
IADPSG and WHO 2013 Gestational
Diabetes Mellitus Criteria Identify Obese
Women With Marked Insulin Resistance
in Early Pregnancy
Diabetes Care 2016;39:e90–e92 | DOI: 10.2337/dc16-0200

Implementation of the International
Association of Diabetes and Pregnancy
Study Groups (IADPSG) and the World
Health Organization 2013 (WHO 2013)
recommendations leads to an increased
prevalence of gestational diabetes melli-
tus (GDM) due to more stringent criteria
and early screening of women at high
risk for diabetes in pregnancy (DIP) (1,2).
IADPSG members now recommend that
their GDM criteria should not be used
in early pregnancy but have not pro-
vided alternative criteria (3). We have
compared the characteristics of over-
weight/obese womenearly in pregnancy,
with and without GDM using the new

criteria, to assess whether those testing
positive are metabolically distinct.

PregnantwomenwithaBMI$29.0kg/m2

underwent a 75-g oral glucose toler-
ance test in early pregnancy as part of
enrollment into the DALI (Vitamin D And
Lifestyle Intervention for GDM preven-
tion) pilot and lifestyle Pan-European
multicenter trials (4). GDM and DIP
were diagnosed using WHO 2013
criteria.

A high rate of GDM (237/1,035 or
22.9%: DIP 0.5%; total hyperglycemia
in early pregnancy 23.4%) was found
at a mean of 15.2 6 3.0 gestational
weeks (interquartile range 13.4–16.8).

A fasting glucose alone identified 190/242
(78.5%) women. The other 52 women
(21.5%) were diagnosed with elevated
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Table 1—Descriptive analysis, surrogate parameters of insulin sensitivity, insulin secretion, and metabolic parameters of DALI
pilot and lifestyle study population in early pregnancy

NGT (total N 5 793) Early GDM (total N 5 237) DIP (total N 5 5)

P (NGT vs. GDM)n Mean 6 SD or % n Mean 6 SD or % n Mean 6 SD or %

Age (years) 780 31.9 6 5.3 230 32.8 6 5.1 5 31.7 6 3.7 0.04

Height (cm) 778 165.5 6 6.8 227 165.7 6 6.2 5 163.1 6 1.2 0.75

Prepregnancy weight (kg) 780 92.4 6 13.8 228 96.9 6 16.1 5 93.3 6 15.4 <0.001

Prepregnancy BMI (kg/m2) 777 33.7 6 4.3 222 35.2 6 5.3 5 35.0 6 5.3 <0.001

BMI at screening (kg/m2) 778 34.4 6 4.3 226 36.1 6 5.6 5 35.6 6 4.9 <0.001

Weight gain until first visit (kg)* 778 2.0 6 4.4 221 2.5 6 7.8 5 1.7 6 4.1 0.25

Gestational age (weeks) 779 15.2 6 3.1 228 15.0 6 2.4 5 13.4 6 4.3 0.36

Waist circumference (cm) 764 107.2 6 10.4 219 110.3 6 11.6 5 109.4 6 9.7 <0.001

Sum of skinfolds (mm) 763 107.6 6 28.1 217 114.8 6 30.7 5 104.6 6 11.9 0.001

European descent 674/778 86.6% 195/225 86.7% 1/5 20.0% 1.00

Higher education 431/777 55.5% 121/223 54.3% 3/5 60.0% 0.81

Lives with partner 730/777 94.0% 203/221 91.9% 4/5 80.0% 0.28

Smoking 132/781 16.9% 34/237 14.3% 0/5 0% 0.37

Alcohol consumption 46/781 5.9% 7/237 3.0% 0/5 0% 0.09

Multiparity 389/777 50.1% 110/224 49.1% 1/5 20% 0.82

Diabetes in family 185/781 23.7% 64/237 27.0% 3/5 60.0% 0.30

History of GDM 38/483 7.9% 22/137 16.1% 1/2 50.0% 0.01

Previous stillbirth 49/480 10.2% 19/140 13.6% 1/2 50.0% 0.28

Previous macrosomia 86/480 17.9% 44/138 31.9% 0/2 0% 0.001

Previous congenital malformation 16/482 3.3% 9/139 6.5% 0/2 0% 0.14

Previous chronic hypertension 99/772 12.8% 31/222 14.0% 0/5 0% 0.74

Systolic blood pressure (mmHg) 778 116.4 6 11.1 225 118.3 6 10.1 5 123.6 6 7.0 0.02

Diastolic blood pressure (mmHg) 778 72.8 6 9.2 225 75.1 6 8.4 5 78.2 6 6.8 0.001

Heart rate (bpm) 738 79.4 6 10.0 206 82.0 6 10.6 5 79.2 6 9.4 0.001

FPG (mmol/L) 713 4.6 6 0.4 215 5.1 6 0.6 5 6.2 6 1.1 <0.001

1-h plasma glucose (mmol/L) 669 6.7 6 1.4 201 8.5 6 2.0 4 12.4 6 1.7 <0.001

2-h plasma glucose (mmol/L) 670 5.8 6 1.1 200 7.0 6 1.6 5 9.0 6 3.3 <0.001

Fasting insulin (mU/L) 706 14.9 6 11.6 209 18.8 6 9.0 5 32.1 6 26.5 <0.001

1-h insulin (mU/L) 656 107.7 6 73.4 194 148.2 6 90.5 5 149.6 6 107.9 <0.001

2-h insulin (mU/L) 656 76.2 6 59.1 196 121.9 6 97.5 5 187.3 6 195.7 <0.001

AUC glucose (mmol/L) 665 12.3 6 1.9 200 14.9 6 2.7 4 20.5 6 2.8 <0.001

AUC insulin (mU/L) 647 164.8 6 94.6 193 226.1 6 129.9 3 347.6 6 231.1 <0.001

HOMA IR** 702 3.1 6 2.9 208 4.3 6 2.2 5 9.3 6 8.9 ,0.001

QUICKI 702 0.33 6 0.03 208 0.31 6 0.02 5 0.29 6 0.03 <0.001

OGIS (mL/min/m2) 358 424.8 6 69.0 72 338.9 6 65.7 0 N/A† <0.001

Matsuda index** 644 4.8 6 3.5 192 2.9 6 2.1 5 1.8 6 1.0 <0.001

IGI** 339 2.5 6 3.2 73 2.1 6 3.3 0 N/A† 0.32

DI** 328 8.0 6 8.6 69 3.6 6 3.8 0 N/A† <0.001

Stumvoll first phase** 647 794.4 6 802.8 192 1151.6 6 1063.4 4 901.6 6 1,804.4 <0.001

Stumvoll second phase** 647 505.8 6 196.4 192 597.9 6 260.9 4 547.2 6 437.2 <0.001

Plasma leptin (ng/mL) 687 36.8 6 18.5 206 38.7 6 19.5 5 52.8 6 16.2 0.22

Triglycerides (mmol/L) 257 1.32 6 0.44 99 1.52 6 0.58 4 1.39 6 0.58 0.002

FFA (mmol/L) 357 0.67 6 0.24 99 0.74 6 0.24 4 0.60 6 0.29 0.01

LDL (mmol/L) 357 2.90 6 0.75 99 2.99 6 1.01 4 2.58 6 0.51 0.80

HDL (mmol/L) 356 1.46 6 0.28 99 1.45 6 0.30 4 1.21 6 0.07 0.30

3-b-Hydroxybutyrate (mmol/L) 357 0.08 6 0.08 99 0.11 6 0.08 4 0.05 6 0.06 0.01

AUC, area under the curve; DI, disposition index; FFA, free fatty acids; FPG, fasting plasma glucose; HOMA IR, HOMA of insulin resistance (product of
fasting plasma insulin and FPG divided by the constant 22.5); IGI, insulinogenic index; NGT, normal glucose tolerant; OGIS, oral glucose insulin
sensitivity index; PIH, pregnancy-induced hypertension; QUICKI, quantitative insulin sensitivity check index. Boldface type indicates statistical
significance. *Weight gain prepregnancy to first study visit. **Analysis after logarithmic transformation. †Oral glucose tolerance test (30- or 90-min)
values missing for calculation.
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1-h and/or 2-h glucose levels. Obese
women with DIP were less likely to
be of European ancestry than women
with early GDM (20.0% vs. 86.7%, P 5
0.002).
Women with early GDM had signifi-

cantly greater insulin resistance and
higher BMI, waist circumference, systolic
anddiastolic bloodpressures, triglycerides,
free fatty acids, 3-b-hydroxybutyrate,
and heart rate at screening (Table 1).
Significant differences in insulin secre-
tion and disposition index were also
found. Differences persisted after ad-
justment for age, pregestational BMI,
gestational week, and fetal sex.
In multivariate logistic regression anal-

yses, which also included gestational
week, educational level, and employment
status, early GDM was significantly more
common with higher prepregnancy BMI
(kg/m2; odds ratio [OR] 1.05, 95%CI 1.00–
1.10, P , 0.04), sum of skinfolds in early
pregnancy (mm; OR 1.01, 95% CI 1.00–
1.02, P , 0.01), prior history of GDM
(OR 2.74, 95% CI 1.66–4.50, P , 0.001),
and previous macrosomia (OR 1.97, 95%
CI 1.03–3.98, P , 0.04). Nulliparity was
found to be protective (OR 0.51, 95%
CI 0.30–0.86, P, 0.01). In a subanalysis
of nulliparous women, multivariate lo-
gistic regression found that higher pre-
pregnancy BMI was the only risk factor
(OR 1.09, 95% CI 1.03–1.15, P, 0.01) for
an early GDM diagnosis.
Although the new criteria have not

been validated in early pregnancy, their
use in our DALI cohort has identified a
profile akin to the metabolic syndrome
(5). Prepregnancy BMI was a significant
predictor of early GDM and the only

predictor among nulliparous women
in spite of the cohort only including
women with a BMI $29.0 kg/m2. This
supports the need for weight control
before and after pregnancy. On the
basis of these data, we suggest that
dropping the IADPSG criteria for GDM
diagnosis early in pregnancy may be pre-
mature. Continuing their use would pro-
vide criteria for GDM early in pregnancy
and maintain common criteria through-
out pregnancy. How such women are
managed should be tested in a ran-
domized controlled trial of immediate
GDM treatment versus usual care and
to explore the impact on perinatal
outcome.

Acknowledgments. The authors thank the
coaches, researchmidwives andnurses,women,
and health professionals collaborating in the
recruitment for this study.
Funding.This project has received funding from
the European Union Seventh Framework Pro-
gramme (FP7/2007-2013) under grant agree-
ment 242187. In the Netherlands, additional
funding was provided by the Netherlands Or-
ganisation for Health Research and Develop-
ment (ZonMw) (grant 200310013). In the U.K.,
the DALI team acknowledges the support re-
ceived from the National Institute for Health
Research Clinical Research Network: Eastern,
especially the local diabetes clinical and
research teams based in Cambridge. In Spain,
additional funding was provided by CAIBER
1527-B-226. R.D. is the recipient of an FWO
Flanders Fundamental Clinical Investigatorship
(1803311N) (2010–2020).
The funders had no role in any aspect of the

study beyond funding.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. J.H. wrote the initial
manuscript draft, performed the analyses, read

and corrected draft versions, and approved the
finalmanuscript. D.S. andA.K.-W. contributed to
the conception and design of the trial; wrote,
read, and corrected the initial manuscript; read
and corrected draft versions; and approved the
final manuscript. G.D., R.C., J.M.A., R.D., A.v.A.,
P.D., E.R.M., D.M.J., L.L.T.A., F.D., A.L., M.G.D.,
E.W.-O., A.Z., D.H., F.J.S., and M.N.M.v.P. con-
tributedto theconceptionanddesignof the trial,
read and corrected draft versions of the manu-
script, and approved the final manuscript. S.G.,
A.B., U.M., J.G.M.J., C.W., and D.B.-T. read and
corrected draft versions and approved the final
manuscript. J.H. and A.K.-W. are the guarantors of
thisworkand,as such,hadfullaccesstoall thedata
in the study and take responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.

References
1. Metzger BE, Gabbe SG, Persson B, et al.;
International Association of Diabetes and
Pregnancy Study Groups Consensus Panel.
International Association of Diabetes and
Pregnancy Study Groups recommendations
on the diagnosis and classification of hyper-
glycemia in pregnancy. Diabetes Care 2010;
33:676–682
2. World Health Organization. Diagnostic crite-
ria and classification of hyperglycaemia first
detected in pregnancy: a World Health Organi-
zation guideline. Diabetes Res Clin Pract 2014;
103:341–363
3. McIntyre HD, Sacks DA, Barbour LA, et al.
Issues with the diagnosis and classification of
hyperglycemia in early pregnancy. Diabetes
Care 2016;39:53–54
4. Simmons D, Jelsma JGM, Galjaard S, et al.
Results from a European multicenter random-
ized trial of physical activity and/or healthy eat-
ing to reduce the risk of gestational diabetes
mellitus: the DALI lifestyle pilot. Diabetes Care
2015;38:1650–1656
5. Alberti KG, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classifica-
tion of diabetes mellitus provisional report of a
WHO consultation. Diabet Med 1998;15:539–
553

e92 GDM in Early Pregnancy Diabetes Care Volume 39, July 2016

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/39/7/e90/626643/dc160200.pdf by guest on 10 April 2024


