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Abstract
Purpose  A systematic review and meta-analysis was performed to assess the risk of congenital heart defects (CHDs) and 
its specific phenotypes associated with maternal diabetes mellitus (DM) including pregestational diabetes mellitus (PGDM) 
and gestational diabetes mellitus (GDM).
Methods  PubMed, Embase, Medline, Google Scholar, Cochrane Libraries, China National Knowledge Infrastructure, Wan-
fang Database, Chinese Scientific Journals Fulltext Database and China Biology Medicine disc were searched from the 
inception dates to 15 December 2018, to identify case–control or cohort studies assessing the association between maternal 
DM and risk of CHDs. The exposure of interest was maternal DM; the outcomes of interest were CHDs and its specific 
phenotypes. Either a fixed- or a random-effects model was used to calculate the overall combined risk estimates. Subgroup 
analyses were performed to explore potential heterogeneity moderators.
Results  Total 52 studies, which involved 259,917 patients with CHDs among 16,929,835 participants, were included for 
analysis. Overall, mothers with DM compared with those without DM had a significantly higher risk of CHDs in offspring 
[odds ratios (OR) = 2.71, 95% confidence intervals (CI) 2.28–3.23]. When data were restricted to different types of DM, a 
significantly increased risk of CHDs was observed among mothers with PGDM (OR = 3.18, 95% CI 2.77–3.65) and GDM 
(OR = 1.98, 95% CI 1.66–2.36). Our study suggested the risk of CHDs was significantly higher among mothers with PGDM 
than those with GDM. Additionally, this study suggested maternal DM was significantly associated with most phenotypes 
of CHDs; of these, double outlet of the right ventricle (OR = 10.89; 95% CI 8.77–13.53), atrioventricular septal defect 
(OR = 5.74; 95% CI 3.20–10.27) and truncus arteriosus (OR = 5.06; 95% CI 2.65–9.65) were identified as the first three of 
the most common phenotypes of CHDs associated with maternal DM.
Conclusions  The maternal DM including PGDM and GDM are significantly associated with risk of CHDs and its most phe-
notypes. The PGDM seems to be more likely to cause CHDs in offspring than GDM. Further studies are needed to clarify 
the underlying mechanisms.

Keywords  Maternal diabetes mellitus · Congenital heart defects · Pregestational diabetes mellitus · Gestational diabetes 
mellitus · Phenotypes · Meta-analysis

Introduction

Congenital heart defects (CHDs) are structural problems 
arising from the abnormal formation of the heart or major 
blood vessels, considered as the most common types of 

congenital malformations [1]. With a prevalence of 6–10 
per 1000 live births, CHDs affect approximately 1.35 mil-
lion newborns worldwide each year [2]. In infants and young 
children, CHDs are the leading proportion of non-infectious 
morbidity and mortality caused by birth defects [3] and 
result in 1–1.5% of global mortality among children under 
5 years of age [4].

Environmental and genetic factors are generally consid-
ered to play an important role in the pathogenesis of CHDs 
[5–9], but the exact cause remains controversial. Cur-
rently, original studies from animal experiments [10, 11] 
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and high-quality cohort studies [12–16] generally believe 
that mothers with diabetes mellitus (DM) compared with 
non-diabetic increase the risk of CHDs in their offspring. 
Further studies have shown that although pregestational DM 
(PGDM) was associated with an increased risk of CHDs, 
the magnitudes of the association varied between the stud-
ies [17–20]. Moreover, it remains unclear enough for the 
relationships between gestational DM (GDM) and CHDs 
as well as the precise risks for specific subtypes of CHDs 
associated with maternal DM.

Although three meta-analyses [21–23] on this topic have 
been published, they only highlight a limited portion of the 
associations between maternal DM and CHDs. The latest 
meta-analysis performed by Hoang et al. [23] showed that 
maternal DM was associated with CHDs and its some spe-
cific phenotypes, but this review only focus on the asso-
ciation between PGDM and a small portion of the CHD 
phenotypes. According to the previous original studies, the 
common CHDs could be divided into more than 20 pheno-
types [12], which indicated the results of this review were 
not comprehensive. In addition, when significant heteroge-
neity was observed, this review did not explore potential 
heterogeneity moderators. In addition, it only included stud-
ies published in English and did not cover Chinese studies. 
In China, there are many studies to assess the risk of CHDs 
associated with maternal DM. If these studies from China 
could be included in the future meta-analysis, it will inevi-
tably increase the statistical power, which will help to find 
a statistically significant difference for risk of CHDs, espe-
cially for specific phenotypes of CHDs.

Given the inconsistency of the original studies and the 
limitations of the existing meta-analysis, we conducted an 
up-to-date meta-analysis with the following objectives: (1) 
to assess the overall risk of CHDs associated with maternal 
DM (included PGDM and GDM); (2) to assess the risk of 
specific CHD phenotypes associated with maternal DM; and 
(3) to identify potential heterogeneity moderators by sub-
group and sensitivity analysis.

Materials and methods

Search strategy

We attempted to report this systematic review and meta-
analysis in accordance with the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-analy-
sis) guidelines [24]. PubMed, Embase, Medline, Google 
Scholar, Cochrane Libraries, China National Knowledge 
Infrastructure (CNKI), Wanfang Database, Chinese Sci-
entific Journals Fulltext Database (CQVIP) and China 
Biology Medicine disc (CBMdisc)) were searched from 
the inception dates to 15 December 2018, to identify 

case–control or cohort studies that assessed the associa-
tion between maternal DM and risk of CHDs in offspring. 
The following search terms were used: (1) congenital heart 
disease, congenital heart defect, congenital heart malfor-
mation, congenital heart anomalies, congenital cardiac 
disease, congenital cardiac defect, congenital cardiac 
malformation, congenital cardiac anomalies, congeni-
tal cardiovascular disease, cardiovascular malformation, 
cardiovascular defect, cardiovascular anomalies, birth 
defect, congenital malformation, congenital anomalies and 
congenital defect; (2) diabetes mellitus, DM, glycuresis, 
diabetes, sugar diabetes, pregestational diabetes mellitus, 
gestational diabetes mellitus, chronic disease, metabolic 
disease, and maternal disease; and (3) prospective stud-
ies, follow-up studies, cohort studies, longitudinal studies, 
and case–control studies. No restrictions were imposed. 
An artificial search of the reference lists in the related 
articles and recent reviews were also conducted as a sup-
plement. The conference abstracts and grey studies were 
not included. We did not contact the authors of the original 
studies for additional information.

Exposures and outcomes

The exposure of interest was maternal DM, and it was 
further divided into PGDM and GDM. The outcome 
of interest was CHDs that were identified as structural 
problems arising from malformations in the heart or 
major blood vessels. Additionally, CHDs were further 
divided into typical phenotypes according to the World 
Health Organization International Classification of Dis-
ease (ICD-10) as below: heterotaxia; atrioventricular 
canal defects (AVCD); patent ductus arteriosus (PDA); 
conotruncal defects [including truncus arteriosus (TA), 
transposition of great arteries (TGA), tetralogy of Fallot 
(TOF) and double outlet of the right ventricle (DORV)]; 
atrioventricular septal defect (AVSD); anomalous pulmo-
nary venous return (APVR); left ventricular outflow tract 
obstruction (LVOTO) [‘including coarctation of aorta 
(CoA), valvular aortic stenosis (VAS) and hypoplastic left 
heart syndrome, (HLHS)]; right ventricular outflow tract 
obstruction (RVOTO) [including pulmonary valve stenosis 
(PVS), pulmonary artery stenosis (PAS), Ebstein malfor-
mation and tricuspid valve stenosis (TVS)]; septal defects 
(including ventricular septal defect [VSD], atrial septal 
defect [ASD], VSD + ASD and valve defects) and single 
ventricle. Since variations in the definition of exposures 
and outcomes exist in different countries and cultures, it 
is extremely difficult to define uniform standards in the 
present study. Some literatures did not always define expo-
sures and outcomes, and in such cases, we relied on the 
exposure or outcome terminology in the original articles.
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Eligibility criteria

We first performed an initial screening of titles or abstracts. 
We conducted a second screening based on a full-text review. 
Studies were eligible if they met the following criteria: (1) 
studies were published in English or Chinese language; (2) 
studies were case–control or cohort studies; (3) the exposure 
of interest was maternal DM; (4) the outcome of interest was 
CHDs; and (5) odds ratios (ORs) or relative risks (RRs) and 
their corresponding 95% confidence intervals (CIs) (or data 
to calculate them) were available. If the same population was 
studied in more than one study, we included the study with 
the longest follow-up time or the most information.

Data extraction

Data extraction was performed using a standardized data col-
lection form. We extracted any reported RRs or ORs for risk 
of CHDs in offspring exposed to maternal DM compared 
with non-maternal DM. We also extracted the research char-
acteristics of each record. Data were recorded as follows: 
first author’s name; publication time; geographic region; 
sample source (population vs hospital-based studies); study 
design (case–control vs cohort studies); the phenotype of 
maternal DM (including PGDM and GDM); the phenotype 
of CHDs (including total and specific CHDs); total sample 
size; number of CHD cases; whether the confounding factors 
were adjusted (adjusted vs unadjusted); and quality score.

Quality assessment

Two authors (LTC and JBQ) independently conducted the 
study selection, data extraction, and quality assessment. Any 
differences were resolved by discussion or a third author 
to get into consensus. The Newcastle–Ottawa Scale (http://
www.ohri.ca/progr​ams/clini​calep​idemi​ology​/oxfor​d.asp) 
was used to assess the quality of included studies. Using 
the tool, each study is judged on 8 items, categorized into 3 
groups: the selection of the study groups; the comparability 
of the groups; and the ascertainment of outcome of inter-
est for cohort studies. Stars awarded for each quality item 
serve as a quick visual assessment. Stars are awarded such 
that the highest quality studies can be awarded as many as 9 
stars. If a study wins ≥ 7 stars, it will be considered of higher 
methodologic quality.

Statistical analysis

In the present study, we used OR as a common measure 
of association between maternal DM and risk of CHDs 
in offspring. The combined ORs and their corresponding 
95% CIs were pooled using either fixed effect models or in 
the presence of heterogeneity using random effect models. 

Statistical homogeneity between studies was assessed using 
the Q statistic and I2 statistic (significance level at P < 0.10).

Subgroup analysis was performed based on whether the 
confounding factors were adjusted, geographic region, sam-
ple source, and study design, to identify potential heteroge-
neity moderators. In addition, sensitivity analyses were con-
ducted to explore possible interpretations of heterogeneity 
and to examine the influence of various exclusion criteria on 
overall risk estimates. We also investigated the influence of a 
single study on the overall risk estimate by omitting 1 study 
in each turn. Potential publication bias was assessed using 
funnel plots and Begg’s rank correlation test (significance 
level at P < 0.10). Subgroup analysis, sensitivity analysis and 
assessment of publication bias were considered only for the 
association between maternal DM and total CHDs due to 
the limited studies.

Sensitivity analysis and Begg’s rank correlation test were 
performed using Stata version 12.0 (StataCorp LP, College 
Station, TX). Other analyses were performed using Review 
Manager version 5.0 (The Nordic Cochrane Centre, The 
Cochrane Collaboration). Statistical tests were declared sig-
nificant for a two-sided P value not exceeding 0.05, except 
where otherwise specified.

Results

Search results

We totally searched 3871 potentially eligible studies from 
English and Chinese databases. Of these, 3585 studies due to 
duplicates, reviews, letters, or unrelated to our analysis were 
excluded after the first screening on titles and/or abstracts. 
After a full-text review of 286 studies, 52 studies [12–20, 
23, 25–66] including 36 case–control and 16 cohort stud-
ies met the inclusion criteria (Fig. 1). The main reasons for 
not including the studies were: (1) the outcome of inter-
est was not CHDs (n = 89); (2) the exposure of interest was 
not maternal DM (n = 107); (3) lack of appropriate control 
groups (n = 26); and (4) data could not be extracted or cal-
culated (n = 12).

Study characteristics

The characteristics of included studies, which involved 
259,917 CHDs patients among 16,929,835 participants, and 
were published between 1975 and 2018, were summarized 
in Table 1. These studies came from four continents: 22 
(42.3%) in North America, 18 (34.6%) in Asia, 11 (21.1%) 
in Europe, and only 1 (2.0%) in Oceania. Among the CHD 
patients, 78.0%, 17.9%, 3.1% and 1.0% of patients were 
distributed in North America, Europe, Asia, and Oceania, 
respectively. Among the total participants, 63.7%, 24.9%, 

http://www.ohri.ca/programs/clinicalepidemiology/oxford.asp
http://www.ohri.ca/programs/clinicalepidemiology/oxford.asp
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9.7% and 1.7% of them were distributed in North America, 
Europe, Asia, and Oceania, respectively.

The sample source varied across studies, with more than 
half (65.4%) based on population. Forty-six (88.5%) studies 
were considered of higher methodological quality, achieving 
a quality score of ≥ 7 out of 9; these 46 studies contributed 
99.98% of the participants. Twenty-seven studies (51.9%) 
did not adjust any factors when estimating the effect of 
maternal DM on CHDs in offspring, whereas other studies 
adjusted for a wide range of potential confounders for poor 
outcomes.

Maternal DM and risk of CHDs

Overall, mothers who had DM compared with those with-
out DM experienced a significantly increased risk of CHDs 
in offspring (OR = 2.71, 95% CI 2.28–3.23; P < 0.00001) 
(Fig. 2). However, substantial heterogeneity was observed 
across studies (I2 = 98.0%; P < 0.00001).

When maternal DM was further divided into PGDM and 
GDM, we found that both mothers with PGDM (OR = 3.18, 
95% CI 2.77–3.65; P < 0.00001) (Fig. 3) and mothers with 
GDM (OR = 1.98, 95% CI 1.66–2.36; P < 0.00001) (Fig. 4) 
had a significantly higher risk of CHDs in offspring. Of 
note, the risk of PGDM on CHDs was significantly higher 
than GDM. Yet, there was substantial heterogeneity across 
studies (I2 = 79% and P < 0.00001 for PGDM; I2 = 90% and 
P < 0.00001 for GDM).

Maternal DM and risk of specific subtypes of CHDs

Overall, maternal DM was significantly associated with the 
risk of most subtypes of CHDs such as heterotaxia, AVCD, 
PDA, conotruncal defects, TA, TGA, TOF, DORV, AVSD, 
APVR, LVOTO, CoA, VAS, HLHS, RVOTO, PAS, TVS, 
Septal defects, VSD, ASD, VSD + ASD, valve defects and 
single ventricle (Fig. 5). Of these, DORV (OR = 10.89; 95% 
CI 8.77–13.53), AVSD (OR = 5.74; 95% CI 3.20–10.27), TA 
(OR = 5.06; 95% CI 2.65–9.65), heterotaxia (OR = 4.29; 95% 

Fig. 1   PRISMA statement flow 
diagram
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CI 2.09–8.78), and PDA (OR = 4.22; 95% CI 2.79–6.40) 
were identified as the first five of the most common subtypes 
of CHDs associated with maternal DM.

Positive associations were also observed between PGDM 
and risk of most subtypes of CHDs including heterotaxia, 
AVCD, PDA, conotruncal defects, TA, TGA, TOF, DORV, 
AVSD, APVR, LVOTO, CoA, VAS, HLHS, RVOTO, PAS, 
Ebstein malformation, TVS, septal defects, VSD, ASD, 
VSD + ASD, valve defects, and single ventricle (Fig. 6). 
Of these, DORV (OR = 11.51; 95% CI 9.24–14.32), TA 
(OR = 7.81; 95% CI 3.50–17.43), heterotaxia (OR = 7.80; 

95% CI 5.64–10.78), TVS (OR = 7.61; 95% CI 4.19–13.84), 
Ebstein malformation (OR = 6.28; 95% CI 1.06–37.21), and 
AVCD (OR = 6.12; 95% CI 4.05–9.26) were identified as the 
first six of the most common subtypes of CHDs associated 
with PGDM.

Similarly, mothers with GDM were at a higher risk for 
some subtypes of CHDs in their offspring such as AVCD, 
TA, TOF, LVOTO, CoA, VAS, RVOTO, PAS, TVS, sep-
tal defects, VSD, ASD, VSD + ASD, and valve defects 
(Fig. 7). Of these, TA (OR = 2.38; 95% CI 1.07–5.26), CoA 
(OR = 2.08; 95% CI 1.70–2.54) and PAS (OR = 1.89; 95% 

Fig. 2   Forest plot for maternal DM and risk of CHDs
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CI 1.17–3.05) were identified as the first three of the most 
common subtypes of CHDs associated with GDM.

Subgroup analyses

Subgroup analyses were conducted to identify potential het-
erogeneity moderators for the association between maternal 
DM and the risk of CHDs, and the results are summarized 
in Table 2. After subgroup analyses, geographic region (test 
for subgroup differences [TSD]: I2 = 89.6%) and sample 
source (TSD: I2 = 69.9%) were identified as the first two of 
the most relevant heterogeneity moderators for the associa-
tion between maternal DM and CHDs. These differences for 
the risk of CHDs associated with maternal DM were sta-
tistically significant among geographic regions (χ2 = 28.74, 
P < 0.00001).

For the association between PGDM and CHDs, geo-
graphic region (TSD: I2 = 79.9%), whether the confounding 
factors were adjusted (TSD: I2 = 31.2%) were identified as 
the first two of the most relevant heterogeneity moderators. 
There were statistically significant differences for the risk of 

CHDs associated with PGDM between different geographic 
regions (χ2 = 14.95, P < 0.00001).

For the association between GDM and CHDs, geographic 
region (TSD: I2 = 96.6%), sample source (TSD: I2 = 90.8%), 
and whether the confounding factors were adjusted (TSD: 
I2 = 81.2%) were identified as the first three of the most rel-
evant heterogeneity moderators. These differences for risk 
of CHDs associated with GDM were statistically significant 
across geographic regions (χ2 = 87.90, P < 0.00001), sample 
sources (χ2 = 10.83, P = 0.001), and whether the confounding 
factors were adjusted (χ2 = 5.32, P = 0.02).

Heterogeneity, sensitivity analyses and publication 
bias

Sensitivity analyses were conducted to explore possible 
interpretations of heterogeneity in the relationships between 
maternal DM and risks of CHDs in offspring and to exam-
ine the influence of various exclusion criteria on overall 
risk assessment. Substantial heterogeneity was observed 
in pooled estimates of confounding factors, geographic 

Fig. 3   Forest plot for PGDM and risk of CHDs
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region, sample sources and study design for the associations 
between maternal DM and risk of total CHDs (I2 range from 
68 to 98%; P < 0.00001) (Table 2). Furthermore, exclusion 
of any single study did not materially change the overall risk 
estimates, which proved that the results were reliable. The 
funnel plot did not show any substantial asymmetry. Besides, 
Begg’s rank correlation test also indicated little evidence 
of publication bias (P = 0.103 for maternal DM, 0.792 for 
PGDM, and 0.152 for GDM).

Discussion

To the best of our knowledge, this review is the most com-
prehensively updated meta-analysis that quantifies the risks 
of CHDs and the phenotype of more than 20 specific CHDs 
in maternal DM patients. We evaluated the risk of CHDs 
and its phenotypes associated with maternal DM using data 
from 52 case–control and cohort studies, which met eligibil-
ity criteria and involved 259,917 CHDs patients in a total of 
16,929,835 participants, with sufficient statistical power. In 
this study, the sample sizes were more than 2000 among 62% 
of the studies; more than three-quarters (88.5%) of the stud-
ies were considered to have higher methodological quality, 

which contributed 99.98% of the participants. Potential het-
erogeneity moderators could be identified by subgroup and 
sensitivity analysis.

Previous studies, such as the large-sample size cohort 
studies from developed countries, indicated that mater-
nal DM was associated with CHDs in offspring [12–16]. 
However, the magnitude of the associations varied (ranging 
from 0.52 to 12.03) across studies, and there was insuffi-
cient evidence for the CHD phenotypes. This review and 
meta-analysis brought about three major findings. First, we 
found that all types of DM including any DM, PGDM and 
GDM were significantly associated with risk of CHDs in 
offspring. Second, all types of DM were almost significantly 
associated with most phenotypes of CHDs. Third, there were 
geographic differences for risk of CHDs associated with 
maternal DM.

It was worth noting that the risk of CHDs in offspring 
seems to be significantly higher among mothers with PGDM 
(OR = 3.18) than those with GDM (OR = 1.98). A common 
view was that the mechanisms of maternal DM on CHDs 
in offspring were quite different between PGDM and GDM 
women. It was well known that the critical stage of fetal 
heart development was 3–7 weeks of gestation [67]. Pre-
pregnancy diabetic may lead to hyperglycemia conditions in 

Fig. 4   Forest plot for GDM and risk of CHDs
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the uterine environment at this stage, which may change the 
key molecular pathways during cardiac development, result-
ing in abnormal embryonic heart development [8, 23]. How-
ever, GDM is usually diagnosed between 24 and 28 weeks of 
gestation, which has missed the critical stage of embryonic 
heart development [68]. Therefore, there was a possibility 
that women with PGDM were at a higher risk of developing 
CHDs in offspring than those with GDM.

Compared with previous studies on this topic, we com-
prehensively evaluated the association between different 
types of diabetes and various subtypes of congenital heart 
malformations. Findings from the present study suggested 
that maternal DM, especially for PGDM, were significantly 
associated with most of phenotypes of CHDs. The number 
of specific CHD phenotypes with statistically significant 
differences was more found among women with PGDM 
than women with GDM. Typically, TA (OR = 7.81), AVCD 
(OR = 6.12) and TOF (OR = 4.25) were identified as the top 
three of the most common phenotypes of CHDs associated 
with PGDM, which was consistent with the results of the 
meta-analysis performed by Hoang et al. [23] (OR = 14.49 
for TA, 5.78 for AVCD, and 4.14 for TOF). Of note, our 
study indicated that there was a strong association between 
PGDM and outflow tract defects. The formation and 

remodeling of the mature outflow tract (OFT) was estab-
lished by cardiac neural crest cell (CNCC) [69]. An animal 
study from Morgan [70] found that CNCC migrated more in 
diabetic mouse embryos compared with non-diabetic mice, 
which may bring about an increase of cell apoptosis and 
outflow tract defects.

Subgroup analysis was used to explore heterogeneity 
sources of included studies. Our subgroup analysis indicated 
that geographic region was the most relevant heterogeneity 
source. However, the results of all subgroup analyses did not 
substantially change our conclusions. Previous studies [2] 
have shown that there were significant regional differences 
in the birth prevalence of CHDs, the highest reported in 
Asia (9.3 per 1000 live births), and the prevalence reported 
in Europe and North America are moderate (8.2 and 6.9 
per 1000 live births, respectively). The differences might be 
due to differences in the healthcare system, socio-economic, 
ethnic and environmental. In particular, most of the included 
studies from Asia were based primarily on retrospective 
case–control studies, which may be biased by the quality 
and intensity of the evidence due to recall bias and selection 
bias. In addition, our meta-analysis only included one study 
from Oceania, and did not provide sufficient statistical power 
to develop accurate effect estimates in this area. Therefore, 

Fig. 5   Maternal DM and risk of 
specific subtypes of CHDs
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more large sample, prospective cohort studies should be car-
ried out to obtain higher quality results.

This study still had some limitations. First of all, due 
to language restrictions, we could only search English and 
Chinese databases. As a result, other studies published in 
other foreign languages were accidentally eliminated. Addi-
tionally, the included studies in the present review, mainly 
from North America, Asia, and Europe, did not represent the 
entire world. Therefore, additional research in other popula-
tions is warranted to generalize the findings. Second, CHDs 
were classified as more than 20 typical phenotypes, but not 
all included studies fully analyzed the associations with 
maternal DM types and typical CHD phenotypes. There-
fore, some specific CHD phenotypes only relied on few 
total studies, which indicated that more studies should be 
included in future reviews, to provide further support for our 
results, especially for specific phenotypes. Third, residual 
confounding is of concern. Uncontrolled or unmeasured risk 
factors potentially produce biases. In the present review, 27 
studies (51.9%) did not control any factors when estimating 
the effect of maternal DM on CHDs, whereas other studies 
adjusted and/or matched for a wide range of potential con-
founders for poor outcomes. Although restricting analysis 

to studies that have controlled confounding factors did not 
materially alter the combined risk estimate, we still cannot 
rule out the possibility that residual confounding could affect 
the results, because these factors that have been controlled 
do not explain all of the risk of CHDs. Fourth, in the pre-
sent study, because variations in the definition of exposures 
and outcomes exist in different countries and cultures, it is 
extremely difficult to define uniform standards. Addition-
ally, some literatures did not always define exposures and 
outcomes, and in such cases, we have to rely on the exposure 
or outcome terminology in the original articles. In fact, this 
problem mentioned above could not be solved at present, 
which may lead to false classification bias. Fifth, although 
we assessed the influence of different types of DM on CHDs, 
it is difficult for us to estimate the effect of type 1 diabetes 
and type 2 diabetes because most included study did not 
state the type of PGDM. Last but not least, there was sub-
stantial heterogeneity among studies for association between 
maternal DM and risk of CHDs. However, we can detect the 
major source of heterogeneity by the subgroup analysis and 
the sensitivity analysis. The sensitivity analysis that omitted 
one study at a time and calculated the combined OR for the 
remaining studies yielded similar results. After subgroup 

Fig. 6   PGDM and risk of spe-
cific subtypes of CHDs



1503Archives of Gynecology and Obstetrics (2019) 300:1491–1506	

1 3

analysis, the heterogeneity was obviously decreased. How-
ever, our estimates have to be viewed with caution because 
of evidence of heterogeneity. Again, potential publication 
bias could influence the findings, but little evidence of pub-
lication bias was found.

Conclusion

In summary, the present study, which includes a large pro-
portion of participants, with sufficient statistical power, aims 
at assessing the risk of CHDs and its specific phenotypes 
associated with maternal DM including PGDM and GDM. 
Although the role of potential bias and evidence of hetero-
geneity should be carefully evaluated, our meta-analysis 
indicates that the maternal DM including PGDM and GDM 
are significantly associated with risk of CHDs and its most 
phenotypes. Additionally, the PGDM seems to be more 
likely to cause CHDs in offspring than GDM. However, it 
remains unknown why maternal DM can increase the risk 
of CHDs in offspring. Further studies are needed to clarify 
the underlying mechanisms.

Fig. 7   GDM and risk of specific 
subtypes of CHDs
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