
 

 

 

 

 

 

 

University of Southern Denmark

Metabolic phenotypes of early gestational diabetes mellitus and their association with adverse
pregnancy outcomes

Immanuel, J; Simmons, D; Harreiter, J; Desoye, G; Corcoy, R; Adelantado, J M; Devlieger, R;
Lapolla, A; Dalfra, M G; Bertolotto, A; Wender-Ozegowska, E; Zawiejska, A; Dunne, F P;
Damm, P; Mathiesen, E R; Jensen, D M; Andersen, L L T; Hill, D J; Jelsma, J G M; Kautzky-
Willer, A; Galjaard, S; Snoek, F J; van Poppel, M N M
Published in:
Diabetic Medicine

DOI:
10.1111/dme.14413

Publication date:
2021

Document version:
Accepted manuscript

Citation for pulished version (APA):
Immanuel, J., Simmons, D., Harreiter, J., Desoye, G., Corcoy, R., Adelantado, J. M., Devlieger, R., Lapolla, A.,
Dalfra, M. G., Bertolotto, A., Wender-Ozegowska, E., Zawiejska, A., Dunne, F. P., Damm, P., Mathiesen, E. R.,
Jensen, D. M., Andersen, L. L. T., Hill, D. J., Jelsma, J. G. M., ... van Poppel, M. N. M. (2021). Metabolic
phenotypes of early gestational diabetes mellitus and their association with adverse pregnancy outcomes.
Diabetic Medicine, 38(2), [e14413]. https://doi.org/10.1111/dme.14413

Go to publication entry in University of Southern Denmark's Research Portal

Terms of use
This work is brought to you by the University of Southern Denmark.
Unless otherwise specified it has been shared according to the terms for self-archiving.
If no other license is stated, these terms apply:

            • You may download this work for personal use only.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying this open access version
If you believe that this document breaches copyright please contact us providing details and we will investigate your claim.
Please direct all enquiries to puresupport@bib.sdu.dk

Download date: 23. May. 2023

https://doi.org/10.1111/dme.14413
https://doi.org/10.1111/dme.14413
https://portal.findresearcher.sdu.dk/en/publications/c74a4a95-8cb8-40f1-917e-70f6651466e3


A
cc

ep
te

d
 A

rt
ic

le

This article has been accepted for publication and undergone full peer review but has not 

been through the copyediting, typesetting, pagination and proofreading process, which may 

lead to differences between this version and the Version of Record. Please cite this article as 

doi: 10.1111/DME.14413 

This article is protected by copyright. All rights reserved 

MRS JINCY  IMMANUEL (Orcid ID : 0000-0003-2020-4791) 

DR DAVID  SIMMONS (Orcid ID : 0000-0003-0560-0761) 

DR JÜRGEN  HARREITER (Orcid ID : 0000-0003-2508-9403) 

DR ROSA  CORCOY (Orcid ID : 0000-0001-5055-6814) 

PROFESSOR ANNUNZIATA  LAPOLLA (Orcid ID : 0000-0003-0941-4691) 

PROFESSOR ALEXANDRA  KAUTZKY-WILLER (Orcid ID : 0000-0002-3520-4105) 

PROFESSOR FRANK  SNOEK (Orcid ID : 0000-0001-9563-6762) 

 

Article type      : Research Article 

 
Title: Diabetic Medicine 

Created by: Maria Davie 

Email proofs to: da.simmons@westernsydney.edu.au 

Article no.: DME-2020-00443 

Article type: Research Article 

Short title/Authors running head: Metabolic phenotypes of early GDM  J. Immanuel et al. 

 

Metabolic phenotypes of early gestational diabetes 

mellitus and their association with adverse pregnancy 

outcomes 

 

J. Immanuel1, D. Simmons1,2, J. Harreiter3, G. Desoye4, R. Corcoy7–9, J. M. 

Adelantado7, R. Devlieger10,11, A. Lapolla12, M. G. Dalfra12, A. Bertolotto13, E. 

Wender-Ozegowska14, A. Zawiejskal, F. P. Dunne15, P. Damm16,17, E. R. 

Mathiesen16,17, D. M. Jensen18–20, L. L. T. Andersen19,20, D. J. Hill21,22, J. G.M. 

Jelsma23, A. Kautzky-Willer3,5, S. Galjaard10,11,24, F. J. Snoek25 and M. N. M. 

van Poppel6,21 

1Macarthur Clinical School, Western Sydney University, Sydney, NSW, Australia, 2Institute 

of Metabolic Science, Addenbrookes Hospital, Cambridge, UK, 3Department of Medicine 

III, Division of Endocrinology, Gender Medicine Unit Medical University of Vienna, 

mailto:da.simmons@westernsydney.edu.au


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

Vienna, 4Department of Obstetrics and Gynecology, Medizinische Universitaet Graz, Graz, 

5Gender Institute Gars am Kamp, Vienna, 6Institute of Sport Science, University of Graz, 

Graz, Austria, 7Department of Medicine, Universitat Autònoma de Barcelona, Barcelona, 

8Institut de Recerca de l´Hospital de la Santa Creu i Sant Pau, Barcelona, 9CIBER 

Bioengineering, Biomaterials and Nanotechnology, Instituto de Salud Carlos III, Madrid, 

Spain, 10KU Leuven Department of Development and Regeneration: Pregnancy, Fetus and 

Neonate, Leuven, 11Gynaecology and Obstetrics, University Hospitals Leuven, Belgium, 

12Universita Degli Studi di Padova, Padua, 13Azienda Ospedaliero–Universitaria Pisana, Pisa, 

Italy, 14Department of Reproduction, Poznan University of Medical Sciences, Poland, 

15National University of Ireland, Galway, Ireland, 16Centre for Pregnant Women with 

Diabetes, Departments of Endocrinology and Obstetrics, Rigshospitalet, Copenhagen, 

17Department of Clinical Medicine, University of Copenhagen, Copenhagen, 18Steno 

Diabetes Center Odense, Odense University Hospital, Odense, 19Department of Gynecology 

and Obstetrics, Odense University Hospital, Odense, 20Department of Clinical Research, 

Faculty of Health Science, University of Southern Denmark, Odense, Denmark, 21Recherche 

en Santé Lawson SA, St. Gallen, Switzerland, 22Lawson Health Research Institute, London, 

Ontario, Canada, 23Amsterdam UMC, Vrije Universiteit Amsterdam, Department of Public 

and Occupational Health, Amsterdam Public Health Research Institute, Amsterdam, 

24Department of Obstetrics and Gynaecology, Division of Obstetrics and Prenatal Medicine, 

Erasmus MC, University Medical Centre, Rotterdam and 25Amsterdam UMC, Vrije 

Universiteit Amsterdam, Department of Medical Psychology, Amsterdam, The Netherlands 

 

Correspondence to: David Simmons. E-mail: da.simmons@westernsydney.edu.au 

 

mailto:da.simmons@westernsydney.edu.au


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

Parts of this study were presented at the Australian Diabetes in Pregnancy Society Annual 

Scientific Meeting, Sydney, Australia, 23–29 August, 2019, and the Annual Diabetic 

Pregnancy Study Group Meeting, Graz, Austria, 5–7 September, 2019. 

 

What's new? 

 While different metabolic phenotypes have been shown to predict adverse pregnancy 

outcomes in women with gestational diabetes mellitus (GDM) detected at 24–28 

weeks’ gestation (late GDM), no studies have been performed in women with GDM 

diagnosed prior to 20 weeks’ gestation (early GDM). 

 Early GDM was predominantly related to having an above-median insulin resistance 

level alone, which increased the risk of having larger babies and of caesarean section. 

Women with below-median insulin secretion alone, as well as those with both 

impairments, had similar pregnancy outcomes compared with those who had normal 

glucose tolerance. 

 Differentiation of women by underlying metabolic physiology might facilitate 

management decisions for women with early GDM.  

Abstract 

Aims To describe the metabolic phenotypes of early gestational diabetes mellitus and their 

association with adverse pregnancy outcomes. 

Methods We performed a post hoc analysis using data from the Vitamin D And Lifestyle 

Intervention for gestational diabetes prevention (DALI) trial conducted across nine European 

countries (2012–2014). In women with a BMI ≥ 29 kg/m2), insulin resistance and secretion 

were estimated from the oral glucose tolerance test values performed before 20 weeks, using 

homeostatic model assessment of insulin resistance and Stumvoll first-phase indices, 

respectively. Women with early gestational diabetes, defined by the International Association 
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of Diabetes and Pregnancy Study Groups criteria, were classified into three groups: GDM-R 

(above-median insulin resistance alone), GDM-S (below-median insulin secretion alone), and 

GDM-B (combination of both) and the few remaining women were excluded.  

Results  Compared with women in the normal glucose tolerance group (n = 651), women in 

the GDM-R group (n = 143) had higher fasting and post-load glucose values and insulin 

levels, with a greater risk of having large-for-gestational age babies [adjusted odds ratio 3.30 

(95% CI 1.50–7.50)] and caesarean section [adjusted odds ratio 2.30 (95% CI 1.20–4.40)]. 

Women in the GDM-S (n=37) and GDM-B (n = 56) groups had comparable pregnancy 

outcomes with those in the normal glucose tolerance group. 

Conclusions In overweight and obese women with early gestational diabetes, higher degree 

of insulin resistance alone was more likely to be associated with adverse pregnancy outcomes 

than lower insulin secretion alone or a combination of both.  

 

 

Introduction  

Gestational diabetes mellitus (GDM) is characterized by glucose intolerance, first recognized 

anytime during pregnancy, that is below the non-pregnant threshold for diabetes [1]. GDM is 

considered to be a heterogeneous condition with several aetiologies including impaired 

insulin sensitivity and reduced insulin secretion and, in some cases, is associated with gene 

mutations or an immune system disorder [2–5]. Untreated GDM increases the likelihood of 

maternal and neonatal morbidities such as large-for-gestational-age birth weight (LGA), 

increased umbilical cord C-peptide levels, caesarean delivery, and neonatal hypoglycaemia 

[6]. GDM is a strong predictor of future metabolic disorders for both the mother and her baby 

[7,8].  
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Gestational diabetes detected at 24–28 weeks appears in distinct metabolic phenotypes, with 

variability in pregnancy outcomes among women depending on the underlying physiology 

[9–11]. Such women include those with hyperglycaemia early in pregnancy (before 20 

weeks' gestation) or women who develop GDM de novo later in pregnancy (after 20 weeks' 

gestation) [12]. Women with early GDM represent a distinct group distinguished clinically 

from late GDM both in terms of risk factors and glycaemic pattern, with worse pregnancy 

outcomes than for late GDM [13,14]. Women with early GDM, diagnosed according to the 

International Association of Diabetes and Pregnancy Study Group criteria (IADPSG), were 

found to be metabolically different from women with late GDM with a higher degree of 

insulin resistance [15]. We hypothesized therefore that women with an early manifestation of 

GDM may have distinctive physiological characteristics, or variations in both clinical 

features and glycaemia, and that these women may differ in their treatment needs and 

pregnancy outcomes based on their underlying pathophysiology. 

Because little is known about the metabolic phenotypes of early GDM, we undertook 

this study to identify and compare early GDM phenotypes using their insulin resistance and 

secretion indices, obtained from glucose and insulin concentration during an oral glucose 

tolerance test (OGTT), and investigated whether these phenotypes predicted adverse 

pregnancy outcomes.  

 

Participants and methods 

We used data from women participating in the Vitamin D And Lifestyle Intervention for 

GDM prevention (DALI) trial (registration number ISRCTN70595832) [16]. The DALI trial 

was a multicentre study conducted in 11 centres across nine European countries between 

2012 and 2014. The trial focused on different lifestyle interventions for preventing GDM in 

overweight pregnant women. Overweight and obese pregnant women with a BMI of ≥29 

http://www.controlled-trials.com/ISRCTN70595832
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kg/m2 who visited their midwife in the participating antenatal clinics before 20 weeks' 

gestation were approached for inclusion in the study. After providing signed informed 

consent  the women underwent laboratory and clinical assessments according to the study 

protocol [16]. A 2-h 75-g OGTT was performed before 20 weeks, at 24–28 weeks, and at 35–

37 weeks. Women diagnosed with GDM before 20 weeks, as defined by the IADPSG criteria 

(fasting glucose ≥5.1 mmol/l and/or 1-h glucose ≥10.0 mmol/l and/or 2-h glucose ≥8.5 

mmol/l) [17], were excluded from the DALI trial and managed according to local practice. 

Women without GDM received lifestyle and/or vitamin D supplementation interventions as 

per the randomization [16]. The assigned randomization groups were: (1) healthy eating; (2) 

physical activity; (3) healthy eating and physical activity; (4) usual care; (5) healthy eating, 

physical activity and vitamin D; (6) healthy eating, physical activity and placebo; (7) vitamin 

D alone; and (8) placebo alone. These interventions were not shown to have a significant 

impact on either the development of GDM or obstetric outcomes [18,19]; therefore the 

various study groups were merged for this analysis. Although the women with early GDM 

were not part of DALI interventions, we managed to follow up these women and collect their 

pregnancy outcome data for analysis. Women with overt diabetes in pregnancy according to 

IADPSG criteria [fasting glucose ≥ 7.0 mmol/l and/or 2-h glucose ≥ 11.1 mmol/l and/or 

HbA1c ≥ 48 mmol/mol  (6.5%)] [17] were referred to a diabetes in pregnancy clinic and 

excluded from the DALI study and current analysis. 

Estimation of insulin resistance and secretion 

Insulin resistance and secretion were estimated using the glucose and insulin measures from 

the early OGTT before 20 weeks' gestation. Blood samples were collected at 0, 1 and 2 h for 

the measurement of glucose and insulin levels. Insulin resistance/sensitivity was calculated 

by two methods: homeostatic model assessment of insulin resistance (HOMA-IR), according 

to the formula fasting glucose (mmol/l) × fasting insulin (μU/ml)/22.5 [20], and the Matsuda 
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insulin sensitivity index {10 000/√[glucose0(mg/dl) × insulin0(mlU/l) × glucose120(mg/dl)  × insulin120 

(mlU/l)]} [21]. Insulin secretion was estimated using the Stumvoll first-phase index using the 

formula: 1194 + 4.724 × Ins0(pmol/l) − 117.0 × Gluc60(mmol/l) + 1.414 × Ins60 (pmol/l) [22], and 

ratio of total area under the insulin curve to area under the glucose curve (AUCinsulin/glucose) 

[23] was estimated using the trapezoidal method. In addition, β-cell function was measured 

by the disposition index, multiplying the Matsuda sensitivity by the secretion index total 

AUCinsulin/glucose [insulin secretion-sensitivity index-2 (ISSI-2)] [24,25]. 

Phenotypes 

In women with early GDM, insulin resistance and impairment in insulin secretion were 

defined if the HOMA-IR and Stumvoll values were above and below the median value in 

women with normal glucose tolerance (NGT), respectively. The use of median values instead 

of the values of the 25th percentile ensured a better balance in each GDM subgroup. To define 

the phenotype, we classified women with early GDM into three groups: (1) GDM with 

above-median insulin resistance alone (GDM-R) if the HOMA-IR was ≥2.5 and Stumvoll 

index was ≥1590; (2) GDM with below-median insulin secretion alone (GDM-S) if the 

HOMA-IR was <2.5 and Stumvoll index was <1590; and (3) GDM with a combination of 

both (GDM-B) if the HOMA-IR and Stumvoll indices were ≥2.5 and <1590, respectively. 

Women with early GDM who did not meet the criteria were excluded from the analyses. 

Pregnancy outcomes were then compared between GDM subtypes and the NGT group. The 

NGT group was defined as women with normal values on the early OGTT.  

 

Statistical analysis  

Variables with normal distribution were reported as means and standard deviations and the 

group means were compared using the t-test or one-way ANOVA. When the assumption of 

homogeneity of variance was not met with Levene’s test, Welch’s test was used instead of 
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the one-way ANOVA test. Variables with non-normal distribution were reported as medians 

with interquartile ranges, and differences across groups were measured using the Mann–

Whitney U-test or Kruskal–Wallis H-test. The chi-squared or Fisher’s exact tests were 

performed to compare categorical variables, as appropriate. To test the association between 

GDM phenotypes and adverse pregnancy outcomes, a multivariable logistic regression 

analysis was performed using the NGT group as a reference. The unadjusted regression 

model included one independent variable, with categories for NGT, GDM-R, GDM-S and 

GDM-B. To adjust for potential confounders, we constructed two logistic models. The full 

model included all possible predictors previously described in the literature, including 

maternal age, prepregnancy BMI, ethnicity, country, maternal glycaemia (fasting, 1-h and 2-h 

glucose tolerance values, HbA1c), gestation at OGTT, multiparity, family history of diabetes, 

smoking status, higher education, GDM treatment, and DALI intervention. To look for the 

best-fit model, we applied a stepwise regression with backward elimination method, and we 

set a P value of 0.1 as the criterion for removing variables. We calculated the Hosmer–

Lemeshow goodness-of-fit statistic to test the fit of the model. In the sensitivity analyses, we 

used the Matsuda index (instead of HOMA-IR) and total AUCinsulin/glucose (instead of Stumvoll 

first-phase index) to classify women with early GDM into subtypes and tested whether the 

pairing of Matsuda index and total AUCinsulin/glucose (ISSI-2) predicted the same outcomes 

before 20 weeks. Pearson correlation coefficient was calculated between different estimates 

of insulin resistance/sensitivity and secretion. A two-sided P value of <0.05 was used for 

significance level. All analyses were performed using SPSS for Macintosh version 25.0 (IBM 

Corp., Armonk, NY, USA). 

Ethics 

Ethics approvals were obtained by the participating centres as per the guidelines of the local 

institutions. The women who participated in the trial provided signed informed consent. 
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Results 

Of the 1043 women enrolled, 893 were included in the study (Fig. S1). The mean gestational 

age of the selected population was 15 ± 2.4 weeks. The mean age and mean pre-pregnancy 

BMI were 32 ± 5.3 years and 34 ± 4.6 kg/m2, respectively. The prevalence of early GDM as 

per the IADPSG criteria was 27.0%. In the early GDM cohort, 143 (59% of GDM) women 

had above-median insulin resistance alone (GDM-R), 37 (15% of GDM) had below-median 

insulin secretion alone (GDM-S) and 56 (23% of GDM) had a combination of both (GDM-

B). Six women (2.5%) with early GDM had neither insulin resistance above median nor 

insulin secretion below median and were excluded from the analyses. 

Risk factors by phenotype 

Table 1 shows a comparison of maternal characteristics across the groups. Women in the 

GDM-R group had significantly higher pre-pregnancy BMI, systolic and diastolic blood 

pressures, and neck and waist circumferences compared with women in the NGT group (all P 

<0.001). Also, more women in this group had a first-degree relative with diabetes than 

women in the NGT group (P = 0.03). Compared with the NGT group, women in the GDM-S 

group were older (P = 0.01) and had lower prepregnancy BMI and smaller neck and waist 

circumferences (all P < 0.001), but a significantly higher rate of history of GDM (P = 0.008). 

In the GDM-B group, almost one-third of the women had a history of GDM (P = 0.001 vs 

NGT). 

Hyperglycaemia by phenotype 

Table 2 shows the comparison of glycaemic and insulin profiles across the groups. All three 

early GDM phenotype groups showed significantly higher glucose tolerance values than the 

NGT group (all P ≤ 0.001). Women in the GDM-B group experienced the highest fasting 

glucose value, whereas women in the GDM-R group showed the highest 1-h and 2-h glucose 
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tolerance values. Women in the GDM-R group showed the highest fasting and post-load 

insulin levels compared to all other groups (GDM-R vs NGT, all P < 0.001). Meanwhile, 

women in the GDM-S group experienced the lowest insulin levels (GDM-S vs NGT, all P 

<0.001 except 2-h insulin, P = 0.02). Insulin levels differed between the GDM-B and NGT 

groups for fasting and 1-h values (P = 0.006 and P = 0.001, respectively). All three 

phenotypes showed reduced oral disposition index (ISSI-2) than those in the NGT group (all 

P < 0.001).  

Pregnancy outcomes by phenotype 

Table 3 shows the comparison of pregnancy outcomes by phenotype. Women in the GDM-R 

group had an increased risk of having LGA babies, pregnancy-induced hypertension, and 

caesarean delivery compared to those in the NGT group. The risks persisted even after 

adjusting for potential confounders [LGA adjusted odds ratio 3.30 (95% CI 1.50–7.50); 

caesarean section adjusted odds ratio 2.30 (95% CI 1.20–4.40)], except for pregnancy-

induced hypertension (adjusted odds ratio 0.70 (95% CI 0.20–2.20); Table 4). Women in the 

GDM-and GDM-B groups had comparable pregnancy outcomes with those in the NGT 

group. 

In the sensitivity analyses (Table S1), the pairing of Matsuda and total AUCinsulin/glucose (ISSI-

2) predicted the same pregnancy outcomes except the risk for caesarean section in the GDM-

R group. The analyses also showed increased risk of preterm birth in the GDM-B group after 

adjusting for prepregnancy BMI. This may be, in part, because the correlation of HOMA-IR 

and Matsuda index was weaker (r = –0.397, P ≤ 0.001) than the correlation between 

Stumvoll first-phase and ratio AUCinsulin/glucose (r = 0.933, P ≤ 0.001). 

Discussion  

In the present study we evaluated the contributions of a higher degree of insulin resistance 

and lower degree of insulin secretion, together and separately, to the pathophysiology of 
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GDM in early pregnancy among women with a BMI >29 kg/m2. Using the measures of 

insulin resistance and secretion, we describe three phenotypes of early GDM: GDM with 

above-median insulin resistance alone; GDM with below-median insulin secretion alone; and 

GDM with a combination of both. The study showed that insulin resistance contributed 

relatively more than reduced insulin secretion to the development of early GDM in this 

mainly obese population and was associated with greater risk of adverse perinatal outcomes. 

 

Similar to our results, Powe et al. [9] demonstrated at 24–28 weeks the presence of insulin 

resistance alone in a high fraction (51%) of women with GDM and a higher risk of adverse 

pregnancy outcomes, including large babies in women with GDM with resistance to insulin 

activity. Recently, Benhalima et al. [11] studied the effect of insulin resistance on pregnancy 

outcomes in women with GDM detected at 24–28 weeks and found a greater risk of preterm 

delivery and neonatal hypoglycaemia among those with a higher degree of insulin resistance 

(Matsuda value below the median of the NGT). Meanwhile, Liu et al. [10] found no 

differences in pregnancy outcomes between GDM insulin-resistant and NGT groups at 24–28 

weeks’ gestation. The proportion of women with GDM with lower insulin secretion alone 

was comparatively low (15%) in our population (30% in the Powe et al. study [9] and 21% in 

the Liu et al. study [10]), possibly due to our BMI inclusion criteria, but perhaps surprisingly 

in view of our use of a median rather than a lower quartile cut off. Through glycaemic control 

and gestational weight gain limitation (presumably), or perhaps through lower a priori 

overall risk, these women were able to achieve pregnancy outcomes comparable to those of 

the NGT group. The previous studies had also reported similar pregnancy outcomes between 

lower-insulin-secretion GDM groups and NGT groups [9,10]. Interestingly, there was a trend 

for LGA to be highest in this group compared to other groups, yet there was no increase in 
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adverse outcomes. The low numbers in this group as a whole with missing data on key 

outcomes may have affected its ability to detect an increase in the risk of adverse outcomes. 

 

Women with lower secretion superimposed with insulin resistance experienced the highest 

fasting blood glucose, yet no increased risk in LGA or caesarean section was found in this 

group. Possibly, in these women, the impairment in insulin secretion might have preceded the 

development of insulin resistance, and possibly the insulin secretion/sensitivity problem 

benefited more from higher use of insulin therapy. Our findings support the concept of 

linking maternal hyperinsulinaemia with the development of LGA, especially in early 

pregnancy when the placental sensitivity to maternal insulin is increased [26]. 

 

Although it is currently unknown whether phenotyping of women with early GDM is 

pragmatic or has any potential role in the management of GDM, efforts need to be made to 

understand the metabolic status of women who manifest GDM in early pregnancy. Women 

may benefit from insulin resistance screening at an early stage of pregnancy, and those with 

lower insulin secretion could be further screened for any genetic causes [27,28]. In our DALI 

cohort none of the women fulfilled the BMI criterion (normal BMI and fasting glucose above 

5.5 mmol/l [29]) to be screened for glucokinase-maturity-onset diabetes of the young in 

pregnancy. Therapeutic decisions might also be guided by phenotype. For example, perhaps 

lower insulin secretion requires emphasis on a diet leading to sufficient maternal gestational 

weight gain and fetal growth, and may warrant insulin as the drug of first choice, whereas 

those with insulin resistance may need more emphasis on avoiding excessive gestational 

weight gain combined with increased physical activity (and possibly metformin therapy, but 

this is currently controversial [30]). Limitation of weight gain and performing physical 

activity may also reduce the increased risk of developing hypertensive disorders in these 
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women characterized by insulin resistance [31,32]. The efforts to normalize body weight and 

insulin resistance should continue after delivery to prevent the progression to type 2 diabetes 

and reduce the risk of complications in a following pregnancy [33]. The postpartum OGTT 

uptake was suboptimal in the present study cohort (data not shown due to small numbers). 

Future studies are required to determine the risk of postpartum diabetes among these 

phenotypes. 

 

The present study is the first to investigate the physiological composition of GDM in early 

gestation. A strength of this study is the use of two different combinations of indices for 

defining GDM phenotypes. The main limitation of the present study was the extent of the 

missing data on the management of GDM. Women with GDM were treated as per local 

protocols, which varied across centres. In one site GDM was not treated in early pregnancy 

until it was confirmed at 24–28 weeks. The information on the timing of treatment, dose, 

intensity, and glycaemic control was not fully available to compare the effect on pregnancy 

outcomes or to assess any relationship with the phenotype. The fact that adverse pregnancy 

outcomes were still present in spite of therapy that should have ameliorated some adverse 

pregnancy outcomes shows the need for further research on treatment targets and 

management from early pregnancy. In addition, women with NGT were part of the DALI 

trial, which may have led to participant bias between NGT and GDM groups. In the NGT 

group, 73% of the women had received DALI interventions [excluding those who received 

usual care (n=88) or a placebo (n=33) and non-randomized women (n=58)], and 30% 

(n=141) later developed GDM at 24–28 weeks and 35–37 weeks. However, none of these 

interventions were shown to be effective in the prevention of GDM or other adverse 

pregnancy outcomes [18,19]. Regardless, these factors were taken into account and adjusted 

for in the analyses using GDM treatment/DALI interventions/sites (country) as covariates to 
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avoid any potential confounding effects. A further limitation was the high proportion of 

women with missing outcomes data due to loss to follow-up, primarily in the GDM 

subgroups as they were not part of the DALI interventions. To assess for bias in missing 

values, we compared the baseline characteristics of women with GDM who had missing and 

non-missing LGA/small-for gestational-age values, showing no significant difference 

between those with and without missing data (Table S2). Another limitation is the use of the 

IADPSG criteria for diagnosing GDM before 20 weeks of pregnancy. The IADPSG does not 

recommend the use of the 24–28-week criteria in early pregnancy, and the validity of these 

criteria in early pregnancy is currently being investigated. In addition, our participants 

consisted exclusively of women with a BMI > 29 kg/m2 and who therefore were at higher 

risk of having insulin resistance, and women who were largely from a European background; 

the findings from the present study might be different in non-obese and non-European 

populations, which warrants further investigation. Further, we used the median value rather 

than the value of the 25th percentile for defining subgroups. Using the 25th percentile as the 

threshold, 180 (74% of GDM) women had insulin resistance alone, 15 (6% of GDM) had 

insulin secretion impairment alone, and 40 (17% of GDM) had a combination of both. Seven 

(3%) women with early GDM had neither insulin resistance above 25th percentile or insulin 

secretion below 25th percentile. Using the median value helped create balanced comparative 

groups. Also, the majority of the women with GDM (93%) in our cohort had a Matsuda index 

below the threshold for insulin sensitivity in the Powe et al. study [9], preventing the use of 

their thresholds. Additionally, our normal control women were obese, without non-obese 

normal pregnant women for comparison, and finally, our GDM-R group was larger and had 

more power than the GDM-S and GDM-B groups.  

In summary, early GDM is a multifactorial condition, with hyperglycaemia of varying 

severity. The present study provides a new understanding of the metabolic variations and 
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their effects on degree of glycaemia and pregnancy outcomes in obese women with early 

GDM. Although both insulin resistance and lower insulin secretion play key roles in the 

development of GDM, insulin resistance alone in early pregnancy has a significant 

association with the development of adverse pregnancy outcomes. Future research is needed 

to study the usefulness of assessing insulin resistance in early pregnancy and its role in the 

management of early GDM.  
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Supporting information 
 

Additional Supporting Information may be found in the online version of this article:  

 

Table S1. Differences in pregnancy outcomes between GDM phenotypes and women with 

normal glucose tolerance for a combination of Matsuda and total AUCinsulin/glucose indices.  

Table S2. Baseline characteristics of GDM women with and without missing large for 

gestational age/small for gestational age data. 

Figure S1. Flow chart of the study. 

 

Table 1 Comparison of maternal and perinatal characteristics by phenotype 

Characteristics  NGT  GDM-R GDM-S GDM-B P 

N Mean ± SD/ 

n (%) 

N Mean ± SD/ 

n (%) 

N Mean ± SD/ 

n (%) 

N Mean ± SD/ 

n (%) 

Age, years 651 32±5.4 1

4

3 

32±5.0 3

7 

34±5.0* 56 33±4.8 0.04 

Prepregnancy BMI, 

kg/m2 

648 34±4.4 1

4

0 

36±5.6* 3

6 

32±2.7* 56 34±4.2 <0.001 

† 

Neck 

circumference, cm 

647 36±2.1 1

4

0 

38±2.5* 3

6 

35±1.8* 56 37±2.1 <0.001 

† 

Waist 641 108±10 1 113±12* 3 101±8* 56 107±9 <0.001 
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circumference, cm 3

9 

6 † 

SBP (mm Hg) on 

entry 

650 116 ±11 1

4

0 

120±10* 3

6 

115±10 56 118±11 <0.001 

DBP on entry, 

mmHg  

650 73±8 1

4

0 

76±8* 3

6 

72±8 56 73±9 0.001 

Gestation at OGTT,  

weeks 

651 15.2±2.3 1

4

3 

14.7±2.4* 3

7 

14.2±2.8* 56 14.6±2.8* 0.003 

Non-European 

ethnicity 

651 82 (13) 1

4

0 

23 (16) 3

7 

5 (14) 56 12 (21) 0.23 

Multiparity 651 336 (52) 1

4

0 

66 (47) 3

7 

19 (51) 56 24 (43) 0.51 

Smoking during 

pregnancy 

648 107 (17) 1

4

0 

26 (19) 3

7 

6 (16) 56 10 (18) 0.94 

Higher education 649 350 (54) 1

4

0 

78 (56) 3

7 

21 (57) 56 35 (63) 0.65 

Previous GDM  408 30 (7.4) 8

8 

9 (10) 2

3 

6 (26)* 30 9 (30)* <0.001 

History of 

macrosomia 

407 81 (20) 8

8 

26 (30) 2

4 

7 (29) 29 7 (24) 0.19 

History of PCOS 641 62 (9.7) 1

3

9 

16 (12) 3

7 

3 (8.1) 56 10 (18) 0.25 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

History of chronic 

hypertension  

648 86 (13) 1

3

9 

26 (19) 3

7 

4 (11) 56 8 (14) 0.37 

First-degree 

relative with 

diabetes 

651 142 (22) 1

4

3 

44 (31)* 3

7 

8 (22) 56 11 (20) 0.12 

Metformin use 

(anytime during 

pregnancy) 

651 2 (0.3) ‡ 1

4

3 

5 (3.5)* 3

7 

1 (2.7) 56 1 (1.8) 0.004 

Insulin use 

(anytime during 

pregnancy) 

624 7 (1.1) ‡ 1

2

1 

14 (12)* 3

2 

3 (9.4)* 49 6 (12)* <0.001 

Total medication 

use§ 

651 9 (1.4)‡ 1

4

3 

17 (12)* 3

7 

4 (11)* 56 7 (13)* <0.001 

Gestational weight 

gain, kg 

475 9.8±6.8 4

8 

8.6±7.4 1

6 

10.4±7.4 25 9.2±6.0 0.65 

Gestation at 

delivery,  weeks 

536 39.6±3.9 8

8 

38.6±4.9 2

7 

39.5±1.5 40 39.4±1.9 0.18 

Birth weight, g 562 3470±520 9

6 

3480±580 3

0 

3510±600 40 3490±650 0.98 

Head 

circumference, cm 

503 35±1.7 9

8 

35±1.8 2

6 

35±1.7 38 35±1.6 0.07 

Abdominal 

circumference, cm 

448 33±2.7 6

7 

34±2.7* 1

7 

33±3.0 29 33±2.8 0.04 

Length, cm 526 52±3.3 9

9 

52±3.0 2

8 

50±4.2 39 51±2.5 0.10 

Sum of callipers 

(triceps + 

subscapular + 

382 14±3.5 3

9 

15±3.2 1

4 

15±3.6 20 15±3.9 0.34 
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flank), mm 

DBP, diastolic blood pressure; GDM, gestational diabetes mellitus; NGT, normal glucose tolerance test; OGTT, 

oral glucose tolerance test; PCOS, polycystic ovary syndrome; SBP, systolic blood pressure. 

GDM-R = GDM with above-median insulin resistance alone; GDM-S = GDM with below-median insulin 

secretion alone; GDM-B = GDM with both impairments.  

A comparison between each GDM subgroup and NGT was made when the overall P value was <0.05. *P  < 

0.05 vs. NGT.  †Welch’s P value. ‡Treatment for late GDM. §Proportion of women who received treatment with 

either metformin or insulin or both anytime during pregnancy.  
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Table 2 Comparison of glycaemic and insulin profiles by phenotype 

Characteristics  NGT GDM-R GDM-S GDM-B P 

N Median (IQR) N Median (IQR) N Median (IQR) N Median (IQR) 

Fasting glucose,  mmol/L 651 4.6 (4.3–4.8) 143 5.2 (5.1–5.4)* 37 5.1 (4.8–5.2)* 56 5.3 (5.2–5.4)* <0.001 

1 -h glucose, mmol/L 651 6.6 (5.6–7.7) 143 8.7 (7.4–10)* 37 7.8 (6.6–9.3)* 56 7.6 (6.6–9.6)* <0.001 

2-h glucose, mmol/L 648 5.7 (5.1–6.6) 142 6.8 (6.0–7.9) * 37 6.6 (5.6–8.4)* 56 6.7 (5.7–8.1)* <0.001 

Fasting insulin,  mlU/l 651 13 (9.6–17) 143 21 (17–29)* 37 8.8 (7.8–9.7)* 56 14 (12–17)* <0.001 

1-h insulin, mlU/l  651 88 (57–140) 143 180 (140–230)* 37 61 (45–82)* 56 66 (55–90)* <0.001 

2-h insulin, mlU/l  646 59 (40–94) 142 140 (64–200)* 37 52 (22–70)* 56 54 (44–86)  <0.001 

HOMA-IR 651 2.5 (1.9–3.4) 143 4.8 (3.9–6.8)* 37 1.9 (1.6–2.1)* 56 3.2 (2.8–3.9)* <0.001 

Stumvoll first-phase 651 1600 (1300–2000) 143 2200 (1900–

2800)* 

37 1100 (900–

1200)* 

56 1300 (1200–

1400)* 

<0.001 

Matsuda 645 4.2 (2.7–5.8) 141 1.8 (1.3–2.7)* 37 4.6 (3.7–7.4)* 56 3.1 (2.3–4.3)* <0.001 

Total AUCinsulin 645 130 (87–200) 141 250 (200–300)* 37 90 (65–130)* 56 110 (86–140)* <0.001 

Total AUCglucose 645 210 (190–230) 141 270 (240–300)* 37 230 (220–290)* 56 250 (220–290)* <0.001 

Ratio AUCinsulin/glucose 645 0.61 (0.43–0.88) 141 0.90 (0.77–

1.19)* 

37 0.38 (0.28–

0.50)* 

56 0.43 (0.37–

0.50)* 

<0.001 

ISSI-2 645 2.3 (1.8–3.2) 141  1.7 (1.4–2.2)* 37 1.7 (1.3–2.6)* 56 1.4 (1.0–1.8)* <0.001 

Triglycerides,  mmol/l 608 1.3 (1.0–1.6) 137 1.4 (1.1–1.9)* 35 1.2 (0.8–1.6) 56 1.3 (1.0–1.7) 0.005 
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Free fatty acids, mmol/l 608 0.6 (0.5–0.8) 137 0.7 (0.6–0.8)* 35 0.6 (0.5–0.8) 56 0.7 (0.5–0.8) 0.003 

HDL cholesterol, mmol/l 607 1.4 (1.2–1.6) 137 1.4 (1.2–1.6) 35 1.4 (1.2–1.6) 56 1.3 (1.2–1.6) 0.26 

LDL cholesterol, mmol/l 608 3.0 (2.6–3.5) 137 3.0 (2.6–3.6) 35 3.1 (2.7–3.7) 56 3.0 (2.7–3.5) 0.66 

HbA1c  

mmol/mol  

% 

589  

33 (30–37) 

5.2 (4.9–5.5) 

125  

34 (32–38) 

5.3 (5.1–5.6) 

36  

32 (30–34) 

5.1 (4.9–5.3) 

48  

33 (32–38) 

5.2 (5.1–5.6) 

0.06 

AUC, area under the curve; GDM, gestational diabetes; HOMA-IR, homeostatic model assessment of insulin resistance;  IQR, interquartile range; ISSI-2, insulin sensitivity 

secretion index; NGT, normal glucose tolerance; OGTT, oral glucose tolerance test. 

A comparison between each GDM subgroup and NGT was made when the overall P value was <0.05; *P < 0.05 vs NGT. GDM-R = GDM with above-median insulin 

resistance alone; GDM-S = GDM with below-median insulin secretion alone; GDM-B=GDM with both impairments.  

 

Table 3 Comparison of pregnancy outcomes by phenotype  

Pregnancy outcomes NGT GDM-R GDM-S  GDM-B 

N n (%) N n (%) OR (95%CI) N   n (%) OR (95%CI) N n (%) OR (95%CI) 

Large for gestational age 514 63 (12) 86  18 (21) 1.90 (1.10–3.40) 27  6 (22) 2.10 (0.80–5.30) 39  6 (15) 1.30 (0.50–3.20) 

Small for gestational age  516  31 (6) 86  6 (7) 1.17 (0.50–2.90) 27 3 (11) 2.00 (0.60–6.90) 39  5 (13) 2.30 (0.80–6.30) 

Pregnancy-induced 

hypertension  

499  57 (11) 87  18 (21) 2.00 (1.10–3.60) 25  2 (8) 0.70 (0.20–2.90) 39  3 (7.7) 0.70 (0.20–2.20) 

Preterm birth  533  29 (5.4) 87  5 (5.7) 1.10 (0.40–2.80) 27  2 (7.4) 1.40 (0.30–6.20) 40  3 (7.5) 1.40 (0.40–4.80) 
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Induction of labour 494  246 (50) 82  48 (59) 1.02 (0.90–2.30) 24 13 (54) 1.20 (0.50–2.70) 33  17 (52) 1.10 (0.50–2.20) 

Cesarean section  555  197 (36) 96  48 (50) 1.80 (1.20–2.80) 30 13 (43) 1.40 (0.70–2.90) 39  12 (21) 0.80 (0.40–1.60) 

Weight gain under 5kg  475  118 (25) 48  17 (35) 1.70 (0.90–3.10) 16 3 (19) 0.70 (0.20–2.50) 25  6 (24) 0.96 (0.40–2.50) 

GDM, gestational diabetes mellitus; NGT, normal glucose tolerance test; OR, odds ratio. 

The table shows unadjusted odds ratios for developing pregnancy complications among GDM phenotypes in reference to women with normal glucose tolerance. Large for 

gestational age was defined as birth weight >90th customized centile.  

GDM-R = GDM with above-median insulin resistance alone; GDM-S = GDM with below-median insulin secretion alone; GDM-B = GDM with both impairments.  

Adjusted OR could not be estimated due to insufficient number of observations. Significant associations are displayed in bold. 

 

Table 4 Adjusted odds ratios (95% CI) for developing pregnancy complications among gestational diabetes phenotypes in reference to women 

with normal glucose tolerance  

Pregnancy outcomes Full model Best fit model 

GDM-R 

aOR (95%CI) 

GDM-S 

aOR (95%CI) 

GDM-B 

aOR (95%CI) 

GDM-R 

aOR (95%CI) 

GDM-S 

aOR (95%CI) 

GDM-B 

aOR (95%CI) 

Large for gestational age 2.70 (0.90–7.70) 1.50 (0.30–6.80) 0.60 (0.10–3.20) 3.30 (1.50–7.50) 1.60 (0.40–6.60) 0.80 (0.20–3.60) 

Small for gestational age  0.90 (0.20 –4.80) 0.70 (0.10–6.10) 2.80 (0.60–13.10) 0.90 (0.30–2.50) 1.70 (0.40–6.30) 1.50 (0.50–4.30) 

Pregnancy induced 

hypertension  

0.60 (0.20–2.10) – – 1.70 (0.20–2.20) – – 
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Preterm birth 0.50 (0.04–5.80) – 3.70 (0.50–25.80) 1.10 (0.40 –3.10) 1.40 (0.30–6.50) 4.10 (0.40–5.10) 

Induction of labour 0.90 (0.40–2.30) 0.70 (0.20–2.20) 0.80 (0.30–2.40) 1.10 (0.60–1.80) 1.10 (0.40–2.80) 0.80 (0.40–1.80) 

Cesarean section  1.70 (0.70–3.90) 0.60 (0.20–1.90) 0.40 (0.10–1.20) 2.30 (1.20–4.40) 0.70 (0.30–2.00) 0.50 (0.20–1.50) 

Weight gain under 5kg  1.60 (0.60–4.00) 0.90 (0.20–3.80) 1.20 (0.40–3.90) 1.50 (0.80–2.90) 0.90 (0.30–3.40) 0.90 (0.40–2.40) 

aOR, adjusted odds ratio; GDM, gestational diabetes mellitus.  

Full model: adjusted for maternal age, prepregnancy BMI, ethnicity, country, maternal glycaemia (fasting, 1-h and 2-h glucose tolerance values, HbA1c), gestation at OGTT,  

multiparity, family history of diabetes, smoking status, higher education, GDM treatment and DALI intervention. Best-fit model: large for gestational age: adjusted for 

country and GDM treatment; small for gestational age: adjusted for country, GDM treatment and smoking status. Pregnancy induced hypertension: adjusted for maternal age, 

prepregnancy BMI, country, fasting glucose, HbA1c, multiparity, smoking, and GDM treatment. Preterm birth: adjusted for 2-h glucose value. Induction of labour: adjusted 

for prepregnancy BMI, country and multiparity. Caesarean section: adjusted for maternal age, ethnicity, country, multiparity and higher education. Weight gain under 5kg: 

adjusted for maternal age, prepregnancy body mass index, smoking status, and gestation at oral glucose tolerance test. 

GDM-R = GDM with above-median insulin resistance alone; GDM-S=GDM with below-median insulin secretion alone; GDM-B=GDM with both impairments; aOR, 

adjusted 

Significant associations are displayed in bold. 

 




