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ABSTRACT
Aims/Introduction: To evaluate gestational weight gain (GWG) in the first and second
trimester as a risk factor for gestational diabetes mellitus (GDM) among women pregnant
with singletons.
Materials and Methods: This was a cohort study of women with singleton pregnan-
cies who delivered between 1 January 2013 and 31 October 2014 in a Chinese hospital.
We collected data from medical records from the first antenatal visit to delivery. All preg-
nant women were subjected to an oral glucose tolerance test for diagnosis of GDM dur-
ing the second trimester. GWG in the first and second trimester was calculated by
subtracting the prepregnancy weight from weight within 4 weeks of the oral glucose tol-
erance test. We categorized GWG into insufficient, appropriate and excessive according to
the Institute of Medicine guidelines and population quantiles. Univariable and multivariable
analyses were used to determine the association between GWG and GDM risk.
Results: Of 10,422 pregnant women, we identified 8,356 eligible women with 1,622
(19.4%) diagnosed with GDM. Univariable analysis showed that GWG that exceeded the
Institute of Medicine recommendation might be associated with risk of GDM (P < 0.05),
but this association was not observed by multivariable analysis (adjusted odds ratio 1.07,
[95% confidence interval 0.94–1.21]). Univariable and multivariable analyses both showed
that GWG exceeding the 90th and 95th quantiles of included women, respectively, were
at increased risk for GDM (adjusted odds ratio >P90 vs P10–P90 adjusted odds ratio 1.31,
[95% confidence interval 1.12–1.52]; >P95 vs P5-P95 adjusted odds ratio 1.45 [95% confi-
dence interval 1.16–1.81]).
Conclusions: Excessive GWG in the first and second trimester might be a risk factor
for GDM, which highlights the importance of appropriate weight gain during pregnancy.

INTRODUCTION
Gestational diabetes mellitus (GDM), one of the most common
metabolic disorders during pregnancy, is defined as glucose

intolerance first developed or diagnosed in the second and third
trimester of pregnancy. The prevalence of GDM has increased
over the past few decades along with increased prevalence of
obesity, increased maternal age and more sensitive diagnostic
criteria for GDM1. Given that the prevalence of GDM might
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be as high as 21% in Asian countries1, and GDM can con-
tribute to severe adverse outcomes, such as pre-eclampsia,
cesarean delivery, shoulder dystocia, macrosomia, neonatal
hypoglycemia2,3 and increased risk for development of subse-
quent type 2 diabetes mellitus and obesity for both mother and
child4,5, prevention of GDM during prenatal care is of great
importance.
Weight management is an important consideration during

pregnancy. Being overweight or obese before pregnancy is a
risk factor for GDM6, but the effect of gestational weight gain
(GWG) on GDM has not been clarified. Few studies have
focused on the association between GWG and GDM, and
these studies reached conflicting conclusions. Some studies
showed that excessive GWG might increase the risk for devel-
oping GDM7,8, whereas others failed to reach this conclu-
sion6,9,10. Some of these studies used GWG at delivery6,9,
rather than GWG before diagnosis of GDM, which might
have confounded the results. Furthermore, as GWG11 and
maternal metabolism changes vary across gestational trime-
sters12, some studies have evaluated whether excessive GWG
during the first or second trimester is a predictor for develop-
ing GDM7,13–16.
In 2009, the Institute of Medicine (IOM) guideline recom-

mended the appropriate GWG stratified by the prepregnancy
body mass index (BMI)17. However, the IOM did not indicate
whether GWG was associated with the risk for developing
GDM. Therefore, we carried out this cohort study based on
repeated measures data of pregnant women in Southwest China
to determine whether GWG before diagnosis of GDM was
associated with increased risk for developing GDM.

METHODS
Study setting
This was a retrospective cohort study carried out at the West
China Women and Children’s Hospital of Sichuan University,
which is a referral hospital located in southwest China, and car-
ried out >7,000 deliveries each year. Pregnant woman set up a
specific electronic file at the first antenatal visit before the 15th
gestational week, then had regular follow-up visits every 2–
4 weeks until delivery. Maternal weight was measured at each
visit. All pregnant women were required to routinely receive a
75-g oral glucose tolerance test (OGTT) during the gestational
24–28th weeks for diagnosis of GDM. The study was approved
by the Medical Ethics Committee of West China Second
Hospital, Sichuan University (No. 2016-028). The data in our
study are available on request.

Eligibility criteria
We included women pregnant with singletons who delivered
between 1 January 2013 and 31 October 2014 at the target hos-
pital, and had registered at the first prenatal visit before 15 ges-
tational weeks.
We excluded individuals with diabetes mellitus before the

first prenatal visit, based on self-report and confirmation by

clinicians. We also excluded patients who did not undergo the
OGTT within 2 weeks of the 24–28th gestational week target
range (e.g., <22nd gestational week or >30th gestational week).
Patients who did not have gestational weight measured within
4 weeks before OGTT were also excluded. Finally, we also
excluded obese women (BMI >30 kg/m2), because the number
of individuals in this category was too small to provide a repre-
sentative sample.

Data collection
Data were collected using a predefined and pilot-tested case
report form by research staff who had been trained in the study
procedures and administration of case report forms. They
extracted the necessary data from medical charts and electronic
medical records, and double-entered all of the data into a
research database. Data quality was checked for consistency,
and information not recorded in medical records was regarded
as missing.
Data in our study included maternal demographics (e.g.,

maternal age, years of education, place of residence), history of
diseases (e.g., GDM), history of gestation and birth (e.g., gravid-
ity, parity, in vitro fertilization), maternal anthropometry
(height, prepregnancy weight, maternal weight measured at
each prenatal visit) and gestational comorbidities.
Gestational comorbidities included cardiovascular diseases

(e.g., congenital heart disease, rheumatic heart disease, car-
diomyopathy, hypertensive heart disease, pericarditis, arrhyth-
mia, chronic hypertension), viral hepatitis (e.g., surface antigen
of the hepatitis B virus-positive), endocrine diseases (e.g., hyper-
thyroidism, subclinical hypothyroidism, hypothyroidism, thy-
roiditis, diabetes), hematological diseases (e.g., iron deficiency
anemia, megaloblastic anemia, aplastic anemia, thalassemia),
respiratory diseases (e.g., thoracic deformity, bronchial asthma,
pulmonary tuberculosis), urinary diseases (e.g., acute urinary
tract infection, chronic glomerulonephritis, nephrotic syndrome,
chronic renal insufficiency), immune diseases (e.g., systemic
lupus erythematosus, antiphospholipid antibody syndrome, Sjo-
gren’s syndrome), neuropsychiatric diseases (e.g., epilepsy,
depression, schizophrenia, anxiety disorder) and reproductive
diseases (e.g., fibroids, adenomyosis, syphilis, AIDS, gonorrhea,
ovarian cyst, polycystic ovary syndrome, colpomycosis,
endometrial polyp).

Diagnosis of GDM
According to the Guideline for Diagnosis of GDM issued by
the Obstetrics Group of Chinese Medical Association in 201418,
we diagnosed GDM using the 75-g OGTT test. If any value of
fasting blood glucose, or at 1 or 2 h after OGTT, was higher
than 5.1, 10.0 or 8.5 mmol/L, respectively, then GDM was
diagnosed.

Determination of gestational weight gain
Gestational weight gain (GWG) was determined as maternal
weight gain before diagnosis of GDM, which was the latest
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measurement within 4 weeks before the OGTT test. Self-re-
ported prepregnancy weight, confirmed by doctors at the first
prenatal visit, was subtracted from the value taken before the
OGTT test to obtain GWG.
We used two classification methods to categorize GWG into

insufficient, appropriate and excessive, stratified by prepreg-
nancy BMI (underweight <18.5 kg/m2, normal 18.5–24.9 kg/m2

and overweight 25.0–29.9 kg/m2)19. According to the USA
IOM recommendations17, we calculated the appropriate range
of GWG for the gestational week at which maternal weight
was measured (Table 1). In addition, we determined the appro-
priate GWG ranges based on the percentiles of GWG among
the whole population (Table 2).

Statistical analysis
We evaluated maternal demographics, gestational characteristics
and comorbidities across underweight, normal and overweight
pregnant women by frequency (percentage), and compared the
distribution differences using the v2-test or Fisher’s exact test.
We carried out univariable analysis to determine whether

GWG before OGTT stratified by IOM, quantiles of GWG (cut-
off values: P10 & P90; P5 & P95), prepregnancy BMI (under-
weight, normal, overweight), maternal age (19–24 years, 25–
29 years, 30–34 years, 35–46 years), years of education (≥17,
13–16, 10–12, <10), place of residence (urban/rural), gravidity
(1/>1), parity (primipara/multipara), GDM history (yes/no),
in vitro fertilization (IVF; yes/no), cardiovascular diseases (yes/
no), viral hepatitis (yes/no), endocrine diseases (yes/no), hema-
tological diseases (yes/no), respiratory diseases (yes/no), urinary
diseases (yes/no), immune diseases (yes/no), neuropsychiatric
diseases (yes/no) and reproductive diseases (yes/no) were asso-
ciated with the risk for developing GDM.
We then generated three multivariable logistic regression

models to examine the association between GWG during the
first and second trimester and the risk for developing GDM,
after adjusting for potential confounders that were meaningful
in clinical practice and statistically significant in the univariable
analysis with P < 0.05. Model 1 evaluated GWG before OGTT
stratified by IOM recommendations, and adjusted for prepreg-
nancy BMI, maternal age, gravidity, parity, GDM history,
in vitro fertilization, viral hepatitis and hematological diseases.
Model 2 evaluated the 10th and 90th quantiles of GWG com-
pared with those of the entire population, and adjusted for the

same confounders as model 1. Model 3 evaluated the 5th and
95th quantiles of GWG compared with those of the entire pop-
ulation, and adjusted for the same confounders as model 1 and
model 2. The adjusted odds ratio (aOR) and 95% confidence
interval (CI) of the three models are shown in Table 5.
To further clarify the association between excessive GWG

during the first and second trimester and the risk for develop-
ing GDM among women in different prepregnancy BMI cate-
gories, we also carried out multivariable logistic regression
models among three subgroups (underweight, normal weight
and overweight) respectively, adjusted for the same confounders
as model 1–3, except prepregnancy BMI. The aOR and 95%CI
of the three models in each subgroup are shown in Tables S1–
S3. Subsequently, to verify whether interaction effects exist
between GWG during the first and second trimester and
prepregnancy BMI on the risk of developing GDM, we carried
out a test for interaction by adding the interaction item in the
multivariable logistic model among the whole population.
All statistical analyses were carried out using R software ver-

sion 3.6.3 (R Development Core Team, Vienna, Austrian). A
two-tailed P-value of <0.05 was considered statistically signifi-
cant for all analyses.

RESULTS
We collected data from 10,422 pregnant women who delivered
between 1 January 2013 and 31 October 2014 in our hospital.
After excluding 404 multiple gestations and 360 women with
missing OGTT values, 9,680 women who were pregnant with
singletons with gestation periods >28 weeks remained. Among
these, 1,274 women were excluded according to the eligibility
criteria and 50 women were obese. Finally, data from 8,356 eli-
gible pregnant women were analyzed. (Figure 1).
Of the 8,356 women included in the study, the average

maternal age was 30.3 – 3.9 years, and women aged >35 years
accounted for 14.3% of the included participants. A total of
89.6% were educated for ≥13 years, 87.8% lived in urban set-
tings, 56.0% had gravidity greater than one, 83.4% were primi-
para, 0.4% had a history of GDM and 3.3% received IVF. In
addition, 3.2% of the participants had cardiovascular diseases,
4.6% had viral hepatitis, 10.4% had endocrine diseases, 3.5%
had hematological diseases, 0.2% had respiratory diseases, 0.3%
had urinary diseases, 0.5% had immune diseases, 0.2% had
neuropsychiatric diseases and 7.6% had reproductive diseases.

Table 1 | Gestational weight gain recommended by the Institute of Medicine guideline

Prepregnancy BMI (WHO) First trimester GWG range Second & third trimester rate of GWG Range of GWG before OGTT†

Underweight <18.5 kg/m2 0.5–2.0 kg 0.51 (0.44–0.58) kg/week 0.5 + (w-13) 9 0.44–2.0 + (w-13) 9 0.58 kg
Normal 18.5–24.9 kg/m2 0.5–2.0 kg 0.42 (0.35–0.50) kg/week 0.5 + (w-13) 9 0.35–2.0 + (w-13) 9 0.50 kg
Overweight 25.0–29.9 kg/m2 0.5–2.0 kg 0.28 (0.23–0.33) kg/week 0.5 + (w-13) 9 0.23–2.0 + (w-13) 9 0.33 kg

†Gestational week during which gestational weight was recorded during the prenatal care visit nearest within 4 weeks before oral glucose toler-
ance test (OGTT). BMI, body mass index; GWG, gestational weight gain; w, the gestational week during which gestational weight was measured for
calculating GWG before OGTT; WHO, World Health Organization.
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There were statistically significant differences in maternal age,
years of education, gravidity, parity, use of IVF, cardiovascular
diseases and reproductive diseases among the prepregnancy cat-
egories. (Table 3).
We identified 1,622 (19.4%) pregnant women diagnosed with

GDM. The average prepregnancy BMI of the included partici-
pants was 21.0 – 2.5 kg/m2, 1,287 (15.4%) were classified as
underweight prepregnancy, 6,437 (77.0%) were classified as
normal weight and 632 (7.6%) were classified as overweight.
According to the IOM recommendations, 2,610 (31.2%) preg-
nant women had excessive GWG before OGTT, and 1,141
(13.7%) women had GWG exceeding the 90th percentile of
GWG for the whole population.
Univariable analysis showed that excessive GWG according

to the IOM or GWG greater than the 90th or 95th percentile
of that among the entire population were associated with an

increased risk of GDM (P < 0.05). In addition, prepregnancy
BMI, maternal age, gravidity, GDM history, use of IVF, viral
hepatitis and hematological diseases were potential confounders
(P < 0.05; Table 4).
After univariable analysis, multivariable logistic regression

models adjusted for potential confounders were generated.
Model 1 showed that GWG before OGTT stratified by IOM
was not associated with the risk for developing GDM (aOR
1.07, 95% CI 0.94–1.21), adjusted by prepregnancy BMI, mater-
nal age, gravidity, parity, GDM history, in vitro fertilization,
viral hepatitis and hematological diseases. Model 2 showed that
GWG greater than the 90th quantile of that of the entire popu-
lation was associated with an increased risk for developing
GDM (aOR1.31, 95% CI 1.12–1.52), adjusted by the same con-
founders as in model 1. Model 3 showed that GWG greater
than the 95th quantile of that of the entire population was also

Table 2 | Quantiles of gestational weight gain of included pregnant women

Prepregnancy BMI (WHO) n Quantiles of GWG before OGTT

P5 P10 P25 P50 P75 P90 P95

Underweight <18.5 kg/m2 1,287 2.8 kg 2.5 kg 5.0 kg 6.0 kg 8.0 kg 10.0 kg 11.0 kg
Normal 18.5–24.9 kg/m2 6,437 2.0 kg 3.0 kg 4.5 kg 6.0 kg 8.0 kg 9.0 kg 10.5 kg
Overweight 25.0–29.9 kg/m2 632 1.0 kg 2.0 kg 3.5 kg 5.0 kg 7.0 kg 9.0 kg 10.0 kg

GWG, gestational weight gain; OGTT, oral glucose tolerance test; WHO, World Health Organization.

10,422 pregnant women delivered between

January 1,2013 and October 31,2014

742 pregnant women excluded: 

360 with missing value of OGTT

9,680 singleton pregnant women of gestational

more than 28 weeks

388 had diabetes mellitus before first

prenatal visit

589 when taking OGTT was out of 22–

30th gestational week

461 lack of gestational weights within 4
weeks before OGTT

8,406 pregnant women meeting eligibility criteria

50 obese women (BMI > 30 kg/m2) excluded

8,356 pregnant women to be analyzed

1,274 pregnant women excluded :

404 women with multiple gestations

Figure 1 | Flow chart of participants included in the present study. BMI, body mass index; OGTT, oral glucose tolerance test.
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Table 3 | Characteristics of included pregnant women by prepregnancy body mass index categories

Characteristics at baseline Overall (n = 8,356) Underweight (n = 1,287) Normal (n = 6,437) Overweight (n = 632) P-value

Maternal age (years)
19–24 383 (4.58) 113 (8.78) 255 (3.96) 15 (2.37) <0.001
25–29 3,400 (40.69) 666 (51.75) 2,554 (39.68) 180 (28.48)
30–34 3,377 (40.41) 419 (32.56) 2,661 (41.34) 297 (46.99)
35–46 1,196 (14.31) 89 (6.92) 967 (15.02) 140 (22.15)

Education years
≥17 1,242 (14.86) 168 (13.05) 1,014 (15.75) 60 (9.49) <0.001
13–16 6,248 (74.77) 1,002 (77.86) 4,786 (74.35) 460 (72.78)
10–12 593 (7.10) 89 (6.92) 436 (6.77) 68 (10.76)
<10 273 (3.27) 28 (2.18) 201 (3.12) 44 (6.96)

Residence
Urban 7,339 (87.83) 1,143 (88.81) 5,656 (87.87) 540 (85.44) 0.10
Rural 1,017 (12.17) 144 (11.19) 781 (12.13) 92 (14.56)

Gravidity
1 3,675 (43.98) 669 (51.98) 2,790 (43.34) 216 (34.18) <0.001
>1 4,681 (56.02) 618 (48.02) 3,647 (56.66) 416 (65.82)

Parity
Primipara 6,971 (83.43) 1,153 (89.59) 5,336 (82.90) 482 (76.27) <0.001
Multipara 1,385 (16.57) 134 (10.41) 1,101 (17.10) 150 (23.73)

GDM history
No 8,327 (99.65) 1,282 (99.61) 6,417 (99.69) 628 (99.37) 0.29†

Yes 29 (0.35) 5 (0.39) 20 (0.31) 4 (0.63)
In vitro fertilization
No 8,078 (96.67) 1,273 (98.91) 6,213 (96.52) 592 (93.67) <0.001
Yes 278 (3.33) 14 (1.09) 224 (3.48) 40 (6.33)

Cardiovascular diseases
No 8,092 (96.84) 1,249 (97.05) 6,242 (96.97) 601 (95.09) 0.03
Yes 264 (3.16) 38 (2.95) 195 (3.03) 31 (4.91)

Viral hepatitis
No 7,969 (95.37) 1,239 (96.27) 6,129 (95.22) 601 (95.09) 0.24
Yes 387 (4.63) 48 (3.73) 308 (4.78) 31 (4.91)

Endocrine diseases
No 7,488 (89.61) 1,145 (88.97) 5,785 (89.87) 555 (87.82) 0.20
Yes 871 (10.42) 142 (11.03) 652 (10.13) 77 (12.18)

Hematological diseases
No 8,062 (96.48) 1,245 (96.74) 6,199 (96.30) 618 (97.78) 0.13
Yes 294 (3.52) 42 (3.26) 238 (3.70) 14 (2.22)

Respiratory diseases
No 8,340 (99.81) 1,286 (99.92) 6,422 (99.77) 632 (100) 0.38†

Yes 16 (0.19) 1 (0.08) 15 (0.23) 0 (0.00)
Urinary diseases
No 8,334 (99.74) 1,285 (99.84) 6,417 (99.69) 632 (100) 0.40†

Yes 22 (0.26) 2 (0.16) 20 (0.31) 0 (0.00)
Immune diseases
No 8,318 (99.55) 1,278 (99.30) 6,413 (99.63) 627 (99.21) 0.09†

Yes 38 (0.45) 9 (0.70) 24 (0.37) 5 (0.79)
Neuropsychiatric diseases
No 8,336 (99.76) 1,285 (99.84) 6,419 (99.72) 632 (100) 0.51†

Yes 20 (0.24) 2 (0.16) 18 (0.28) 0 (0.00)
Reproductive diseases
No 7,722 (92.41) 1,232 (95.73) 5,927 (92.08) 563 (89.08) <0.001
Yes 634 (7.59) 55 (4.27) 510 (7.92) 69 (10.92)

Data are shown by frequency (percentage). †Fisher’s exact test. BMI, body mass index; GDM, gestational diabetes mellitus. P value in bold indicates
statistical significance.
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Table 4 | Univariable analysis of association between gestational weight gain, prepregnancy body mass index, maternal characteristics and risk of
gestational diabetes mellitus

Characteristics Overall
(n = 8,356)

GDM
(n = 1,622)

Non-GDM
(n = 6,734)

P-value

GWG before OGTT (kg)
Appropriate (IOM) 4,044 (48.40) 772 (47.60) 3,272 (48.59) 0.012
Insufficient (IOM) 1,702 (20.37) 299 (18.43) 1,403 (20.83)
Excessive (IOM) 2,610 (31.24) 551 (33.97) 2,059 (30.58)

Quantiles of GWG
Appropriate (P10–P90) 6,569 (78.61) 1,257 (77.50) 5,312 (78.88) 0.008
Insufficient (<P10) 646 (7.73) 109 (6.72) 537 (7.97)
Excessive (>P90) 1,141 (13.65) 256 (15.78) 885 (13.14)

Quantiles of GWG
Appropriate (P5–P95) 7,600 (90.95) 1,464 (90.26) 6,136 (91.12) 0.004
Insufficient (<P5) 285 (3.41) 43 (2.65) 242 (3.59)
Excessive (>P95) 471 (5.64) 115 (7.09) 356 (5.29)

Prepregnancy BMI (WHO)
Underweight 1,287 (15.40) 166 (10.23) 1,121 (16.65) <0.001
Normal 6,437 (77.03) 1,231 (75.89) 5,206 (77.31)
Overweight 632 (7.56) 225 (13.87) 407 (6.04)

Maternal age (years)
19–24 383 (4.58) 31 (1.91) 352 (5.23) <0.001
25–29 3,400 (40.69) 492 (30.33) 2,908 (43.18)
30–34 3,377 (40.41) 752 (46.36) 2,625 (38.98)
35–46 1,196 (14.31) 347 (21.39) 849 (12.61)

Education years
≥17 1,242 (14.86) 235 (14.49) 1,007 (14.95) 0.13
13–16 6,248 (74.77) 1,193 (73.55) 5,055 (75.07)
10–12 593 (7.10) 135 (8.32) 458 (6.80)
<10 273 (3.27) 59 (3.64) 214 (3.18)

Residence
Urban 7,339 (87.83) 1,419 (87.48) 5,920 (87.91) 0.67
Rural 1,017 (12.17) 203 (12.52) 814 (12.09)

Gravidity
1 3,675 (43.98) 619 (38.16) 3,056 (45.38) <0.001
>1 4,681 (56.02) 1,003 (61.84) 3,678 (54.62)

Parity
Primipara 6,971 (83.43) 1,311 (80.83) 5,660 (84.05) 0.002
Multipara 1,385 (16.57) 311 (19.17) 1,074 (15.95)

GDM history
No 8,327 (99.65) 1,601 (98.71) 6,726 (99.88) <0.001
Yes 29 (0.35) 21 (1.29) 8 (0.12)

In vitro fertilization
No 8,078 (96.67) 1,539 (94.88) 6,539 (97.10) <0.001
Yes 278 (3.33) 83 (5.12) 195 (2.90)

Cardiovascular diseases
No 8,092 (96.84) 1,573 (96.98) 6,519 (96.81) 0.78
Yes 264 (3.16) 49 (3.02) 215 (3.19)

Viral hepatitis
No 7,969 (95.37) 1,526 (94.08) 6,443 (95.68) 0.007
Yes 387 (4.63) 96 (5.92) 291 (4.32)

Endocrine diseases
No 7,488 (89.61) 1,435 (88.47) 6,053 (89.89) 0.06
Yes 871 (10.42) 190 (11.71) 681 (10.11)

Hematological diseases
No 8,062 (96.48) 1,580 (97.41) 6,482 (96.26) 0.029
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associated with increased risk for developing GDM (aOR 1.45,
95% CI 1.16–1.81), adjusted by the same confounders as in
model 1 and model 2 (Table 5).
In addition, the subgroup analysis concluded a similar signifi-

cant association among women with prepregnant underweight
and normal weight, showing GWG more than the 90th quantile
of that of the entire population was associated with increased
risk of GDM (aOR 1.67, 95% CI 1.02–2.66 underweight; aOR
1.31, 95% CI 1.10–1.55 normal weight); whereas among
prepregnant normal weight women, GWG more than the 95th
quantile was also associated with increased risk of GDM (aOR
1.60, 95% CI 1.24–2.06). However, among prepregnant over-
weight women, we found no association between excessive
GWG and risk of GDM (Tables S1–S3). Furthermore, there
existed no statistical significance regarding the interaction effect
between GWG during the first and second trimester (according
to IOM, P10–P90, P5–P95, respectively) and prepregnancy BMI
on the risk of developing GDM (test for interaction: P = 0.65
for IOM, 0.41 for P10–P90, 0.07 for P5–P95, respectively).

DISCUSSION
The present study found that excessive GWG greater than the
90th or 95th quantile of that of the entire population among
Chinese women pregnant with singletons without diabetes mel-
litus increased the risk for developing GDM. Our study high-
lighted the importance of appropriate weight gain during
gestation to prevent GDM. However, according to the IOM
recommendation, we found no association between excessive
GWG and the risk for developing GDM.
Because of the high prevalence of GDM, and the related

short- and long-term adverse effects on the mother and

child,20,21 GDM is an issue that must be addressed, and
requires further scientific research. Previous research has shown
that there are a large number of risk factors associated with
GDM, such as advanced maternal age, prepregnancy over-
weight or obesity, family history of diabetes, history of GDM
or giving birth to a large baby, and number of pregnancies and
births.22 However, the effect of GWG during the first and/or
second trimester on the risk for developing GDM has not been
clarified.
GDM, characterized by insulin resistance and reduced insulin

secretion23, might be associated with excessive GWG. As shown
in previous studies, pregnant women with excessive GWG,
especially those who were prepregnancy overweight, were more
likely to accumulate adipose tissue in visceral depots rather
than in subcutaneous depots, such as in the hips and thighs,
which is associated with a greater risk for adverse outcomes24,25.
Accumulation of fat in visceral depots could result in an
increased risk for developing insulin resistance and subsequent
exhaustion of pancreatic b-cells, leading to inadequate insulin
secretion and GDM1,14.
The present findings that excessive GWG was associated

with an increased risk for developing GDM among women
with singletons were consistent with the findings of previous
studies7,8,16, However, some studies reached different conclu-
sions6,9,10. Compared with other representative studies14–16,26,
there were differences in methodological characteristics. First,
the populations in developed countries were different from Chi-
nese women in terms of ethnicity and anthropometry27–29. For
example, American women are generally taller than Chinese
women, and more likely to be overweight15,28. Second,
other studies evaluated GWG during the first or second

Table 4 (Continued)

Characteristics Overall
(n = 8,356)

GDM
(n = 1,622)

Non-GDM
(n = 6,734)

P-value

Yes 294 (3.52) 42 (2.59) 252 (3.74)
Respiratory diseases
No 8,340 (99.81) 1,619 (99.82) 6,721 (99.81) 1.00†

Yes 16 (0.19) 3 (0.18) 13 (0.19)
Urinary diseases
No 8,334 (99.74) 1,617 (99.69) 6,717 (99.75) 0.60†

Yes 22 (0.26) 5 (0.31) 17 (0.25)
Immune diseases
No 8,318 (99.55) 1,619 (99.82) 6,699 (99.48) 0.11
Yes 38 (0.45) 3 (0.18) 35 (0.52)

Neuropsychiatric diseases
No 8,336 (99.76) 1,620 (99.88) 6,716 (99.73) 0.40†

Yes 20 (0.24) 2 (0.12) 18 (0.27)
Reproductive diseases
No 7,722 (92.41) 1,484 (91.49) 6,238 (92.63) 0.13
Yes 634 (7.59) 138 (8.51) 496 (7.37)

Data are shown by frequency (percentage). †Fisher’s exact test. BMI, body mass index; GDM, gestational diabetes mellitus; GWG, gestational weight
gain; IOM, Institute of Medicine; OGTT, oral glucose tolerance test; WHO, World Health Organization. P value in bold indicates statistical significance.
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trimester14–16,26, and the method for calculating GWG might
have been different from ours in other studies30. For example,
some studies subtracted self-reported prepregnancy weight from
maternal weight at delivery6,9. Third, we considered potential
confounders in our multivariable analysis, including prepreg-
nancy BMI, maternal age, gravidity, parity, history of GDM,

use of IVF31, viral hepatitis32 and hematological diseases33.
These were important and prevalent factors among Chinese
women, but were rarely considered in other studies1,7,14–16,26.
According to the IOM guideline, we found no association

between excessive GWG and the risk for developing GDM in
our multivariable analysis. This might have been because the

Table 5 | Multivariable logistic regression of gestational weight gain and risk for gestational diabetes mellitus

Variables in model Model 1† Model 2‡ Model 3§

aOR (95% CI) aOR (95% CI) aOR (95% CI)

GWG before OGTT (kg)
Appropriate (IOM) 1.00 — —
Insufficient (IOM) 0.90 (0.78–1.05) — —
Excessive (IOM) 1.07 (0.94–1.21) — —

Quantiles of GWG
Appropriate (P10-P90) — 1.00 —
Insufficient (<P10) — 0.87 (0.70–1.08) —
Excessive (>P90) — 1.31 (1.12–1.52) —

Quantiles of GWG
Appropriate (P5-P95) — — 1.00
Insufficient (<P5) — — 0.77 (0.55–1.07)
Excessive (>P95) — — 1.45 (1.16–1.81)

Pre-pregnancy BMI
Underweight (<18.5 kg/m2) 0.72 (0.60–0.86) 0.72 (0.60–0.86) 0.71 (0.59–0.85)
Normal (18.5–24.9 kg/m2) 1.00 1.00 1.00
Overweight (≥25.0 kg/m2) 2.13 (1.78–2.55) 2.17 (1.82–2.60) 2.14 (1.79–2.56)

Maternal age (years)
19–24 1.00 1.00 1.00
25–29 1.83 (1.27–2.73) 1.84 (1.28–2.75) 1.84 (1.27–2.75)
30–34 2.90 (2.01–4.32) 2.94 (2.04–4.38) 2.93 (2.03–4.37)
35–46 3.92 (2.67–5.93) 3.98 (2.71–6.02) 3.95 (2.70–5.99)

Gravidity
1 1.00 1.00 1.00
>1 1.14 (1.01–1.29) 1.14 (1.01–1.29) 1.15 (1.02–1.30)

Parity
Primipara 1.00 1.00 1.00
Multipara 0.88 (0.75–1.03) 0.88 (0.75–1.03) 0.87 (0.74–1.02)

GDM history
No 1.00 1.00 1.00
Yes 10.09 (4.54–24.73) 10.30 (4.63–25.22) 10.17 (4.58–24.89)

In vitro fertilization
No 1.00 1.00 1.00
Yes 1.29 (0.98–1.69) 1.29 (0.98–1.69) 1.29 (0.98–1.69)

Viral hepatitis
No 1.00 1.00 1.00
Yes 1.34 (1.05–1.70) 1.35 (1.05–1.71) 1.34 (1.05–1.71)

Hematological diseases
No 1.00 1.00 1.00
Yes 0.73 (0.51–1.005) 0.73 (0.51–1.01) 0.72 (0.51–0.999)

OR, adjusted odds ratio; CI, confidence interval. OR (95% CI) in bold indicates statistical significance. †Model 1 evaluated gestational weight gain
(GWG) before oral glucose tolerance test (OGTT) stratified by Institute of Medicine (IOM) recommendations, adjusted by pre-pregnancy body mass
index (BMI), maternal age, gravidity, parity, gestational diabetes mellitus (GDM) history, in vitro fertilization, viral hepatitis and hematological diseases.
‡Model 2 evaluated GWG before OGTT stratified by the 10th and 90th quantiles of that of the included population, adjusted by the same con-
founders as in model 1. §Model 3 evaluated GWG before OGTT stratified by the 5th and 95th quantiles of that of the included population, adjusted
by the same confounders as in model 1 and model 2.
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IOM recommendations were developed based on white and
black populations17. However, there are obvious differences in
anthropometry, dietary intake, culture, and lifestyles between
the USA and Chinese populations28,34,35. As reported in our
previous study, women who are prepregnancy normal weight
or overweight tended to gain more weight than the IOM rec-
ommendation11. Another study that included women pregnant
with singletons in Shanghai of China also concluded that the
IOM recommendation was likely not optimal for the Chinese
population36.
It is worth noting that, in subgroup analysis among pregnant

women with different prepregnancy BMIs, apparent subgroup
differences would occur regarding the association of excessive
GWG in the first and second trimester with the risk of developing
GDM, which can probably be attributed to chance and the lim-
ited sample size among these subgroups37. In addition, we found
no interaction effects between GWG during the first and second
trimester and prepregnancy BMI acting on the risk of developing
GDM, accordingly, our conclusions from multivariable analysis
among the whole population should be more credible.
The present study had several strengths. First, this cohort

study was based on repeatedly measured data in a real-world
clinical practice, verified excessive GWG might be a risk factor
for GDM, providing further evidence regarding GWG and
GDM among Chinese women. Second, we used two classifica-
tion methods for GWG; that is, the total GWG before OGTT
was categorized by the IOM recommendations, and by multiple
quantiles of GWG among the whole population, which pro-
vided a more comprehensive evaluation of the association
between GWG and GDM. Third, our study was rigorous with
regard to the calculation of GWG, determination of GDM, use
of multivariable analysis adjusted for other potential con-
founders and proper interpretation of subgroup analysis.
The present study also had some limitations. First, this was a

single-center study and did not include obese women, which
might limit the generalizability of the conclusions. Second, our
data were collected from medical records and the prepregnancy
weights were self-reported. Although weights were measured at
the first antenatal visit, self-reports might have been subject to
recall bias38.
In summary, excessive GWG in the first and second trime-

ster might be a risk factor for developing GDM, which high-
lights the importance of appropriate weight gain during
pregnancy. However, well-designed, multicenter, prospective
studies are required to further determine the appropriate GWG
for pregnant Chinese women.
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Table S1 | Multivariable logistic regression of gestational weight gain and risk for gestational diabetes mellitus among prepregnant
underweight women (n = 1,287).

Table S2 | Multivariable logistic regression of gestational weight gain and risk for gestational diabetes mellitus among prepregnant
normal weight women (n = 6,437).

Table S3 | Multivariable logistic regression of gestational weight gain and risk for gestational diabetes mellitus among prepregnant
overweight women (n = 632).
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