indepen-
dently increased the risk of high BMI and independently
decreased the risk of low BMI in offspring aged 6th, 12th,
and 24th week. But 1 kg GWG during the 1st, 2nd, and 3rd

trimester had similar effects on the risk of low and high
BMI (Supplemental Table S5).

The quartile of GWG during the 1st and 2nd trimester
was plotted against weight and BMI of offspring. The lines
of offspring’s weight and BMI from 1 to 36 months kept
clear space between four quartiles of WgainT1 (Supplemen-
tal Figure S2 and Figure S3), but not found in the quartiles
of WgainT2 (Supplemental Figure S4 and Figure S5). The
dose-response effect of WgainT1 on postnatal body weight
and BMI was observed, but the effect of WgainT2 was not
clear. It indirectly indicated that WgainT1 contributed more
to the offspring growth than that WgainT?2.

When stratified by fetal gender, the patterns of the asso-
ciation of trimester-specific with weight, weight gain, and
BMI were similar (Supplemental Figure S6-11). Terms for
the 1st, 2nd and 3rd trimester GWG interactions with birth
weight (P values 0.742, 0.990, 0.704, respectively), fetal
weight (P values 0.168, 0.955, 0.005, respectively), height
(P values 0.187, 0.313, 0.199, respectively), BMI (P values
0.682, 0.144, 0.379, respectively) were not significant (data
not shown).

Discussion

In this community-based population, 1 kg of GWG in
three trimesters was independently and significantly asso-
ciated with birth weight, SGA, LGA, macrosomia, and
LBW. Meanwhile, 1 kg of GWG in three trimesters was
associated with birthweight and body growth. Moreover,
every increase in 1 kg of GWG in the 1st trimester had the
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strongest association with birthweight and body growth dur-
ing early life.

The prevalence of overweight and obesity in our study
were 4.7% and 0.5%, respectively, which were lower than
that in other studies of Chinese women. A study in Beijing
showed that 12.0% of the subjects were overweight and 2.6%
were obese [1] and the number was, respectively, 18.3% and
6.8% in a study from Shenyang, China [21]. As with studies
in Italy and New York [22, 23], the risk of macrosomia and
LGA increased with GWG increasing. We also observed a
positive association of excessive GWG with macrosomia and
LGA. The results of LBW and SGA in our study were also
similar to previous studies [24-26].

There were previous studies that in comparison to the
association of GWG in different trimesters with birth weight.
The study in Washington showed that 1 kg increase in early
or late GWG was associated with an increased birth weight
of 14.1 g (95% C110.3-18.0) and 21.0 g (95% CI1 16.7-25.4),
respectively [27]. Margerison-Zilco et al. found that GWG
in three trimesters were associated with birthweight, and the
association was stronger in the 2nd trimester [14]. Sekiya
et al. [28] found significant correlations between weight
gain rate with birth weight in the 2nd trimester. Our data
showed 1 kg of GWG during the 1st, 2nd, 3rd trimester inde-
pendently increased birth weight of 42.60 g, 37.52 g and
14.25 g. Our study also showed that pre-pregnancy BMI
modified the effect of GWG on birth weight, that is, the
strength of association of GWG with birthweight decreased
with BMI level increased in the 1st and 2nd trimesters.

Pregnancy is a unique time in women’s lives. Weight
gain across specific intervals of pregnancy has differential
contributions to fetal growth. GWG includes the growing
fetus, enlarging maternal fluid and soft tissue throughout
pregnancy [29]. Furthermore, placenta grows in intrauterine
during the early pregnancy, while the fetus does not accu-
mulate fat or much lean tissue [15]. For placental volume,
the rate of placental growth and expansion of fat tissue may
influence fetal size and birthweight. These effects are evident
in the first half of pregnancy [30]. These findings are similar
to our results: the effect of GWG during the 1st trimester on
birthweight was the strongest. Besides, early GWG may act
to predispose the fetus to gain different levels of fat and lean
tissue later in gestation [15].

Compared with that in the 2nd and 3rd trimesters, 1 kg of
GWG in the 1st trimester contributed more to the postnatal
height and weight, but the effect on BMI was similar across
trimesters. When quartered GWG in the 1st trimester, there
was a clear dose-response effect on offspring’s weight and
BMI. Furthermore, with age growth, this dose-response
effect increased. However, the association of 1 kg of GWG
in the 2nd trimester with child BMI did not represent similar
trend as height and weight, that is, 1 kg of GWG in early
pregnancy was advantageous to postnatal healthy growth

@ Springer

and development. We found all associations of trimester-spe-
cific GWG with birthweight and fetal growth outcomes were
similar between two genders. It is very similar with Wander,
et al. [27], who revealed that the association of trimester-
specific GWG with infant birth size does not differ for early
(<20 weeks gestation) or late (>20 weeks gestation) GWG.

The potential biological mechanisms for the impact of
GWG on fetal growth may via epigenetic mechanisms [31,
32]. Evidence from animal models showed an effect of
greater maternal pregnancy adiposity and overfeeding on
offspring epigenome [33]. The study from the Avon Longi-
tudinal Study of Parents and Children cohort suggested that
greater GWG in early pregnancy was related to higher DNA
methylation in offspring cord blood [34].

Strengths of the present study include the large sample
size in a community-based population. To our knowledge,
this is the first study to examine the relationship between tri-
mester-specific GWG with birthweight and offspring growth
in a Chinese population. The eligible criterion can reduce
possible confounders. Nevertheless, there are limitations.
Firstly, information bias may exist with partly self-reported
pre-pregnancy weight, since directly measuring pre-preg-
nancy weight is not possible. Pregnant women come to ante-
natal visit for the first time is around 8—12 weeks. Secondly,
the prediction of missing weight during pregnancy may
introduce bias. However, all adjusted R? of prediction mod-
els were greater than 0.81. Thirdly, the data of pregnancy
complications are incomplete, as women with inadequate
GWG are more likely to experience pregnancy complica-
tions compared to women with adequate GWG [35].

Conclusion

The 1 kg GWG in 1st trimester has the strongest positive
association with birthweight and body development up to
3 years compared to the association found in 2nd and 3rd.
More GWG in the Ist trimester may benefit birth weight
and offspring growth in under/normal weight mothers. These
results are needed to be confirmed by future research.
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