
Abstract

Aims/hypothesis. This study analysed the relationship
between congenital malformations (CM) and severity
of gestational diabetes mellitus.
Methods. A cohort of 2060 infants of mothers with
gestational diabetes was studied. Universal screening
and 3rd Workshop-Conference criteria were used to di-
agnose gestational diabetes. The severity of diabetes
was assessed on the basis of previous hyperglycaemia,
blood glucose values in diagnostic OGTT, area under
the glucose curve, gestational age and HbA1c at diag-
nosis, insulin requirements during pregnancy, and
OGTT after delivery. Potentially confounding vari-
ables (age, pre-pregnancy BMI, smoking) were con-
sidered. The relationship of potential predictors with
CM was analysed with several multivariate logistic re-
gression analyses.
Results. The rate of CM was 6% for minor and 3.8%
for major malformations (1.4% heart, 0.8% renal/uri-
nary, 0.7% skeletal, 0.3% hypospadias, 0.2% central
nervous system, 0.2% cleft lip/palate, 0.1% digestive

tract, 0.3% other). In the final models, forward logistic
regression analysis identified pre-pregnancy BMI as
the predictor of CM (area under receiver operating
characteristic curve 0.616); in the backward analysis
additional predictors were 1-h blood glucose in diag-
nostic OGTT and gestational age at diagnosis (area
under receiver operating characteristic curve 0.646).
Both BMI and severity of gestational diabetes were
predictors of heart and minor CM, whereas BMI pre-
dicted renal/urinary CM and severity of diabetes pre-
dicted skeletal CM.
Conclusions/interpretation. In these infants of moth-
ers with gestational diabetes, severity of diabetes and
pre-pregnancy BMI were predictors of CM, in accor-
dance with the well-documented pathogenic role of
BMI (in the general population) and hyperglycaemia
(in diabetic pregnancy). BMI was the main predictor
of more prevalent CM. [Diabetologia (2004) 47:509–
514]
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Pre-pregnancy diabetes mellitus is a well-known risk
factor for congenital malformations (CM) [1, 2] related
to hyperglycaemia during the first weeks of pregnancy
when embryogenesis takes place [3]. This higher rate
of CM is reduced in women receiving pre-pregnancy
care [4]. An increased rate of CM has also been report-
ed in women with gestational diabetes mellitus (GDM)
[5] and related with fasting blood glucose in three
studies [6, 7, 8]. Results were adjusted for maternal
age [6] or parity, prior GDM and several glycaemic pa-
rameters [7, 8]. The aim of this study was to analyse
whether there is a relationship between CM and severi-
ty of GDM in a different population.



Subjects and methods

Study cohort and diagnostic methods. The study cohort com-
prised consecutive infants of mothers with a documented diag-
nosis of GDM, born between January 1986 and July 2002 at 22
complete weeks of gestation or later at a single institution
(Hospital of the Holy Cross and St Paul, Barcelona, Spain).
The diagnosis of GDM was in accordance with the 3rd Work-
shop-Conference on GDM criteria [9]. Maternal ethnicity was:
White 98.7%, Black 0.4%, Arab 0.2%, Asian 0.2%, Hispanic
0.2%, Gipsy 0.2%, not available 0.1%. Severity of GDM was
assessed on the basis of: (i) previous hyperglycaemia [GDM,
IGT, non-diagnostic hyperglycaemia (fasting plasma glucose
>6.1 mmol/l, <7.8 mmol/l according to the World Health Orga-
nisation (1985) criteria [10] that were applicable at the time the
patients were attended)]; (ii) blood glucose in the diagnostic
OGTT (fasting and 1-, 2-, and 3-h postload blood glucose, area
under the curve of glucose, number of abnormal values); (iii)
gestational age at diagnosis; (iv) HbA1c at diagnosis; (v) insu-
lin requirements during pregnancy; and (vi) OGTT after deliv-
ery according to WHO criteria [11]. Maternal age [12], pre-
pregnancy BMI [13] and smoking habits [14] in the first tri-
mester were considered potentially confounding variables. No
systematic information was recorded on alcohol consumption
and vitamin supplementation, so these variables were not in-
cluded in the model. This study was carried out in accordance
with the Declaration of Helsinki as revised in 2000. Institution-
al Review Board approvement was not required for observa-
tional studies at the time this study was done.

Newborn infants were assessed by a neonatologist before
hospital discharge, and image studies were scheduled within
the first weeks of life if a CM was suspected. Major CM were
defined as those which were life-limiting, i.e., caused signifi-
cant functional or cosmetic impairment or required surgery.
Minor CM were defined as anomalies without serious medical
or cosmetic significance and occurring in less than 4% of the
background population.

Statistical analysis. SPSS 10.0 for Windows (SPSS Inc.,
Chicago, Ill., USA) was used for analysis. To explore the rela-
tionship between CM and quantitative variables, the latter were
transformed into tertiles. The relationship of each potentially
predictive variable with CM was analysed using a chi square
test and predictive variable categories with a similar CM rate
were grouped (Table 1). Finally, several multivariate logistic
regression models were constructed with CM as the dependent
variable, using both forward and backward methods. In the
first analysis, all predictive variables were included (previous
hyperglycaemia, fasting, 1-, 2-, and 3-h blood glucose, number
of abnormal values, area under the OGTT curve and gestation-
al age at diagnosis, HbA1c at diagnosis, insulin requirements
during pregnancy, postpartum OGTT, pre-pregnancy BMI, ma-
ternal age and smoking habits). The number of cases was limit-
ed to 983. As the number of cases included was less than 50%
of the original population, additional analyses were done in
this subgroup, after excluding variables with missing cases
(postpartum OGTT, smoking habits and HbA1c at diagnosis).
As the predictors of CM did not change in the various models,
additional analyses were done excluding postpartum OGTT,
smoking habits and HbA1c as predictive variables (n=1938,
94% of the total cohort). This strategy was used to explore the
predictors of major CM (one or more). For the prediction of
minor CM (one or more) and individual major CM, forward
and backwards multiple logistic regression analyses were di-
rectly carried out excluding variables with missing cases (post-
partum OGTT, smoking habits and HbA1c). Models offering
the highest prediction [area under the receiver operating char-

acteristic (ROC) curve] were retained as final. Significance
was set at a p value less than 0.05.

Results

The rate of CM in this cohort of 2060 infants (1894
singletons, 142 twins, 24 triplets) born to mothers
with GDM was: minor malformations (one or more)
6%, and major malformations (one or more) 3.8%
(1.4% heart, 0.8% renal/urinary, 0.7% skeletal, 0.3%
hypospadias, 0.2% central nervous system, 0.2% cleft
lip/palate, 0.1% digestive tract, 0.3% other).

In the bivariate analysis there was a trend towards a
higher rate of major CM with increasing fasting blood
glucose and a positive relationship with previous hy-
perglycaemia, pre-pregnancy BMI, lower gestational
age at diagnosis, number of abnormal values in the di-
agnostic OGTT, higher HbA1c at diagnosis of GDM,
and postpartum OGTT (Table 1). In the logistic re-
gression analyses including all potentially predictive
variables the identified predictor was four abnormal
values in the diagnostic OGTT and/or overt diabetes
during pregnancy versus two to three abnormal values
in the diagnostic OGTT (odds ratio 4.93, CI 95%:
1.61–15.05). The same predictor was identified with
forward and backward analysis and after sequentially
excluding postpartum OGTT, smoking habits and
HbA1c in this group (Table 2). With a forward analy-
sis done excluding variables with missing values in
the whole cohort, pre-pregnancy BMI was the single
predictor of major CM with a positive association,
whereas in the backward analysis, 1-h blood glucose
in the diagnostic OGTT (positive association, non-sig-
nificant for individual tertiles) and gestational age at
diagnosis (non-significant negative association) were
also included in the model (Table 3). As the area un-
der the ROC curve was somewhat higher, this last
model was retained as final (Table 4).

Forward and backward analyses identified the same
predictors of major CM affecting the heart: pre-preg-
nancy BMI (positive association, significant for the
2nd tertile, non-significant for the 3rd), 2-h blood glu-
cose in the diagnostic OGTT (negative association,
significant for the 2nd tertile, non-significant for the
3rd), four abnormal values in the diagnostic OGTT
and/or overt diabetes during pregnancy (positive asso-
ciation), and gestational age at diagnosis (negative as-
sociation).

For renal/urinary major CM, pre-pregnancy BMI
was the only predictor (positive association, signifi-
cant for the 3rd tertile, non-significant the 2nd) in for-
ward logistic regression analysis, whereas maternal
age was also a predictor (non-significant positive as-
sociation) in backward analysis. This model was re-
tained as final, as the ROC area was higher.

As to skeletal major CM, no predictors were identi-
fied in forward analysis whereas fasting blood glucose
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displayed a positive association (non-significant for
individual tertiles) in backward analysis. As the area
under the ROC curve was significant, this model was
retained.

No predictors were identified for hypospadias, cleft
lip/palate and major CM of the central nervous
system, digestive tract and others.

In forward analysis, no predictors were identified
for minor CM, whereas backward analysis identified

pre-pregnancy BMI (positive association, non-signifi-
cant for individual tertiles), 2-h blood glucose in the
diagnostic OGGT (positive association, non-signifi-
cant for individual tertiles) and 3-h blood glucose in
the diagnostic OGTT (negative association). As the
area under the ROC curve was significant, this model
was retained.
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Table 1. Congenital malformations in infants of women with gestational diabetes mellitus. Relationship with potential predictors
(bivariate analysis)

Potential predictors Predictor Lower, upper % of pa Categories of variables 
categories limit of tertiles CM as fed to the logistic 

where used regression analysis

Maternal age (years) (n=2060) 1st tertile (17, 30) 3.6 NS 1st + 2nd vs 3rd tertiles
2nd tertile (31, 34) 3.5
3rd tertile (35, 45) 4.5

Pre-pregnancy BMI (kg/m2) (n=1971) 1st tertile (15.43, 21.91) 1.8 <0.01 1st vs 2nd vs 3rd tertiles
2nd tertile (21.92, 24.77) 4.4
3rd tertile (24.78, 47.07) 4.9

Fasting BGb (mmol/l) (n=2052) 1st tertile (2.40, 4.49) 2.9 0.071 1st vs 2nd vs 3rd tertiles
2nd tertile (4.50, 4.91) 3.8
3rd tertile (4.92, 10.50) 4.8

1-h BGb (mmol/l) (n=2048) 1st tertile (4.70, 11.10) 2.8 NS 1st vs 2nd vs 3rd tertiles
2nd tertile (11.11, 12.20) 5.1
3rd tertile (12.21, 19.00) 3.6

2-h BGb (mmol/l) (n=2044) 1st tertile (4.70, 9.80) 4.7 NS 1st vs 2nd vs 3rd tertiles
2nd tertile (9.81, 10.80) 3.2
3rd tertile (10.81, 18.60) 3.5

3-h BGb (mmol/l) (n=2034) 1st tertile (1.80, 7.00) 3.9 NS 1st vs 2nd vs 3rd tertiles
2nd tertile (7.01, 8.50) 3.5
3rd tertile (8.51, 15.80) 4.1

AUCb (n=2030) 1st tertile (20.85, 27.00) 3.6 NS 1st vs 2nd vs 3rd tertiles
2nd tertile (27.01, 28.95) 4.1
3rd tertile (28.96, 47.00) 3.8

Number of abnormal valuesb (n=2031) 2 values NA 3.7 0.031 2+3 vs 4/overt DM
3 values 3.6
4 values/overt DM 9.5

Gestational age at diagnosis 1st tertile (7, 28) 5.4 0.020 1st vs 2nd + 3rd tertiles
(weeks) (n=2055) 2nd tertile (29, 33) 3.0

3rd tertile (34, 40) 3.0
Hb A1c c (n=1809) 1st tertile (−5.711, −1.068) 3.1 0.036 1st + 2nd vs 3rd tertiles

2nd tertile (−1.067, 0.211) 2.6
3rd tertile (0.212, 9.75) 4.0

Previous hyperglycaemia (n=2056) No NA 3.5 0.024 No/Yes
Yes 6.5

Insulin treatment (n=2056) No NA 3.4 NS No/Yes
Yes 4.4

Smoking habit (n=1805) No NA 3.7 NS No /Yes
Yes 4.7

Postpartum OGTT (n=1309) Normal NA 2.9 0.031 Normal vs IGF/IGT vs DM
IFG / IGT 5.1
DM 8.1

a The significance provided refers to the comparison within all
categories of a variable
b Blood glucose values in diagnostic OGTT

c SD around the mean of control non-pregnant population
CM, congenital malformations; BG, blood glucose values;
DM, diabetes mellitus; NA, not applicable



512 A. García-Patterson et al.:

Table 2. Multivariate logistic regression analysis to predict congenital malformations in the subset of women with gestational dia-
betes and all predictor variables

Potentially predictive variables fed to the model

All variables All variables, All variables, excluding All variables, excluding 
excluding postpartum postpartum OGTT postpartum OGTT, 
OGTT and smoking smoking and HbA1c

Number of cases 983 983 983 983

Forward analysis 
Independent predictor: OR=4.928 OR=4.928 OR=4.928 OR=4.928

n of abnormal values 95% CI (1.61–15.05) 95% CI (1.61–15.05) 95% CI (1.61–15.05) 95% CI (1.61–15.05)
in the diagnostic OGTT

ROC curve area 0.546 0.546 0.546 0.546

Backward analysis
Independent predictor: OR=4.928 OR=4.928 OR=4.928 OR=4.928

n of abnormal values 95% CI (1.61–15.05) 95% CI (1.61–15.05) 95% CI (1.61–15.05) 95% CI (1.61–15.05)
in the diagnostic OGTT

ROC curve area 0.546 0.546 0.546 0.546

The table shows models resulting after exclusion of variables with missing cases in the whole group. OR, odds ratio; ROC, 
receiver operating characteristic

Table 3. Multiple logistic regression analysis to predict congenital malformations in offspring of women with gestational diabetes
mellitus

Type of Predictive variable OR OR
malformation 95% CI

Renal/urinary Pre-pregnancy BMI
1st tertile 1.00
2nd tertile 1.47 0.24–8.80
3rd tertile 5.22 1.15–23.74

Maternal age
1st + 2nd tertile 1.00
3rd tertile 2.6 0.96–7.03

Skeletal Fasting BG*
1st tertile 1.00
2nd tertile 1.48 0.25–8.86
3rd tertile 3.99 0.85–18.86

Minor CM

One or more Pre-pregnancy BMI
1st tertile 1.00
2nd tertile 1.60 0.99–2.57
3rd tertile 1.45 0.90–2.35

2-h BG*
1st tertile 1.00
2nd tertile 0.92 0.57–1.47
3rd tertile 1.46 0.93–2.30

3-h BG*
1st tertile 1.00
2nd tertile 0.64 0.41–0.99
3rd tertile 0.58 0.36–0.93

Type of Predictive variable OR OR
malformation 95% CI

Major CM

One or more Pre-pregnancy BMI
1st tertile 1.00
2nd tertile 2.54 1.28–5.02
3rd tertile 2.67 1.36–5.27

1-h BG *
1st tertile 1.00
2nd tertile 1.78 0.99–3.21
3rd tertile 1.13 0.6—2.14

Gestational age at diagnosis
1st tertile 1.00
2nd + 3rd tertile 0.64 0.39–1.03

Heart Pre-pregnancy BMI
1st tertile 1.00
2nd tertile 19.67 2.61–148.08
3rd tertile 5.58 0.68–46.00

2-h BG*
1st tertile 1.00
2nd tertile 0.218 0.06–0.78
3rd tertile 0.620 0.25–1.53

n of abnormal values*
2+3 1.00
4/overt DM 4.82 1.41–16.42

Gestational age at diagnosis
1st tertile 1.00
2nd + 3rd tertile 0.28 0.13–0.63

All potentially predictive variables were fed (backwards analy-
sis) to the model with the exception of those with missing val-
ues (postpartum OGTT, smoking habit and HbA1c) (n=1938).

* BG, blood glucose at diagnostic OGTT. CM, congenital mal-
formation; OR, odds ratio; ROC, receiver operating character-
istic; DM, diabetes mellitus



was unexpected, but its role in the general obstetric
population has been firmly established. Indeed, since
its initial description in 1969 [15] an association has
been described for several types of defects [13], and
most papers are concordant for a positive relationship
[13, 16, 17, 18, 19, 20], with a single paper describing
no association [21]. A dose-response relationship has
been described for neural tube defects [13, 17, 18, 19]
and cardiovascular defects [22], and increased BMI
accounts for a significant proportion of malformations
in the general population [18, 22]. As to the potential
additive effect of diabetes and obesity, we are aware
of only one paper [23] describing a threefold risk of
CM in women with obesity and diabetes (either gesta-
tional or pre-gestational), but risk was not increased in
women with diabetes or obesity alone.

The positive associations of pre-pregnancy BMI and
heart and renal/urinary major CM reported in our study
for infants of mothers with GDM have counterparts in
the general population [22, 24], but to our knowledge
no association between minor CM and obesity has
been described. However, we did not find an associa-
tion between obesity and CM affecting the central ner-
vous system, which are more characteristically associ-
ated with obesity in the general population [15, 16, 17,
18, 19, 20]. We attribute this to a low statistical power
to detect this association, due to the low rate of central
nervous system CM in this series. Finally, pre-preg-
nancy BMI was the main predictor of one or more ma-
jor CM. This was expected, since pre-pregnancy BMI
was the main predictor of individual major CM with
higher prevalence (heart and renal/urinary).

Several mechanisms could underlie the association
between pre-pregnant maternal obesity and CM. The
first is an increased supply of nutrients to the fetus in
obese women. In animal models, an excess of several
types of fuels (glucose, ketone bodies, NEFA, amino
acids) was embryotoxic [25], probably acting through
increased oxidative stress [26]. A second possible
mechanism is hyperinsulinaemia itself. Insulin was re-
cognised as a teratogen in chicken embryo in 1945
[27]. In the absence of specific antibodies [28], insulin
is generally considered not to cross the human placen-
ta [29] but studies do not adequately address early
pregnancy. In mammals, moreover, we know that in-
sulin is present in the maternal reproductive tract [30]
and that receptors for insulin are present in the em-
bryo as early as the morula stage [30]. It has recently
been reported that proinsulin excess in chicken em-
bryos induces teratogenesis by reducing naturally oc-
curring apoptosis [31]. A teratogenic role for insulin
in human pregnancy is therefore possible. Interesting-
ly, a recent study identified obesity and hyperinsuli-
naemia as risk factors for neural tube defects in the
general population [32].

We conclude that in infants of mothers with GDM,
both BMI and severity of GDM are predictors of CM,
with BMI being the main predictor of more prevalent
CM.
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Table 4. Multiple logistic regression analysis: overall predic-
tion of models described in Table 3

Type of p of the ROC area ROC area 
malformation model 95% CI

Major CM
One or more <0.01 0.646 0.586 to 0.706
Heart 0.01 0.814 0.747 to 0.881
Renal/urinary 0.01 0.751 0.663 to 0.840
Skeletal 0.01 0.656 0.525 to 0.787

Minor CM
One or more 0.01 0.598 0.549 to 0.648

CM, congenital malformation; ROC, receiver operating char-
acteristic

Discussion

In these infants of mothers with GDM, severity of GDM
(early diagnosis and higher 1-h blood glucose in the di-
agnostic OGTT) was identified in the backward logistic
regression analysis as a predictor of one or more major
CM. This is consistent with the well-documented patho-
genic role of hyperglycaemia in pregnant women with
Type 1 and Type 2 diabetes [1, 2], and with some recent
studies in GDM [6, 7, 8]. To our surprise, the main pre-
dictor of one or more major CM in the present study
was higher pre-pregnancy BMI, a variable that was in-
cluded as a potential confounder because it has been de-
scribed as a predictor for major CM in the general popu-
lation [13]. Its relevance comes from being identified in
the forward and backward analyses and because it was
the main contributor to the area under the ROC curve.

Pre-pregnancy BMI was also the main predictor of
the more prevalent major CM (heart and renal/uri-
nary), as well as a predictor of minor CM, the associa-
tion being always in the positive direction. Severity of
GDM was the only predictor of skeletal major CM
and was also a predictor of heart CM and minor CM.
However, we found negative associations between
CM and blood glucose values in the diagnostic OGTT:
3-h blood glucose was a negative predictor of minor
CM, and 2-h blood glucose was a negative predictor
of heart CM (non-significant for individual tertiles).
The unexpected direction of these relationships be-
tween severity of GDM and CM was clearly balanced
in the case of major heart CM by the association with
abnormal values in the diagnostic OGTT and with
gestational age at diagnosis, and to a lesser extent in
the case of minor CM by the association with 2-h
blood glucose in the diagnostic OGTT.

Although the aforementioned studies of CM in in-
fants of GDM women [6, 7, 8] do not describe a role
for BMI, this could be due to the fact that BMI was
not included in the multivariate analysis [6, 7], even
when there were significant differences in BMI be-
tween groups with and without anomalies [8]. Such a
contribution of pre-pregnancy BMI to CM in GDM
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