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Background: Gestational diabetes (GDM), increasingly prevalent worldwide, is related to 
growing pregnancy complications and long-term metabolic risks for the woman and the 
descendants. The aim of this study is to determine the optimal BMI ranges specific for age 
group and optimal gestational weight gain (GWG) at 24 weeks specific for different pre-BMI 
(pre-pregnancy body mass index) groups to avoid or reduce the incidence of GDM.
Methods: A retrospective cohort study of 3104 pregnant women was conducted in Song Jiang 
district, Shanghai, China. A multivariate logistic regression analysis was performed with the 
purpose of determining the OR (odds ratio) of risk factors of GDM including GWG of 24 weeks, 
pre-BMI, advanced age, and first-degree relatives with DM. Optimal ranges of GWG or pre-BMI 
are defined as the interval corresponding to lowest or relative lower incidence of GDM.
Results: ORs of pre-BMI, maternal age, GWG at 24 weeks, and first-degree relatives with 
DM were 1.250, 1.096, 1.142, and 2,098 separately. It is suggested for lowering the 
incidence of GDM that, to the utmost extent, 12 kg, 9 kg, and 8 kg for GWG at 24 weeks 
should be the ideal boundary for those pregnant women whose BMI was 15–21 kg/m2, 
21–23 kg/m2, and 23–25 kg/m2 respectively. Pre-BMI ≤22 kg/m2 would be recommended for 
an expectant mother whose age is no more than 28 years old. Similarly, women whose age 
was above 28 years old would be advised to control their BMI below 20 kg/m2.
Conclusion: Optimal GWG during pregnancy varies largely by diverse pre-BMI, and 
likewise, optimal pre-BMI varies a lot by different age group. Public health awareness 
should be promoted on the importance of having healthy pre-BMI, and achieving optimal 
weight gain during pregnancy to avoid or reduce the incidence of GDM, especially for those 
with first-degree relatives with DM.
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Introduction
Gestational diabetes (GDM) is defined as glucose intolerance first diagnosed during 
pregnancy and is highly correlated with adverse outcomes during pregnancy and the 
perinatal period.1,2 It was reported that those women with GDM would develop 
type 2 diabetes (T2DM) with 7-fold higher times after delivery 10 years later,3 and 
the offspring of mothers with GDM have a higher risk of developing intellectual 
problems, obesity, cardiovascular disease (CVD), and diabetes (DM).4,5 The global 
incidence of GDM is increasing and well-documented risk factors for GDM include 
advanced maternal age, high pre-BMI, GWG during pregnancy, family history of 
diabetes, ethnicity, history of gestational diabetes, fertility, short stature, polycystic 
ovary syndrome, history of macrosomia delivery, and high systolic blood pressure,6 

yet the interaction of each risk factor remains obscure.
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Quite a few studies have now recognized that the 
attack of GDM might launch as early as 16 weeks while 
later development of GDM and a baby deemed large for 
gestational age (LGA) are relevant with a hyperglycemic 
state of matrix and fetal hyperinsulinemia in the early 
pregnancy period.7 Embryos of pregnant women diag-
nosed with GDM showed overgrowth compared with 
those of healthy mothers by oral glucose tolerance test 
(OGTT), which was conducted at 24–28 weeks of preg-
nancy, and demonstrated that among women with GDM, 
early-onset fetal overgrowth might be prone to reversion 
with early and adequate treatment,8 suggesting that inter-
vention should have been performed earlier.

Multiple meta-analyses have demonstrated that life-
style and drug interventions can lower the chance of 
hyperglycemia, gestational weight gain, and cesarean sec-
tion, and possibly reduce gestational diabetes, but do not 
consistently improve perinatal outcomes.9–11 This result 
may be due to the fact that the intervention period was 
too late, or the advice for them was not sufficiently precise 
and personalized.12 Therefore, specific and delicate inter-
ventions should be set up and implemented as soon as 
possible.

It was gratifying that the gestational weight gain 
(GWG) guideline was published by the American 
Institute (IOM) in 199013 and 2009 Revision,14 but, regret-
tably, the application of IOM in Asian populations may be 
limited as their research was based on studies of white 
women. Furthermore, the WHO international BMI cut-off 
points defining pre-BMI categories in the IOM guidelines 
are not directly applicable to Asians, especially the 
Chinese. Most importantly, the IOM does not take the 
pregnancy outcome of GDM into consideration. A study 
to define optimal GWG ranges of 24 weeks gestation age 
and pre-BMI focusing on the avoidance of GDM before 
OGTT was urgently needed for Chinese women.

Methods
Study Population
The diagnostic criteria for GDM refer to the IADPSG 
standard,1 which is that pregnant women at 24–28 weeks 
of pregnancy (at least 8 hours after fasting) are screened 
for GDM through 75 g oral glucose tolerance test (OGTT). 
If one or more blood glucose values meet or exceed the 
diagnostic criteria (fasting: 5.1 mmol/L, 1 h: 10 mmol/L, 
2 h: 8.5 mmol/L) GDM will be diagnosed.

This retrospective case–control study was conducted 
among women registered at the obstetric department of 
Shanghai General Hospital from January 2019 to 
August 2020. The source of data was extracted from 
antenatal clinic cards of pregnant women having delivered 
in Shanghai General Hospital. The clinic cards contained 
the patient’s background, antenatal care information, 
demographic characteristics, and obstetric history. 
Eligibility criteria are listed as follows: 1) first antenatal 
care was done before 15 weeks of gestation in our hospi-
tal; and 2) the patient’s medical history data were com-
plete. The exclusion criteria include: 1) miscarriage or 
induced labor of deformity; 2) diabetes diagnosed before 
pregnancy; 3) history of gestational diabetes or macroso-
mia delivery; 4) history of more than 2 times delivery; and 
5) complications with gestational hypertension, pree-
clampsia, or any other chronic diseases.

Based on the inclusion and exclusion criteria, 3104 
cases were included in the study, of which 518 cases 
were diagnosed with GDM (16.69%). The number of 
BMI≤23 kg/m2 was 2684, including 368 GDM cases 
(13.71%), which represented the prevalence of GDM 
among pregnant women with normal BMI. Obtained 
from medical history records of the whole pregnancy 
period of pregnant women, our research embraces gesta-
tion age, height, pre-pregnancy weight, weight at 24 
weeks, number of pregnancies, parturition times, whether 
IVF or not, family history of diabetes, OGTT value, gesta-
tional hypertension, thyroid condition, childbirth, newborn 
gender, etc. At enrollment, we obtained maternal self- 
reported pre-pregnancy weight and height, from which 
we calculated the pre-pregnancy BMI. We determined 
GWG as the difference between self-reported pre- 
pregnancy weight and the clinically measured weight 
recorded around 24 weeks. A multivariate logistic regres-
sion analysis was conducted to ascertain the OR of risk 
factors for GDM including GWG of 24 weeks, pre-BMI, 
advanced age, and first-degree family history of diabetes. 
The BMI of the 3104 cases was divided into 15–19 kg/m2, 
19–21 kg/m2, 21–23 kg/m2, 23–25 kg/m2, 25–27 kg/m2, 
and above 27 kg/m2, and following that each layer of BMI 
was stratified again according to GWG at 24 weeks 
(<5 kg, 5–6 kg, 6–7 kg, 7–8 kg, 8–9 kg, 9–10 kg, 
10–11 kg, 11–12 kg, ≥12 kg) of gestation to calculate the 
optimal GWG ranges at 24 weeks of gestation age corre-
sponding to the lowest prevalence rate. In parallel, the 
optimal BMI range was obtained by stratified age (≤28 
years old, >28 years old) first and then pre-BMI (≤17 kg/ 
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m2, 17–18 kg/m2, 18–19 kg/m2, 19–20 kg/m2, 20–21 kg/ 
m2, 21–22 kg/m2, 22–23 kg/m2, 23–24 kg/m2, >24 kg/m2). 
Therefore, obstetricians can give more accurate and timely 
guidance about pre-BMI and GWG of 24 weeks to avoid 
or reduce the risk of occurrence of GDM.

Statistical Analysis
All analyses were performed using SPPS version 25. The 
categorical variables were described by frequency and 
percentage distribution; The quantitative variables were 
first tested for normal distribution, and then they were 
described with the mean±standard deviation (�x� s). The 
incidence of GDM equals the proportion of GDM cases in 
the total number of cases observed in the same period. The 
disordered categorical variables between the two groups 
and more than two groups were compared using the chi- 
square test. An independent t-test was carried out on each 
variable to make a comparison between two groups for 
continuous variables. The odds ratio (OR) and the 95% 
confidence interval (CI) for the GDM were estimated 
using multivariable logistic regression models across 
gestation age, pre-BMI, GWG of 24 weeks, and first- 
degree family history of diabetes. A P value of 0.05 was 
considered statistically significant.

Results
Characteristics of Women
The average age of the 3104 pregnant women included 
was 29.31±3.99 years old, with 307 women above or equal 
to 35 years old. The mean height and weight at first 
prenatal visit was 1.62±0.05 m and 54.84±8.21 kg respec-
tively, along with women with overweight and obesity 

accounting for 10.95% and 2.57% respectively based on 
the fact that the mean pre-BMI was 21.00±2.90 kg/m2. 
The average GWG at 24 weeks for all pregnant women 
and the GDM group was 7.32±3.32 kg and 8.28±4.27 kg 
separately. The OGTT value of all women was 4.82–8.84– 
7.44 mmol/L, while 5.45–10.50–9.09 mmol/L for the 
GDM group. The proportion of cesarean section and new-
born weight of the non-GDM group vs GDM group was 
21.31% vs 27.41% and 3308.12 g vs 3363.55 g (Table 1).

Risk Factors for GDM
Table 2 presents the risk factors among non-GDM and GDM 
women. The OR of pre-BMI and gestation age for GDM is 
1.250 and 1.096, which denotes that obese/overweight 
women or women with advanced age are much more pre-
ferred by GDM. The risk of GDM for these women was 
further increased if their GWG at 24 weeks was larger as the 
statistics showed the OR of GWG at 24 weeks was 1.142. 
There was a bigger chance of women with a first-degree 
relative with DM to develop GDM compared with other 
factors as its OR was 2.098, higher than ORs of other risk 
factors, unfortunately, which is a factor pregnant women 
cannot reverse or avoid unless they could choose their bio-
logical parents again. No statistical significance was 
observed for height between non-GDM and GDM women.15

Incidence of GDM Based on Pre-BMI and 
GWG at 24 weeks
For women whose BMI was 15–19 kg/m2 and 19–21 kg/ 
m2, the average incidence of GDM (7.44% and 12.14%) 
was much lower than that (13.71%) of normal pregnant 
women. Only when GWG at 24 weeks of these 

Table 1 Characteristics of Women

Category Mean GDM (n) Non-GDM (n)

Age (years) 29.31±3.99 30.89±4.67 29.00±3.76

Height (m) 1.62±0.05 1.61±0.05 1.62±0.05
Pre-weight (kg) 54.84±8.21 58.99±9.50 54.01±7.66

Weight of 24 weeks (kg) 62.15±8.74 67.27±9.84 61.13±8.13

GWG at 24 weeks (kg) 7.32±3.32 8.28±4.27 7.12±3.06
BMI (kg/m2) 21.00±2.90 22.68±3.44 20.67±2.88

OGTT (0 h (mmol/h)) 4.82±0.9 5.45±1.11 4.48±0.58

OGTT (1 h (mmol/l)) 8.84±2.28 10.50±2.37 7.91±1.59
OGTT (2 h (mmol/h)) 7.44±2.23 9.09±2.60 6.52±1.28

Newborn weight (g) 3317.37±419.48 3363.55±472.84 3308.12±407.43

Newborn sex (male/female) 1483/1621 245/273 1238/1348
Cesarean section (yes/no) 693/2411 142/376 551/2035

First degree-DM history (yes/no) 209/2805 66/452 143/2443
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groups (28.36% and 33.00%) was above 12 kg can the risk 
exceed the control group; therefore, 12 kg for GWG at 24 
weeks would be the boundary for those pregnant women 
whose BMI was 15–21 kg/m2 (Tables 3 and 4).

For pregnant women with BMI falling in the middle of 
21–23 kg/m2, 19.16% was found to be the mean incidence rate 
in this group, which obviously surpasses 13.71% of the normal 

Table 3 Number of GDM and Non-GDM Pregnant Women Based on BMI and Weight Gain at 24 weeks

BMI (kg/m2) GWG (kg) Sum

<5 5–6 6–7 7–8 8–9 9–10 10–11 11–12 ≥12

15–19 GDM 6 7 3 8 5 5 4 1 19 58

Non-GDM 130 89 112 90 99 70 42 39 48 719

19–21 GDM 17 13 8 18 8 12 6 6 33 121

Non-GDM 147 105 107 128 123 89 60 50 67 876

21–23 GDM 15 8 11 11 10 19 15 16 28 133

Non-GDM 122 67 80 75 60 47 38 30 42 561

23–25 GDM 16 9 9 7 8 12 7 10 17 95

Non-GDM 67 36 33 28 24 31 12 19 22 272

25–27 GDM 9 2 7 8 5 2 5 0 10 48

Non-GDM 25 11 16 11 6 4 9 3 9 94

≥27 GDM 22 8 7 3 6 4 4 3 6 63

Non-GDM 33 6 5 7 2 3 4 1 3 64

Table 4 Incidence of GDM Based on BMI and GWG at 24 weeks

GWG (kg) BMI (kg/m2)

15–19 (p=0.000) 19–21 (p=0.000) 21–23 (p=0.000) 23–25 (p=0.000) 25–27 (p=0.187) ≥27 (p=0.000)

<5 4.41% 10.37% 10.95% 19.28% 26.47% 40.00%

5–6 7.29% 11.02% 10.67% 20.00% 15.38% 57.14%

6–7 2.61% 6.96% 12.09% 21.43% 30.43% 58.33%

7–8 8.16% 12.33% 12.79% 20.00% 42.11% 30.00%

8–9 4.81% 6.11% 14.29% 25.00% 45.45% 75.00%

9–10 6.67% 11.88% 28.79% 27.91% 33.33% 57.14%

10–11 8.70% 9.09% 28.30% 36.84% 35.71% 50.00%

11–12 2.50% 10.71% 34.78% 34.48% 0.00% 75.00%

≥12 28.36% 33.00% 40.00% 43.59% 52.63% 66.67%

Mean incidence 7.46% 12.14% 19.16% 25.89% 33.80% 49.61%

Table 2 Risk Factors for GDM

Factors B P OR 95% CI

BMI 0.223 0.000 1.250 1.209–1.292
Age 0.091 0.000 1.096 1.070–1.123

Height −1.889 0.081 0.151 0.018–1.264

GWG at 24 weeks 0.132 0.000 1.142 1.108–1.176
Family history 0.741 0.000 2.098 1.503–2.930
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group. Still, no more than 9 kg of GWG at 24 weeks would be 
recommended as only in this condition can this group be safer 
than normal average incidence (Tables 3 and 4).

It is difficult to the point of impossibility for women 
whose BMI is above ≥23 kg/m2 to reach the ideal level, as 
other groups, when the average incidence of these groups 
was 32.40% complicating with no junior unit was under or 
equal to 13.71% after being stratified twice by GWG at 24 
weeks. Even so, 8 kg or less than 8 kg would be a better 
choice for pregnant women whose BMI was 23–25 kg/m2 as 
risk of GDM contented with this condition was 20.00%, 
higher than the normal one, yet reaching its lowest level of 
itself. However, no significant difference (p=0.187) was 
observed for GWG at 24 weeks in BMI of 25–27 kg/m2. 
In terms of pregnant women with BMI above 27 kg/m2, we 
took it as no clinical significance when the number of 
samples was too small to be representative (Tables 3 and 4).

Incidence of GDM Based on Age and 
Pre-BMI
Table 5 shows that the average incidence of GDM for 
those whose aged under 28 years old was only 12.40% 
but only when pre-BMI was not more than 22 kg/m2 was 
the incidence of each unit always lower than 13.71%, so 
pre-BMI≤22 kg/m2 would be recommended for expectant 
mothers whose age is no more than 28 years old. Similarly, 
those women whose age was above 28 years old would be 
advised to control their BMI below 20 kg/m2 while the 
mean incidence of GDM of this group reached 21.02%.

Discussion
Well-documented risk factors for GDM include advanced 
maternal age, high pre-BMI, excessive weight gain during 
pregnancy, family history of diabetes, ethnicity, history of 

gestational diabetes, fertility, short stature, polycystic 
ovary syndrome, history of macrosomia delivery, and 
high systolic blood pressure.6,16 In this study, only family 
history of first-degree diabetes, pre-BMI, age, and weight 
gain before 24 weeks of pregnancy were analyzed after 
excluding pregnant women with other influencing factors. 
The present study showed that pre-BMI, first-degree 
family history of DM, GWG at 24 weeks, and advanced 
gestation age were indeed risk factors for the occurrence 
of GDM, among which first-degree family history of DM 
and gestation age are factors pregnant women cannot 
reverse while the other two could be intervened by 
improving lifestyle habits.

Obesity can lead to the accumulation of high metabolic 
risk factors. Obese pregnant women are prone to compli-
cations with elevated fasting plasma glucose, high gly-
cated hemoglobin, insulin resistance, high plasma 
triglyceride, and hypertension during the first antenatal 
care.17 The number of metabolic risk factors was posi-
tively correlated with the occurrence of GDM. One 
mechanism is that obesity increases plasma levels of free 
fatty acids and introduces increasing lipid of non-fat cells. 
Lipid accumulation in these cells induces insulin resis-
tance by activating protein kinase C and diacylglycerol 
pathways.18 On the other hand, insulin regulates the 
plasma triglyceride concentration by down-regulating 
microsomal triglyceride transporter (MPL) and activating 
lipoprotein lipase (LPL).19 On the condition of insulin 
resistance, if MPL cannot be inhibited or LPL cannot be 
promoted, hypertriglyceridemia will occur. In addition, 
obesity also activates the renin–angiotensin–aldosterone 
system, which contributes to the development of 
hypertension.20 Overall, obesity can cause the clustering 
of high-risk factors of GDM including hypertension, 
hypertriglyceridemia, and insulin resistance.

Table 5 Number and Incidence of GDM Based on Age and Pre-BMI

Age BMI Sum

≤17 17–18 18–19 19–20 20–21 21–22 22–23 23–24 >24

≤28 years old GDM 4 7 16 20 20 20 19 19 57 182

NON-GDM 74 144 220 231 186 159 94 72 106 1286

Incidence (p=0.000) 5.13% 4.64% 6.78% 7.97% 9.71% 11.17% 16.81% 20.88% 34.97% 12.40%

>28 years old GDM 3 8 20 36 45 50 54 37 93 346

NON-GDM 34 80 167 230 229 164 144 88 164 1300

Incidence (p=0.000) 8.11% 9.09% 10.70% 13.53% 16.42% 23.36% 27.27% 29.60% 36.19% 21.02%
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First-degree diabetes is indeed a risk factor for GDM. 
The chance of the decedents of mothers with diabetes will 
be higher and it is mediated by intrauterine effect includ-
ing mitochondrial genes and other gene defection, and the 
consequences of these congenital disadvantages will 
become more powerful in the modern environment of 
a fat-rich diet and sedentary lifestyle.20

This is the first study in China to estimate optimal 
GWG of 24 weeks and pre-BMI among Chinese women 
by weighting the occurrence of GDM. Determination of 
the optimal rate of gestational weight gain and pre-BMI 
comes from a trade-off of avoiding the incidence of GDM 
associated with excessive GWG at 24 weeks and those 
associated with inadequate gestational weight gain and 
higher or lower pre-BMI. Different from GWG guided 
by IOM, the encouraging achievements of our study pre-
sented the optimal ranges of pre-BMI and GWG at 24 
weeks for expectant pregnant women and those who are 
already pregnant, which was based on a Chinese popula-
tion and more suitable for Chinese women. Similar to the 
IOM, the recommendation of our research considers only 
one outcome: GDM, accorded with the trend of IOM only 
with more strict requirements and without a lower limit of 
the recommendation.

An ocean of studies has demonstrated that the impact of 
GWG rate on birth outcomes largely differs according to pre- 
BMI,21–23 which provided optimal GWG estimates utilizing 
the broad BMI categories of underweight (<18.5 kg/m2), 
normal BMI (18.5~25 kg/m2), overweight (25~30 kg/m2), 
and obese (>30 kg/m2). However, we choose a narrower 
category of BMI as more than one study shows Asians 
have different body composition from white women’s,24 

and the American Diabetes Association lowered the BMI 
threshold for diabetic screening among Asians from 25 kg/ 
m2 to 23 kg/m2 in 2014.25,26

Several limitations of the present study should be 
noticed. Firstly, our database did not include other short- 
time outcomes such as LGA, small for gestational age 
(SGA), preterm delivery, or preeclampsia, etc., and long- 
term outcomes, such as childhood obesity, disordered 
glucose regulation in children and adolescents, cardio-
vascular diseases, or measurements of development of 
offspring, etc., so our analysis was only limited to only 
one of the short-term outcomes – GDM – and those 
outcomes should be explored. Secondly, as our study 
was conducted among women delivering in China only, 
further research to assess whether these findings are 
generalizable to other populations is really needed. 

Thirdly, the anthropometric measurements were retrieved 
from antenatal clinic cards, which could potentially pro-
duce information bias and misclassification, and this 
study used the self-reported weight and height at first 
prenatal visit to calculate the pre-pregnancy BMI, 
which might be not reliable enough. Last but not least, 
the number of samples was a little small, especially as 
the databases were double divided although statistical 
significance was approved.

Conclusion
In summary, higher pre-BMI, excessive GWG before 
OGTT, advanced age, and family history of DM provide 
unique opportunities for women to develop GDM. Optimal 
GWG during pregnancy varies largely by pre-pregnancy 
BMI, and, likewise, optimal pre-BMI varies a lot by dif-
ferent age group. There is a need for public health aware-
ness on the importance of having healthy pre-BMI, 
achieving optimal weight gain during pregnancy to avoid 
or reduce the incidence of GDM, especially for those with 
a first-degree family history of DM.
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