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Abstract

Maternal gestational weight gain (GWG) is an important determinant of infant birth weight, and having adequate total GWG has been widely
recommended. However, the association of timing of GWG with birth weight remains controversial. We aimed to evaluate this association,
especially among women with adequate total GWG. In a prospective cohort study, pregnant women’s weight was routinely measured during
pregnancy, and their GWG was calculated for the ten intervals: the first 13, 14-18, 19-23, 24-28, 29-30, 31-32, 33-34, 35-36, 37-38 and 39-40
weeks. Birth weight was measured, and small-for-gestational-age (SGA) and large-for-gestational-age were assessed. Generalized linear and
Poisson models were used to evaluate the associations of GWG with birth weight and its outcomes after multivariate adjustment, respectively. Of
the 5049 women, increased GWG in the first 30 weeks was associated with increased birth weight for male infants, and increased GWG in the first
28 weeks was associated with increased birth weight for females. Among 1713 women with adequate total GWG, increased GWG percent
between 14 and 23 weeks was associated with increased birth weight. Moreover, inadequate GWG between 14 and 23 weeks, compared with
the adequate GWG, was associated with an increased risk of SGA (43 (13-7 %) v. 42 (7-2 %); relative risk 1-83,95 % CI 1-21, 2-76). Timing of GWG
may influence infant birth weight differentially, and women with inadequate GWG between 14 and 23 weeks may be at higher risk of delivering
SGA infants, despite having adequate total GWG.

Keywords: Birth weight: Chinese: Gestational weight gain: Large-for-gestational-age: Small-for-gestational-age

Maternal gestational weight gain (GWG), as an important indica-
tor of maternal nutrition during pregnancy, includes the devel-
oped weight of the fetus, placenta, amniotic fluid, uterus,
maternal blood volume, mammary gland and maternal adipose
tissue during pregnancy. It has been well established that mater-
nal GWG is associated with infant birth weight, and suboptimal
GWG is associated with a series of adverse perinatal
outcomes™ ™, maternal postpartum weight retention> and child-
ren’s overweight/obesity®”. Moreover, mounting studies have
evaluated the association between the timing of maternal GWG
and infant birth weight, while the results remain controversial.
Some studies assessing the association between trimester-
specific GWG and infant birth weight indicated that maternal

GWG in the first two trimesters predicted birth weight®? while
others suggested that GWG in all three trimesters was associated
with birth weight'>'3, As well as, some studies reported that
GWG in the first 18 weeks only* or in the late two trimesters!>
was associated with birth weight. Furthermore, few studies have
evaluated the sex differences in the association between timing
of GWG and infant birth weight, though sex-specific intra-ute-
rine growth patterns have been reported®. Additionally, the
guidelines on optimal ranges of total GWG have been exten-
sively studied and recommended. However, no studies have
evaluated the association between timing of GWG and birth
weight among women with adequate total GWG and explored
whether suboptimal GWG in a critical time window is associated

Abbreviations: GWG, gestational weight gain; LGA, large-for-gestational-age; SGA, small-for-gestational-age.
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with the risk of adverse birth weight outcomes among them. This
information is needed to determine the importance of having
adequate GWG in a particular gestation period.

In this regard, the current study aimed to evaluate the asso-
ciation between timing of maternal GWG and infant birth weight
by infant sex, especially among women with adequate total
GWG, in a large prospective cohort study in Wuhan, China.

Methods
Participants and study design

A total of 5274 pregnant women with serial weight measure-
ments were identified from the Tongji Maternal and Child
Health Cohort, a prospective cohort aimed to investigate the
effects of maternal nutritional, environmental and lifestyle expo-
sures on the health outcomes of mother and child pairs in
Wuhan, China”. Pregnant women in the Tongji Maternal and
Child Health Cohort were enrolled before 16 weeks of gestation
from three hospitals between January 2013 and May 2016. After
excluding those with diabetes (1 18) or hypertension (1 6)
before pregnancy, missing data on birth outcomes (12 16) or pre-
term birth (72 185), 5049 pregnant women were included in the
current study (online Supplementary Fig. S1).

Ethical approval

This study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involving
human subjects/patients were approved by the ethics review
committee of Tongji Medical College of Huazhong University
of Science and Technology (No. 201302). Written informed con-
sent was obtained from all subjects/patients.

Anthropometric measurements and gestational weight
gain assessment

Pregnant women’s pre-pregnancy weight was self-reported at
enrolment (mean (sp): 129 (1-8) weeks of gestation), and their
current weight and height were measured with light clothing and
no shoes by trained nurses. Their weights were routinely mea-
sured in the same way during follow-up prenatal cares, with a
median of 10 (ranged from 3 to 20) weight measurements per
woman. Pre-pregnancy BMI was calculated as pre-pregnancy
weight (kg) divided by square of height (m), categorised as
underweight (< 18-5 kg/m?), normal weight (185 to < 24-0
kg/m?), overweight (24-0 to < 28-0 kg/m?) and obesity (> 28-0
kg/m?) according to the Chinese standards"®.

Because pregnant women’s weight was measured during
routine antenatal visits, the number of weight measurements var-
ied by gestational week. Based on the characteristics of weight
measurements, ten gestational intervals were identified in the
current study: the first 13, 14-18, 19-23, 24-28, 29-30, 31-32,
33-34, 35-36, 37-38 and 39-40 weeks!"¥. Then, weight and
its gestational weeks in these intervals were determined. Mean
weight and gestational weeks were used if a participant had
two or more weight measurements within one interval.
Subsequently, weekly GWG in these intervals was calculated

as the difference of weight between the indicated interval and
the preceding one divided by the weeks between, while that
in the first 13 weeks (the first interval), weekly GWG was calcu-
lated as the difference between the weight prior to 13 weeks of
gestation and before pregnancy divided by the weeks between.
Finally, the numbers (percentages) of weight measurements for
these ten gestational intervals were 4061 (80-4 %), 3562 (70-5 %),
3788 (750 %), 3658 (724 %), 2760 (54:7 %), 2088 (41-4 %), 2430
(481 %), 3034 (60-1 %), 3546 (70-2 %) and 2123 (42-0 %), respec-
tively. Also, cumulative GWG up to these intervals was calcu-
lated as the difference in weight between the indicated
interval and pre-pregnancy.

Total GWG was defined as the difference between the latest
weight before delivery (within 4 weeks) and pre-pregnancy
weight, and it was categorised as inadequate, adequate or exces-
sive according to the recommended GWG on Chinese women
(11-0-16-0 kg for women categorised as underweight, 8-0-14-0
kg for normal weight, 7-0-11-0 kg for overweight and 5-0-9-0
kg for obesity) (online Supplementary Table S1)1?.

Among women with adequate total GWG, GWG percent for
each of the ten intervals was calculated as weekly GWG in the
indicated interval divided by total GWG.

Birth outcomes

Information on date of birth, delivery mode, infant sex, birth
weight and birth length was derived from hospital records.
Small-for-gestational-age (SGA) and large-for-gestational-age
(LGA) were defined as birth weight < 10th and > 90th percentile
of the Chinese reference, respectively?.

Covariates

Maternal baseline information was collected by face-to-face
questionnaire at enrolment, including age, ethnicity, parity, aver-
age monthly income, current smoking at enrolment, alcohol
intake before and in early pregnancy, and date of last menstrual
period. Gestational age was initially calculated from the last men-
strual period. If an ultrasound in early pregnancy indicated a dif-
ferent gestational age, the estimated date of confinement and
gestational age were amended. Gestational diabetes mellitus
was diagnosed based on the results of a routine 75 g of oral glu-
cose tolerance test at 24-28 weeks of gestation, according to the
criteria of the International Association of the Diabetes and
Pregnancy Study Groups®?. Hypertensive disorders of preg-
nancy including gestational hypertension and preeclampsia
were diagnosed based on blood pressure and urine protein after
20 weeks of gestation, according to the criteria of the American
College of Obstetricians and Gynecologists task force on hyper-
tension in pregnancy‘??.

Statistical analysis

Continuous variables were presented as means and standard
deviation and categorical variables as frequencies (percentages).
We conducted ten discrete generalized linear models with
Gaussian distribution to examine the associations of GWG in
each of the ten intervals with birth weight. Covariates included
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maternal pre-pregnancy BMI (continuous), height (continuous),
ethnicity (Han Chinese or others), age (continuous), parity (0
or > 1), average monthly income (< 5000, 5000-9999 or > 10 000
Chinese Yuan), current smoking at enrolment (yes or no), alco-
hol intake before and in early pregnancy (yes or no), cumulative
GWG prior to the current interval (continuous), gestational age
at delivery (continuous) and infant sex (male or female). We
imputed the missing value on average monthly income (2-0 %)
using the multiple imputation (m = 5 imputations) with chained
equations®®. To explore whether the association of GWG in
each of the ten intervals with birth weight was modified by infant
sex, maternal pre-pregnancy BMI and maternal vomiting in early
pregnancy, the interactions were tested by including cross-prod-
uct terms in the models, and stratified analyses by these variables
were then conducted.

Among women with adequate total GWG, ten discrete gen-
eralized linear models with Gaussian distribution were con-
ducted to evaluate the association of GWG percent in each of
the ten intervals with birth weight, after adjustment for covariates
mentioned above (except for cumulative GWG prior to the cur-
rent interval). The critical time window was defined as gesta-
tional intervals during which GWG percent was positively
associated with birth weight. If a gestational interval with a
non-significant association was between two intervals with a
positive association, then that interval was included in the critical
time window.

Subsequently, we categorised participants as inadequate,
adequate and excessive according to the GWG in the critical time
window, using robust Poisson models to evaluate their associa-
tions with the risk of SGA and LGA after multivariate adjust-
ment®?. In sensitivity analyses, the analyses were performed
among women without gestational diabetes mellitus and hyper-
tensive disorders of pregnancy. Also, we repeated these analyses
when the GWG was grouped according to the National Academy
of Medicine (NAM, formerly known as Institute of Medicine)
guidelines®.

Additionally, based on the area under the receiver operating
characteristic curve, we compared the discriminative perfor-
mance of GWG in the critical time window and in other intervals
for SGA and LGA in all participants separately.

With a statistical power of 80 % and a significance level of
0-05, a sample size of 2088 (minimum number of weight mea-
surements in the ten intervals) could detect a target correlation
of 0-06, more precise than the predicted correlation of GWG and
birth weight at 0-262.

Two-sided P values < 0-05 were considered statistically sig-
nificant. All analyses were performed using Stata, version 15.0
(Stata Corporation).

Results
The characteristics of participants

Among the 5049 pregnant women, the mean (sp) values were
20-8 (2-7) kg/m? for pre-pregnancy BMI and 15-9 (4-5) kg for total
GWG. Of them, 1713 (33-9 %), 183 (3-6 %) and 3153 (62-4 %) had
adequate, inadequate and excessive total GWG, respectively.

Women with inadequate total GWG were slightly older, less
likely to be primiparous and more likely to have gestational
diabetes mellitus; those with excessive total GWG had a higher
pre-pregnancy BMI, were slightly younger, less likely to have
gestational diabetes mellitus and more likely to be primiparous
and have hypertensive disorders of pregnancy (Table 1).

Timing of gestational weight gain and birth weight

In all participants, maternal GWG in the first 30 weeks (i.e. the
first 13, 14-18, 19-23, 24-28 and 29-30 weeks) was positively
associated with birth weight after multivariate adjustment.
Birth weight increased by 56-54 (95 % CI 30-68, 82:40), 94-51
(74-46, 114-55), 86-16 (65-40, 106-93), 65-80 (44-95, 86-65) and
36-32 (18:17, 54-47) g for 0-5 kg/week increase in GWG during
the first 13, 14-18, 19-23, 24-28 and 29-30 weeks, respectively
(Table 2).

The interaction between GWG in 29-30 weeks and infant sex
was significant in relation to birth weight (2 <0-001). When
stratified by infant sex, GWG in the first 30 weeks was positively
associated with birth weight among male infants (birth weight
increased by 63:91 (95% CI 2864, 99-19), 105-07 (77-54,
132:61), 95-10 (65-18, 125-02), 70-31 (40-24, 100-39) and 73-59
(46-09, 101-08) g for 0-5 kg/week increase in GWG during the
first five intervals, respectively), and GWG in the first 28 weeks
was positively associated with birth weight among female infants
(birth weight increased by 47-99 (95% CI 9-85, 86-13), 81-12
(52-15, 110-08), 75-46 (46-52, 104-40) and 61-06 (32-18, 89-94)
g for 0-5 kg/week increase in GWG during the first four intervals,
respectively) (Table 2). Consistency results were found in strati-
fied analyses by maternal pre-pregnancy BMI or vomiting in
early pregnancy (online Supplementary Table S2 and S3). In sen-
sitivity analyses, similar results were found among women with-
out gestational diabetes mellitus and hypertensive disorders of
pregnancy (online Supplementary Table S4).

Gestational weight gain in the critical time window and
birth weight outcomes

Among 1713 women with adequate total GWG, GWG percent
between 14 and 23 weeks (i.e. 14-18 and 19-23 weeks) was pos-
itively associated with birth weight after multivariate adjustment
(Table 3). Similar results were found among male and female
infants (Table 3).

Then, weekly GWG between 14 and 23 weeks was calculated
and categorised as inadequate, adequate and excessive
(0-37-0-56 kg/week for women categorised as underweight,
0-26-0-48 kg/week for normal weight, 0-22-0-37 kg/week for
overweight and 0-15-0-30 kg/week for obesity) (Table
4).Women with inadequate GWG between 14 and 23 weeks,
compared with those with the adequate GWG, were associated
with an increased risk of SGA (43 (13-7 %) v. 42 (7-2 %); relative
risk 1-83, 95% CI 1-21, 2:76), but not LGA (17 (539%) w.
33 (5-7 %); relative risk 1-05, 95 % CI 0-60, 1-85). These results
were unchanged among women without gestational diabetes
mellitus and hypertensive disorders of pregnancy (Table 4).
Also, similar results were observed when total GWG and
GWG between 14 and 23 weeks were grouped according to
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Table 1. Characteristics of the study population according to total GWG

Total GWG
Total (n 5049) Inadequate (n 183) Adequate (n 1713) Excessive (n 3153)
Characteristic Mean SD n % Mean sD n % Mean sD n % Mean SD n %
H
Maternal 5
Pre-pregnancy weight (kg) 53-4 75 532 95 52-1 7-0 541 7-5 R
Height (cm) 160-3 5.0 1597 4.7 1599 5.0 160-6 5.0 o)
Pre-pregnancy BMI (kg/m?) 20-8 2.7 209 35 204 2.6 21.0 2.7 c,?
Pre-pregnancy BMI %
Underweight 996 197 69 377 458 267 469 149 &
Normal weight 3488 69-1 82 44.8 1133 66-1 2273 721§
Overweight 480 95 26 14.2 106 62 348 110 =
Obesity 85 17 6 33 16 09 63 2.0 %
Maternal age (years) 282 35 288 37 285 36 281 34 =
Average monthly income (¥*) =
< 5000 1934 383 64 35.0 627 366 1243 394 B
5000-9999 2089 414 86 470 730 426 1273 404 5
> 10 000 926 18-3 27 14.8 325 19.0 574 182 3§
Missing 100 2.0 6 33 31 18 63 2.0 ?
Ethnicity (Han Chinese) 4923 975 178 97-3 1662 97.0 3083 978 =&
Primiparous 4252 84.2 136 74-3 1401 81-8 2715 861 =
Vomiting at enrolment 3171 62-8 125 68-3 1092 63-8 1954 62-0 %
Current smoking at enrolment 158 31 3 1.6 35 2:0 120 3-8 c“:o‘r'
Alcohol drinking 609 121 22 12.0 195 114 392 124 =
Gestational age at delivery (week) 39-6 11 394 11 394 11 397 11 2
Gestational diabetes mellitus 460 9-4 40 230 190 115 230 76 fg
Hypertensive disorders of pregnancy 221 4.7 6 37 37 24 178 61 B
Infantile 8
Male infant 2707 53-6 106 579 940 54.9 1661 52.7
Birth weight (g) 3361 403 3148 363 3266 364 3425 411
SGA 316 71 24 138 142 88 150 56
LGA 603 12.7 9 5.7 104 66 490 16-3

GWG, gestational weight gain; SGA, small-for-gestational-age; LGA, large-for-gestational-age.
*¥, Chinese Yuan; ¥1 ~ USA $ 0-16.
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Table 2. Association of GWG in each gestational interval with birth weight

(B and 95 % confidence intervals)

Infant sex
Total (n 5049) Male (n 2707) Female (n 2342)

GWG B 95 % CI* 95 % CI* p* 95 % CI*
The first 13 weeks 56-54 30-68, 82-40 6391 28-64, 99-19 47-99 9-85, 86-13
14-18 weeks 94.-51 7446, 114.55 105-07 7754, 132-61 8112 52-15, 110-08
19-23 weeks 86-16 65-40, 106-93 95:10 65:18, 125.02 75-46 46-52, 104-40
24-28 weeks 65-80 44.95, 86-65 70-31 40-24, 100-39 61-06 32:18, 89-94
29-30 weeks 36-32 18-17, 54.47 7359 46-09, 101-08 —4.57 —27-99, 18-86
31-32 weeks —2.74 -17-20, 11.72 -10-28 —29-94, 9-37 11.05 -9-11, 31.20
33-34 weeks 577 -8-26, 19-79 16-28 -5.09, 37-65 —4-67 —22.72,13:37
35-36 weeks —0-06 -12.87, 12.74 4.95 -13.24, 2313 —6-26 —24-15, 11.63
37-38 weeks 6-12 —4.71,16-94 7-48 —6-88, 21-85 5.52 —-11.04, 22.07
39-40 weeks 7-31 —6-88, 21-50 18-89 —3-14, 40-92 —4.05 -21.17, 13.07

GWG, gestational weight gain.

* Values represent the change in birth weight (g) when GWG in the indicated gestational interval changed by 0-50 kg/week.
All models were adjusted for maternal pre-pregnancy BMI, height, ethnicity, age, parity, average monthly income, current smoking at enrolment, alcohol intake before and in early
pregnancy, cumulative GWG prior to the current interval, gestational age at delivery and infant sex (expect for the stratified analyses).

Table 3. Association of GWG percent in each gestational interval with birth weight among women with adequate total GWG

(# and 95 % confidence intervals)

Infant sex
Total (n 1713) Male (n 940) Female (n 773)

GWG percent p* 95 % CI* 95 % CI* B 95 % CI*
The first 13 weeks —54.42 -110-60, 1-75 —47-75 -119.73, 24.23 —60-34 —149.62, 28-95
14-18 weeks 76-07 32:61, 119-54 7211 14.41, 129-80 8551 19-44, 151.58
19-23 weeks 64-85 2347, 106-23 7224 17-88, 130-59 59.92 0-53, 119-31
24-28 weeks 22.02 —20-75, 64-78 31.71 —27-66, 91.07 1813 —44.40, 80-65
29-30 weeks —0-35 —-35.72, 35-01 2645 —25-43, 7833 —21.98 —70-74, 2678
31-32 weeks -11.47 —37-84, 14.90 —29-54 —63-58, 4-49 19.09 —23-64, 61-81
33-34 weeks -9-11 —34.88, 16:65 -3-68 —43-69, 36:34 -14.72 —47-51, 18.07
35-36 weeks —6-64 —-30-75, 17-48 -13-44 —45.98, 19-11 -3-51 —-38.08, 31-07
37-38 weeks -8-02 —28-70, 12:66 1.28 —26-12, 2869 -16-88 —48-22, 1447
39-40 weeks -11.54 —43-30, 20-22 -16-01 —61.88, 29-87 -14.00 -58-16, 30-16

GWG, gestational weight gain.

* Values represent the change in birth weight (g) when GWG percent in the indicated gestational interval changed by 5 % per week.
All models were adjusted for maternal pre-pregnancy BMI, height, ethnicity, age, parity, average monthly income, current smoking at enrolment, alcohol intake before and in early

pregnancy, gestational age at delivery and infant sex (expect for the stratified analyses).

the National Academy of Medicine guidelines (online
Supplementary Table S5).

Additionally, in all participants, for SGA, the area under the
receiver operating characteristic curve was larger for GWG at
14-23 weeks (0-58, 95 % CI 0-55, 0-62) than GWG in other inter-
vals (0-52, 95 % CI 0-49, 0-55) (P = 0-013); while for LGA, the area
under the receiver operating characteristic curve was similar
between GWG at 14-23 weeks (0-58, 95 % CI 0-56, 0-61) and
GWG in other intervals (0-60, 95% CI 0-57, 0-62) (P=0-483)
(online Supplementary Fig. S2).

Discussion

In the current prospective cohort study, maternal GWG in the
first 30 weeks was positively associated with birth weight among
male infants, and maternal GWG in the first 28 weeks was pos-
itively associated with birth weight among female infants.
Among women with adequate total GWG, increased GWG

percent between 14 and 23 weeks was associated with increased
birth weight. Moreover, inadequate GWG between 14 and 23
weeks among women with adequate total GWG was signifi-
cantly associated with an increased risk of SGA.

Some studies on trimester-specific GWG suggested that
maternal GWG in the first two trimesters predicted birth
weight® 1V the current study extended the finding to that mater-
nal GWG in the first 30 weeks was associated with birth weight in
male infants and maternal GWG in the first 28 weeks was asso-
ciated with birth weight in females. Maternal GWG may influ-
ence birth weight by mediating maternal fat
Theoretically, pregnant women with pre-pregnancy normal
weight will gain 12-5 kg weight throughout pregnancy, and
3.8 kg of that is the fat mass®”. The first two trimesters of preg-
nancy are considered to be a period of accumulation of fat stores,
while the third trimester is a catabolic period®®. Moreover, a
study suggested that maternal changes in thigh skin folds and
fat gain before the 30 weeks of gestation were associated with

mass.
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Table 4. Associations of GWG between 14 and 23 weeks with the risk of SGA and LGA among women with adequate total GWG

(Relative risks and 95 % confidence intervals)

LGA

SGA

95 % Clt RRt 95 % Clt

RRt

%

95 % Clt RRt 95% Clt Case

% RRt

Case

GWG between 14 and 23 weeks

Total

0-60, 1-85

1.05
1.00
1.41

0-58, 1-81

1.02
1.00
1.49

59
57

17
33
48

1.21,2.76

1.83
1-00
0-98

1.27,2-84

1.90
1-00
0-96

43 137

42
38

Inadequate
Adequate

72
69

092, 2.16

097, 2.28

0-64, 1-50 85

0-63, 1-46

Excessive
Subset*

Timing of gestational weight gain and birth weight outcomes 1063
- v

2 g infant birth weight®”. Additionally, the sex-specific difference
g o found in the association between timing of GWG and birth
o o

1.04
1.00
1.46

0-57, 1.99

1.07
1.00
1.57

64
5.9
9-3

14
28
41

1-10, 2-86

1.78
1-00
0-90

1-16, 291

1.84
1-00
0-89

131

31

Inadequate
Adequate

71

34
27

0-99, 249

0-55, 1-48

0-55, 1-45

6-3

Excessive

GWG, gestational weight gain; SGA, small-for-gestational-age; LGA, large-for-gestational-age; RR, relative risks.

* Among women without gestational diabetes mellitus and hypertensive disorders of pregnancy.

1 Models were crude models.

1 Models were adjusted for maternal pre-pregnancy BMI, height, ethnicity, age, parity, average monthly income, current smoking at enrolment and alcohol intake before and in early pregnancy.

weight may be related to the fact that male fetuses grow faster
and require more energy than females in utero®*" and moth-
ers of male fetuses require a relatively longer gestation period to
accumulate fat than mothers of female fetuses.

Among women with adequate total GWG, 14-23 weeks of
gestation was a critical time window during which increased
GWG percent was found associated with increased birth weight.
This finding suggests that the pattern of GWG may be an impor-
tant indicator of infant birth weight, and pregnant women should
be recommended to have adequate GWG throughout gestation,
especially at 14-23 weeks of gestation. A possible explanation
for the observed association is that the 14-23 weeks of gestation
is a sensitive period of fetal fat lobule development, during
which the number of lobules increases®?. As an indicator of
maternal nutrition, GWG in this critical time window may influ-
ence birth weight by regulating this process.

Moreover, inadequate GWG between 14 and 23 weeks was
found associated with a higher risk of SGA among women with
adequate total GWG, which was supported by results showing
that GWG between 14 and 23 weeks of gestation had a greater
predictive effect on SGA than GWG in other intervals. These
findings were generally consistent with some prior studies which
suggested that GWG in the second trimester, but not GWG in
other trimesters, was associated with the risk of SGA®!? and
these findings further limited the critical time window to the
14-23 weeks of gestation and added that the higher risk of
SGA associated with inadequate GWG in the critical time win-
dow might not be offset by adequate total GWG. Additionally,
some studies reported that maternal GWG prior to glucose
screening (at 24-28 weeks of gestation) was positively associ-
ated with the risk of gestational diabetes mellitus, emphasising
that pregnant women should prevent more GWG before 24
weeks of gestation®®. Under the circumstances, the findings
in the current study have important clinical implications.

The prospective longitudinal and accurate measurement of
pregnant women’s body weight to ensure high-quality measure-
ments are major strengths of the current study. Other strengths
include a large sample size and detailed information on covari-
ates. Moreover, considering the pattern of GWG during the
whole pregnancy may be affected by gestational diabetes melli-
tus and hypertensive disorders of pregnancy, the analyses were
also performed among women without these pregnancy compli-
cations to test the robustness of the findings.

Our study has some limitations. First, the participants’ pre-
pregnancy weight was self-reported, which might introduce
reporting bias. However, the reporting bias in pre-pregnancy
weight is small, and self-reported is a cost-effective and common
measurement approach for pre-pregnancy weight®?. In addi-
tion, pre-pregnancy weight of the current study was self-
reported at enrolment in early pregnancy (about 12 weeks of
gestation) when the magnitude of change in body weight was
small and the recall period was short. Second, since most preg-
nant women in the current study are Han Chinese, the associa-
tion of timing of GWG with birth weight deserves a further
investigation in other ethnic groups. Third, there is only a small
percentage of participants with pre-pregnancy overweight or
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obesity in the current study; thus, the applicability of the findings
to them remains to be evaluated.

Conclusion

In conclusion, findings from this longitudinal cohort study indi-
cate that maternal GWG up to 30 weeks of gestation may predict
birth weight among male infants and maternal GWG up to 28
weeks of gestation may predict birth weight among female
infants. Pregnant women with inadequate GWG between 14
and 23 weeks of gestation may be at higher risk of delivering
SGA infants, despite having adequate total GWG. These findings
highlight the importance of having adequate GWG between 14
and 23 weeks of gestation for improving infant birth weight
outcomes.
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