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Abstract Women with previous gestational diabetes

(GDM) are a high-risk group for future development of

diabetes, metabolic syndrome, and cardiovascular disease.

The new International Association of Diabetes in Preg-

nancy Study Groups (IADPSG) criteria significantly

increase the number of women diagnosed with GDM. The

long-term metabolic outcome in these women is unknown.

We set out to determine the prevalence of metabolic syn-

drome, using adult treatment panel-III criteria; and insulin

resistance, using HOMA2-IR, in white European women

with previous GDM. Using a cohort design, we invited

women meeting IADPSG GDM criteria across four Irish

antenatal centres between 2007 and 2010 to participate.

Two hundred and sixty-five women with previous values

meeting IADPSG criteria for GDM participated (44 % of

the population eligible for participation). Mean age was

36.7 years (SD 5.0). These women were compared with a

randomly selected control group of 378 women (mean age

37.6 years, SD 5.1) known to have normal glucose toler-

ance (NGT) in pregnancy during the same period. A total

of 25.3 % of women with previous IADPSG-defined GDM

met metabolic syndrome criteria, compared to 6.6 % of

women with NGT [at 2.6 (SD 1.0) vs. 3.3 years (SD 0.7)

post-partum]. The prevalence of HOMA2-IR [1.8 was

higher in women with previous IADPSG-defined GDM

(33.6 vs. 9.1 % with NGT, p \ 0.001). Women with pre-

vious GDM by IADPSG criteria demonstrate a greater than

threefold prevalence of metabolic syndrome compared to

women with NGT in pregnancy. Efforts to prevent pro-

jected long-term consequences of this should focus on

interventions both in the preconception and post-partum

periods.

Keywords Gestational diabetes mellitus � Pregnancy �
Metabolic syndrome � Obesity

Introduction

Since the first standardised diagnostic criteria were intro-

duced in 1964, the post-partum sequelae of gestational

diabetes mellitus (GDM) have been extensively described.

Having a history of GDM has been associated with a

greater post-partum risk of diabetes [relative risk (RR) of

7.7 vs. women with normal glucose tolerance (NGT) in
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pregnancy] [1], increased cardiovascular risk [hazard ratio

(HR) 1.71 at 11.5 years] [2], and an increased prevalence

of metabolic syndrome (up to threefold increase vs. women

without GDM at 9 years) [3]. In 2010, the diagnostic cri-

teria for GDM underwent their most significant change in

over 40 years. The original 1964 O’Sullivan and Mahan

criteria [4] (later adopted by the National Diabetes Data

Group-NDDG) [5], and their modified form, the Carpen-

ter–Coustan criteria [6], identified a cohort of women at

greatly increased risk of type 2 diabetes [7]. The World

Health Organisation (WHO) criteria for diagnosis of GDM

simply represented values diagnostic of diabetes mellitus

(1980–1999) [8] or impaired glucose tolerance

(1999–2013) [9] in the non-pregnant population. However,

none of these criteria were based on the pregnancy out-

comes in women with GDM. In the light of this, the

International Association for Diabetes in Pregnancy Study

Groups (IADPSG) consensus panel met in 2008. Their

recommendations included lowering the fasting and 1-h

thresholds for GDM diagnosis [10], and also allowing a

diagnosis to be made on the basis of a single abnormal

value (rather than the two abnormal values required in the

NDDG and Carpenter–Coustan criteria). Adoption of these

criteria will lead to an increased proportion of pregnant

women receiving a diagnosis of GDM (prevalence was as

high as 25 % among some of the hyperglycaemia and

adverse pregnancy outcome—HAPO-study centres) [11].

As the IADPSG recommendations are increasingly adopted

by major bodies (the American Diabetes Association [12]

and WHO [13] have endorsed the IADPSG diagnostic

criteria at the time of writing), quantifying the future

implications of this change in diagnostic criteria becomes

essential. In particular, the metabolic and cardiovascular

risk profile beyond the immediate post-partum period of

women who meet the new IADPSG criteria remains

unclear, and thus, the optimal clinical follow-up strategy

cannot be determined.

Although the diagnostic utility of metabolic syndrome

as a clinical entity has been questioned [14], it is beyond

doubt that it does, at the very least, represent a clustering of

cardiovascular risk factors. A diagnosis of metabolic syn-

drome is associated with several adverse outcomes: type 2

diabetes, (RR 3.53) [15] increased cardiovascular risk (RR

1.65) [16], and all-cause mortality (RR 1.27). Given the

young age, and short post-partum duration, at which

increased cardiovascular risk has been shown to emerge in

women with previous GDM [2], identification of those at

risk affords a unique opportunity to intervene in an attempt

to ameliorate this excess risk. Our group has previously

shown a prevalence of metabolic syndrome [using adult

treatment panel-III (ATP-III) criteria] of 10.8 % at

12 weeks post-partum in women meeting IADPSG criteria

for GDM [17], although this did not differ significantly

from those women with normal glucose tolerance (NGT) in

pregnancy (8.2 % prevalence; OR 1.12, 95 % CI

0.59–2.16). With this in mind, we set out to evaluate the

prevalence of both the metabolic syndrome (ATP-III cri-

teria) and insulin resistance (HOMA2-IR), as assessed by

the HOMA computer model (homoeostatic model assess-

ment) in a cohort of women meeting IADPSG criteria for

previous GDM, and NGT controls, at medium-term follow-

up (up to 5 years).

Methods

The methods of recruitment for this study, and the preva-

lence of abnormal glucose tolerance in this cohort, have

been described previously [18]. Exclusion criteria were

development of type 1 diabetes after the index pregnancy,

current pregnancy, and non-white European ethnicity. The

cohort screened in our original ATLANTIC-DIP study

contained only 7.1 % of women of non-white ethnicity, but

accounted for 16.7 % of GDM cases. To control for this

effect, we limited this study to women of white European

origin only. We recruited 270 women (44 % of 607 eligible

participants identified) across four centres, who had a

pregnancy with a date of delivery between January 2007

and December 2010, and who had values diagnostic of

GDM when the IADPSG criteria were retrospectively

applied (WHO 1999 GDM diagnostic criteria were in

clinical use during the study). GDM was diagnosed using a

2 h 75 g OGTT with 0, 1, and 2 h values, carried out at

24–28 weeks gestation in the index pregnancy. This time

period included an 18-month period of universal screening

as part of our original study protocol [19]. Risk-factor-

based screening was used for the remainder of the study

period. The criteria in use at that time for risk-factor-based

screening recommended testing for GDM using a 75-g oral

glucose tolerance test (OGTT) if any one of the following

risk factors were present; history of diabetes mellitus in a

first-degree relative; a BMI C30 kg/m2; maternal age

C40 years; previous unexplained perinatal death; glycos-

uria; long-term steroids; previous baby weighing C4.5 kg;

a history of polycystic ovarian syndrome; polyhydramnios

or macrosomia on ultrasound in the current pregnancy, and

ethnicity. A control group, consisting of 388 women (24 %

of 1,610 eligible participants identified by random selec-

tion) who had attended for universal screening during this

period, but met IADPSG criteria for NGT, was also invited

to participate. Local ethics committee approval was

obtained for the study, and informed consent was obtained

from all participants.

In addition to evaluation of glucose tolerance using a

75 g OGTT and haemoglobin A1c (HbA1c), results of

which have been described in a previous paper [18],
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participants underwent anthropometric (weight, height,

waist circumference) and blood pressure measurements.

Blood samples were also drawn for determination of serum

low-density lipoprotein (LDL), high-density lipoprotein

(HDL), total cholesterol, triglycerides, fasting insulin lev-

els, and C-peptide levels. Participants also completed a

questionnaire detailing risk factors for both GDM and type

2 diabetes.

Plasma glucose was determined using the hexokinase

method (Roche Modular Analytics \P[ Chemistry Sys-

tems). The between-run coefficient of variation (CV) for

glucose at mean concentrations of 2.56, 7.11, and

16.7 mmol/L was 1.1, 0.9, and 1.0 %, respectively. Insulin

and C-peptide were analysed using solid-phase, 2-site

electrochemiluminescent immunometric assays (Roche

E170 Modular Analytics Immunoassay Systems). The

between-run CVs for insulin at mean concentrations of

127, 367, and 880 pmol/L were 1.8, 1.9, and 1.1 %,

respectively, and for C-peptide, at mean concentrations of

398, 1,310, and 2,750 pmol/L were 1.3, 1.2, and 1.3 %,

respectively. Haemoglobin A1c was determined using the

Menarini HA8160 automated analyser. The method prin-

ciple is based on reverse phase cation exchange chroma-

tography and is fully traceable to the International

Federation of Clinical Chemistry (IFCC) standard. Total

and HDL-cholesterol, and serum triglycerides were deter-

mined using the Roche Modular Analytics\P[Chemistry

Systems. The methodology employed is based on the use of

enzymes, while LDL-cholesterol was calculated using the

Friedwald equation.

The HOMA2-IR computer model was used to estimate

both insulin resistance and beta-cell function. Insulin

concentrations were entered to determine values for

HOMA2-IR where possible, and when insulin levels were

unavailable (n = 24), C-peptide concentrations were used

to calculate this instead. Values for beta-cell function

(HOMA-%B) were calculated using C-peptide concentra-

tions where possible, and insulin levels (n = 4) when

C-peptide was unavailable. These recommendations are in

line with the principles outlined by the authors in

describing the recommended use of the HOMA2-IR com-

puter model [20]. Varying HOMA2-IR cut-offs for insulin

resistance have been described in populations with differ-

ent age profiles [21–24], and from higher-risk ethnic

groups [25]. For this study, the 90th percentile in the ref-

erence population (women with previous NGT in preg-

nancy) was used to determine the cut-off value to define

insulin resistance, corresponding to a HOMA2-IR value of

1.8.

Metabolic syndrome in this study was defined by the

presence of 3 out of 5 of the following criteria; waist cir-

cumference [88 cm; HDL-cholesterol \1.3 mmol/L;

serum triglycerides C1.7 mmol/L; blood pressure C130/

85 mmHg; fasting glucose C5.6 mmol/L. These, the ATP-

III criteria have been used in previous studies from our

group on this cohort of women and are also in line with the

current consensus criteria recommended by the World

Health Organisation (WHO) [26].

SPSS version 19 (IBM, New York, NY) was used for

statistical analysis. Differences between sample propor-

tions were determined using the chi-square test, and dif-

ferences between continuous variables were determined

using the unpaired two-tailed t test (parametric) or Kol-

mogorov–Smirnov test (non-parametric). The Bonett–Price

method was used to estimate confidence intervals for the

difference between sample medians.

Results

Of 270 women with previous GDM, 265 had sufficient data

available to make or exclude a diagnosis of metabolic

syndrome, while of 388 with NGT in pregnancy, 378 had

sufficient data to make or exclude a diagnosis of metabolic

syndrome. Baseline characteristics for these participants

are shown in Table 1.

Metabolic syndrome

Metabolic syndrome by ATP-III criteria was present in

25.3 % of women with previous GDM at a mean of 2.6

years post index pregnancy, compared with 6.6 % of

women with NGT in pregnancy (p \ 0.001), despite a

longer time lapse since the index pregnancy in NGT

women (3.3 years in the NGT group; Table 2). The

prevalence of each component of metabolic syndrome by

glucose status in the index pregnancy (NGT and GDM) is

shown in Fig. 1. Waist circumference of greater than

88 cm was the most common metabolic syndrome crite-

rion present in both groups, with 55 % of women with

previous GDM and 31 % of women with NGT meeting

the criterion, and also showed (analysed as a continuous

variable) the strongest individual correlation (correlation

coefficient 0.523) with a diagnosis of metabolic syn-

drome. After adjustment for obesity, an excess of risk for

metabolic syndrome in women with previous GDM

remains evident. Among obese women, those with IAD-

PSG-defined GDM had an odds ratio (OR) of 3.9 (95 %

CI 2.0, 7.9, p \ 0.01) for a diagnosis of metabolic syn-

drome by ATP-III criteria (prevalence 54.7 vs. 23.4 %,

p \ 0.001) compared to obese women with previous NGT

in pregnancy (Fig. 2). However, the prevalence of meta-

bolic syndrome was similar in non-obese women in both

groups (5.7 vs. 3.2 %, p = 0.15), with an OR of 1.8

(95 % CI 0.7, 4.6, p = 0.20).
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Table 1 Baseline

characteristics at testing for

current study

SD standard deviation, GDM

gestational diabetes by IADPSG

criteria, NGT normal glucose

tolerance by IADPSG criteria

* Statistically significant

difference between the groups

(p \ 0.05)

Variable Previous

GDM

(n = 265)

Previous NGT in

pregnancy

(n = 378)

95 % CI for

difference between

groups

p value for

difference between

groups

Mean age (years) 36.7 (SD

5.0)

37.6 (SD 5.1) 0.1, 1.7 \0.001*

Mean number of years

since index pregnancy

2.6 (SD 1.0) 3.3 (SD 0.7) 0.6, 0.8 \0.001*

Mean BMI (kg/m2) 29.7 (SD

6.9)

26.1(SD 4.9) 2.6, 4.4 \0.001*

Mean HbA1c-DCCT

units

5.6 % (SD

0.5)

5.3 % (SD 0.3) 0.2, 0.3 \0.001*

Mean HbA1c (mmol/

mol)

36.2 (SD

4.8)

33.6 (SD 2.8) 2.0. 3.3 \0.001*

Prevalence of risk factors for metabolic syndrome

Prevalence of abnormal

glucose tolerance

26 % 3.4 % 17.2, 28.4 \0.001*

Prevalence of family

history of diabetes

mellitus

65.3 % 50 % 11.4, 26.4 \0.001*

Prevalence of obesity

(BMI C 30 kg/m2)

40.2 % 16.8 % 16.0, 29.9 \0.001*

Table 2 Results from

metabolic syndrome and insulin

resistance testing

SD standard deviation, IQR

inter-quartile range, GDM

gestational diabetes by IADPSG

criteria, NGT normal glucose

tolerance by IADPSG criteria

** Statistically significant

difference between groups

(p \ 0.05)
a Medians used due to

nonparametric distribution of

data

Variable Previous

GDM

(n = 265)

Previous NGT in

pregnancy

(n = 378)

95 % CI for

difference between

groups

p value for

difference

between groups

Prevalence of metabolic syndrome/insulin resistance

Prevalence of metabolic

syndrome (ATP-III

criteria)

25.3 % 6.6 % 13.0, 24.6 \0.001**

Prevalence of HOMA-2

IR [1.8

33.6 % 9.1 % 18, 31 \0.001**

Difference in metabolic syndrome components in women with previous GDM versus women with previous

NGT in pregnancy

Mean waist

circumference (cm)

93.2 (SD 16.3) 84.5 (SD 12.6) 6.4, 10.9 \0.001**

Mean fasting glucose

(mmol/L)

5.1 (SD 1.0) 4.6 (SD 0.4) 0.3, 0.5 \0.001**

Mean HDL-cholesterol

(mmol/L)

1.5 (SD 0.4) 1.6 (SD 0.4) 0.1, 0.2 \0.001**

Mean SBP (mmHg) 124.4 (SD

15.2)

115.9 (SD 13.3) 6.3, 10.1 \0.001**

DBP (mmHg) 73.5 (SD 10.4) 68.7 (SD 9.0) 3.2, 6.3 \0.001**

Median triglyceridesa

(mmol/L)

1.1 (IQR

0.8–1.5)

0.8 (IQR 0.6–1.0) 0.2, 0.4 \0.001**

Difference in insulin resistance parameters in women with previous GDM versus women with previous

NGT in pregnancy

Median HOMA2-IRa 1.4 (IQR

0.9–2.2)

0.9 (IQR 0.7–1.3) 0.3, 0.7 \0.001**

Median HOMAB%a 144.3 (IQR

123.5–168.3)

139.1 (IQR

119.5–160.8)

-11.4, 1.4 0.108
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Insulin resistance and beta-cell function

Insulin resistance data were available for 256 women (97 %

of cohort) with previous GDM and 363 women (94 % of

cohort) with NGT in pregnancy. The median HOMA2-IR

(Table 2) differed significantly between the groups—0.9 in

women with NGT compared to 1.4 in women with previous

GDM (p \ 0.001). Beta-cell function (HOMAB%), as

measured using the HOMA-2IR computer model (Table 2),

did not differ significantly between the two groups (median

144 % in women with previous GDM vs. 139 % in women

with NGT in pregnancy, p = 0.11). The prevalence of

HOMA2-IR [1.8 (Table 2; Fig. 2) in this population was

33.6 % in women with previous GDM, compared to 9.1 %

in women with previous NGT in pregnancy [p \ 0.01, OR

5.1 (95 % CI 3.6, 7.9)]. The log transformation (carried out

due to a non-normal distribution) of HOMA2-IR also cor-

related significantly (r = 0.520, p \ 0.01) with a diagnosis

of metabolic syndrome.

Metabolic features during index pregnancy

Weight gain following the index pregnancy has been identi-

fied as a significant contributor to increased risk of progres-

sion to diabetes following GDM on longer-term follow-up

[27]. We do not have data on maternal weight prior to the

index pregnancy, or complete data on BMI during the index

pregnancy for the total cohort. However, 90 % of our previ-

ous GDM cohort had a weight available from the index

pregnancy, and 84 % of our NGT cohort had a weight

available from the index pregnancy (at mean 27 weeks vs. at

26 weeks gestation, respectively, p = 0.001). Based on this

subset, BMI during pregnancy was 31.4 kg/m2 in women

with GDM versus 27.0 kg/m2 in women with NGT

(p \ 0.001). Interestingly, there was no significant difference

in the magnitude of weight change between the index preg-

nancy and retesting; women with previous GDM lost a

median of 3.8 kg (interquartile range -10.3 to 1.0 kg) while

women with NGT lost a median of 2.6 kg (interquartile range

-6.3 to 1.0 kg, p = 0.15, 95 % CI for difference -0.26,

2.64). There was no difference in the proportion of women

who had gained weight since the index pregnancy between

groups (30.4 % GDM vs. 32.9 % NGT, p = 0.30), or in the

proportion of women who had gained over 5 kg since the

index pregnancy (12.1 % GDM vs. 11.9 % NGT, p = 0.52).

Of note, women who did not attend for this study, but

who underwent universal screening in the index pregnancy,

and met IADPSG criteria for GDM, were slightly younger

at delivery [mean age 33.1 years (SD 5.7) vs. 34.0 years

(SD 4.9) p = 0.046], while their BMI did not differ from

women who attended [31.1 kg/m2 (SD 6.5), vs. 31.4 kg/m2

(SD 6.6), p = 0.611].

Comparison of women identified by universal

or risk-factor-based testing

Given that the risk factors for metabolic syndrome and the

risk factors used to select women for GDM testing show

Fig. 1 Prevalence of each component of metabolic syndrome (using

ATP-III criteria) by glycaemic status during index pregnancy. Figures

represent percentages, p \ 0.001 between groups for each criterion.

GDM gestational diabetes by IADPSG criteria, NGT normal glucose

tolerance by IADPSG criteria

Fig. 2 Prevalence of metabolic syndrome (ATP-III criteria), obesity

(BMI [ 30 kg/m2), and insulin resistance (HOMA2-IR [1.8) by

glycaemic status during index pregnancy. Figures represent percent-

ages, p \ 0.001 between groups for all characteristics. GDM gesta-

tional diabetes by IADPSG criteria, NGT normal glucose tolerance by

IADPSG criteria
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considerable overlap, we undertook a stratified analysis of

those women identified by risk-factor-based screening and

those identified during universal screening. Of the 265

women with IADPSG-defined GDM, 194 (73 %) were

identified during the universal screening period. One hun-

dred and seventy-seven (91 %) of these had at least one

criterion for risk-factor-based screening, as compared with

80 % of women with NGT (p \ 0.01). The prevalence of

each risk factor for among women with GDM as compared

with those with NGT is shown in Table 3. Women with

GDM showed a significantly higher prevalence of a family

history of diabetes in a first-degree relative (41.1 vs.

26.5 % in women with NGT, p \ 0.01); BMI C30 kg/m2

at the time of testing for GDM (83.2 vs. 64.2 %, p \ 0.01);

and a history of having delivered a previous baby weighing

C4.5 kg (17.7 vs. 11.9 %, p = 0.04). Women with IAD-

PSG-defined GDM identified during universal screening

did not differ from those identified by risk-factor-based

screening in either prevalence of ATP-III-defined meta-

bolic syndrome (26.3 vs. 22.4 %, p = 0.63), or in preva-

lence of HOMA2-IR [1.8 (34.7 vs. 30.2 %, p = 0.54).

In order to adjust for the effect of risk-factor-based

screening, we examined the prevalence of ATP-III-defined

metabolic syndrome; its individual components; and

HOMA-IR [1.8, in women with IADPSG-defined GDM

identified during the universal screening phase. The prev-

alence of ATP-III-defined metabolic syndrome was 26.3 %

in women with GDM versus 6.3 % those with NGT

(p \ 0.01). Women with IADPSG-defined GDM also

showed a higher prevalence of each of the individual

components of ATP-III-defined metabolic syndrome; waist

circumference[88 cm (53.5 vs. 31.4 %, p \ 0.01); fasting

glucose C5.6 mmol/L (16.2 vs. 1.9 %, p \ 0.01); serum

triglycerides C1.7 mmol/L (19.7 vs. 5.5 %, p \ 0.01);

HDL-cholesterol \1.3 mmol/L (30.3 vs. 14.6 %,

p \ 0.01); blood pressure C130/85 mmHg (39.9 vs.

15.4 %), and a higher prevalence of HOMA2-IR [1.8

(34.7 vs. 9.2 %). When the figures from women identified

during the universal screening programme are compared

with the those of the entire cohort (as seen in Figs. 1, 2), no

difference is seen for a diagnosis of ATP-III-defined met-

abolic syndrome (p = 0.83); any of the individual com-

ponents of metabolic syndrome (waist circumference;

p = 0.85, fasting glucose; p = 0.80; triglycerides;

p = 0.91; blood pressure, p = 0.85; HDL-cholesterol,

p = 0.69); or prevalence of HOMA2-IR [1.8 (p = 1.0).

Discussion

Our results show that despite using the less stringent

IADPSG criteria for GDM diagnosis, GDM continues to

define a high-risk cohort of women at markedly increased

future risk of metabolic syndrome, with 25.3 % meeting

diagnostic criteria (ATP-III) at a mean of 2.6 years post-

partum; a prevalence 3 times greater than that observed in

women with NGT during pregnancy. The prevalence of

metabolic syndrome and insulin resistance does not differ

significantly whether women are identified by risk-factor-

based screening, or whether universal screening is

employed.

Other studies have examined the prevalence of meta-

bolic syndrome, at varying intervals post-partum, and with

older GDM diagnostic criteria. Retnakaran et al. [28]

examined women with previous GDM at 3 months post-

partum and found an almost twofold increased prevalence

(17 %) when compared to a control population with NGT

in pregnancy (9 %). Lauenborg et al. [3] also showed a

Table 3 Prevalence of risk factors for gestational diabetes among women with IADPSG-defined gestational diabetes (GDM) versus women with

normal glucose tolerance by IADPSG criteria (NGT)

Risk factor for GDM Prevalence in GDM group

(absolute numbers) (%)

Prevalence in NGT group

(absolute numbers) (%)

p value for difference

between groups

95 % CI for difference

between groups

First-degree relative with

diabetes

41.1(109/265) 26.5 (100/378) \0.01* 7.3, 22.0

BMI C 30 kg/m2 83.2 (198/238) 64.2 (204/318) \0.01* 11.7, 25.9

Maternal age C40 years 12.1 (32/265) 13.2 (50/378) 0.72 -6.2, 4.2

Long-term steroid use 1.5 (4/265) 0.3 (1/378) 0.17 -0.3, 3.5

Previous baby weighing

C4.5 kg

17.7 (47/265) 11.9 (45/378) 0.04a 0.3, 11.7

Diagnosis of Polycystic

ovarian syndrome

12.8 (34/265) 8.2 (31/378) 0.06 -0.1, 9.8

Data for glycosuria and ultrasound data at the time of testing in the index pregnancy were not available. All participants were of white European

origin

GDM gestational diabetes by IADPSG criteria, NGT normal glucose tolerance by IADPSG criteria

* Statistically significant difference between groups (p \ 0.05)
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threefold increased prevalence of metabolic syndrome at

almost 10 years post-partum in women with diet-treated

GDM (44 %) versus women with NGT (15 %). Despite the

significantly shorter time elapsed since the index preg-

nancy (2.6 years) in our IADPSG-defined GDM cohort,

and the use of the generally more conservative ATP-III

criteria, we find both a greater than threefold elevation of

metabolic syndrome in women with prior GDM compared

to NGT matched controls and a high absolute prevalence of

metabolic syndrome, with over 25 % of women with pre-

vious GDM affected. This is particularly concerning in a

population of young women belonging to what has previ-

ously been considered a lower-risk ethnic group for the

development of metabolic syndrome [29].

The figures for insulin resistance are also a source of

concern. HOMA-IR has been correlated with earlier beta-

cell deterioration in the early post-partum period [30].

Xiang et al. [27] also demonstrated, using detailed physi-

ological techniques (frequently sampled intravenous glu-

cose tolerance test and the hyperinsulinaemic–euglycaemic

clamp) in a longitudinal study with up to 12-year follow-

up, that lower insulin sensitivity and lower beta-cell com-

pensation for insulin resistance at the baseline assessment

were associated with progression to diabetes over the study

period. With over one-third of our cohort of women with

previous GDM by IADPSG criteria displaying values

indicative of insulin resistance, this has potentially serious

long-term consequences, both for the individual women

and the health services that must plan for their future care.

This effect cannot be entirely explained by obesity alone,

although the prevalence of obesity is significantly higher in

women with previous GDM (see Fig. 2). Obesity confers a

significant excess risk of metabolic syndrome in this cohort,

but the prevalence of metabolic syndrome still remains

double that observed in obese women with previous NGT in

pregnancy. This finding is in keeping with recent data from

Buchanan et al. [31], showing that insulin sensitivity

declined faster in women with previous GDM compared to

NGT women, despite no difference in weight change.

Our study has some important limitations. We are unable

to compare the full demographic or metabolic characteristics

of this cohort with those of women who did not attend for

testing, either in the index pregnancy, or for participation in

this study. We are also unable to characterise fully the met-

abolic characteristics of this cohort before the index preg-

nancy, although data on weight measurements in the index

pregnancy were available for the majority of our cohort, and

show no significant difference between the groups.

Notwithstanding these limitations, our results demon-

strate a significant and clinically relevant difference in

metabolic risk factors between the two groups. Over one in

four women with previous IADPSG-defined GDM meet

the diagnostic criteria for metabolic syndrome, while one

in three women with previous IADPSG-defined GDM

demonstrate biochemical evidence of insulin resistance.

This is despite the IADPSG criteria defining what one

would assume to be a lower-risk population, due to the

lower thresholds and single abnormal value required for

diagnosis, and despite these women still being of repro-

ductive age (mean 36.7 years, SD 5.0 years). The high

prevalence of risk factors associated with both GDM and

metabolic syndrome in the index pregnancy, particularly

the high prevalence of obesity, indicates that interventions

aimed at reducing the future consequences of GDM should

begin before the diagnosis of GDM is made. Efforts

focused on lifestyle modification in these high-risk women,

in both the preconception and post-partum periods, are

necessary to try to ameliorate the excess future risk of

diabetes, cardiovascular disease, and excess mortality

associated with such an adverse metabolic profile.
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