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Abstract 

Background:  The impact of maternal pre-pregnancy bodyweight on gestational diabetes mellitus (GDM) following 
assisted reproductive technology (ART) treatment has been insufficiently investigated. The aim of this study was to 
investigate the association between maternal pre-pregnancy bodyweight and GDM following ART.

Methods:  From January 2014 to March 2019, this population-based retrospective cohort study included pregnan-
cies achieved by ART treatment in a pregnancy registration database in China. Multivariate regression analysis and 
restricted cubic splines were used to explore the association between bodyweight and GDM.

Results:  A total of 6,598 pregnancies were included. The incidence of GDM was 26.0% (1715/6598). A total of 868 
(13.2%) pregnant women were underweight, 665 (10.8%) were overweight, and 145 (2.20%) were obesity. We found 
a linear dose–response relation between maternal body mass index and GDM by restricted cubic splines, where one 
unit body mass index increase was associated with the 15% elevated risk of GDM (adjusted odds ratio [OR] 1.15, 95% 
CI 1.08–1.22). Compared to the normal weight group, maternal underweight was associated with lower risk of GDM 
(adjusted OR 0.68, 95% CI 0.57–0.82), while increased risk was found for overweight (adjusted OR 1.54 95% CI 1.29–
1.84) and obesity (adjusted OR 1.74, 95% CI 1.23–2.47).

Conclusions:  Our study found a linear dose–effect relationship between pre-pregnancy bodyweight and GDM 
following ART treatment. The findings in this study support the clinical recommendation of advising women with 
overweight or obesity to lose weight prior to ART treatment.
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Background
Gestational diabetes mellitus (GDM) is the most com-
mon pregnancy complications [1]. It was estimated 
that about 13.4% (16.9 million) of 2021 live births 
worldwide were affected by GDM [2]. This condition 
is associated with a well-documented short- and long-
term health outcomes for mothers and their offspring, 
including preterm birth, low birth weight, neonatal 
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unit admission, obesity in offspring, and type 2 dia-
betes after delivery [3–6]. Prior study suggested pre-
pregnancy bodyweight was the critical risk factor for 
GDM in the general population [7, 8], given its rapid 
increase of overweight and obesity in prevalence 
globally [9, 10], it has been put under the spotlight in 
recent studies [8, 11].

Endocrine abnormalities are the main cause of 
infertility as result of the ovulation disorders [12]. 
Pre-pregnancy bodyweight, as a critical indicator 
of endocrine regulation, has a significant impact on 
pregnancy outcomes following assisted reproductive 
technology (ART). With excess body weight (i.e., over-
weight or obesity) on the rise in the general popula-
tion[13], it has also become more prevalent among 
women undergoing ART treatment (e.g., in  vitro fer-
tilization [IVF] and intracytoplasmic sperm injection 
[ICSI]) [14]. Whether weight loss should be performed 
prior to ART has been a concern in reproductive clini-
cal practice [15–17]. In a randomized controlled trial, 
Sim et al. reported that weight loss intervention prior 
to ART was associated with a significant improvement 
in pregnancy rates (48% vs. 14%, P = 0.01) and live 
births (44% vs. 14%, P = 0.02) in women with obesity 
[16]. Previous study shown that pregnant women with 
overweight and obesity were significantly associated 
increase the risk of GDM in spontaneous conceptions 
[7, 11]. Furthermore, a linear dose–response relation-
ship between pre-pregnancy bodyweight and risk of 
GDM has been established [11]. However, it remains 
unknown whether there is a dose–response relation-
ship between pre-pregnancy bodyweight and risk of 
GDM among ART population [18, 19]. There were 
two prior studies shown that both pregnant women 
with overweight and obesity was associated with 
increased risk of GDM following ART [18, 19], but 
merely examined the association between categories 
of maternal BMI (e.g., overweight, obesity) and GDM 
following ART, and a dose–response relationship 
between maternal BMI and GDM following ART has 
yet to be established.

Considering the particularities of assisted concep-
tion (i.e., cause of subfertility and ART procedure) 
and higher incidence of GDM following ART [20], we 
aimed to evaluate if the impact of maternal bodyweight 
on GDM incidence following ART was similar to that 
describe in spontaneous conceptions, since this sub-
ject has been insufficiently investigated [18]. In order 
to provide evidence for future interventions in mater-
nal body weight before ART treatment, we conducted a 
dose–response analysis to explore the impact of mater-
nal pre-pregnancy body weight on GDM following ART 
treatment, using data from REPRESENT [21].

Methods
This population-based retrospective cohort study was 
approved by the Ethics Committee of West China Hospi-
tal (2019–825) in Sichuan, China and registered at clini-
caltrials.gov (NCT04222621).

Data sources
This study was conducted using data from REPRESENT, 
a population-based pregnancy registration database in 
China, which is described elsewhere [21]. Briefly, REPRE-
SENT collected healthcare data from pregnant women 
and their offspring across all maternity departments in 
Xiamen city, Fujian Province, China, which has a per-
manent population of more than 4 million. REPRESENT 
establishment was primarily based on the Maternal and 
Child Health Management Platform and linked to three 
other platforms in Xiamen (Residents Healthcare Man-
agement Platform, Primary Healthcare Management 
Platform, and Electronic Healthcare Records Platform). 
A substantial volume of variables, including demo-
graphic characteristics, pregnancy co-morbidities, ges-
tational complications, and pregnancy outcomes, were 
recorded by clinicians in the REPRESENT. While build-
ing the REPRESENT database, 1000 cases were randomly 
selected for verification, and the results showed that 
these cases were 100% complete and consistent with raw 
data. In January 2014, a screening checklist for pregnancy 
risk was uniformly implemented in REPRESENT, includ-
ing conception mode (i.e., ART or natural).

Participant selection
The pregnancies achieved by ART treatment (i.e., IVF 
and ICSI) were initially included in this study. Pregnan-
cies that were > 20 weeks of gestation at the first antenatal 
visit or were not delivered in Xiamen were excluded in 
our analyses. Pregnant women with chronic hyperten-
sion, pregestational diabetes mellitus, psychosis, thalas-
semia, epilepsy, hyperthyroidism, hypothyroidism, were 
excluded, as were those who were infected with human 
immunodeficiency  virus or syphilis or had hepatitis B e 
antigen seropositivity.

Exposure definition
Maternal pre-pregnancy bodyweight was self-reported 
by pregnant women and recorded in the database by cli-
nicians at the first antenatal visit. Bodyweight status was 
represented by body mass index (BMI), which was calcu-
lated by dividing the weight (kg) by squared height (m2). 
According to the standard in China [22], a BMI between 
18.5 and 23.99 kg/m2 was considered as normal weight, 
while BMI < 18.5  kg/m2, between 24.0 and 27.99  kg/m2, 
and > 28.0  kg/m2 were considered as underweight, over-
weight and obesity, respectively.
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Outcome definition
The diagnosis of GDM in this study was based on 75-g 
oral glucose tolerance test at 24–28  weeks of gesta-
tion, with threshold values for fasting 5.1  mmol/L, 1  h 
10.0  mmol/L, and 2  h 8.5  mmol/L, respectively, fol-
lowed the criteria proposed by International Associa-
tion of the Diabetes and Pregnancy Study Groups criteria 
(IADPSGC) [23], and endorsed by the obstetrics and 
gynecology branch of the Chinese Medical Association 
[24].

Statistical analyses
To assess the risk of GDM in subjects with abnormal 
bodyweight, crude ORs with corresponding 95% confi-
dence intervals (CIs) were calculated in univariate analy-
sis. In multivariate analysis, four potential confounding 
factors including maternal age, education level (< 9 years, 
10–12  years, or ≥ 13  years), parity (nulliparity or mul-
tiparity), and multiple gestations (singleton or multiples) 
were controlled, and the adjusted ORs and 95% CIs were 
calculated. Further, we used restricted cubic splines to 
flexibly model the dose–response relationship between 
maternal pre-pregnancy BMI and GDM. The spline mod-
els included the four potential confounders listed above. 
In order to have enough observations in between the 
knots to fit each polynomial [25], according to routinely 
approach, three knots at the 10th, 50th, and 90th centiles 
were used to examine potential non-linear associations 
[26]. These associations were subjected to likelihood 
ratio tests comparing the model with only a linear term 
against one with linear and cubic spline terms [27, 28]. 
A P value for non-linearity test (Pn) < 0.05 was considered 
as a nonlinear dose–response relationship. Two subgroup 
analyses were conducted by stratifying the participants 
by maternal age (< 35 vs. ≥ 35 years old) and multiple ges-
tations (singleton vs. multiples).

Additionally, we conducted a sensitivity analysis by 
redefining bodyweight classification according to World 
Health Organization (WHO) standard: underweight 
(BMI < 18.5 kg/m2), normal weight (BMI 18.5–24.99 kg/
m2), overweight (BMI 25.0–29.99  kg/m2), and obesity 
(BMI ≥ 30.0 kg/m2). Because there were only 22 women 
with BMI ≥ 30.0  kg/m2, these women with obesity were 
omitted in sensitivity analysis.

Categorical variables are expressed as frequencies and 
percentages. Pearson’s χ2 or Fisher’s exact tests were 
used to test comparison between groups of categorical 
variables. The distribution of continuous variables was 
tested by performing the Kolmogorov–Smirnov test, and 
mean ± SD values were used to describe variables with a 
normal distribution; otherwise, median values and inter-
quartile ranges (IQRs) were used. All statistical analyses 

were performed with R v3.6.1 (R Project for Statistical 
Computing, Austria, Vienna). P < 0.05 (two-tailed) was 
considered significant.

Results
Population characteristics
From January 2014 to March 2019, REPRESENT accu-
mulated data from 523,111 pregnancies. Among these 
pregnancies, 7,553 pregnancies following ART treatment, 
and 6,598 pregnancies were included in our analyses after 
applying the exclusion criteria (Fig. 1). In this study, there 
were 868 (13.16%) women with pre-pregnancy under-
weight, 4920 (74.57%) with normal weight, 665 (10.08%) 
women with overweight, and 145 (2.20%) women with 
obesity (Table 1). The median maternal age was 31 (IQR: 
28–41), and 20.86% of pregnant women were ≥ 35 years 
old (Table  1). Among the four BMI groups, there were 
significant differences regarding maternal age, education 
level, and parity (Table 1). There were no significant dif-
ferences in location, permanent population, or multiple 
gestations.

The incidence of GDM following ART​
The overall incidence of GDM was 25.99% (1715/6598). 
The incidence in pregnant women older than 35 years old 
was significantly higher than that in the < 35 group (35% 
vs. 24%, χ2 = 37.35, P < 0.001) (Table 2). There was no sig-
nificant difference between singleton and multiple gesta-
tions (26% vs. 25%, χ2 = 0.22, P = 0.64).

The impact of maternal pre‑pregnancy bodyweight 
on GDM
Multivariate analysis indicated that compared to nor-
mal weight, women with pre-pregnancy underweight 
had decreased risk of GDM (18.20% vs. 25.69%, adjusted 
OR 0.68, 95% CI 0.57–0.82). Conversely, women with 
pre-pregnancy overweight (adjusted OR 1.54, 95% CI 
1.29–1.84) and obesity (adjusted OR 1.74, 95% CI 1.23–
2.47) had increased risk of GDM (Table 2). For both age 
subgroups, maternal underweight decreased the risk 
of GDM, while overweight and obesity increased the 
risk (Table  2). The results for singleton gestations were 
consistent with the overall analyses, but the association 
between underweight, obesity and GDM was not signifi-
cant for multiple gestations (Table 2). Sensitivity analysis 
according to the WHO BMI classification criteria also 
showed that underweight status decreased the risk of 
GDM (adjusted OR 0.65, 95% CI 0.54–0.79), while it was 
increased in overweight subjects (adjusted OR 1.40, 95% 
CI 1.13–1.73).

The restricted cubic splines revealed a linear dose–
response relationship between maternal pre-pregnancy 
BMI and GDM (P value for dose–response relation test 
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[Pd] < 0.001, Pn = 0.19) (Fig. 2). The results indicated that 
increased maternal BMI was associated with a higher 
risk of GDM. The adjusted OR of each 1-unit increase 
in BMI for GDM was 1.15 (95% CI 1.08–1.22) and that 
of each 5-unit increase was 1.98 (95% CI 1.45–2.66). 
When maternal BMI decreased from 18.5 to 16.0, the 
corresponding risk of GDM went from 0.71 (95% CI 
0.63–0.80) to 0.51 (95% CI 0.39–0.66) (Table S1). Con-
versely, when maternal BMI rose from 24.0 to 30.5, the 
corresponding risk of GDM increased from 1.27 (95% CI 
1.17–1.38) to 2.08 (95% CI 1.48–2.92) (Table S1).

Subgroup analyses indicated a significant linear dose–
response relations between maternal pre-pregnancy 
BMI and GDM in subjects younger than 35  years old 
(Pd < 0.001, Pn = 0.29), older than 35 years old (Pd < 0.001, 
Pn = 0.18), and those with multiple gestations (Pd = 0.03, 
Pn = 0.67) (Fig.  3). The respective adjusted ORs of each 

1-unit increase in BMI for GDM in subjects younger than 
35 years old was 1.14 (95% CI 1.06–1.22), in older than 
35 years old was 1.23 (95% CI 1.09–1.38), and in multi-
ple gestations was 1.03 (95% CI 0.93–1.16). A non-linear 
dose–response relationship was observed in singleton 
gestations (Pd < 0.001, Pn = 0.04) (Fig. 3).

Discussion
After adjusting for confounding factors, maternal under-
weight (adjusted OR 0.68) was associated with decreased 
risk of GDM following ART compared to women with 
normal weight, while overweight (adjusted OR 1.54) 
and obesity (adjusted OR 1.74) were associated with 
increased risk. In addition, there is a linear increase in 
the risk of GDM following ART with higher maternal 
pre-pregnancy BMI. For every 1-unit BMI increase, the 
risk of GDM increased by 15% (adjusted OR 1.15).

Fig. 1  Flow chart of pregnancies included in this study. ART, assisted reproductive technology; HIV, human immunodeficiency virus
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Few studies have investigated the impact of mater-
nal pre-pregnancy bodyweight on GDM following ART. 
Using the WHO BMI classification criteria, we found a 
significant impact of maternal bodyweight on GDM, with 
adjusted OR of 0.65 (95% CI 0.54–0.79) for underweight 
and 1.40 (95% CI 1.13–1.73) for overweight, which was 
consistent with a previous Slovenian study [18]. Lucovnik 
et al. reported that when compared with normal weight, 
the adjusted OR for GDM in IVF singleton pregnancies 
was 0.4 (95% CI 0.2–0.9) in underweight group, 2.2 (95% 
CI 1.7–2.7) in overweight group, and 5.4 (95% CI 4.3–6.7) 
in obesity group [18]. In another study, Frankenthal et al. 
reported that the incidence of GDM following ART was 
8.4% in normal weight group, 17.4% in overweight group, 
and 22.0% in obesity group, but the incidence in under-
weight group was 13.1% [19].

On the other hand, the impact of maternal body-
weight on GDM in spontaneous conceptions has been 
widely investigated [7, 8, 11, 24, 27]. An individual par-
ticipant data meta-analysis shown that the pooled risk 
for GDM was 0.66 in maternal underweight group, 
2.22 in overweight group, 3.97 in obese grade 1 group, 
5.85 in obese grade 2 group, and 7.59 in obese grade 3 

group [7]. In addition, based on 10 studies, Najafi et al. 
reported the risk of GDM increases by 14% (pooled 
adjusted OR 1.14, 95% CI 1.10‐1.19) with an increase 
in one unit of BMI after adjusted confounders [11]. In 
our study, similar linear dose–response association, the 
risk of GDM following ART increases by 15% (adjusted 
OR 1.15, 95% CI 1.08–1.22) with an increase in one 
unit of BMI, was observed. These results suggested that 
the impact of maternal bodyweight on GDM in assisted 
conceptions probably similar to that in spontaneous 
conceptions.

For women with overweight or obesity, whether weight 
loss should be performed prior to ART has been a popu-
lar topic of concern. Several studies indicated that weight 
loss prior to ART has shown benefits in increasing preg-
nancy rate or live birth rate in women with overweight 
or obesity [29]. On the other hand, whether weight loss 
has benefits in decreasing the risk of pregnancy compli-
cations (e.g., GDM) was unknown. Reducing the risk of 
GDM following ART will benefit a range of short- and 
long-term health implications for mothers and their off-
spring [3–6]. In the present study, compared with nor-
mal weight, maternal excess maternal bodyweight was 

Table 1  Maternal demographic and obstetric characteristics

Data are presented as n (%)

BMI body mass index (kg/m2)

Total BMI < 18.5 kg/
m2 (n = 868)

BMI:18.5–
24 kg/m2 
(n = 4920)

BMI: 
24–28 kg/m2 
(n = 665)

BMI >  = 28 kg/
m2 (n = 145)

Chi-square 
value

P value

Maternal age 6596 868 4918 665 145

 < 25 167 (2.53) 27 (3.11) 122 (2.48) 13 (1.95) 5 (3.45) 108.9  < 0.001

25–30 2116 (32.08) 361 (41.59) 1535 (31.21) 178 (26.77) 42 (28.97)

30–35 2937 (44.53) 372 (42.86) 2242 (45.59) 264 (39.70) 59 (40.69)

 >  = 35 1376 (20.86) 108 (12.44) 1019 (20.72) 210 (31.58) 39 (26.90)

Education level 
(years)

6483 855 4840 646 142

 <  = 9 1722 (26.56) 211 (24.68) 1234 (25.50) 221 (34.21) 56 (39.44) 54.79  < 0.001

10–12 1334 (20.58) 175 (20.47) 980 (20.25) 159 (24.61) 20 (14.08)

 > 12 3427 (52.86) 469 (54.85) 2626 (54.26) 266 (41.18) 66 (46.48)

Location 6598 868 4920 665 145

city or town 5960 (90.33) 784 (90.32) 4446 (90.37) 599 (90.08) 131 (90.34) 0.06 0.99

rural area 638 (9.67) 84 (9.68) 474 (9.63) 66 (9.92) 14 (9.66)

Permanent popu-
lation

6593 868 4915 665 145

No 4797 (72.76) 613 (70.62) 3591 (73.06) 482 (72.48) 111 (76.55) 3.31 0.35

Yes 1796 (27.24) 255 (29.38) 1324 (26.94) 183 (27.52) 34 (23.45)

Parity 6598 868 4920 665 145

Nullipara 5339 (80.92) 757 (87.21) 3965 (80.59) 501 (75.34) 116 (80.00) 36.1  < 0.001

Multipara 1259 (19.08) 111 (12.79) 955 (19.41) 164 (24.66) 29 (20.00)

Multiple gesta-
tions

6598 868 4920 665 145

Singleton 4806 (72.84) 615 (70.85) 3592 (73.01) 487 (73.23) 112 (77.24) 3.28 0.35

Multiple gesta-
tions

1792 (27.16) 253 (29.15) 1328 (26.99) 178 (26.77) 33 (22.76)
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associated with increased risk of GDM following ART 
and a dose–response relationship was observed. These 
findings support the clinical recommendation of advising 
women with overweight or obesity to lose weight prior to 
ART.

It was reported that maternal advanced age was asso-
ciated with increased risk of GDM following ART [28, 
30]. In the present study, the incidence of GDM follow-
ing ART in subjects older than 35  years old was higher 
than that in pregnant women younger than 35 years old 
(34.59% vs. 23.74%, P < 0.001). The age-stratified analy-
sis showed linear dose–response relationships between 
maternal pre-pregnancy bodyweight and GDM in both 
age groups. After adjusting for confounders, the risk of 
GDM increased by 23% and 14% with a 1-unit increase 
in BMI in woman older and younger than 35  years old, 
respectively. This suggested that, women with overweight 
or obesity, the benefit of weight intervention before 
starting ART procedure in women older than 35  years 
old probably greater than that in women younger than 
35  years old. In addition, during pregnancy, more com-
prehensive antenatal care should be performed in excess 
bodyweight women older than 35 years old.

In conception achieved by ART, multiple gestations 
usually increase the risk of adverse pregnancy outcomes 

[31, 32]. A previous study indicated that GDM follow-
ing ART was more common in multiple gestations com-
pared to singleton with OR of 1.30 (95% CI 1.10–1.54) 
[33]. In the present study, the incidence rates of GDM 
following ART were similar in singleton and multiple 
gestations (26.20% vs. 25.45%, P = 0.64). Both types of 
gestations also showed significant dose–response rela-
tionships between maternal pre-pregnancy bodyweight 
and GDM. In specific, the risk of BMI at 25.0  kg/m2 
and 28.0  kg/m2 for GDM was 1.41 and 1.78 in single-
ton, and those in multiple gestations was 1.28 and 1.56. 
The impact of maternal pre-pregnancy bodyweight on 
GDM following ART in singleton seems similar with 
that in multiple gestations.

In our study, less than 20% of women presented 
excessive weight (overweight or obesity), which is in 
contrast with the current pattern of BMI distribution 
described in most developed countries [13]. For exam-
ple, there were only 2.8% of pregnant women following 
ART with underweight, on the contrary, 42.1% with 
overweight or obesity in a national study in USA [34]. 
Since the limited number of pregnant women with obe-
sity, the findings regarding the risk of obesity for GDM 
should be interpreted with caution. The risk of obesity 
for GDM is definitely higher than that in overweight 

Fig. 2  The dose‐response relationship of maternal pre-pregnancy body mass index (BMI, kg/m2) and risk of GDM based on the linear model. The 
solid line represents the fitted linear trend, and shaded areas represents the 95% confidence interval. aOR, adjusted odds ratio
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(adjusted OR 1.40, 95% CI 1.13–1.73), such as adjusted 
OR of 5.4 (95% CI 4.3–6.7) reported in a previous study 
[18]. The dose–effect association between maternal 
obesity and risk of GDM following ART should need 
further research.

To the best of our knowledge, this is the first study 
to evaluate the dose–response relationship between 
maternal pre-pregnancy bodyweight and GDM in 

population underwent assisted conceptions. There 
were several strengths in this investigation. First, this 
was a population-based study that included almost 
all pregnancies achieved by ART treatment in Xia-
men City, which enhanced the generalizability of the 
results. Second, in addition to conventional analy-
sis that divided BMI into several categories, we used 
restricted cubic splines to evaluate the dose–response 

Fig. 3  Dose–response relationship between maternal pre-pregnancy BMI (kg/m2) and gestational diabetes mellitus in subgroups: (a) maternal age 
younger than 35 years old, (b) maternal age older than 35 years old, (c) singleton gestations, (d) multiple gestations. The solid line represents the 
fitted linear trend, and shaded areas represents the 95% confidence interval. aOR, adjusted odds ratio
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relationships between maternal pre-pregnancy body-
weight and GDM following ART, thus providing the 
precise evidence for pre-pregnancy weight loss before 
ART admission. In addition, by the multiple statistical 
strategies, including multivariate regression, subgroup 
analyses, and sensitivity analyses, we drew the robust-
ness of the findings. However, the present study had 
three main limitations. First, the impact of maternal 
pre-pregnancy bodyweight and different ART methods 
(i.e., IVF or ICSI) remains unclear. Further investiga-
tion is needed to analyze the effects of obesity and IVF 
vs. ICSI on GDM. Second, because of the retrospec-
tive study design, some confounding factors (e.g., fam-
ily history of diabetes mellitus) were not included in 
the analysis. Third, although this is a population-based 
study, the proportion of women with overweight or 
obesity was relatively low compared with that in devel-
oped countries, which may limit the generalizability of 
our findings.

Conclusions
We found a dose–effect association between maternal 
pre-pregnancy bodyweight and risk of GDM follow-
ing ART. There was a linear increase in GDM risk with 
higher maternal pre-pregnancy BMI, which adds to 
the evidence for supporting weight intervention before 
starting ART procedure treatment for women with 
excess pre-pregnancy bodyweight.
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