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Abstract The literature regarding risk factors for gesta-

tional diabetes mellitus (GDM) recurrence is inconsistent.

We aimed to assess the effect sizes of risk factors of GDM

recurrence. We searched electronic databases (1970–2015)

and bibliographies for studies that included women with

GDM (index pregnancy) who had a consecutive birth. We

compared the risk factors among women with and without

GDM recurrence. Differences in variables measured on a

continuous scale were estimated using the weighted mean

difference (WMD). The standardized mean difference

(SMD) was used to rate the pooled effects. For categorical

variables, the pooled odds ratio was estimated. Cochran’s

Q test of heterogeneity was used to choose the model for

estimating the pooled effects. Fourteen cross-sectional

cohort studies (63 % with sample size C100) were con-

sidered. Women with GDM recurrence were older (by

1.32 years; P\ 0.0001), heavier (by 1.82 BMI;

P = 0.013), had higher 100-g oral glucose tolerance test

(OGTT) levels (Fasting: by 8.42 mg/dl, 1-h: by 13.0 mg/dl,

2-h: by 18.2 mg/dl, 3-h: by 11.3 mg/dl; P\ 0.0001 for all)

and higher weight gain between pregnancies (by 3.24 kg;

P = 0.012). The SMD effect sizes were relatively small

(between 0.3 and 0.4), but weight gain between pregnan-

cies had a medium-large effect size (SMD = 0.8). Insulin

use, multiparity, and fetal macrosomia were all associated

with GDM recurrence (OR 6.3 [95 % CI 3.9–10.2],

OR 1.88 [95 % CI 1.09–3.24] and OR 1.63 [95 % CI

1.25–2.13], respectively). GDM recurrence is multifacto-

rial. Stronger risk factors include insulin use, BMI, multi-

parity, macrosomia, and weight gain between pregnancies.

Keywords Gestational diabetes mellitus � Meta-analysis �
Risk factors � Recurrence

Introduction

Gestational diabetes mellitus (GDM) defined as any

abnormal glucose tolerance first detected during preg-

nancy. The pathogenesis involves the combination of

insulin resistance and defective insulin secretion [1].

Depending on the population studied and the diagnostic

tests employed, the prevalence of gestational diabetes

mellitus varies widely. The prevalence can range from 1 to

14 % of all pregnancies [2]. GDM recurrence also varies.

Past systematic reviews and meta-analysis revealed that the

GDM recurrence ranged from 30 to 80 % [3, 4] and that the

pooled GDM recurrence was 48 % [95 % CI 41–54 %].

Studies that included non-Hispanic white and primiparous

women had substantially lower GDM recurrence rates,

which contributes to the variability between studies [5].

Understanding the predictors/risk factors for recurrent

GDM can help guide clinical care for future pregnancies in

order to prevent recurrence, and also affords a unique

opportunity to explore GDM etiology through the study of

heterogeneity in risk factors [6]. Kim et al. [4] systematic

review was published in 2007 and they discussed the risk

factors for GDM recurrence. They presented general

information regarding the risk factors: maternal age, body
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mass index (BMI), weight gain, insulin use, parity, oral

glucose tolerance test (OGTT) levels, macrosomia (i.e.,

risk factors at the index pregnancy), inter-pregnancy

interval (IPI) and weight gain between the pregnancies

(i.e., risk factors measured at the subsequence pregnancy).

They concluded that besides ethnicity, no other risk factors

were consistently associated with recurrence of GDM

across studies. They also presented a table with each study

conclusion regarding each risk factor (whether it was sta-

tistically significant or not). No meta-analyses were per-

formed in order to present the risk factors pooled effects

and significance. Since about half of the studies that were

included in Kim et al. [4] review had sample size\100

women, it may be misleading to only mention whether or

not a risk factor was found significant, since smaller studies

have limited statistical power. Moreover, since Kim et al.

[4] systematic review was published, four new large (two

of them with sample size[1000 women) high-quality

studies were added to the literature.

Objectives

In this systematic review, we aimed to explore the litera-

ture regarding the predictors/risk factors for GDM recur-

rence and performed meta-analyses in order to estimate

their variability and pooled effects. We hypothesize that all

of the examined risk factors will be found significant;

however, the risk factors that represent the glycemic con-

trol during the index pregnancy (e.g., insulin use, OGTT

levels etc.) will have the largest effect.

Methods

Sources

The electronic search strategy included the medical liter-

ature databases: The Cochrane Library 2015, PubMed and

Ovid [1970–2015]. Google Scholar was also searched until

August 2015. We used two sets of keywords combinations:

(1) ‘‘Gestational diabetes’’ AND ‘‘recurrence’’; (2) ‘‘Ges-

tational diabetes’’ AND ‘‘previous’’ AND subsequent

pregnancy.’’ The letter keywords combination was per-

formed in order to find studies that did not use the explicit

word ‘‘recurrence.’’ All reference lists from the main

reports and relevant reviews were hand-searched for

additional eligible studies.

Study selection

Studies were included if they reported a specified GDM

criteria. For the purpose of this review, we included only

studies that examined risk factors for GDM recurrence. The

studies’ populations consisted of women with GDM who

had a consecutive birth afterwards. The studies’ samples

were then divided into two groups: women with GDM

recurrence and women without GDM recurrence. The

outcome variable was GDM recurrence status (yes/no); the

risk factor variables were maternal age, body mass index

(BMI), parity, OGTT levels, neonatal birth weight (at the

index pregnancy), weight gain between pregnancies, IPI

(continuous scale), and insulin use, obstetric history

(multiparous compared to primiparous), and macrosomia at

the index pregnancy (discrete). The credentials of the

investigators are indicated in the authors’ list.

Two independent reviewers (NS and ZN) checked each

full-text report for eligibility, and extracted and tabulated

all relevant data. Disagreement was settled by consensus

among all authors. All procedures conformed to the

guidelines for systematic review and meta-analysis of

observational studies in epidemiology—MOOSE checklist

[7]. Quality scores based on the STROBE checklist [8]

were evaluated for all of the studies. A possible maximum

score was 22 and was based on the 22 items (partial points

given for partial reporting).

Statistical analysis

The statistical analysis and graphical presentation were

performed using Stata version 12.1 (Stata Corp., College

Station, TX). For continuous variables (maternal age, BMI,

OGTT levels, neonatal birthweight, weight gain between

pregnancies, and IPI), we used the means and standard

deviation of the two groups: GDM recurrence and no GDM

recurrence. The effect sizes were calculated using Weighted

Mean Difference (WMD). Standardized Mean Difference

(SMD) was also calculated in order to quantify the risk

factors on the same scale. Most of the studies that examined

the OGTT results as risk factors for GDM recurrence

reported the glucose levels in mg/dl and as a result, we

converted all the studies’ results to mg/dl and performed the

meta-analysis. For IPI, most of the studies reported the time

period in months and as a result, we converted all the studies’

results to months. The weight gain between pregnancies and

the neonatal birth weight were reported in kilograms and in

pounds; as a result, we converted all the studies’ results to

kilograms and performed the meta-analyses.

According to the guidelines suggested by Cohen [9], we

consider a SMD of 0.2 as a small effect size, a SMD of 0.5

as a medium effect size, and SMD of 0.8 and higher as a

large effect size. Since the SMD is a slightly upwardly bias

measurement on small samples, a correction was made

using Hedges and Olkin’s technique [10]. For the discrete

variables (insulin use and obstetric history (primi-

parous/multiparous)), we used the odds ratio as the mea-

sure of association.
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Heterogeneity of the studies was explored using

Cochrane’s Q test of heterogeneity (P\ 0.1 considered

statistically significant). Inconsistency in the studies’

results was assessed by I2 which describes the percentage

of total variation across studies that is due to heterogeneity

rather than chance. When I2 C 50 %, we assumed that

there was more than moderate inconsistency. Random

effects model (DerSimonian and Laird) was chosen if

Cochrane’s Q test P\ 0.1 or I2 C 50 %. Otherwise, the

fixed effects model (inverse variance methods) was chosen.

The funnel plot and the Egger test were used to examine

publication bias (P\ 0.1 considered statistically asym-

metric funnel plot). In addition, the Fail Safe N was cal-

culated for each risk factor analysis using Orwin’s method

[11]. Quality analyses were performed by examining the

association between the risk factors effect sizes and the

quality score using meta-regression.

Results

Figure 1 shows the study selection process. Of 181

abstracts identified, 155 (86 %) were excluded due to

irrelevance. After a full review, 14 studies were deemed

eligible and were considered in the meta-analysis [12–25].

The studies’ characteristics are shown in Table 1 and their

examined risk factors are presented in Table 2. Figure 2

shows the studies quality score along with the sample size.

In addition to the risk factors that are presented in

Table 2, studies examined other risk factors. For example,

‘‘gestational week at GDM diagnosis’’ [13, 18, 19] that was

presented as a risk factor according to two studies (of

three), and ‘‘gestational week at delivery’’ [14, 16, 18, 19]

that only one study found it to be statistically significant.

With regard to glucose control during the GDM pregnancy,

Spong et al. [18] reported that the ‘‘mean glucose levels

during the third trimester’’ and ‘‘admission for diabetic

control’’ were significant risk factors for GDM recurrence,

while the ‘‘mean glucose levels during the second trime-

ster’’ and the ‘‘hemoglobin A1c’’ were not significant.

Nohira et al. [21] study did find ‘‘hemoglobin A1c’’ to be a

significant and Dong et al. [15] found ‘‘Severe GDM’’ (if

the OGTT 1-h glucose value was 10.0 mmol/l or above in

addition to a 2-h value of 7.8 mmol/l or above, after a 50 g

glucose load) to be significant as well.

Meta-analyses were performed for each continuous risk

factor. A summary of the results is presented in Table 3

and in Figs. 3 and 4. Figures 3 and 4 presents the forest

plots of the risk factors standardized mean differences

between women with and without GDM recurrence. A

positive value indicates that women with GDM recurrence

had a greater value compared with women without GDM

recurrence (negative value represent the opposite conclu-

sion). If the confidence interval included the ‘‘0’’ value, the

difference was insignificant. Although the pooled WMD of

maternal age revealed significant difference where women

with GDM recurrence are older, the estimated difference

was 1.32 years, which is rather small.

Eight studies examined the OGTT levels [13–17, 21–

23]. Of them, six studies [13–15, 17, 22, 23] presented the

mean and standard deviation of the fasting measurement

for each group (Table 3). Four studies used the 1979

national diabetes data group (NDDG) GDM criteria where

a 100-g glucose load is used [13, 14, 22, 23], three studies

used a 75-g load [16, 17, 21], and one study used a 50-g

load [15]. Since we are using the glucose levels’ means and

standard deviations, we have chosen the four studies that

used the 1979 NDDG GDM criteria to analyze the post-

Fig. 1 Flowchart of article

selection for the meta-analysis
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glucose load measurements. We performed four separate

meta-analysis estimations for the different measurement

timings and only the fasting measurement included all six

studies. Overall, the OGTT results were significant and the

first three measurements had the largest impact

(SMD = 0.41, SMD = 0.32 and SMD = 0.41, respec-

tively), although their effect sizes were not large (Fig. 3).

Seven studies examined the IPI [14, 19–24]; of them, six

studies [14, 19, 21–24] published the mean and standard

deviation of the IPI for each group. Overall, IPI was

insignificant (SMD = 0.04; P = 0.639). Conversely, the

weight gain between pregnancies had a large effect size

(SMD = 0.78; P = 0.015). Six studies examined the use

of insulin therapy as a predictor for GDM recurrence [13,

14, 16–18, 21]. The fixed effects model was used

[heterogeneity P = 0.14]. Pooled odds ratio was 6.3 [95 %

CI 3.9–10.2], P\ 0.0001.

Four studies examined whether the odds for GDM

recurrence is higher for multiparous compared to primi-

parous women [13, 14, 19, 21]. The fixed effects model

was used [heterogeneity P = 0.13]. Pooled odds ratio was

1.88 [95 % CI 1.09–3.24], P = 0.02. Six studies examined

whether fetal macrosomia (birth weight[4 kg or birth

weight percentile C90th) at the index pregnancy, increases

that odds for GDM recurrence [14, 15, 18, 20, 24, 25]. The

random effects model was used [heterogeneity P = 0.035].

Pooled odds ratio was 1.63 [95 % CI 1.25–2.13],

P\ 0.0001. No significant associations between the risk

factors effect sizes and the quality score were found.

Discussion

Our study was performed in order to examine the signifi-

cance and importance of the published risk factors for

GDM recurrence. Our results indicate that the risk factors

that represent the level of glucose intolerance during

pregnancy (e.g., insulin use, and neonatal birthweight) and

the BMI and weight gain between the pregnancies were

found to be the main predictors for GDM recurrence. This

meta-analysis included mostly studies who used the 1979

NDDG criteria for GDM diagnosis, while currently the

criteria most commonly used are the Carpenter and Cous-

tan criteria and recently the International Association of

Diabetes and Pregnancy Study Groups (IADPSG) criteria

[26]. A recent study reported that by adopting the IADPSG

Table 2 Main risk factors for GDM recurrence reported in the fully reviewed studies, published between 1973 and 2014

Source Sample

size

Background

info

Factors at first GDM pregnancy Factors at

subsequent

pregnancy

Ethnicity

Family history

of diabetes

Maternal

age

BMI Insulin

use

Parity OGTT

levels

neonatal birth

weight/macrosomia

IPI weight gain

between

pregnancies

Bennink [12] 58 – – No – – No – – – –

Philipson and Super [13] 36 No – No Yes – No Yes Yes – –

Gaudier et al. [14] 90 No No No No Yes No Yes No No No

Dong et al. [15] 865 – – – – Yes – Yes Yes – –

Moses [16] 100 – – Yes No – Yes No No – –

Foster-Powell and

Cheung [17]

117 – – Yes Yes Yes No Yes – – Yes

Spong et al. [18] 164 – – No – Yes No – Yes – –

Major et al. [19] 78 – – No Yes Yes Yes – No Yes Yes

MacNeill et al. [20] 651 – – No – – – – Yes No Yes

Nohira et al. [21] 32 – No Yes No – Yes Yes No Yes Yes

Kwak et al. [22] 111 – No No Yes Yes No Yes – No –

Holmes et al. [23] 344 – – Yes Yes – – Yes – Yes –

Khambalia et al. [24] 5315 Yes – Yes – – – – Yes Yes –

Boghossian el al. [25] 1250 No – Yes Yes – Yes – Yes No No

Significance ratio* 1/4 0/3 6/13 5/9 6/6 4/10 7/8 6/10 4/8 4/6

‘‘Yes’’ refers to a significant association; ‘‘No’’ refers to an insignificant association; ‘‘–’’ refers to unexamined predictor

BMI body mass index, OGTT oral glucose tolerance test, IPI inter-pregnancy interval

* Significance ratio = The number of studies that found the variable to be a significant predictor for GDM recurrence, divided by the number of

studies examining the variable
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criteria, the number of GDM diagnosed women will be

doubled [27]. As a result, we can speculate that the number

of women with mild GDM will increase and the effect size

of the risk factors that represent the level of glucose

intolerance during pregnancy will decrease.

Although the IPI was not significant, in the literature we

reviewed, we detected contradictions. The studies of Major

et al. [19] and Nohira et al. [21] found a significantly

shorter IPI among the GDM recurrence group, while the

studies of Holmes et al. [23] and Khambalia et al. [24]

found a significantly longer IPI in the GDM recurrence

group. The studies of Holmes et al. [23] and Khambalia

et al. [24] included only primiparous women, which means

that their first pregnancy was complicated by GDM. The

studies of Major et al. [19] and Nohira et al. [21] included a

mix of primiparous and multiparous women which could

indicate that the obstetric history may be an effect modifier

of the relationship between IPI and GDM recurrence.

During the end of the second trimester, a progressive

insulin resistance occurs along with hyperinsulinemia and a

mild postprandial hyperglycemia. Most women are able to

increase their insulin secretion to compensate for this

insulin-resistant state and those women requiring the

hypersecretion of insulin to compensate for pregnancy-in-

duced insulin resistance may experience b-cell exhaustion

and GDM [1]. Since changes in placental hormones in

human pregnancy do not directly correlate with changes in

maternal insulin resistance, it is assumed that a synergy

with obesity or other pregnancy-related factors may hold

the key to understanding how insulin resistance develops

during pregnancy [28].

Limitations

Over the past four decades, about 14 studies have examined

risk factors/predictors for GDM recurrence. These studies

are not without limitations, and as a result, our study suffers

from limitations as well. Firstly, most studies did not specify

postpartum diabetes screening rates between pregnancies,

and it is possible that a significant portion of the subsequent

GDM pregnancies are actually affected by preexisting dia-

betes. As a result, some of the women in the GDM recurrence

group actually had type 2 diabetes which could have over-

estimated the difference between the groups. This is a

common problem in this type of study due to universal low

compliance to perform the postpartum glucose tolerance test

[29]. Secondly, all studies included in the meta-analysis have

no adjustment for other exploratory variables and we have

synthesized the raw measurements in each study. This lim-

itation ignores the fact that there is dependence between the

risk factors; thus, the pooled effects may be biased. For

example, the macrosomia pooled effect may be overesti-

mated due to the confounding effect of the weight gain

during pregnancy and the women pre-pregnancy BMI.

Another technical limitation occurred since in some of

studies the maternal age, parity, and IPI data were not pre-

sented or the studies used a different type of variable (con-

tinuous/discrete) for measuring the predictor.

Fig. 2 Graphical presentation

of the quality score and sample

size
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The Egger test suggested that both maternal age and

weight gain between the pregnancies had some tendency

towards publication bias. Since each variable was pre-

sented as a part of an assembly of risk factors, we assume

that theoretically there was no vital reason for publication

bias in that matter.

Although there was some missing/unreported informa-

tion, we were able to conclude whether these deficits would

substantially alter our results.

Parity

Four studies examined parity in a discrete scale (primi-

parous versus multiparous) [13, 14, 19, 21], and another

five studies presented the number of children using mean

and standard deviation [16–18, 22, 25]. One study did not

display any summary statistic for parity but mentioned that

it was not significant [12]. As a result, we synthesized

women’s obstetric history in a separated meta-analyses.

Fig. 3 Forest plot with standardized mean differences of maternal age, neonatal birth weight and oral glucose tolerance test (OGTT) levels

(fixed effects model)
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Both analyses found a significant association between

obstetric history and GDM recurrence, where women that

had GDM recurrence also had more pregnancies. This

finding supports Peters et al. [30] conclusion that episodes

of insulin resistance may contribute to the decline in b-cell

function since each pregnancy is characterized with an

episode of insulin resistance. In addition, this finding

strengthen Schwartz et al. [5] meta-analysis that found

lower GDM recurrence estimates among studies that

included primiparous women.

Maternal age

The meta-analysis for maternal age and GDM recurrence

did not include three studies; two of them were not

included since no summary statistic was published [12, 20].

These two studies reported that there was no significant

difference in maternal age between women with and

without GDM recurrence. Khambalia et al. [24] was the

third study that was not included in this meta-analysis. In

the latter study, maternal age was significant where women

at the age of 35 or older were at risk for GDM recurrence,

compared with women at the age of 25–35 (RR 1.19; 95 %

CI 1.02–1.39). In light of these findings, we assume that

our conclusion would not have been much changed. It is

possible that the maternal age effect size was overesti-

mated. Schwartz et al. [5] found no significant trend

between the mean maternal age and the prevalence of

GDM recurrence, which strengthen our assumption that the

maternal age was overestimated.

Fig. 4 Forest plot with standardized mean differences of parity, BMI, IPI (inter-pregnancy interval) and weight gain between the pregnancies

(random effects model)
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IPI

IPI was found to be an insignificant predictor for GDM

recurrence. The analysis did not include the study of

MacNeill et al. [20], which found no difference in IPI

between women with and without GDM recurrence, and

did not publish the summary statistics. Since IPI was not

significant, we assume that the meta-analysis result would

not have changed.

Conclusions

Characterization of women with major risk factors for

GDM recurrence is the first step in the acquisition of

knowledge regarding the possibilities of intervention and

prevention of the GDM recurrence phenomenon. Our study

emphasizes the importance of insulin use, BMI, and weight

gain between the pregnancies as risk factors for GDM

recurrence. Physicians may emphasize the importance of

reducing the weight between the pregnancies, as it is a

strong modifiable risk factor. Further studies that will

explore the IPI along with parity should be considered as

well as studies that will include the IADPSG criteria.
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