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Abstract
Background  To comprehensively evaluate the risk factors for recurrent gestational diabetes mellitus (GDM) in 
women with a history of GDM during re-pregnancy.

Methods  Articles about risk factors for recurrent GDM were searched in China National Knowledge Infrastructure, 
Wanfang Data, VIP Database for Chinese Technical Periodicals, PubMed, EMBASE, the Cochrane Library, and Web 
of Science from the date of establishment to January 2023. Meta-analysis of risk factors for recurrent GDM was 
performed using STATA/SE 15.1 software.

Results  A total of 19 studies were included in the meta-analysis, comprising 15 case-control studies and 4 cohort 
studies, involving 11,385 patients. Among them, 2,462 patients experienced recurrent GDM, while 2,909 did not. The 
analysis of case-control studies revealed a GDM recurrence rate of 48%. Meta-analysis identified several significant risk 
factors for GDM recurrence: advanced maternal age at subsequent pregnancy [ES = 3.02, 95% CI (1.24,2.79), P = 0.003], 
increased BMI prior to the subsequent pregnancy [ES = 2.23, 95% CI (1.04,1.72), P = 0.026], elevated 1-hour plasma 
glucose levels in oral glucose tolerance test (OGTT) during previous pregnancy [ES = 2.79, 95% CI (1.11,1.78), P = 0.005], 
increased 2-hour OGTT glucose levels in previous pregnancy [ES = 2.75, 95% CI (1.11,1.91), P = 0.006], and previous 
delivery of macrosomia [ES = 3.48, 95% CI (1.38,3.18), P = 0.001]. All these factors showed statistically significant 
differences between the recurrence and non-recurrence groups. Pregnant women with a history of GDM can reduce 
the risk of recurrence by adopting a reasonable pregnancy plan, such as avoiding advanced maternal age, managing 
body weight, controlling blood glucose levels during pregnancy, and losing weight before conception.

Conclusion  Advanced maternal age, elevated BMI before subsequent pregnancy, increased OGTT levels during the 
previous pregnancy, and the delivery of macrosomia are significant risk factors for recurrent GDM.
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Background
Gestational diabetes mellitus (GDM) refers to the abnor-
mal glucose metabolism of women only in pregnancy, 
excluding the disorder of glucose metabolism that existed 
before pregnancy. The GDM recurrence is defined as the 
recurrence of GDM during re-pregnancy in a woman 
who has been diagnosed with GDM during a previous 
pregnancy and whose blood sugar has returned to nor-
mal after delivery. GDM not only increases the incidence 
of adverse events such as hypertensive disorder in preg-
nancy, macrosomia, caesarean section, and postpartum 
hemorrhage, but also increases the long-term risk of type 
2 diabetes in pregnant women and diabetes and obe-
sity in their offspring [1]. The pregnancy outcomes and 
complications caused by recurrent GDM may be more 
severe than those caused by first-time GDM. A study 
by Wang [2] showed that pregnant women with recur-
rent GDM had a higher risk of developing diabetes after 
delivery than those with first-time GDM. The recurrence 
of GDM is common, but there have been few studies 
on it in China. In international studies, only ethnicity 
is recognized as an important risk factor [3, 4]. In addi-
tion, the old age of pregnant women, overweight before 
pregnancy, insulin use in the previous pregnancy, family 
history of diabetes, weight gain during two pregnancies, 
inter-pregnancy interval (IPI), and oral glucose toler-
ance test (OGTT) levels in the second trimester of the 
previous pregnancy are considered to be related to GDM 
recurrence [5]. However, the conclusions are not con-
sistent. With the adjustment of China’s fertility policy, 
the number of pregnant women who bear another child 
will increase significantly, and the problem of recurrent 
GDM is becoming increasingly prominent. How to iden-
tify the high-risk factors for recurrent GDM as soon as 
possible, especially the controllable factors, so as to take 
corresponding measures to avoid the recurrence is grad-
ually taken seriously. Therefore, it is necessary to con-
duct a comprehensive analysis of the existing literature 
from a statistical perspective, in order to draw a clearer 
conclusion.

Methods
Retrieval methods
The search formula was designed by using the Boolean 
logic operators “AND”, “OR” to combine medical sub-
ject headings and text words “Diabetes, Gestational”, 
“Diabetes, Pregnancy Induced”, “Diabetes, Pregnancy 
Induced”, “Pregnancy Induced Diabetes”, “Gestational 
Diabetes” “Diabetes Mellitus, Gestational”, “Gestational 
Diabetes Mellitus”, “Recurrence”, “Recurrences”, “Recru-
descence”, “Recrudescences”, “Relapse”, “Relapses”, “Risk 
Factors”, “Factor, Risk”, “Risk Factor”, “Social Risk Fac-
tors”, “Factor, Social Risk”, “Factors, Social Risk”, “Risk 
Factor, Social”, “Risk Factors, Social”, “Social Risk Factor”, 

“Health Correlates”, “Correlates, Health”, “Population at 
Risk”, “Populations at Risk”, “Risk Scores”, “Risk Score”, 
“Score, Risk”, “Risk Factor Scores”, “Risk Factor Score”, 
“Score, Risk Factor”. The following databases were com-
prehensively searched from the establishment of each 
database to January 2023 to collect domestic and foreign 
studies on risk factors of recurrent GDM: China National 
Knowledge Infrastructure, Wanfang Data, VIP Database 
for Chinese Technical Periodicals, PubMed, EMBASE, 
the Cochrane library, and Web of Science. The language 
was limited to Chinese and English.

Inclusion criteria
(1) Research type: Case-control study, cohort study; (2) 
Subjects: women who had a history of GDM were preg-
nant again; (3) Language: Chinese or English; (4) Fol-
lowing the IADPSG standards supported by IADPSG 
[6] and WHO [7]: 75 g glucose OGTT test is performed 
at 24–28 gestational weeks; If FPG ≥ 5.1mmol/L or 
1hPG ≥ 10.0mmol/L or 2hPG ≥ 8.5mmol/L, then GDM is 
diagnosed; if FPG ≥ 7.0mmol/L, or 2hPG ≥ 11.1mmol/L, 
or HbA1c% ≥ 6.5% combined with other diabetes symp-
toms, then pregestational diabetes mellitus (PGDM) 
is diagnosed; (5) In univariate analysis, for continuous 
variables, the original data should include sample size 
(N), mean, and standard deviation (SD); For categorical 
variables, the original data should include the number of 
people (total), exposed events (event), and non-exposed 
events (noevent). In multivariate analysis, the original 
data should include odds ratio (OR), 95% confidence 
interval (CI), or can be derived from other known data.

Exclusion criteria
(1) Repeated literature (such as different databases, dif-
ferent languages) or reports from the same cohort; (2) 
Review, meta-analysis, system review, meeting abstract, 
case report, guidelines, animal experiments, literature 
in other languages (excluding Chinese and English); (3) 
The diagnostic criteria are unclear or inconsistent; (4) 
The literature quality score (NOS) is less than 6, or the 
data collection and analysis methods are not scientific or 
cannot be extracted; (5) The literature lacks clear descrip-
tive data on target factors and fails to provide mean, odds 
ratio (OR), 95% confidence interval (CI), and cannot be 
derived from known data for statistical calculations.

Data extraction
Excel software was used to extract relevant data from 
included literature and establish: (1) Literature quality 
evaluation table; (2) Basic information table: including 
the name of the first author, publication year, literature 
source, research type, total sample size, case group sam-
ple size, and control group sample size; (3) Analysis 
data table: the name of the first author and the year of 
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publication were used as labels; the continuous variables 
used N (sample size), mean value, SD value, the second 
categorical variable used total number of people, event 
(exposure event), noevent (non-exposure event), and the 
multivariate analysis used OR value, 95% CI value as tar-
get data to record accordingly; (4) For risk factors such 
as IPI, maternal weight gain, and neonatal birth weight, 
the units was converted to months, kilograms, and 
grams, respectively; (5) The selection of literature and 
data extraction were independently conducted by two 
researchers based on predetermined criteria. Disagree-
ments between the two were resolved through discus-
sion. If a consensus could not be reached, a third party 
was consulted for further resolution.

Literature quality evaluation
The Newcastle-Ottawa scale (NOS), which is applicable 
to case-control studies and cohort studies [8], was used 
to assess the quality of the included literature. An NOS 
score of ≥ 7 was considered high-quality, 4–6 moderate-
quality, and ≤ 3 low-quality literature.

Statistical methods
Selection of research indicators
STATA/SE 15.1 software was used for data process-
ing. The univariate analysis was conducted to compare 
baseline differences and extract study indicators. For 
continuous variables, the sample size (N), mean, and 
standard deviation (SD) were reported. For binary vari-
ables, the total number of participants, the number of 
events (exposed cases), and the number of non-events 
(non-exposed cases) were recorded. Weighted Mean 
Differences (WMDs) or pooled relative risks (RRs) with 
95% confidence intervals (CIs) were calculated for each 
risk factor, and the results were visualized using forest 
plots. For multivariate analysis, logistic regression was 
employed to extract study indicators, including odds 
ratios (ORs) and their corresponding 95% CIs. Effect 
sizes (ESs) and 95% Cs for each risk factor were also cal-
culated, and the results were presented in forest plots.

Heterogeneity test, effect model, and publication bias
Statistical analysis software STATA/SE 15.1 was used to 
analyze the risk factors of GDM recurrence. If the het-
erogeneity (I2) is ≥ 50%, the heterogeneity between stud-
ies is large. In this case, the random-effects model was 
adopted, and further sensitivity analysis was performed 
to explore the source of heterogeneity. If the heterogene-
ity (I2) is less than 50%, the heterogeneity between studies 
is small, and a fixed-effect model was used. Publication 
bias was evaluated by Egger’s test, where P > 0.05 indi-
cated no significant publication bias and P ≤ 0.05 indi-
cated possible publication bias.

Forest plot interpretation
For the risk factor analysis of continuous variables in uni-
variate analysis, when the pooled diamond (WMD and 
95% CI) is located on both sides of the 0 standard line, it 
means that the data is not statistically significant. If the 
pooled diamond (WMD and 95% CI) is located on the 
right side of the 0 standard line, it means that the factor is 
a risk factor. If it is located on the left side, it means that 
the factor is a protective factor.

For the risk factor analysis of categorical variables in 
univariate analysis, when the pooled diamond (RR or ES 
and 95% CI) is on both sides of the 1 standard line, the 
data is not statistically significant. If the pooled diamond 
(RR or ES and 95% CI) is on the right side of the 1 stan-
dard line, the factor is a risk factor, and if it is on the left 
side, the factor is a protective factor.

Similarly, in the multivariate analysis of risk factors, if 
the pooled diamond (representing the OR or ES and its 
95% CI) crosses the reference line at 1, the result is not 
statistically significant. If the pooled diamond lies com-
pletely to the right of the 1 reference line, the factor is 
identified as a risk factor, while if it lies entirely to the left, 
the factor acts as a protective factor.

Calculation of recurrence rate
The recurrence rate of the case-control studies (P = num-
ber of recurrence / total sample size) and the standard 
error of recurrence rate (SEP =

√
P × (1 − P)/N) were 

calculated in Excel, where N was the total sample size. 
The data were processed by STATA/SE 15.1 software, and 
the P and SEP in each case-control study were extracted 
and combined for analysis. If I2 ≥ 50%, a random-effects 
model was adopted, and further sensitivity analysis was 
conducted to explore heterogeneity sources. If I2 < 50%, 
a fixed-effects model was used to calculate ES and 95% 
CI. At this point, ES was the pooled incidence rate after 
meta-analysis. Finally, Egger’s test was used to evaluate 
publication bias. P > 0.05 indicated that there was no sig-
nificant publication bias, and P ≤ 0.05 indicated that there 
might be publication bias.

Results
Retrieval results
1090 literatures were retrieved through the database 
search. After removing duplicates and screening accord-
ing to inclusion and exclusion criteria, 19 related stud-
ies were finally included [2, 9–26], including 13 Chinese 
studies and 6 English studies. These studies involved 
11,385 patients, among whom 2,462 experienced recur-
rent GDM. The basic characteristics of the literature are 
as follows (Table 1):
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Meta-analysis results
Calculation of recurrence rate
A total of 19 articles were included in this study. The 
analysis of GDM recurrence rate showed significant het-
erogeneity (I² = 94.0%, P = 0.000). Using a random-effects 
model, the pooled ES was 0.48 [95% CI (0.44, 0.52)], with 
the diamond plot positioned on the right side, indicating 
a GDM recurrence rate of 48%. This result was statisti-
cally significant. Egger’s test (P = 0.737) and comprehen-
sive analysis indicated no publication bias. Sensitivity 
analysis did not identify any specific source of heteroge-
neity (Figs. 1, 2 and 3).

Univariate analysis
In univariate analysis, except for ethnicity, the risk fac-
tors discussed in the included literature were as follows: 
the top 11 risk factors discussed in the included studies 
were IPI, age of second pregnancy, OGTT levels of pre-
vious pregnancy, age of previous pregnancy, BMI before 
second pregnancy, age of second pregnancy ≥ 35 years, 
insulin use in previous pregnancy, macrosomia in pre-
vious pregnancy, and weight before second pregnancy. 
We analyzed risk factors that were investigated in five or 
more studies, while risk factors with fewer investigations 
were not included in the analysis. The combined results 
showed that except for the use of insulin in the previous 
pregnancy (P = 0.424 > 0.05), the other 10 risk factors had 
statistically significant differences (Table 2).

Multivariate analysis
Multivariate analysis was performed using eight factors 
that were statistically significant, appeared in three or 

more studies, and were frequently discussed in univari-
ate analysis. The combined results showed that, the sec-
ond pregnancy age ≥ 35 years, OGTT 2hPG in previous 
pregnancy, OGTT 1hPG in previous pregnancy, the pre-
vious delivery of macrosomia, the second pregnancy BMI 
before pregnancy, were risk factors for GDM recurrence, 
and the difference was statistically significant (P < 0.05) 
(Table 3).

Discussions
In recent years, with the improvement of people’s living 
standards, changes in eating habits, universal screen-
ing of GDM, and changes in China’s fertility policy, the 
incidence of GDM is dramatically increasing. According 
to the latest diagnostic criteria, the incidence of GDM 
in China has reached 17.5-18.9% [27, 28]. After the 
two-children and three-children policies in China have 
been liberalized, the increasing prevalence of GDM has 
become a huge burden. GDM has brought health prob-
lems to both mothers and offspring, and the prevention 
of GDM is as important as the management of GDM. The 
pathogenesis of GDM is mainly related to enhanced insu-
lin resistance and relatively insufficient insulin secretion 
caused by various reasons, among which, insulin resis-
tance may persist for quite a long period of time [29]. The 
risk of recurrent GDM in the second pregnancy is sig-
nificantly higher, and women with recurrent GDM have 
a significantly higher risk of developing type 2 diabetes 
in the future [30]. According to the results of this study, 
the recurrence rate of GDM and its risk factors were ana-
lyzed as follows.

Table 1  Basic information table
Included studies Year Literature sources Research design Sample size Recurrent group Non recurrent group NOS score
Aiyue Chen 2019 China case-control study 625 289 336 7
Meijuan Jian 2021 China case-control study 380 145 235 8
Ruixia Wu 2021 China case-control study 467 212 255 8
Lai Cheng 2021 China case-control study 306 113 193 6
Xinghe Wang 2019 China case-control study 500 127 373 8
Jie Zhang 2021 China case-control study 269 132 137 7
Jun Zhao 2018 China case-control study 187 108 79 6
Yinyu Wang 2018 China case-control study 142 78 64 8
Na Wang 2019 China case-control study 128 56 72 8
LH Li 2021 China cohort study 238 37 78 8
Hahn S 2023 Germany case-control study 159 115 44 6
G Kotzaeridi 2021 Austria cohort study 706 68 52 6
XH Wei 2022 China case-control study 128 65 63 7
YS Liang 2022 China case-control study 376 166 210 6
YM Wei 2022 China cohort study 6204 490 489 6
Yi Zhou 2021 China case-control study 126 63 63 7
Qiuhong Chen 2018 China case-control study 102 50 52 7
Mei Liu 2018 China cohort study 222 76 66 7
Ting Li 2020 China case-control study 120 72 48 7
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Recurrence rate
The pooled analysis demonstrated a GDM recurrence 
rate of 48%, which was statistically significant. However, 
substantial heterogeneity was observed among the stud-
ies. While sensitivity analysis did not identify specific 
sources of heterogeneity, several factors might have con-
tributed to this variation, including: the limited number 
of included studies, relatively small sample sizes, the 
inclusion of some moderate-quality studies, and the com-
bination of both case-control and cohort study designs.

Ethnicity
Previous foreign studies have shown that the recur-
rence rate of GDM is significantly related to ethnicity. 
In 2008, Kim [3] reviewed the literature from 1965 to 
2006 and found that the recurrence rate of GDM ranged 
from 30 to 84%, with non-Hispanic whites having the 

lowest recurrence rate (< 40%) and other races (including 
Asians) having recurrence rates > 50%. Studies on GDM 
recurrence rates in Asians populations reported rates of 
65.6% in Japan [31] and 45.0% in South Korea [32]. Nev-
ertheless, the majority of data in this study were derived 
from Chinese and other Asian populations, with limited 
data on GDM recurrence from Caucasian populations. 
This limitation precluded a comprehensive analysis of 
racial/ethnic factors in GDM recurrence. Therefore, fur-
ther studies incorporating diverse ethnic populations are 
warranted to elucidate the potential impact of ethnicity 
on GDM recurrence risk.

Age of pregnancy
In this study, univariate and multivariate analysis results 
showed that older pregnancy (age ≥ 35 years) increased 
the risk of recurrence of GDM, which was statistically 

Fig. 1  Forest plot for recurrence rate calculation
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significant. This was consistent with the results of most 
relevant studies. Age is one of the risk factors for GDM 
and is also a well-known risk factor for cardiovascular 
disease. As early as 2014, the Chinese Guidelines for the 
Diagnosis and Treatment of Gestational Diabetes Mel-
litus clearly stated that advanced age is a risk factor for 
GDM in Chinese pregnant women. The structure and 
function of the vascular system change with age, and dys-
functional endothelial cells can increase the risk of insu-
lin resistance in patients, which in turn increases the risk 
of hypertension, type 2 diabetes and other metabolic syn-
dromes. Lao’s study [33] showed that women over the age 
of 40 were 8.2 times more likely to have recurrent GDM 
when they became pregnant again than women aged 
20–30. Al-Goblan’s study [34] also believed that with 
aging, the body’s ability to adjust blood glucose, pancre-
atic insulin secretion capacity, and the affinity between 
insulin receptor and insulin decreased, leading to abnor-
mal glucose metabolism. Hence, GDM recurrence risk 
increases in older pregnant women.

BMI and weight before second pregnancy
The results of univariate and multivariate analysis showed 
that BMI and weight gain before pregnancy increased the 

risk of recurrence of GDM, which was consistent with 
the results of most studies. Weight and BMI were gener-
ally considered as high-risk factors for GDM, and obesity 
itself was an independent risk factor of diabetes mellitus 
[35]. In a cohort study by Kim et al. [36], the incidence of 
GDM was 2.3% in normal-weight pregnant women, 4.8% 
in overweight pregnant women, 5.5% in obese pregnant 
women, and 11.5% in severely obese pregnant women. 
They estimated that by reducing pre-pregnancy obesity, 
half of GDM cases could be prevented. Moon JH et al. 
[37] found that pregnant women with pre-pregnancy 
BMI ≥ 20.9 are twice as likely to develop GDM as those 
with pre-pregnancy BMI ≤ 19.1. Berkovitz et al. [38] 
found that pregnant women with BMI > 32.9 were 2.82 
times more likely to develop GDM than those with BMI 
between 27.3 and 32.9, and 3.82 times more likely than 
those with BMI < 27.3. This may be because excessive fat 
tissue and various cytokines secreted by overweight or 
obese people before pregnancy may easily cause insulin 
resistance, promote islet β cells to work with high load to 
maintain blood sugar levels, and then damage islet func-
tion, eventually leading to elevated blood sugar and the 
occurrence of GDM. Meanwhile, obesity is easy to cause 
inflammation in the body, damages islet cell function, 

Fig. 2  Heterogeneity test for recurrence rate calculation

 



Page 7 of 12Lu et al. BMC Pregnancy and Childbirth          (2025) 25:257 

and increases the risk of GDM [39]. The results of this 
study also support that pre-pregnancy BMI and weight 
are the risk factors for GDM recurrence. Therefore, it 
is important to control weight and strengthen diet and 
exercise intervention for women with a history of GDM 
who have a need for a second pregnancy.

Inter-pregnancy interval
Based on our combined univariate and multivariate 
analyses, the association between prolonged IPI and 
increased risk of GDM recurrence was not statistically 
significant. Previous studies have been controversial 
about the association between IPI and GDM recurrence. 
In two small studies, short IPI (i.e., IPI ≤ 24 months) was 
shown to increase GDM recurrence [31, 40], which may 
be related to the failure to completely lose weight or 
insufficient recovery time of endocrine function after 
the end of the previous pregnancy. However, in the other 
two studies [41, 42], longer IPI increased the risk of GDM 
recurrence, which may be related to damaged islet β cells. 
Meanwhile, with the prolongation of IPI, physiological 
function and endocrine function of pregnant women 
decline, and the body is aging, which results in insulin 
insensitivity. A study from Australia [43] found that both 
short and long intervals between pregnancies increased 

the risk of GDM to some extent, with a U-shaped associ-
ation between the two. The risk of developing GDM was 
significantly increased when the IPI was too short (< 18 
months), and the difference was statistically significant. 
However, the relationship between long IPI and GDM 
was not statistically significant. The biological mecha-
nism of IPI affecting the risk of GDM is still unclear. 
Some studies [44, 45] believe that women have a physi-
ological ability to adapt to physical changes during preg-
nancy, and it can last for a period of time after delivery. 
Nonetheless, when the IPI is too long, this physiologi-
cal adaptation will gradually weaken and disappear, thus 
increasing the risk of pregnancy complications such as 
GDM and gestational hypertension in the second preg-
nancy. On the other hand, women need enough time for 
physical recovery after delivery. If the IPI is too short and 
the recovery time is insufficient, the risk of adverse preg-
nancy outcomes such as GDM in second pregnancy will 
increase [46, 47]. In contrast, another study reports that 
extended IPI is inherently linked to advanced maternal 
age, a well-established risk factor for GDM. This inter-
connection creates a compound effect, as both increasing 
maternal age and longer IPI may synergistically contrib-
ute to elevated GDM risk [48].

Fig. 3  Publication bias in recurrence rate calculation
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Glucose status in previous pregnancy
According to the univariate and multivariate analysis of 
the results, elevated OGTT in the previous pregnancy 
can increase the risk of GDM recurrence, and the results 
were statistically significant. OGTT is a load test that can 

reflect the degree of insulin resistance and the degree of 
pancreatic β cell secretion in pregnant women [49–51]. 
The higher the blood glucose, the more severe the insu-
lin resistance and the impaired islet β-cell function, 
and the higher the risk of GDM recurrence. The cohort 

Table 2  Results of risk factors by univariate analysis
Risk factors Number of studies Heteroge-

neity
Effect model WMD/RR 95%CI P

I2% P
Abnormal 1hPG or (and) 2hPG in previous pregnancy 3 68.5 0.042 random 0.89 (0.62, 1.68) 0.540
Abnormal FPG + 1hPG or (and) 2hPG in previous pregnancy 3 0 0.766 fixed 3.11 (2.24, 4.32) < 0.001
OGTT 1hPG in previous pregnancy 10 54.8 0.019 random 0.74 (0.60, 0.88) < 0.001
OGTT 2hPG in previous pregnancy 11 88.6 0.000 random 0.74 (0.43, 1.06) < 0.001
OGTT FPG in previous pregnancy 11 71.9 0.000 random 0.17 (0.10, 0.24) < 0.001
Postpartum hemorrhage of previous pregnancy 2 0.0 0.484 fixed 1.29 (0.44, 3.83) 0.664
Isolated FPG abnormal in previous pregnancy 3 44.0 0.168 fixed 0.68 (0.57, 0.80) < 0.001
BMI at delivery of previous pregnancy 2 12.3 0.286 fixed 0.39 (-0.10, 0.89) 0.119
Weight at delivery of previous pregnancy 2 0.0 0.748 fixed -0.39 (-0.79, 0.02) 0.062
Gestational hypertension in previous pregnancy 3 0.0 0.474 fixed 2.26 (0.99, 5.13) 0.052
Macrosomia of previous pregnancy 5 32.0 0.208 fixed 1.91 (1.39, 2.62) < 0.001
Age at previous pregnancy ≥ 35 years 3 80.8 0.005 random 1.86 (1.05, 3.28) 0.034
Age of previous pregnancy 9 81.2 0.000 random 0.91 (0.44, 1.38) < 0.001
Cesarean section in previous pregnancy 3 0.0 0.454 fixed 1.23 (1.03, 1.47) 0.019
Insulin use in previous pregnancy 7 54.7 0.039 random 1.10 (0.87, 1.39) 0.424
Neonatal hypoglycemia in previous pregnancy 2 0.0 0.901 fixed 2.26 (0.57, 8.94) 0.245
Neonatal weight in previous pregnancy 4 92.0 0.000 random 87.63 (-73.29, 248.54) 0.286
2 or more abnormal OGTT levels in previous pregnancy 2 70.3 0.066 random 1.93 (1.40, 2.66) < 0.001
Weight gain during previous pregnancy 5 81.9 0.000 random -0.16 (-0.94, 0.61) 0.680
BMI before previous pregnancy 5 94.4 0.000 random 1.08 (0.00, 2.15) 0.050
Pre-pregnancy weight of second pregnancy 2 0.0 0.624 fixed -0.57 (-0.98, -0.17) 0.005
Gestational week of previous pregnancy 4 65.0 0.036 random -0.11 (-0.26, 0.05) 0.171
Preterm delivery in previous pregnancy 3 0.0 0.499 fixed 1.61 (0.97, 2.69) 0.067
Cholesterol in first trimester of previous pregnancy 2 0.0 0.714 fixed 0.15 (0.12, 0.18) < 0.001
Triglycerides in first trimester of previous pregnancy 2 0.0 0.886 fixed 0.28 (0.25, 0.31) < 0.001
Height 2 0.0 0.498 fixed -0.48 (-1.29, 0.33) 0.249
Body weight change between pregnancies 3 98.0 0.000 random 1.31 (0.07, 2.55) 0.038
Change in BMI between pregnancies 2 93.0 0.000 random 0.98 (-0.44, 2.39) 0.177
Inter-pregnancy interval 11 94.5 0.000 random 2.18 (0.19, 4.17) 0.031
Number of pregnancies ≥ 3 2 0.0 0.764 fixed 1.09 (0.85, 1.41) 0.494
Number of production ≥ 3 2 0.0 0.512 fixed 0.96 (0.66, 1.39) 0.835
Triglycerides in second pregnancy 3 73.1 0.024 random 0.59 (0.10, 1.09) 0.019
Low density lipoprotein in second pregnancy 3 65.4 0.056 random 0.03 (-0.22, 0.29) 0.796
High density lipoprotein in second pregnancy 3 62.8 0.068 random -0.02 (-0.20, 0.17) 0.853
IPI ≥ 5 years 2 61.6 0.106 random 1.35 (0.92, 1.99) 0.121
Age of second pregnancy ≥ 35 years 5 51.7 0.082 random 1.67 (1.33, 2.08) < 0.001
Age of second pregnancy 10 59.0 0.009 random 0.91 (0.49, 1.33) < 0.001
Weight gain during pregnancy 4 94.6 0.000 random -0.57 (-2.28, 1.14) 0.515
Pre-pregnancy BMI ≥ 25 4 25.7 0.257 fixed 1.52 (1.31, 1.77) < 0.001
Pre-pregnancy BMI 8 76.7 0.000 random 1.41 (0.97, 1.85) < 0.001
Weight before pregnancy 5 0.0 0.937 fixed 1.79 (1.45, 2.14) < 0.001
FPG in early pregnancy in second pregnancy 5 66.8 0.017 random 0.22 (0.10, 0.34) < 0.001
Early pregnancy weight gain in second pregnancy 2 0.0 0.646 fixed 0.09 (-0.05, 0.23) 0.197
Second trimester weight gain in second pregnancy 2 0.0 0.906 fixed 0.48 (0.17, 0.79) 0.002
Total cholesterol in second pregnancy 3 0.0 0.772 fixed 0.11 (0.08, 0.14) < 0.001
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study by Schwartz et al. [42] in 2016 found that OGTT 
blood glucose value in the second trimester of the pre-
vious pregnancy was a risk factor for GDM recurrence. 
The study by Lai Cheng [52] in 2021 found that after 
excluding other factors, 2hPGD > 9.1 mmol/L, abnormal 
1hPG and/or 2hPG, and abnormal FPG + 1hPG and/or 
2hPG in the previous pregnancy were independent risk 
factors for recurrent GDM (P < 0.05). Further analysis of 
the abnormal type of OGTT in recurrent GDM pregnant 
women showed that the abnormal type of OGTT in the 
previous pregnancy would also affect the recurrence of 
GDM. Compared with FPG abnormality alone, pregnant 
women with abnormal FPG + 1hPG and (or) 2hPG were 
1.38 times more likely to have a higher level of glucose 
abnormality at the time of GDM recurrence. Abnor-
mal OGTT ≥ 2 items in the previous pregnancy not only 
affects the recurrence rate of GDM, but also may increase 
the severity of recurrent GDM, especially in pregnant 
women with abnormal OGTT FPG combined with 1hPG 
or 2hPG in the previous pregnancy.

Macrosomia in previous pregnancy
According to univariate and multivariate analysis, macro-
somia in previous pregnancy increased the risk of GDM 
recurrence (P < 0.05), which was consistent with most 
previous studies. According to the study by Santangeli 
L [53], the occurrence of macrosomia is linearly related 
to the hyperglycemia state during pregnancy. When 

the mean FPG ≤ 5.6 mmol/L, the incidence of macro-
somia can be reduced to a level similar to that of non-
GDM pregnant women [54, 55]. The mechanism may be 
that persistent maternal hyperglycemia enters the fetus 
through the placenta, causing fetal blood glucose to rise 
and stimulating fetal islet cells to secrete excess insulin. 
Both factors promote the synthesis of protein and fat 
in the fetus and inhibit lipolysis, which in turn leads to 
excessive development of the fetal body and high birth 
weight of the newborn [56]. In addition, higher maternal 
blood glucose levels lead to increased activity of multiple 
insulin-like growth factors and their receptors in both 
the mother and fetus, and increased nutrient exchange. 
At the same time, maternal hyperglycemia can also lead 
to an increase in the number of placental villi and blood 
vessels, the degree of capillarization and the surface area 
of blood vessels. These changes promote the exchange 
of blood glucose between mother and fetus, leading to 
the occurrence of macrosomia [57]. Therefore, the high 
blood glucose level of pregnant women with GDM is an 
important risk factor for macrosomia, and the history of 
macrosomia delivery also reflects the poor blood glucose 
control in the previous pregnancy, insulin resistance and 
severe impairment of islet β cell function, thus increasing 
the risk of recurrence of GDM.

Table 3  Results of risk factors by multivariate analysis
Risk factors Number of studies Heterogene-

ity
Effect model ES 95%CI P

I2% P
Body weight change during two pregnancies 2 94.7 0.000 random 1.04 (0.90, 1.40) 0.297
Abnormal FPG + 1hPG or (and) 2hPG in previous pregnancy 2 0.0 0.853 fixed 2.34 (1.11, 3.22) 0.019
OGTT 1hPG in previous pregnancy 4 73.8 0.009 random 2.79 (1.11, 1.78) 0.005
Macrosomia in previous pregnancy 4 45.0 0.141 fixed 3.48 (1.38, 3.18) 0.001
Age of previous pregnancy 2 0.0 0.397 fixed 0.97 (0.92, 1.27) 0.334
Cesarean section in previous pregnancy 2 35.4 0.213 fixed 1.26 (0.82, 2.50) 0.207
Insulin use in previous pregnancy 4 13.8 0.324 fixed 10.44 (1.80, 2.36) < 0.001
Weight change in previous pregnancy 2 89.8 0.002 random 1.04 (0.84, 1.77) 0.297
IPI 4 66.2 0.031 random 0.32 (0.93, 1.11) 0.746
Age of second pregnancy ≥ 35 5 96.5 0.000 random 3.02 (1.24, 2.79) 0.003
Age of second pregnancy 5 76.1 0.002 random 0.93 (0.93, 1.21) 0.350
Pre-pregnancy BMI ≥ 25 2 0.0 0.576 fixed 3.65 (1.46, 3.53) 0.000
HbA1c in the first trimester of second pregnancy 2 59.4 0.116 random 1.04 (0.63, 4.46) 0.299
HDL-C in the first trimester of second pregnancy 2 37.5 0.206 fixed 0.04 (0.97, 1.03) 0.970
LDL-C in the first trimester of second pregnancy 2 37.2 0.207 fixed 1.27 (0.98, 1.01) 0.205
Cholesterol in the first trimester of second pregnancy 2 0.0 0.459 fixed 0.02 (0.99, 1.01) 0.985
Triglycerides in first trimester of second pregnancy 2 83.0 0.015 random 0.84 (0.70, 2.41) 0.400
FPG in the first trimester of second pregnancy 3 0.0 0.839 fixed 3.02 (1.03, 1.17) 0.002
Family history of diabetes in lineal relative 4 50.6 0.108 random 2.10 (1.05, 3.87) 0.036
Pre-pregnancy BMI in second pregnancy 4 97.3 0.000 random 2.23 (1.04, 1.72) 0.026
FPG in previous pregnancy 3 68.5 0.042 random 1.04 (0.77, 2.35) 0.296
OGTT 2hPG in previous pregnancy 5 77.2 0.002 random 2.75 (1.11, 1.91) 0.006
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Insulin use in previous pregnancy
The univariate analysis showed that insulin use in the 
previous pregnancy was not statistically significant in 
increasing the risk of GDM recurrence, which was con-
trary to some previous studies. It may be owing to the 
small number of included studies that adopted the new 
diagnostic criteria for GDM. The meta-analysis by 
Naama Schwartz [58] showed that the risk factors of glu-
cose intolerance during pregnancy (such as insulin use) 
were the main predictors of GDM recurrence. When 
GDM pregnant women could not achieve ideal blood glu-
cose levels by receiving nutrition and exercise guidance 
alone, insulin therapy was necessary. This treatment can 
reduce the risk of pregnancy complications such as ges-
tational hypertension, macrosomia, and abortion events 
by enhancing glycemic control. Furthermore, appropriate 
insulin therapy supports optimal fetal growth, improve 
maternal and fetal prognosis, ensure the smooth deliv-
ery of the fetus, and reduce adverse pregnancy outcomes 
such as premature delivery and stillbirth [59]. However, 
when the previous pregnancy required insulin treatment, 
it is suggested that the blood sugar control is not good. 
Aiyue Chen [13] found that the OR value of insulin use in 
the previous pregnancy for GDM recurrence was 2.114, 
indicating that limited islet cell compensatory function 
increased the risk of GDM recurrence in the second 
pregnancy. Nevertheless, some studies [31] showed that 
there was no difference in the proportion of insulin use in 
the previous pregnancy between the recurrent and non-
recurrent GDM groups (P > 0.05). Therefore, whether the 
use of insulin in the previous pregnancy is a risk factor 
for GDM recurrence needs to be analyzed with a larger 
sample size.

Conclusions
The results of this study showed that the recurrence rate 
of GDM was 48%. In women with a history of GDM, 
advanced pregnancy (age ≥ 35 years), increased BMI 
before second pregnancy, increased OGTT levels in the 
previous pregnancy, and the previous delivery of macro-
somia may increase the risk of GDM recurrence, and the 
results were statistically significant. Women of reproduc-
tive age can prevent the recurrence of GDM by avoiding 
pregnancy at advanced age(≥35 years old), maintaining a 
healthy BMI, and managing blood glucose levels during 
previous pregnancies.

Advantages and innovations: In this study, the total 
sample size was expanded, and the reliability of data was 
improved by appropriate combinations. This study estab-
lished a more reasonable literature inclusion criteria and 
exclusion criteria. In view of the contradictory results 
among different studies, more consistent results are 
obtained after comprehensive processing.

Limitations
Most of the risk factors analyzed in this paper were het-
erogeneous, but it was difficult to perform further sub-
group analysis because of the small number of included 
studies. The evaluation of publication bias was also 
open to question. Some factors with less data were not 
included in this study. Since the diagnostic criteria were 
based on the IADPAG criteria established in 2011, the 
previous literature before 2011 and the literature that 
did not use this standard were excluded, which reduced 
the number of included studies to some extent. In addi-
tion, the studies in regions where the criteria were not 
adopted were excluded, resulting in the inclusion of stud-
ies mostly from China and the occurrence of population 
selection bias to a certain extent. Furthermore, most 
studies did not account for diabetes screening after the 
first birth, and it was possible that some of the women 
in subsequent pregnancies had type 2 diabetes, thereby 
increasing the number of members in the relapsed cohort 
and affecting the incidence.

Outlook
With the full opening of China’s fertility policy, the pro-
portion of pregnant women with the risk of GDM recur-
rence is gradually increasing, and how to prevent GDM 
recurrence should be paid attention to. Multi-regional, 
multi-center, and large sample size studies are warranted 
to further identify other risk factors. It is also hoped that 
the summary and analysis of this study can provide a ref-
erence for the development of strategies to prevent and 
reduce the recurrence rate of GDM.
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