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AIMS: To investigate the association of gestational weight gain (GWG) trajectory with early children growth, and explore whether
this association varies by gestational diabetes mellitus (GDM) status.

METHODS: Maternal weight and offspring anthropometric outcomes before 36 months were extracted from Electronic Medical
Record of Zhoushan, China. GWG trajectory was modeled using latent-class trajectory analysis. Multiple generalized estimating
equations models were applied to analyze associations of GWG trajectory categories with early children growth.

RESULTS: Three GWG trajectory classes were identified in all participants (n = 13 424), the non-GDM (n = 10 984) and GDM

(n = 2440) groups, respectively. In all participants, the Slow-Rapid pattern was significantly associated with lower length z-scores of
offspring (8 = —0.084; se = 0.015), compared to the Moderate pattern, while the Rapid-Slow pattern was significantly associated
with higher length z-scores (8 = 0.083; se = 0.022), with no significant effects on other anthropometric outcomes. Similar results
were also observed in the non-GDM group. However, in the GDM group, offspring of mothers with the Rapid-Slow pattern showed
significantly higher weight z-scores (8 = 0.093; se = 0.046), BMI z-scores (8 = 0.113; se = 0.052), and risk of overweight/obesity
(OR = 1.40, 95%ClI: 1.11, 1.76).

CONCLUSION: GWG trajectory significantly impacted offspring growth before 36 months, with different effects observed based on
GDM status. GWG trajectory primarily affected offspring length in the non-GDM group, whereas earlier high weight gain appeared

to increase offspring weight, BMI, and risk of overweight/obesity in the GDM group.
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INTRODUCTION

The importance of early childhood growth and development
cannot be underestimated. Early growth rate not only serves as
crucial indicators for assessing children’s health status but also are
closely associated with the risk chronic diseases later. For example,
studies have demonstrated a significant correlation between
excessive gain in BMI in early childhood and the presence of
cardiovascular risk factors or diabetes in adulthood [1-3]. There-
fore, it is essential to explore the factors influencing early
childhood growth and development.

Pregnancy is a critical period for shaping offspring health. In
recent times, inappropriate gestational weight gain (GWG) has
attracted mounting concerns as a contributory factor for adverse
outcome [4]. GWG, as a potential modifiable indicator for fetal
nutritional support, is now recommended to routinely assessment
as part of prenatal care. For optimizing maternal and child health
outcomes, some institutions have provided guidelines [5-7], with
the Institute of Medicine (IOM) guideline in 2009 most widely
accepted. The guideline provides the recommended rate of GWG

and total GWG according to the pre-pregnancy body mass index
(BMI) [5].

Currently, aside from birth outcomes, accumulating evidence
suggests that total GWG above the IOM recommendations also
increases the risk of offspring developing high BMI z-score
trajectories [8] or becoming overweight/obese [9, 10]. However,
some research indicated it may be problematic to link total GWG
with adverse offspring health outcomes because total GWG is
closely related to gestational age, potentially leading to spurious
associations between inappropriate GWG and adverse outcomes
of offspring [11]. Although, some previous studies have assessed
GWG in relation to children’s longer-term growth and develop-
ment by specific trimester [12-14] or gestational age [15], these
evidences assessed each trimester independently, rather than
assessing the entire shape of the weight change. However,
leveraging methods like latent class analysis to focus on the
pattern or trajectory of GWG could provide stronger clinical utility
as a prospective monitoring tool for clinicians [16, 17]. Despite the
utility of this method, only a few studies thus far have employed it
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to assess the relation between GWG and development of
offspring, such as the weight [18], overweight/obesity status [19]
and body composition [16].

Additionally, as the most common medical complication, the
diagnosis of gestational diabetes mellitus (GDM) has been shown
to strongly influence GWG management [20], suggesting that
weight progression varied between individuals with and without
GDM. However, in pregnancies characterized by GDM, the effects
of pattern and timing of GWG on perinatal and offspring
outcomes remain unclear. Modeling the GWG pattern with
methods like latent class analysis would better to comprehen-
sively capture GWG dynamics in pregnancies with GDM, helping
to differentiate the effects and progression of GWG between
individuals with and without GDM. To our knowledge, there seems
to be no studies have focused on modeling GWG trajectory and
examined the associations between GWG trajectory and offspring
growth, based on the status of GDM.

To address these gaps and in-depth supplement in the
literature, we aim to model the GWG trajectory, and investigate
the effects of GWG trajectories on the growth of offspring before
36 months. Meanwhile, we modeled the trajectory based on GDM
status and assessed whether there are differences in the
association between GWG trajectory and offspring growth among
individuals with and without GDM.

METHODS

Data source and participants

Data were extracted from a comprehensive Electronic Medical Record
System (EMRS) of Zhoushan Maternal and Child Care Hospital, Zhejiang
province, China between October 2011 and October 2022. The EMRS is a
municipal system containing information of all pregnant women and
newborn health care in Zhoushan city after 2011, as previously described
[21, 22].

Participants who met the inclusion criteria were enrolled, including: (1)
maternal age between 18 and 50 years old; (2) live singleton pregnancy; (3)
first antenatal care visit before 14 weeks of gestation; (4) at least 3 prenatal
weight measurements recorded throughout pregnancy; (5) at least 2
anthropometric measurements of offspring (i.e., height and weight) taken
between the ages of 1 and 36 months. Additionally, pregnant women with
pre-existing diabetes, preterm birth, and those whose pregnancies resulted
from assisted reproductive technology were excluded, due to their
potential effects on estimating GWG patterns and offspring development.
Ultimately, 2083 mother-child pairs were excluded and the final analysis
comprised 13,424 pairs. We further conducted the sensitivity analysis, and
found that there were no significant differences in socio-demographic
characteristics between the initial and final samples, except for gravidity
(Table S1). Informed consent was obtained from subjects involved in the
study. The study protocol was approved by the institutional review board
of Zhejiang University School of Medicine (No. 2011-1-002).

The definition of gestational diabetes mellitus

In China, pregnant women routinely undergo screening for GDM through a
75-g Oral Glucose Tolerance Test during the 24-28 gestational weeks. The
diagnosis of GDM, according to the International Association for Diabetes
in Pregnancy Study Groups (IADPSG) criteria, is determined if any of the
following thresholds were exceeded: fasting glucose levels = 5.1 mmol/L,
1-h post-glucose = 10.0 mmol/L, or 2-h post-glucose = 8.5 mmol/L.

Assessment of GWG and gestational weight gain trajectory
The weight in kilograms (kg) of pregnant women was measured by
qualified staff at each antenatal examination. Pre-pregnancy BMI was
calculated as weight/height2 (kg/mz) at the first antenatal care visit, and
were classified as: underweight/normal weight (BMI < 24.0 kg/m?) or
overweight/obesity (BMI = 24.0 kg/mz), according to the BMI standards
for Chinese adults [23].

In this study, maternal GWG in the 2nd and 3rd trimester (from 14 weeks
to delivery) was defined as the difference in maternal weight between
each antenatal examination and the 13th week. For pregnant women
without weight measurements at the 13th week, a weight measurement
taken within the previous a month was used as a substitute. The maternal
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GWG rate (kg/week) was defined as the mean weekly weight gain.
Subsequently, GWG was classified as insufficient, adequate, or excessive,
according to the 2009 IOM guideline [5].

The GWG trajectory of 2nd and 3rd trimester were identified by applying
the latent-class trajectory model (LCTM) (R, package “lcmmm”; function
“hime”) [24], a flexible semi-parametric approach that simplifies hetero-
geneous populations into homogeneous clusters or classes. We tested for
optimal class numbers from K = 2 to K= 6, selecting the model based on a
comprehensive consideration of several criteria [17, 25, 26]: lowest
Bayesian information criteria (BIC) value, mean posterior probability
greater than 0.7, relative entropy greater than 0.5, the proportion of
estimated trajectory classes (with the smallest group including at least 5%
of individuals), and the clinical meaning of each trajectory. We fitted linear,
quadratic and cubic group models separately to select the optimal
polynomial degree. According to the above criteria, the random quadratic
proportional model with three classes was demonstrated to be the best fit.
The number of weight measurements for each gestational week and
parameters of LCTM for different populations were presented in Tables
S2 and S3.

We applied the latent trajectory models to longitudinal weight data
among all the pregnant women, firstly. Considering the potential influence
of GDM on weight management and its impact on estimating GWG
patterns, we then fitted latent trajectory models to longitudinal weight
data collected in non-GDM and GDM group, respectively.

Measurements of offspring anthropometric outcomes

The measurements of offspring anthropometric outcomes before
36 months included weight (kg) and length (cm), which were taken by
specially trained research nurses at each child health examination. The
length and weight of offspring were used to calculate age- and sex-specific
standardized child weight z-scores, length z-scores, and BMI z-scores,
according to the World Health Organization’s Growth standard for children
[27]. Z-scores is the preferred measure for allowing the comparison
between children of different ages and sex. Children with age- and sex-
specific BMI z-scores = 2 were defined as overweight/obesity. Due to the
small number of children with obesity, we did not conduct further separate
analyses for overweight children and children with obesity to ensure
sufficient statistical power. Meanwhile, due to the small number of
underweight offspring, we did not consider underweight as an outcome in
our study.

Covariates

The covariates included socio-demographic factors such as maternal age at
delivery (years), maternal educational level (junior high school or less,
senior high school, college or higher, and unknown), parity (primiparous,
multiparous, and unknown), gravidity, and maternal early pregnancy
weight (kg). These variables were selected because they are known to
influence GWG trajectory and childhood growth and development. To
further explore the independent effect of GWG trajectory, and after
considering the established effects of maternal height [28], gestational age
[29] and mode of delivery [30] on childhood growth patterns, we adjusted
for maternal height (cm), gestational weeks at delivery (weeks) and mode
of delivery (vaginal delivery, cesarean section, and unknown). Furthermore,
based on the impact of birth weight and length [31, 32], as well as feeding
practices [33], on subsequent growth and development, we adjusted for
anthropometric measurements at birth and the duration of exclusive
breastfeeding (< 3 months and > 3 months).

Statistical analysis

Continuous variables and categorical variables were expressed as the
mean =+ SD and frequencies (%), respectively. T-tests and Pearson Chi-square
tests were used to compare continuous and categorical variables between
women with and without GDM, respectively. Similarly, ANOVA tests and
Pearson Chi-square tests were used to compare continuous and categorical
variables among different GWG trajectory classes, respectively. For estimat-
ing the associations between GWG trajectory and mean offspring
anthropometric outcomes from 1 to 36 months, we used the generalized
estimating equations (GEE) models with the auto-regressive 1 correlation
structure. By applying the auto-regressive 1 correlation structure, the
increased within-subject correlation of closer measurements was accounted.
Then, these above models were further adjusted for the covariates
mentioned, and adjusted B with standard error (se) and adjusted odds ratio
(OR) with 95% confidence intervals (Cl) were presented.
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Patterns of gestational weight gain trajectory. A Patterns of gestational weight gain trajectory among all pregnancy women;

B Patterns of gestational weight gain trajectory among women without GDM; C Patterns of gestational weight gain trajectory among women
with GDM. The trajectory of GWG were modeled using the latent class analysis, and three distinct GWG trajectory were identified. The Slow-
Rapid pattern (Class 1) showed slow GWG rate initially, followed by higher GWG rate in the third trimesters. The Moderate pattern (Class 2)
showed GWG rate maintained a stable growth trend in GWG in second and third trimester. Conversely, the Rapid-Slow pattern (Class 3)
showed high GWG rate initially, followed by slower GWG rate in third trimesters.

To further explore whether the effects of GWG trajectories are
influenced by the total amount of GWG, we made additional adjustments
to the total weight gain in sensitivity analysis. Additionally, in sensitivity
analysis, the classification of offspring overweight/obesity status was based
on the reference provided by the National Health Commission of China
[34] and analyses were restricted after excluding women with pregnancy-
induced hypertension. All analyses were performed using the statistical
software R version 4.2.2. All statistical tests were two-sided, and P
values < 0.05 was considered statistically significant.

RESULTS

Basic characteristics

Among the total of 13,424 pregnant women, the mean maternal
age was 29.00 + 4.04 years old, and the mean early-pregnancy BMI
was 21.52 * 3.02 kg/m’. 17.8% of pregnant women were classified
as overweight/obesity, and 62.2% were primiparous. Of the total,
2440 (18.2%) pregnant women were diagnosed with GDM, while
10,984 (81.8%) were classified as having normal glucose tolerance
(NGT). When compared to women without GDM, those with GDM
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were older and had a higher proportion of overweight/obesity
(26.2% vs. 15.9%) and multiparity (37.5% vs. 31.3%). More detailed
characteristics of participants included were presented in Table S4.

Patterns of GWG trajectory

Among all participants, three GWG trajectory classes were
identified (Fig. 1A): the Slow-Rapid pattern (25.7%), the Moderate
pattern (64.5%) and the Rapid-Slow pattern (9.8%). The Slow-Rapid
pattern showed slow GWG rate initially, followed by higher GWG
rate in the third trimesters. The Moderate pattern showed GWG
rate maintained a stable growth trend in GWG in second and third
trimester. Conversely, the Rapid-Slow pattern showed high GWG
rate initially, followed by slower GWG rate in third trimesters.
Similar trajectory classes were identified in non-GDM (Fig. 1.B) and
GDM group (Fig. 1.Q).

Among all pregnant women, as well as in the non-GDM and
GDM groups, participants in the Slow-Rapid pattern exhibited the
highest mean early-pregnancy BMI values, whereas those in the
Rapid-Slow pattern had the lowest (Tables 1 and S5). The
estimated total GWG and proportion exceeding the IOM guideline
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Table 1.
Variables Women without GDM
Slow-Rapid Moderate Rapid-Slow
pattern pattern pattern
N (%) 2477 (22.6) 7337 (66.8) 1170 (10.6)
Age (years) 28.29 (4.00) 28.77 (3.87) 28.98 (4.03)
Pre-pregnant BMI (kg/mz) 21.94 (3.20) 21.20 (2.79) 20.93 (2.74)
Pre-pregnant BMI
categories, n (%)
Underweight/normal 1933 (78.0) 6272 (85.5) 1028 (87.9)
weight
Overweight/obesity 544 (22.0) 1065 (14.5) 142 (12.1)
Maternal height (cm) 161.50 (4.73) 161.16 (4.64) 161.54 (4.66)
Gravidity 1.93 (1.14) 2.02 (1.20) 2.08 (1.22)
Parity, n (%)
Primipara 1620 (65.4) 4612 (62.9) 726 (62.1)
Multipara 718 (29.0) 2333 (31.8) 368 (31.5)
Unknown 139 (5.6) 392 (5.3) 76 (6.5)
Maternal educational
level, n (%)
Jlunio high school or 385 (15.5) 1038 (14.1) 200 (17.1)
ess
Senior high school 311 (12.6) 895 (12.2) 141 (12.1)
College or higher 1156 (46.7) 3443 (46.9) 527 (45.0)
Unknown 625 (25.2) 1961 (26.7) 302 (25.8)
Delivery mode, n (%)
Vaginal delivery 1458 (58.9) 4477 (61.0) 717 (61.3)
Cesarean section 950 (38.4) 2656 (36.2) 423 (36.2)
Unknown 69 (2.8) 204 (2.8) 30 (2.6)
Gestational age at 39.10 (1.18) 39.14 (1.12) 39.24 (1.12)
delivery (weeks)
Gender, n (%)
Male 1268 (51.2) 3778 (51.5) 640 (54.7)
Female 1209 (48.8) 3559 (48.5) 530 (45.3)
Birth weight (g) 3302.93 3340.38 3423.09
(408.15) (391.72) (395.01)
Duration of exclusive
breastfeeding, n (%)
< 3 months 4262 (58.1) 1475 (59.5) 688 (58.8)
> 3 months 3075 (41.9) 1002 (40.5) 482 (41.2)

GDM gestational diabetes mellitus, BMI body mass index.

were highest in the Rapid-Slow pattern but lowest in the
Moderate pattern (Table 2). Among all participants and non-
GDM group, offspring of mothers with the Slow-Rapid pattern had
the lowest mean birth weight and those of mothers with the
Rapid-Slow pattern had the highest, while this trend was not
observed in the GDM group (Table 1).

Effects of GWG trajectories on offspring anthropometric
outcomes from 1 to 36 months
Table 3 presented the associations between GWG trajectory and
offspring anthropometric outcomes among all participants. Off-
spring born to mothers with the Slow-Rapid pattern significantly
showed lower length z-scores (8 = —0.084; se = 0.015), compared
to those born to mothers with the Moderate pattern, while
offspring of mothers with the Rapid-Slow pattern significantly
showed higher length Zz-scores (8=0.083; se=0.022). No
significant differences of other anthropometric outcomes were
observed among the different GWG trajectory classes.

Similarly, Table 4 showed the associations of GWG trajectory
with offspring anthropometric outcomes among women without

SPRINGER NATURE

Characteristics of participants based on gestational weight gain trajectory classes among women without and with GDM.

Women with GDM

P Slow-Rapid Moderate Rapid-Slow P
pattern pattern pattern
714 (29.2) 1478 (60.6) 248 (10.2)
<0.001 30.06 (4.32) 30.42 (4.24) 31.15 (4.38) 0.003
<0.001 22.89 (3.77) 22.06 (3.16) 22.24 (3.45) <0.001
<0.001 <0.001
486 (68.1) 1123 (76.0) 192 (77.4)
228 (31.9) 355 (24.0) 56 (22.6)
0.001 160.66 (5.33) 160.67 (4.59) 160.61 (4.84) 0.983
<0.001 2.04 (1.20) 2.18 (1.46) 2.39 (1.30) 0.002
0.051 0.228
418 (58.5) 845 (57.2) 125 (50.4)
261 (36.6) 547 (37.0) 107 (43.1)
35 (4.9) 86 (5.8) 16 (6.5)
0.129 0.034
118 (16.5) 248 (16.8) 46 (18.5)
97 (13.6) 183 (12.4) 45 (18.1)
289 (40.5) 662 (44.8) 106 (42.7)
210 (29.4) 385 (26.0) 51 (20.6)
0.385 0.624
383 (53.6) 819 (55.4) 128 (51.6)
312 (43.7) 630 (42.6) 113 (45.6)
19 (2.7) 29 (2.0) 7 (2.8)
0.004 39.02 (1.10) 39.03 (1.10) 38.83 (1.13) 0.028
0.101 0.136
370 (51.8) 817 (55.3) 145 (58.5)
344 (48.2) 661 (44.7) 103 (41.5)
<0.001 3349.12 336243 3404.80 0.199
(445.83) (405.70) (435.05)
0.433 0.110
857 (58.0) 441 (61.8) 157 (63.3)
621 (42.0) 273 (38.2) 91 (36.7)

GDM. Offspring whose mother exhibited the Slow-Rapid pattern
significantly showed lower length z-scores (8= —0.096; se =
0.018), compared to those of mothers with the Moderate
pattern, while offspring whose mother exhibited the Rapid-Slow
pattern significantly showed higher length z-scores (8 = 0.099;
se =0.023). There were no significant differences among the
different GWG trajectory classes in terms of other anthropo-
metric outcomes.

Additionally, the effects of GWG trajectory on offspring
anthropometric outcomes among women with GDM were
displayed in Table 4. In comparison with the Moderate pattern,
the Rapid-Slow pattern was significantly associated with increased
offspring weight z-scores (8 =0.093; se =0.046), BMI z-scores
(B=0.113; se =0.052) and the risk of overweight/obesity (OR =
1.40, 95% CI: 1.11, 1.76).

Sensitivity analysis

The associations between GWG trajectory and offspring weight z-
scores, length z-scores, and BMI z-scores remained consistent after
adjusting for total GWG during pregnancy across all participants,

Nutrition and Diabetes (2025)15:10
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Table 2. Gestational weight gain of pregnant women by gestational weight gain trajectory classes.

Variables Slow-Rapid pattern
All pregnant women

N (%) 3455 (25.7)

Total GWG (kg) 11.98 (4.95)
GWGR (kg/week) 0.46 (0.19)
Adherence to IOM Guidelines, n (%)
Insufficient 712 (20.6)
Adequate 1162 (33.6)
Excessive 1581 (45.8)
Women without GDM
N (%) 2477 (22.6)
Total GWG (kg) 12.41 (4.98)
GWGR (kg/week) 0.47 (0.19)
Adherence to IOM Guidelines, n (%)
Insufficient 446 (18.0)
Adequate 802 (32.4)
Excessive 1229 (49.6)
Women with GDM
N (%) 714 (29.2)
Total GWG (kg) 10.05 (4.60)
GWGR (kg/week) 0.38 (0.17)
Adherence to IOM Guidelines, n (%)
Insufficient 234 (32.8)
Adequate 263 (36.8)
Excessive 217 (30.4)

Moderate pattern Rapid-Slow pattern P

8653 (64.5) 1316 (9.8)

11.71 (4.28) 12.71 (5.53) <0.001

0.45 (0.16) 0.48 (0.21) <0.001
<0.001

1915 (22.1) 287 (21.8)

3432 (39.7) 353 (26.8)

3306 (38.2) 676 (51.4)

7337 (66.8) 1170 (10.6)

12.07 (4.22) 13.39 (5.17) <0.001

0.46 (0.16) 0.51 (0.20) <0.001
<0.001

1397 (19.0) 190 (16.2)

2951 (40.2) 341 (29.1)

2989 (40.7) 639 (54.6)

1478 (60.6) 248 (10.2)

9.97 (4.19) 10.30 (5.67) <0.001

0.38 (0.16) 0.40 (0.22) <0.001
<0.001

551 (37.3) 96 (38.7)

528 (35.7) 62 (25.0)

399 (27.0) 90 (36.3)

GDM gestational diabetes mellitus, GWG gestational weight gain, GWGR gestational weight gain rate, IOM the Institute of Medicine.

Table 3. Associations between gestational weight gain trajectory and
offspring anthropometric outcomes from 1 to 36 months among all
pregnancy women.

Measure Slow-Rapid Moderate Rapid-Slow
pattern pattern pattern

Weight z-scores

Mean (SD) 0.47 (0.92) 0.48 (0.90) 0.55 (0.92)

B (se) —0.026 (0.016) Ref. 0.076 (0.023) #

Adjusted B (se) 0.002 (0.013) Ref. 0.011(0.020)
Length z-scores

Mean (SD) 0.48 (0.91) 0.51 (0.90) 0.60 (0.92)

B (se) —0.071(0.017) ¥  Ref. 0.106 (0.024) *

Adjusted S (se)
BMI z-scores

—0.084 (0.015) ¥  Ref. 0.083 (0.022) #

Mean (SD) 0.26 (0.97) 0.25 (0.95) 0.29 (0.96)

B (se) 0.019 (0.015) Ref. 0.022 (0.022)

Adjusted B (se) 0.021 (0.014) Ref. —0.012 (0.020)
Overweight/obesity

N (%) 6093 (21.6) 15112 (21.1) 2493 (22.7)

OR (95%Cl) 1.04 (0.96,1.11) Ref. 1.07 (0.97,1.18)

Adjusted OR (95%Cl)  0.98 (0.92,1.05) Ref. 1.03 (0.94,1.14)

Adjusted for maternal age, maternal educational levels, parity, gravidity,
gestational age at delivery, mode of delivery, early-pregnancy weight,
maternal height, duration of exclusive breastfeeding, anthropometric
measurements at birth.

BMI body mass index, CI confidence intervals, OR odds ratio.

P < 0.005.
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as well as in both the non-GDM and GDM groups (Tables
S6 and S7).

The associations between GWG trajectory and the risk of
offspring overweight/obesity were consistent across all partici-
pants, and the non-GDM and GDM groups (Table S8), when
applying the China criteria to classify offspring overweight/obesity
status.

Furthermore, after excluding women with pregnancy-induced
hypertension from all participants, the non-GDM and GDM
group (Table S9 and S$10), the overall results remained
consistent. The only exception was that the significant
association between the Rapid-Slow pattern and higher BMI z-
scores was no longer observed among the GDM group
(Table S11).

DISCUSSION

To our acknowledge, this is the first study that modeled GWG and
investigated its associations with early offspring growth based on
the GDM status. We identified three GWG trajectory patterns,
which showed significant associations with offspring anthropo-
metric measurements from 1 to 36 months, with varying effects
observed in the non-GDM and GDM groups. The Rapid-Slow
pattern was associated with higher length z-scores in all
participants and women without GDM, while the Slow-Rapid
pattern was linked to lower length z-scores. However, among
women with GDM, early high GWG was notably associated with
increased offspring weight and BMI z-scores, as well as a higher
risk of overweight/obesity.

SPRINGER NATURE
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Table 4. Associations between gestational weight gain trajectory and offspring anthropometric outcomes from 1 to 36 months among women
without and with GDM.

Measure Women without GDM Women with GDM
Slow-Rapid Moderate Rapid-Slow Slow-Rapid Moderate Rapid-Slow
pattern pattern pattern pattern pattern pattern
Weight z-scores
Mean (SD) 0.47 (0.92) 0.48 (0.90) 0.58 (0.90) 0.48 (0.91) 0.44 (0.89) 0.56 (0.94)
B (se) —0.027 (0.018) Ref. 0.103 (0.024) # 0.023 (0.035) Ref. 0.137 (0.055) *
Adjusted B (se) —0.001 (0.015) Ref. 0.026 (0.021) 0.029 (0.030) Ref. 0.093 (0.046) *
Length z-scores
Mean (SD) 0.48 (0.92) 0.51 (0.90) 0.62 (0.91) 0.47 (0.87) 0.50 (0.91) 0.56 (0.89)
B (se) —0.074 (0.019) ¥ Ref. 0.132 (0.025) ¥ —0.041 (0.036) Ref. 0.099 (0.056)
Adjusted B (se) —0.096 (0.018) ¥ Ref. 0.099 (0.023) ¥ —0.042 (0.033) Ref. 0.080 (0.051)
BMI z-scores
Mean (SD) 0.26 (0.97) 0.25 (0.95) 0.30 (0.94) 0.28 (1.00) 0.21 (0.94) 0.33 (1.02)
B (se) 0.020 (0.017) Ref. 0.039 (0.023) 0.064 (0.035) Ref. 0.114 (0.053) *
Adjusted B (se) 0.020 (0.016) Ref. —0.001 (0.021) 0.047 (0.033) Ref. 0.113 (0.052) *
Overweight/obesity
N (%) 4394 (21.6) 12798 (21.1) 2201 (22.5) 1309 (22.6) 2462 (20.0) 535 (26.1)
OR (95%Cl) 1.04 (0.97,1.13) Ref. 1.06 (0.96,1.18) 1.16 (1.00,1.35) Ref. 1.42 (1.14,1.78) *
Adjusted OR 0.98 (0.91,1.06) Ref. 1.03 (0.93,1.15) 1.09 (0.94,1.28) Ref. 1.40 (1.11,1.76) %
(95%Cl)

Adjusted for maternal age, maternal educational levels, parity, gravidity, gestational age at delivery, mode of delivery, early-pregnancy weight, maternal height,
duration of exclusive breastfeeding, anthropometric measurements at birth.

BMI body mass index, C/ confidence intervals, GDM gestational diabetes mellitus, OR odds ratio.

*P < 0.05; P < 0.005.

Prior studies have indicated that capturing the dynamic
changes of GWG would be more helpful in determining when
to monitor changes in weight [17]. This is particularly important
for women with GDM, as these individuals may exhibit different
patterns of weight gain due to factors such as pre-pregnancy
obesity or medication management after diagnosis [35]. Addi-
tionally, some previous research suggested that different GWG
standards should be developed for GDM and non-GDM popula-
tions, respectively [36, 37]. However, this opinion remains
controversial. We argue that applying latent class trajectory
models to model GWG trajectories in GDM and non-GDM
populations, respectively, and investigating their effects could
provide valuable insights into the differential effects of GWG in
these groups.

We fitted GWG trajectory separately for the overall population,
the GDM and non-GDM group, with three GWG trajectories
identified in each group. The majority of women exhibited the
Moderate pattern, characterized by steady weight gain that
closely similar to the IOM recommendations [5]. We observed that
despite similarities in the GWG trajectories group between the
GDM group and non-GDM group, the total GWG and rate of GWG
were slower among the GDM group compared to the non-GDM
group. This is similar to a previous study, indicating differences in
weight progression between individuals with GDM and those with
NGT [20].

In the overall population and those without GDM, we
observed a significant correlation between higher GWG in later
trimester and offspring lower length z-scores during
1-36 months, whereas higher GWG in earlier trimester was
associated with higher length z-scores. Although these findings
highlight the importance of managing GWG for offspring length
development, we did not identify associations between GWG
trajectory and other indicators of growth and development. This
differs from previous studies indicating significant associations
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between maternal higher GWG patterns and childhood over-
weight/obesity [19] and weight [18]. Discrepancies in study
characteristics or a focus on specific time points for offspring
growth and development rather than repeated measurements
may explain the lack of consistency. Furthermore, previous
research have not explored the association between GWG
trajectory and offspring length.

However, what is noteworthy is the distinct impact observed
within the GDM population, where earlier high weight gain was
significantly associated with higher weight z-scores, BMI z-scores,
and an increased risk of overweight/obesity in offspring. Previous
studies have only reported a few findings regarding the overall
impact of GWG on offspring growth and development among GDM
populations. For example, Leng et al. found that, among women
with GDM, excessive GWG beyond the IOM recommendation was
associated with an increased risk of childhood overweight/obesity
from 1 to 5 years old [38]. However, our study examined the entire
trajectory of GWG, rather than just the amount of GWG,
distinguishing it from previous research. Previous evidences
suggests that the GWG pattern reflects different body compositions.
Earlier weight changes primarily reflect alterations in maternal
components such as adipose tissue [39, 40], leading to metabolic
abnormalities in the intrauterine environment. While later weight
changes predominantly reflect components supporting fetal growth,
such as the placenta and amniotic fluid [39]. Meanwhile, maternal
hyperglycemia is known to lead to abnormal intrauterine conditions,
such as increased transfer of glucose and free fatty acids across the
placenta, thereby increasing the likelihood of offspring overweight/
obesity [41]. Previous studies suggest that GDM or variations in
glucose metabolism may alter the effects of GWG [42, 43] and
another study demonstrated that the presence of GDM enhanced
the association between GWG and newborn adiposity [44]. These
findings above indicate that the presence of GDM may amplify the
impact of earlier high weight gain on the fetus, exposing it to
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greater energy effects and thus affecting offspring growth. There-
fore, in the GDM population, exposure to earlier high weight gain is
more likely to influence offspring weight.

In this study, we employed a LCTM to provide dynamic weight
gain changes during pregnancy, instead of focusing on total GWG
or GWG rate. This offers valuable insights to monitor GWG progress
effectively, which is specifically beneficial for women with GDM.
Furthermore, our study is the first to focus on GDM status in
examining the association between GWG trajectory and offspring
growth. The findings revealed disparities in GWG effects between
women with and without GDM, contributing to a more compre-
hensive understanding of the influence of GDM on GWG.
Additionally, we utilized multiple indicators to assess early offspring
growth, distinguishing our study from previous studies that often
reported a single indicator. However, there are several limitations
should be noted. Firstly, the majority of participants only had one
weight record in first trimester of pregnancy, hindering the
description of early GWG trajectory. While, in fact, pregnant women
commonly have 0-2 kg weight gain in the first trimester and the
weight of the first prenatal care in early pregnancy is usually used by
obstetric clinicians as individual-specific baseline to monitor GWG,
which may mean that our study has more practical application
value [45]. Secondly, due to the low prevalence of overweight/
obesity individuals among the GDM participants, further subgroup
analysis was not conducted. Furthermore, our study sample was
limited to pregnant women in Zhoushan city, China, the general-
izability of our findings to other regions may be limited. Lastly, some
potential confounders such as medication management and diet
after GDM diagnosis was lack.

CONCLUSION

Our findings indicate significant associations between GWG
trajectory patterns and early offspring anthropometric measures,
with varying effects observed among women with and without
GDM. GWG trajectory only influenced offspring length across all
participants and women without GDM. However, earlier high
weight gain was notably linked to increased offspring weight, BMI,
and the risk of overweight/obesity among women with GDM.
These results underscore the importance of weight management
during pregnancy, especially in high-risk populations prone to
GDM. Further research is needed to elucidate the underlying
mechanisms and develop targeted interventions to optimize GWG
management for improving offspring outcomes.
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