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Excessive gestational weight gain
 in early pregnancy and insufficient
gestational weight gain in middle pregnancy increased risk of
gestational diabetes mellitus
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Abstract
Background: Gestational weight gain (GWG) is associated with the risk of gestational diabetes mellitus (GDM). However, the
effect of weight gain in different trimesters on the risk of GDM is unclear. This study aimed to evaluate the effect of GWGonGDM
during different trimesters.
Methods: A birth cohort study was conducted from 2017 to 2020 in Shenzhen, China. In total, 51,205 participants were included
comprising two models (early pregnancy model and middle pregnancy model). Gestational weight (kg) was measured at each
prenatal clinical visit using a standardized weight scale. Logistic regression analysis was used to assess the risk of GDM. Interaction
analysis and mediation effect analysis were performed in the middle pregnancy model.
Results: In the early pregnancy model, the risk of GDM was 0.858 times lower (95% confidence interval [CI]: 0.786, 0.937) with
insufficient GWG (iGWG) and 1.201 times higher (95% CI: 1.097, 1.316) with excessive GWG after adjustment. In the middle
pregnancy model, the risk of GDM associated with iGWG increased 1.595 times (95% CI: 1.418, 1.794) after adjustment; for
excessive GWG, no significant difference was found (P= 0.223). Interaction analysis showed no interaction betweenGWG in early
pregnancy (GWG-E) and GWG in middle pregnancy (GWG-M) (F= 1.268; P= 0.280). The mediation effect analysis indicated
that GWG-M plays a partial mediating role, with an effect proportion of 14.9%.
Conclusions: eGWG-E and iGWG-M are associated with an increased risk of GDM. Strict control of weight gain in early
pregnancy is needed, and sufficient nutrition should be provided in middle pregnancy.
Keywords: Gestational diabetes mellitus; Gestational weight gain; Early pregnancy; Middle pregnancy
Introduction

Gestational diabetes mellitus (GDM) is a common
complication during pregnancy and is related to adverse
maternal and child outcomes.[1] In recent years, the
morbidity of GDM has increased according to multicenter
studies.[2] The prevalence of GDM in Korean women
showed a significant increasing trend from 2012 to 2016.[3]

The prevalence of GDMalso increased significantly among
the Chinese female population from 2016 to 2018.[4]

Studies have suggested that the risk of adversematernal and
child outcomes varies with gestational weight gain (GWG)
and prepregnancy body mass index (BMI).[5,6] Our team
found that excessive GWG in accordance with Institute of
Medicine (IOM) recommendations influences the rate of
gestational hypertension[7] and revealed the timing and
extent of gestational weight control are relevant to the
optimized blood pressure level during pregnancy.[8] Some
scholars have proposed thatGWGshould be acknowledged
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as an independent factor for screening GDM in clinical
guidelines.[9] Studies on the relationship betweenGWGand
GDM are increasing. Brunner et al[10] provided evidence
that compared with nonexcessive GWG, excessive GWG
before a GDM screening test is associated with an increased
risk of GDM. Specific to different trimesters, some studies
have found that excessive GWG in the first trimester, rather
than the second trimester, is associated with an increased
risk of GDM regardless of the prepregnancy BMI.[11,12]

Another study indicated that excessive GWG in the first
and second trimesters may be a risk factor for GDM,
highlighting the importance of appropriate weight gain
during pregnan-cy.[11,12] The implications of GWG in the
second trimester are debatable. Some scholars have found
that excessive GWG in the second trimester further
increased the risk of GDM.[9] A second trimester weight
gain >7 kg and an abnormal oral glucose tolerance test
(OGTT) value at first screening increased the risk of GDM
in at-risk women,[13] but others have found that insufficient
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GWG (iGWG) in the second trimester increased the risk of
GDM.[14] Views on the effect of GWG during different
trimesters on the risk of GDM are inconsistent.

Based on our study, a birth cohort study in Shenzhen
(BiCoS), we focused on pregnant women from 2017 to
2020 to comprehensively identify the effect of GWG in
different trimesters on GDM.
Methods

Ethical approval

The data were collected from the BiCoS conducted at the
Shenzhen Maternity and Child Healthcare Hospital, and
the study was approved by the Institutional Review Board
at Shenzhen Maternity and Child Healthcare Hospital
(Shenzhen Maternal and Child Ethics Review No.23).
Study population

Pregnant women were invited to join the BiCoS at their
first prenatal clinic visit from 2017 to 2020. In total,
igure 1: Flowchart of the birth cohort study (BiCoS) conducted at Shenzhen Maternity and Child Healthcare Hospital to verify the effect of GWG in middle pregnancy on the risk of GDM.
DM: Gestational diabetes mellitus; GWG: Gestational weight gain; GWG-E: Gestational weight gain in early pregnancy; GWG-M: Gestational weight gain in middle pregnancy.
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54,435 pregnant women were recruited after providing
full informed consent to participate in the study. Finally,
51,205 participants were enrolled according to the
following exclusion criteria: multiple pregnancy, heart
disease, kidney disease, epilepsy, antiphospholipid anti-
body syndrome, diagnosis of diabetes and/or hypertension
before the current pregnancy, and missing data on the
main exposure (ie, GWG) [Figure 1]. In our study, we used
two models for analysis. The early model included
participants with a gestational weight at 12± 1 weeks
in the cohort data. The middle model included partic-
ipants with a gestational weight at 23± 1 weeks in the
early model. A total of 21,121 participants were enrolled
in the early model to verify the effect of GWG in early
pregnancy (GWG-E) on the risk of GDM. A total of
13,848 participants enrolled in the middle model were
screened from the early model.
Data collection

The baseline data covered a wide range of information
concerning the pregnant mother, including general demo-
graphic characteristics and socioeconomic characteristics.
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Research assistants collected data regarding ethnicity
(Han, others), education (schooling years, �12 years, 13–
15 years, ≥16 years), employment (yes or no), assisted
reproduction (yes or no), maternal age (average, ≥35
years,<35 years), gravidity (1,2,≥3 times), primipara (yes
or no) and prepregnancy weight (kg). Height (m) was
measured using a standardized height-measuring station
at the first clinical visit. Gestational weight (kg) was
measured at every prenatal clinical visit using a standard-
ized weight scale. A 75 gOGTTwas performed at 24 to 28
weeks of gestation. Fasting glucose levels before 12 weeks
and OGTT results were extracted from the electronic
medical record system maintained by the hospital.
GWG

The prepregnancy weight was self-reported by the partic-
ipants. GWG-E was calculated by subtracting the prepreg-
nancy weight from the gestational weight at 12± 1 weeks.
GWG in middle pregnancy (GWG-M) was calculated by
subtracting thegestationalweight at12± 1weeks fromthat
at 23± 1 weeks. The BMI (calculation formula: weight/
height2) was calculated according to the self-reported
prepregnancy weight and height at the first prenatal visit.
Based on the World Health Organization adult weight
standard,[15] pregnant women were divided into four
groups according to the prepregnancy BMI levels. Women
were classified as follows: underweight (<18.5 kg/m2),
normal weight (18.5–24.9 kg/m2), overweight (25.0–
29.9 kg/m2), and obese (≥30.0 kg/m2) According to the
advice provided by the IOM in 2009,[16] the recommended
range of weight gain in early pregnancy is 0.5 to 2.0 kg. In
middle pregnancy, the recommended weight gain rates
(kg/week) of women with underweight, normal weight,
overweight, and obesity before pregnancy were 0.44 to
0.58, 0.35 to 0.50, 0.23 to 0.33, and 0.17 to 0.27,
respectively. The recommended range of GWG-M equals
the number of gestational weeks multiplied by the
recommended weight gain rates. According to the IOM
recommendation, GWGwas stratified into three categories
according to the prepregnancy BMI.Weight gainwithin the
recommended range is considered sufficient GWG, weight
gain below the recommended range is considered iGWG,
and weight gain above the recommended range is consid-
ered excessive GWG (eGWG).
Diagnosis of GDM

GDMcanbediagnosedbya75gOGTTat24to28weeksof
gestation forall pregnantwomenwithout aprevioushistory
ofdiabetesaccording to the standards issuedby theMinistry
of Health of China in 2011,[17] based on the International
Association of Diabetic Pregnancy StudyGroup guidelines.
Any of the following abnormalities of fasting blood glucose
can indicate a GDMdiagnosis:≥5.1mmol/L (92mg/dL), 1
h after glucose load ≥10.0 mmol/L (180mg/dL), and 2 h
after glucose load ≥8.5 mmol/L (153mg/dL).
Statistical analysis

Continuous variables with a normal distribution were
presented as means ± standard deviations, and categorical
variables were expressed as counts and percentages. Chi-
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squared test and t-test were used to analyze differences in
baseline variables between women with missing data and
those without missing data and between GDMand normal
pregnant women. Logistic regression was used to evaluate
the effects ofGWGonGDM.All the variableswere entered
into the equation at once. Relative risk (RR) was further
used to evaluate the risk of GDM after stratifying GWG.
The randomized method was used to select participants in
the excluded data as the control to match the included data
in a 1:1 ratio using the propensity score matching method
for comparison. Sensitivity analysis was performed in the
middle model to verify the result of the early model.
Interaction effect analysis and mediation analysis between
GWG-E and GWG-M were also calculated in the middle
model. The confounding variables were as follows:
maternal age, ethnicity, education years, employment,
assisted reproduction, and gravidity. All the RRs were
presented with 95% confidence intervals (CIs), with an
entry criterion of P<0.05. All the data were analyzed using
SPSS 24.0 (SPSS Inc., Chicago, IL, USA).
Results

Participant characteristics

Based on the BiCoS, 51,205 participants were included
and the rate of GDM was 17.0% (8691/51,205) [Supple-
mentary Table 1, http://links.lww.com/CM9/A919]. The
mean maternal age was 31.34 years, and the proportion of
women >35 years was 24.3% (12,426/51,205). The mean
prepregnancy BMI was 21.05 kg/m2, and most of the
women had a normal BMI (73.0% [37,387/51,205]). A
total of 2095 (4.1% [2095/51,205]) participants accepted
assisted reproduction, and most of the participants were of
Han ethnicity (97.1% [49,698/51,205]). A total of 67.8%
(34,723/51,205) of the participants had a high education,
while 75.6% (38,734/51,205) were working. Participants
withmore than threepregnancies (34.0%[17,424/51,205])
and a parity of two or more (51.4% [26,333/51,205])
accounted for the largest proportion.
Relationship of GWG-E with GDM

Comparison of the characteristics between normal and
GDM women in early pregnancy revealed that GDM
women were older (33.00± 4.42 years vs. 30.95± 4.45
years; P< 0.001) and had a higher prepregnancy BMI
(22.00± 3.21 kg/m2 vs. 20.78± 2.75 kg/m2; P< 0.001)
than normal women [Table 1]. Overweight plus obesity
was dominant in the GDM group (16.1% vs. 7.4%). The
fasting blood glucose levels (FPGs) before 12 weeks were
higher in the GDM group (4.57± 0.47mmol/L vs.
5.15± 0.57mmol/L; P< 0.001). The average GWG-E
was 1.10± 2.77 kg overall, 1.02± 2.77 kg in normal
women, and 1.45± 2.74 kg in GDM women. Additional-
ly, women with GDM had more gravidities (P< 0.001) in
the early model. Most of the women with GDM were not
primipara (P< 0.001). Women with GDM had a higher
rate of excessive GWG (33.3% [1237/3710] vs. 26.5%
[4608/17,411]) in early pregnancy. Logistic regression
analyses showed that the risk of GDM increased from
iGWG to eGWG in GWG-E [Figure 2]. After adjustment
and accession, the risk of GDM associated with iGWG
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Table 1: Differences between normal and GDM women in early and middle pregnancy (N= 21,121).

Early pregnancy Middle pregnancy

Characteristics
∗

Total
(n= 21,121)

Normal
(n= 17,411)

GDM
(n= 3710) P values†

Total
(n= 13,848)

Normal
(n= 11,432)

GDM
(n= 2416) P values†

Maternal age (years) 31.31± 4.45 30.95± 4.45 33.00± 4.42 <0.001 31.40± 4.41 31.03± 4.32 33.13± 4.43 <0.001
Maternal age (years)
≥35 5157 (24.4) 3775 (21.7) 1382 (37.3) <0.001 3433 (24.8) 2510 (22.0) 923 (38.2)
<35 15,964 (75.6) 13,636 (78.3) 2328 (62.7) 10,415 (75.2) 8922 (78.0) 1493 (61.8)

Prepregnancy
BMI (kg/m2)

21.00± 2.88 20.78± 2.75 22.00± 3.21 <0.001 20.97± 2.86 20.76± 2.74 21.97± 3.20 <0.001

Prepregnancy BMI (kg/m2)
<18.5 3859 (18.3) 3414 (19.6) 445 (12.0) <0.001 2539 (18.3) 2245 (19.6) 294 (12.2) <0.001
18.5–24.9 15,291 (72.4) 12,649 (72.6) 2642 (71.2) 10,054 (72.6) 8330 (72.9) 1724 (71.4)
25.0–29.9 1698 (8.0) 1178 (6.8) 520 (14.0) 1078 (7.8) 750 (6.6) 328 (13.6)
≥30.0 181 (0.9) 103 (0.6) 78 (2.1) 115 (0.8) 65 (0.6) 50 (2.1)

Assisted reproduction
Yes 1012 (4.8) 774 (4.4) 238 (6.4) <0.001 760 (5.5) 584 (5.1) 176 (7.3) <0.001
No 20,069 (95.0) 16,606 (95.4) 3463 (93.3) 13,070 (94.4) 10,834 (94.8) 2236 (92.5)
Missing 40 (0.2) 31 (0.2) 9 (0.2) 18 (0.1) 14 (0.1) 4 (0.2)

Gravidity (times)
1 7031 (33.3) 6070 (34.9) 961 (25.9) <0.001 4687 (33.9) 4072 (35.6) 615 (25.5) <0.001
2 6987 (33.1) 5795 (33.3) 1192 (32.1) 4588 (33.9) 3797 (33.2) 791 (32.8)
≥3 7100 (33.6) 5544 (31.8) 1556 (25.9) 4571 (33.0) 3562 (31.2) 1009 (41.8)
Missing 3 (<0.1) 2 (<0.1) 1 (<0.1) 2 (<0.1) 1 (<0.1) 1 (<0.1)

Primipara
Yes 10,160 (48.1) 8629 (49.6) 1531 (41.3) <0.001 6915 (50.0) 5901 (51.6) 1014 (42.0) <0.001
No 10,802 (51.1) 8652 (49.7) 2150 (58.0) 6833 (49.3) 5450 (47.7) 1383 (57.2)
Missing 159 (0.8) 130 (0.7) 29 (0.8) 100 (0.7) 81 (0.7) 19 (0.8)

Ethnicity
Han 20,518 (97.1) 16,919 (97.2) 3599 (97.0) 0.580 13,451 (97.1) 11,114 (97.2) 2337 (96.7) 0.190
Others 603 (2.9) 492 (2.8) 111 (3.0) 397 (2.9) 318 (2.8) 79 (3.3)

Employment
Yes 15,788 (74.8) 12,971 (74.5) 2817 (75.9) 0.070 10,519 (76.0) 8664 (75.8) 1855 (76.8) 0.300
No 5333 (25.2) 4440 (25.5) 893 (24.1) 3329 (24.0) 2768 (24.2) 561 (23.2)

Education (schooling years)
<12 97 (0.5) 81 (0.5) 16 (0.4) 0.680 53 (0.4) 41 (0.4) 12 (0.5) 0.200
13–15 7155 (33.9) 5876 (33.7) 1279 (34.5) 4426 (32.0) 3624 (31.7) 802 (33.2)
≥16 13,869 (65.7) 11,454 (65.8) 2415 (65.1) 9369 (67.7) 7767 (67.9) 1602 (66.3)

FPG (mmol/L) 4.59± 0.48 4.57± 0.47 5.15± 0.57 <0.001 4.61± 0.50 4.59± 0.49 5.43± 0.60 <0.001
GWG-E/M (kg) 1.10± 2.77 1.02± 2.77 1.45± 2.74 <0.001 5.86± 2.52 5.97± 2.47 5.31± 2.63 <0.001
GWG-E/M
iGWG 8709 (41.2) 7394 (42.5) 1315 (35.4) <0.001 3253 (23.5) 2498 (21.9) 755 (31.3) <0.001
sGWG 6567 (31.1) 5409 (31.1) 1158 (31.2) 4316 (31.2) 3625 (31.7) 691 (28.6)
eGWG 5845 (27.7) 4608 (26.5) 1237 (33.3) 6279 (45.3) 5309 (46.4) 970 (40.1)

∗
The data are presented as means± SD for continuous variables or n (%) for categorical variables. †Tests for differences between GDMand non-GDM

were performed using Student’s t-test for continuous variables or Chi-squared test for categorical variables; P< 0.05 indicates significance. BMI: Body
mass index; eGWG: Excessive gestational weight gain; FPG: Fasting blood glucose level; GDM: Gestational diabetes mellitus; GWG: Gestational
weight gain; GWG-E: Gestational weight gain in early pregnancy; GWG-M: Gestational weight gain in middle pregnancy; iGWG: Insufficient
gestational weight gain; SD: Standard deviation; sGWG: Sufficient gestational weight gain.
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was 0.858 times lower (95% CI: 0.786–0.937) in early
pregnancy. For eGWG in GWG-E, the risk of GDM
increased 1.201 times (95% CI: 1.097, 1.316).

Before analyzing the effects onGDMaccording to different
trimesters of GWG, we compared the basic information of
the included and excluded population. No significant
difference was found in thematernal age, the prepregnancy
BMI, gravidity, parity, or ethnicity (P> 0.05) [Supplemen-
tary Table 1, http://links.lww.com/CM9/A919]. TheGDM
rate was 17.6% in the included data and 16.6% in the
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excluded data. Additionally, a significant difference was
found in the conception mode, employment and education
between the groups (P< 0.001) [Supplementary Table 1,
http://links.lww.com/CM9/A919]. Considering that there
may be selection bias, randomized method was used to
select the excludedpopulationas the control andpropensity
score matching method was used to match the included
population.The characteristicsof includedpopulationafter
propensity score matching were shown in Supplementary
Table 2, http://links.lww.com/CM9/A919. Sensitivity anal-
ysis of the included population after propensity score
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Figure 2: Effect of GWG on GDM. (A) Effect of GWG-E on the risk of GDM. (B) Effect of GWG-E on the risk of GDM after adjustment. (C) Sensitivity analysis of the effect of GWG-E on the risk
of GDM in the middle model. (D) Sensitivity analysis of the effect of GWG-E on the risk of GDM in the middle model after adjustment. (E) Effect of GWG-M on the risk of GDM. (F) Effect of
GWG-M on the risk of GDM after adjustment. CI: Confidence intervals; eGWG: Excessive gestational weight gain; GDM: Gestational diabetes mellitus; GWG: Gestational weight gain; GWG-E:
Gestational weight gain in early pregnancy; GWG-M: Gestational weight gain in middle pregnancy; iGWG: Insufficient gestational weight gain; RR: Relative risks; sGWG: Sufficient
gestational weight gain. All models were adjusted for maternal age, ethnicity, assisted reproduction, gravidity, education, and employment. Logistic regression method: enter.

∗
P< 0.05,

†P< 0.01, ‡P< 0.001.
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matching showed the same result that the risk of GDM
increased fromiGWGtoeGWGinGWG-E[Supplementary
Table 3, http://links.lww.com/CM9/A919].

Relationship of GWG-M with GDM

Further study comparing the characteristics between
normal and GDM women in the middle pregnancy model
[Table 1] revealed the same trend as that observed in early
pregnancy: GDM women were more likely to be older
(33.13± 4.43 years vs. 31.03± 4.32 years; P< 0.001) and
have a higher prepregnancy BMI (21.97± 3.20 kg/m2vs.
20.76± 2.74 kg/m2; P< 0.001). Additionally, overweight
plusobesitywas dominant in theGDMgroup (15.7%[378/
2416]vs.7.2%[815/11,432]), andmost of thewomenwith
GDMwere not primipara (P< 0.001). However, gravidity
was lower in GDM women (P< 0.001). FPGs before 12
weekswere higher in the GDMgroup (4.59± 0.49mmol/L
vs. 5.43± 0.60mmol/L; P< 0.001). The average GWG-M
was 6.01± 2.91 kg in total, 5.97± 2.47 kg in normal
women, and 5.31± 2.63 kg in GDM women. In contrast
to early pregnancy, the eGWGrate in the normal groupwas
higher than that in the GDM group (46.4% [5309/11,432]
vs. 40.1% [970/2416]) at middle pregnancy. The risk of
GDM decreased from iGWG to eGWG-M [Figure 2].
Regarding GWG-M, the risk of GDM associated with
iGWG increased 1.595 times (95% CI: 1.418, 1.794); for
eGWG, it showed no significant difference (P= 0.22).
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Moreover, the finding that eGWG-E increases the risk of
GDMwasalso found inmiddlemodel [Figure2],whichwas
consistent with the early model.

In the middle model, we also compared the included and
excludeddata.Similarly,nosignificantdifferencewas found
(P> 0.05) [Supplementary Table 1, http://links.lww.com/
CM9/A919] in the maternal age, the prepregnancy BMI,
ethnicity, or education between the included and excluded
data (P> 0.05). Conception, gravidity, and parity showed
significant differences (P< 0.01). The randomized method
and propensity score matching method were also used to
select the includedpopulationwith the excludedpopulation
as control in the middle pregnancy model as described
aboved and the characteristics of included population after
propensity score matching were shown in Supplementary
Table 4, http://links.lww.com/CM9/A919. Sensitivity anal-
ysis of the included population after propensity score
matching showed that the risk of GDM decreased from
iGWG to eGWG-M [Supplementary Table 3, http://links.
lww.com/CM9/A919].
Interaction and mediation analyses in the middle model

To determine whether GWG-E influences GWG-M, we
performed an interaction analysis in the middle model and
found no interaction between GWG-E and GWG-M
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Figure 3: Analysis of the mediation effect of GWG-M on the relationship between GWG-E
and GDM (n= 13,848). a, Regression coefficient of GWG-E vs. GWG-M adjusted for
prepregnancy BMI, maternal age, ethnicity, assisted reproduction, gravidity, education,
and employment; b, regression coefficient of GWG-M vs. GDM adjusted for prepregnancy
BMI, maternal age, ethnicity, assisted reproduction, gravidity, education, and employ-
ment; c, total effect, regression coefficient when GWG-E vs. GDM (no mediator variable
GWG-M in the model); c’, direct effect, regression coefficient when GWG-E vs. GDM
(mediator variable GWG-M in the model). BMI: Body mass index; GDM: Gestational
diabetes mellitus; GWG: Gestational weight gain; GWG-E: Gestational weight gain in early
pregnancy; GWG-M: Gestational weight gain in middle pregnancy. The continuous variable
gestational weight gain in early and middle pregnancy was analyzed as an independent
variable in these causal mediation analyses.

∗
P< 0.05, †P< 0.01, ‡P< 0.001.
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(F= 1.268; P= 0.280). For further consideration, we
performed mediation effect analysis to determine whether
GWG-M was a mediating factor for the increased risk of
GDM caused by GWG-E. The regression coefficient of the
total effect was 0.009 (95% CI: 0.006, 0.011) and that of
the direct effect was 0.008 (95% CI: 0.005, 0.010). The
regression coefficient of the mediation effect was 0.001
(95% CI: 0.006, 0.015), indicating that GWG-M plays a
partial mediating role in the effect of GWG-E on GDM,
with an effect proportion of 14.9% [Figure 3].
Discussion

GDM can lead to adverse pregnancy outcomes.[18] To
distinguish the risk factors for GDM, precautions should
be taken. In our study, we focused on GWG in different
trimesters to clarify the impact of different periods on
diabetes risk. We examined the association of GWG with
GDM based on BiCoS to provide more evidence.

Some studies have focused on the risk of total GWG
during pregnancy with GDM. However, GDM was
diagnosed at 24 to 28 weeks by OGTT. Thus, we believe
that analyzing the risks of GDM with GWG before 24
weeks is more reasonable. Our study found that iGWG-E
decreased the risk of GDM and that excessive eGWG-E
increased the risk of GDM, findings that were consistent
with other studies.[11,19] During pregnancy, the mother
develops physiological insulin resistance to ensure fetal
growth and development. Additionally, islet b cells
compensate for increased insulin secretion to maintain
normal blood glucose.[20] Excessive weight gain in early
pregnancy may increase insulin resistance and weaken the
secretion of islet b cells, leading to GDM.

Our study firstly showed that iGWG in middle pregnancy
increased the risk of GDM. Some scholars have considered
that excessive GWG in the second trimester might be a risk
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factor for GDM.[21] However, others have considered that
excessive GWG-M is not associated with an increased risk
of GDM.[11,12] iGWG may increase the risk of fetal
growth restriction (FGR).[5] Mechanistically, when FGR
occurs, 11 b d-hydroxysteroid dehydrogenase type II
genes are induced, increasing the risk of maternal
glucocorticoid exposure,[22] which may eventually in-
crease the risk of GDM. Compared with other studies, our
study was different regarding the calculation of GWG-M.
Additionally, different standards of the prepregnancy BMI
were used in different studies. However, we showed that
excessive GWG does not change the risk of GDM.
Whether because of more energy required for fetal growth
or other reasons, further exploration is needed to pursue
the mechanism.

Additionally, mediation analysis has suggested that GWG-
M accounted for 16.8% of the effect of GWG-E on GDM.
This finding represents another new discovery of our
study. GWG-E partly affected the risk of GDM by
influencing GWG-M. A small proportion of pregnant
women might experience impaired glucose regulation
before diagnosis, which must be considered in clinical
management. Whether screening for impaired glucose
regulation is necessary in the first trimester requires more
detailed exploration.

When analyzing the data, we first performed sensitivity
analysis in the early and middle models. From the overall
sample, the GDM rate was 17.0% among the total
participants, a value consistent with that in previous
multicenter studies.[22] The GDM rates in the early and
middle models were 17.6% and 17.4%, respectively,
representing the total population. The prepregnancy BMI,
assisted reproduction, employment, education, and the
GDM rate were significantly different in the early model.
Participants with employment and higher education
included in our study may focus more on their pregnancy
and have regular prenatal examinations. Thus, collecting
their data was easy, similar to that for participants who
accepted assisted reproduction. The data included have
more participants with lower BMI. These unbalanced
characteristics may influence the risks of GWG on GDM.
Sensitivity analysis in the middle model revealed the same
result as that obtained in the early model, indicating that
our data were robust. We performed interaction analysis
in the middle model and ensured no interaction between
GWG-E and GWG-M. Therefore, we believe our results
are highly credible.

Overall, our study was based on a birth cohort study with
a large sample size. Hence, we have robust data to show
that excessive weight gain in early pregnancy will increase
the risk of GDM. What is more meaningful is that our
findings have indicated that insufficient weight gain in
middle pregnancy will also increase the risk of GDM.
However, the present study has some limitations. First, the
prepregnancy weight was self-reported by the partici-
pants, likely miscalculating the association of GWG with
GDM. Second, although our study benefited from the
large sample size, it had a single-center design. Despite
these limitations, the results of this study have important
implications.

http://www.cmj.org
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Overall, eGWG-E and iGWG-M are related to an
increased risk of GDM, highlighting that strengthening
the control of pregnant women’s weight gain during early
pregnancy and appropriately controlling weight gain in
middle pregnancy are highly significant to prevent the
occurrence of GDM.
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