
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

The impact of ethnicity on glucose homeostasis after gestational diabetes mellitus.

Ignell, Claes; Shaat, Nael; Ekelund, Magnus; Berntorp, Kerstin

Published in:
Acta Diabetologica

DOI:
10.1007/s00592-013-0484-8

2013

Link to publication

Citation for published version (APA):
Ignell, C., Shaat, N., Ekelund, M., & Berntorp, K. (2013). The impact of ethnicity on glucose homeostasis after
gestational diabetes mellitus. Acta Diabetologica, 50(6), 927-934. https://doi.org/10.1007/s00592-013-0484-8

Total number of authors:
4

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • 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 the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

Download date: 28. Jun. 2024

https://doi.org/10.1007/s00592-013-0484-8
https://portal.research.lu.se/en/publications/dc6dc4f0-ce6d-407c-9a68-ffeddf48df39
https://doi.org/10.1007/s00592-013-0484-8


1 (17) 

Claes Ignell ⋅ Nael Shaat ⋅ Magnus Ekelund ⋅ Kerstin Berntorp 

 

The impact of ethnicity on glucose homeostasis after gestational 

diabetes mellitus 

 

C. Ignell () 

Department of Clinical Sciences, Malmö, Lund University, Malmö, Sweden 

Department of Obstetrics and Gynaecology, Helsingborg Hospital, SE-251 87 Helsingborg, Sweden 

e-mail address: Claes.Ignell@med.lu.se 

Telephone number: +46 708881842 

Fax number: +46 4062258 

 

N. Shaat ⋅ K. Berntorp 

Department of Clinical Sciences, Malmö, Lund University, Malmö, Sweden 

Department of Endocrinology, Skåne University Hospital, Malmö, Sweden 

 

M. Ekelund 

Department of Clinical Sciences, Malmö, Lund University, Malmö, Sweden 

Department of Internal Medicine, Helsingborg Hospital, Helsingborg, Sweden 



2 (17) 

Abstract The objective of this study was to examine measures of insulin resistance and beta cell 

function in relation to ethnicity and the development of diabetes after gestational diabetes 

mellitus (GDM). Glucose homeostasis was assessed during a 75 g oral glucose tolerance test 1−2 

years after delivery in 456 women with previous GDM (362 European, 94 non-European; 

including 41 Arab and 43 Asian women) and 133 control women. Insulin resistance was 

estimated using homeostasis model assessment of insulin resistance (HOMA-IR). The 

insulinogenic index (I/G30) and the disposition index ([I/G30]/HOMA-IR) were used to quantify 

insulin secretion. Women developing diabetes after GDM were characterized by increased 

HOMA-IR (p=0.010, adjusted for BMI), whereas the disposition index was decreased in all 

women with previous GDM irrespective of glucose tolerance, most pronounced in the presence 

of diabetes (BMI-adjusted p=1⋅10-5). Non-European origin was associated with increased 

HOMA-IR (p=0.001 vs. European), strengthened by adjustment for BMI in Asian women 

(p=0.046 vs. p=0.016), but eradicated among Arab women (p=0.004 vs. p=0.65). Non-European 

women exhibited an increased frequency of diabetes after GDM (17% vs. European 4%, p=2⋅10-

5). In addition to BMI, non-European and Asian origin was associated with the development of 

diabetes after GDM in a multivariate logistic regression analysis, whereas Arab origin was not. 

Our results highlight the importance of preventive measures to ensure a healthy lifestyle in 

women with GDM, particularly in high-risk ethnic groups. 

 

Key words Beta cell dysfunction; Ethnicity; Gestational diabetes mellitus; Insulin resistance; 

OGTT; Postpartum diabetes 
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Introduction 

 

Gestational diabetes mellitus (GDM) is characterized by insulin resistance and an inability of the 

beta cells to compensate by sufficient increase in insulin secretion [1]. Although glucose 

tolerance usually reverts to normal after delivery, the risk of developing type 2 diabetes 

following GDM is increased [2], with a cumulative incidence of 30−50% within five to ten years 

after delivery [3,4]. 

Ethnicity influences the prevalence of GDM and its progression to manifest diabetes 

postpartum, being higher in non-European populations [5-8]. This may partly be explained by 

differences in insulin secretion and action [9-13]. We have previously shown that Arab women 

with GDM are more insulin resistant during pregnancy than Scandinavian women [14]. This 

finding stimulated our interest in further studies. Understanding the basis of these differences 

may have clinical implications in the management of GDM and screening strategies for diabetes 

after pregnancy. 

The aims of the present study were to evaluate glucose homeostasis after GDM and to 

investigate the impact of ethnicity and other determinants of glucose tolerance postpartum. 

 

 

Material and methods 

 

Study population 

 

The present study was part of the 1−2-year follow-up programme in the Mamma Study, 

described in detail previously [15]. Briefly, during the years 2003−2005 pregnant women in 

southern Sweden were invited to take part in a 5-year postpartum follow-up programme. A 75 g 
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oral glucose tolerance test (OGTT) was offered to all women in the 28th week of gestation, and 

also in gestational week 12 if they had a history of GDM in previous pregnancies, or a first-

degree relative with diabetes. The diagnostic criteria for GDM were those recommended by the 

WHO, defining GDM as the joint category of diabetes and impaired glucose tolerance (IGT) in 

non-pregnant adults [16]. 

At the first follow-up appointment 1−2 years after delivery, an OGTT was performed after 

overnight fasting in 470 women with previous GDM and 166 women with normal glucose 

tolerance (NGT) during pregnancy. Venous samples were drawn at 0, 30 and 120 min to 

determine plasma glucose and serum insulin concentrations. Glucose concentration was 

measured in duplicate samples and the mean value calculated. Weight and height were recorded, 

and the body mass index (BMI) calculated. Information was obtained on family history of 

diabetes, earlier pregnancies and ethnic affiliation. Based on the stated country of origin of at 

least three grandparents, women with previous GDM were grouped into European (n=362) and 

non-European (n=94) origin. The latter included subgroups of Arab women (n=41: Egypt, Iraq, 

Lebanon, Morocco, Palestine, Somalia, Syria), Asian women (n=43: Afghanistan, China, India, 

Iran, Japan, Kurdistan, Pakistan, Philippines, South Korea, Taiwan, Thailand, Turkey, Vietnam) 

and other origins (n=10: Berber, Bolivia, Brazil, Chile, Colombia, Eritrea, Ghana, Israel, 

Uganda, Uruguay). Using the definition described above 14 women were unclassifiable. 

Diagnostic criteria were those proposed by the WHO [16]. Informed consent was obtained 

from all participants, and the study protocol was approved by the Ethics Committee of Lund 

University (LU 259-00). 

 

Metabolic measurements 

 

The HemoCue Glucose 201+ system (HemoCue AB, Ängelholm, Sweden) was used for 

immediate measurement of plasma glucose concentrations (mmol/l). Mean coefficient of 
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variation (CV) of the duplicate analyses performed in this study was 2.2 %. Serum insulin 

concentrations (mU/l) were measured with an enzyme-linked immunosorbent assay (Dako, 

Glostrup, Denmark). The intra- and inter-assay CVs of this insulin assay is 5.1−7.5% and 

4.2−9.3%, respectively. Homeostasis model assessment was used to estimate insulin resistance 

(HOMA-IR), i.e. fasting serum insulin x fasting plasma glucose/22.5 [17,18]. Beta cell function 

was estimated using the insulinogenic index (I/G30), which is the ratio of the incremental insulin 

to glucose during the first 30 min of the OGTT, i.e. (insulin 30 min – insulin 0 min)/(glucose 30 

min – glucose 0 min) [19]. As insulin resistance modulates insulin secretion the disposition index 

was used to adjust insulin secretion for the degree of insulin resistance, obtained by dividing 

I/G30 by HOMA-IR [9]. 

 

Statistical analyses 

 

Data are presented as n (%) and the median (95% confidence interval [CI]). Indices, requiring 

log transformation, are presented as geometric means (95% CI). Differences between medians 

were tested using the Mann-Whitey U-test, and differences in geometric means with analysis of 

variance (ANOVA), incorporating, when appropriate, age, non-European origin, first-degree 

diabetes heredity, number of deliveries and interval to follow-up as covariates, with and without 

adjustment for BMI. Fisher’s exact test was used to compare group frequencies. Univariate 

logistic regression analysis was applied to calculate the odds ratios (OR) (95% CI) for diabetes 

vs. NGT after GDM. Multivariate logistic regression analysis was used to show how known 

predictor variables affected the risk of developing diabetes after GDM. Variables tested for 

associations with diabetes after GDM were age (years), BMI (kg/m2), first-degree relative(s) 

with diabetes (yes/no), non-European, Arab or Asian origin (yes/no) and parity, which was best 

expressed as up to three deliveries at follow-up vs. more than three (≤3/>3). European origin was 

used as a reference for ethnic comparison. All logistic regressions were adjusted for time to 
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follow-up (days). IBM SPSS Statistics 20 for Windows (IBM Corporation, New York, NY, 

USA) was used for analysis. Two-sided p-values of less than 0.05 were considered statistically 

significant. 

 

 

Results 

 

Table 1 presents data describing the study groups and the results of the main outcome measures. 

Women with previous GDM were grouped according to glucose tolerance at follow-up. Of the 

166 women with NGT during pregnancy, 133 also had NGT at follow-up and served as controls. 

Adjustments were made in the main analyses for observed differences in demographic variables, 

with and without BMI as a covariate. Compared with the controls, HOMA-IR was increased 

after GDM among women with diabetes, even when adjusted for BMI. Increased HOMA-IR was 

also noted among women with IFG after GDM. Beta cell function, measured as the insulinogenic 

index, was lower among women with previous GDM than in controls, and was related to glucose 

tolerance, being lowest among those who had diabetes. These differences were even more 

pronounced when adjusting the insulinogenic index for insulin resistance in the disposition 

index. 

Table 2 gives the results of the main outcome measures in women with previous GDM, 

grouped according to ethnicity. No differences were found between women from Western and 

Eastern Europe, and they were therefore grouped together. Non-European, Arab and Asian 

origin, was associated with higher HOMA-IR than European origin. Arab women were more 

overweight than European women, who had similar BMIs to Asian women. It is noteworthy that 

after adjustment for BMI, HOMA-IR did not differ between Arab and European women, 

whereas the difference was more pronounced among Asian women. Beta cell function, measured 

as the insulinogenic index, was unaffected by ethnicity. However, when adjusting for the degree 
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of insulin resistance in the disposition index non-European women showed lower estimates of 

beta cell function. 

The frequency of diabetes after GDM was higher in all non-European groups than in 

European women. Among European women, 13/362 (4%) were diagnosed with diabetes, 

compared to 16/94 (17%) among non-European women (p=2⋅10-5). The corresponding numbers 

for Arab women were 7/41 (17%) (p=0.002), and for Asian women 6/43 (14%) (p=0.010). 

Among Arab women the diagnosis in three women was based on the fasting value alone, and that 

of four women on the 2-hour value alone. Among Asian women the diagnosis in one woman was 

based on the fasting value alone, and that of five women on the 2-hour value alone. 

The results of the logistic regression analyses are presented in Table 3. All analyses were 

adjusted for time to follow-up visit. Of the variables tested, using univariate analyses, for an 

association with diabetes after GDM, BMI and the different categories of non-European ethnicity 

showed the highest associations. In the final multivariate model, in which all the selected 

predictors of diabetes development after GDM were assessed in separate analyses for the 

different ethnic groups, BMI showed the highest association. Additionally, non-European and 

Asian origin showed significant associations, whereas Arab origin did not. 

 

 

Discussion 

 

To the best of our knowledge, this is the first study evaluating indices of insulin resistance and 

beta cell function during OGTT after GDM in relation to ethnicity. The key findings were that 

women of non-European origin were more insulin resistant than European women and exhibited 

a higher frequency of diabetes. The effect of ethnicity on insulin resistance was more 

pronounced in Asian women after adjustment for BMI but eradicated among Arab women. In 
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addition to BMI, Asian ethnicity was associated with diabetes after GDM, whereas Arab origin 

was not. 

The strength of this study is that measures of beta cell function were derived from the 

OGTT. HOMA has shown good correlation with more sophisticated measures of insulin 

sensitivity [20], but does not reveal differences between first- and second-phase insulin release 

and, therefore, gives a less reliable measure of beta cell function than those obtained during the 

OGTT [19,21]. 

A limitation of the study is the relatively small numbers in the non-European groups which 

did not allow comparisons within the separate ethnic groups with regard to glucose tolerance. 

Moreover, the available number of samples for calculation of indices of insulin resistance and 

secretion was limited. Due to these circumstances statistical power could not be obtained to test 

how ethnicity modulates these measures in relation to diabetes development. 

When comparing the different glucose categories in the group of women with previous 

GDM with the controls, and adjusting for ethnicity and other known predictor variables [22], the 

development of diabetes was associated with increased insulin resistance. Furthermore, 

decreased beta cell function seemed to be an important contributor to the impairment of glucose 

tolerance. As opposed to women with IGT, women with IFG had higher HOMA-IR than 

controls. When adjusting the insulinogenic index for HOMA-IR in the disposition index, beta 

cell function was similarly affected in women with IFG and IGT. These findings are consistent 

with previously published results [23,24]. DeFronzo and colleagues compared the presence of 

impaired insulin secretion and insulin resistance in individuals with IFG and IGT, as defined by 

the ADA criteria, using the OGTT and the hyperinsulinemic clamp [23]. When HOMA-IR was 

used to derive an index of insulin resistance, IFG subjects were found to be markedly insulin 

resistant compared with subjects with NGT, while subjects with IGT had minimally (not 

significantly) reduced insulin sensitivity. Using the insulin clamp-derived measurement of 

insulin resistance, individuals with IFG were primarily characterized by hepatic insulin 
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resistance, while subjects with IGT mainly had muscle insulin resistance. Insulin secretion, 

measured by the ratio of the area under the insulin to the glucose curve during the OGTT, was 

reduced similarly in subjects with IFG and IGT. To further characterize the defect in beta cell 

function in IFG they used the hyperglycemic clamp [24]. When adjusted for the prevailing level 

of insulin resistance, first-phase insulin secretion was markedly decreased in both IFG and IGT, 

whereas second-phase insulin secretion was decreased only in IGT. 

Kousta et al. [11] used a similar approach as we did to evaluate glucose regulation and other 

features of the metabolic syndrome 1−2 years postpartum in women with previous GDM. When 

comparing women with abnormal glucose tolerance to those with normal glucose values and 

controls they found similar results to ours, with the exception that women with normal glucose 

values had higher basal insulin secretion than the other groups, indicating an ability to 

compensate for the concomitant insulin resistance. However, beta cell function was obtained by 

HOMA in the fasting state and was therefore less accurate [19]. Moreover, glucose tolerance was 

based on OGTTs in only a subset of the women. 

Our results are supported by a study by Jensen et al. [9], who evaluated insulin resistance 

and beta cell function during OGTT in a large number of subjects in the US who were first-

degree relatives of individuals with type 2 diabetes, representing four ethnic groups (African-

American, Asian-American, Hispanic-American and Caucasian). They found similar patterns of 

progressively increasing insulin resistance and decreasing beta cell function with decreasing 

glucose tolerance among all ethnic groups, suggesting similar pathogenesis of type 2 diabetes 

across ethnicity. 

In the present study, Arab women were characterized by insulin resistance, which, in 

contrast to our previous findings [14], was no longer apparent after adjustment for BMI. The 

results of these two studies are not completely comparable since a higher 2-hour cut-off was used 

in the previous study to define GDM, and furthermore, it was based on data obtained during 

pregnancy, i.e. during an extremely insulin-resistant state. Gunton et al. evaluated HOMA 
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indices in a group of pregnant women in Australia and found that Arab women with GDM were 

more insulin resistant than Asian and Caucasian women, and had a higher BMI than Asian 

women, although no adjustments were made for BMI [10]. Furthermore, GDM was associated 

with a similar trend to lower beta cell function in all ethnic groups. In a recent study, Morkrid et 

al. assessed changes in insulin resistance and beta cell function by HOMA in a multi-ethnic 

cohort of women living in Norway [13]. They reported results similar to ours. Regardless of 

glucose tolerance, they found that Middle Eastern, South Asian (mainly Pakistan and Sri 

Lankan) and East Asian (mainly Vietnamese and Philippine) women were more insulin resistant 

than Western European women in early gestation. The difference in HOMA-IR did not persist 

after adjustment for BMI in Middle Eastern women, but was still present in Asian women, and 

strengthened for the East Asian group. The increase in insulin resistance from early to late 

gestation was similar across the ethnic groups, but the increase in beta cell function was 

significantly lower in East and South Asians compared with Western Europeans and did not 

match the change in insulin resistance. 

OGTT-derived insulin sensitivity index (OGIS) may provide further information with regard 

to ethnic differences. OGIS correlates strongly with total glucose disposal, as assessed by the 

glucose clamp, while HOMA-IR mainly reflects changes in hepatic insulin resistance [23,25]. 

Lapolla et al. evaluated OGTT-derived measures of insulin sensitivity and beta cell function in a 

large population of normal-weight pregnant women and found that OGIS, but not fasting 

measurements, was impaired in early pregnancy in women who developed GDM in late 

pregnancy [26]. However, in late pregnancy both fasting and dynamic indices of insulin 

sensitivity were decreased in women with GDM, suggesting a possible different glucose 

handling behavior between the liver and the periphery during the early and late phase of 

pregnancy. Beta cell impairment, assessed by the ratio of the area under the insulin to the glucose 

curve, was evident only when GDM was manifest and was characterized by inappropriate 

adaptation to the pregnancy induced increase in insulin resistance. 
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Unfortunately, the present material was undersized to evaluate the potential impact of 

ethnicity on indices of insulin resistance and secretion in the multivariate logistic regression 

analysis, which limits the study. In fact, these measures showed strong associations with diabetes 

development in univariate analysis, and when included in the multivariate model they 

outweighed the effect of most other variables, including ethnicity. Since insulin resistance and 

impaired beta cell function are closely linked to the pathophysiology of type 2 diabetes this could 

be expected, and a larger sample size is needed to rule out the possibility of an effect of ethnicity 

on these measures. For this reason, we decided to rather focus on how ethnicity affects the 

association between clinical risk factors and the development of diabetes after GDM. Such 

knowledge may have implications for screening strategies and follow-up of these women.  

At comparable BMI, the Asian women in the present study were more insulin resistant than 

European women and exhibited a higher frequency of diabetes after GDM. When various 

predictors of the development of postpartum diabetes [22] were assessed in the multivariate 

logistic regression analysis, BMI also showed the highest association when considering Asian vs. 

European ethnicity. Epidemiological data indicate that the pathophysiology of diabetes may 

differ in the Asian population [27]. It has been suggested that lower cut-off values should be 

used to define overweight and central obesity in the Asian population than in other populations 

[28,29]. However, no uniform cut-off values have been defined due to the considerable 

heterogeneity in the Asian population. In this context, it is interesting to note that five of the six 

women who developed diabetes among the Asian women were diagnosed based on the 2-hour 

value of the OGTT alone, and only one woman (BMI 42 kg/m2) on the fasting value alone. 

Fasting plasma glucose has been reported to be less sensitive for diagnosing diabetes than the 2-

hour value in the Asian population, which may lead to misclassification if an OGTT is not 

performed [27]. This furthermore underlines the importance of performing a 75 g OGTT during 

pregnancy to detect GDM in the Asian population, particularly when the WHO criteria are 

applied. However, this approach may not be feasible in all settings. The introduction of the new 
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IADPSG criteria, providing lower thresholds for GDM than those currently used in most parts of 

the world, will have a major impact on screening strategies for GDM [30]. A recent study in a 

high-risk population in the Mediterranean region shows that a combined risk score of fasting 

plasma glucose concentration ≥5.0 mmol/l, age ≥30 years, pre-pregnancy BMI ≥25 kg/m2 or 

third trimester BMI ≥30 kg/m2, identifies most women with GDM, as defined by the new 

IADPSG criteria, reducing the need for an OGTT to less than 20% of the pregnant population 

[31]. 

In conclusion, the development of diabetes after GDM was associated with insulin 

resistance, differently modulated by ethnicity and BMI in Arab and Asian women. Furthermore, 

decreased beta cell function was an important contributor to the impairment of glucose tolerance. 

Our results highlight the importance of preventive measures to ensure a healthy lifestyle in 

women with GDM, particularly in high-risk ethnic groups. 
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Table 1 Descriptive data and results of the main outcome measures for controls and women after GDM, grouped according to glucose tolerance  

 Controls  Women after GDM (n=470) 
 (n=133)  NGT (n=280) p pb  IFG (n=54) p pb  IGT (n=105) p pb  Diabetes (n=31) p pb 

Age (years) 32 (31-33)  33 (32-34) 0.28  36 (33-37) 0.002  35 (34-36) 0.001  36 (32-39) 0.008  
BMI (kg/m2) 24.0 (23.0-25.4)  23.0 (22.7-23.7) 0.030  24.8 (24.0-27.0) 0.09  25.4 (24.5-26.9) 0.033  31.7 (28.8-35.4) 2⋅10-6  
Non-European ethnicity  10 (7)  39 (14) 0.072  10 (19) 0.039  29 (28) 4⋅10-5  16 (52) 4⋅10-8  
First-degree diabetes heredity  18 (14)  76 (27) 0.001  25 (46) 5⋅10-6  42 (40) 4⋅10-6  13 (42) 2⋅10-4  
Deliveries >3  4 (3)  11 (4) 0.78  6 (11) 0.066  14 (13) 0.006  4 (13) 0.041  
Time to follow-up (days) 419 (410-436)  460 (438-483) 0.16  484 (429-523) 0.11  512 (481-551) 2⋅10-5  525 (403-628) 0.064  
HOMA-IRa  1.3 (1.1-1.5)  1.4 (1.2-1.5) 0.77 0.84 1.9 (1.6-2.2) 0.021 0.029 1.6 (1.3-1.8) 0.11 0.55 3.2 (2.3-4.4) 2⋅10-5 0.010 
     No. samples available 101 (76)  200 (71) 0.35  38 (70) 0.46  72 (69) 0.24  25 (81) 0.65  
Insulinogenic indexa 16.6 (14.1-19.6)  13.9 (12.7-15.3) 0.035 0.029 12.8 (9.9-16.6) 0.39 0.30 11.4 (9.9-13.2) 0.003 0.001 7.3 (5.5-9.9) 0.013 0.003 
     No. samples available 88 (66)  191 (68) 0.74  33 (61) 0.61  69 (66) 1.0  21 (68) 1.0  

Disposition indexa  13.2 (11.1-15.7)  10.2 (9.3-11.3) 0.010 0.007 6.9 (5.0-9.3) 0.013 0.022 7.8 (6.5-9.4) 3⋅10-4 0.002 2.5 (1.8-3.6) 3⋅10-8 1⋅10-5 
     No. samples available  86 (65)  187 (67) 0.74  33 (61) 0.74  65 (62) 0.69  21 (68) 0.84  
Data given are the median (95% CI) or n (%). All comparisons were performed vs. controls. 
Differences in medians were tested with the Mann-Whitney U-test. Frequency differences were tested using Fisher’s Exact test. 
a Log-transformed in main analysis. Values are geometric means (95% CI). Differences were tested by ANOVA adjusting for age, non-European ethnicity, first-degree diabetes 
heredity, number of deliveries, and time from delivery to follow-up. 
b When also adjusting for BMI. 
GDM, gestational diabetes mellitus; HOMA-IR, homeostasis model assessment of insulin resistance; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; NGT, normal 
glucose tolerance 
 



1 (1) 

 
Table 2 Results of main analysis of the OGTT for women after GDM grouped according to ethnicity 

 
European  Non-European   Arab   Asian  
(n=362)  (n=94) p pb  (n=41) p pb  (n=43) p pb 

Age (years) 34 (33-34)  35 (33-36) 0.23   35 (31-38) 0.40   35 (32-37) 0.54  
BMI (kg/m2) 23.8 (23.0-24.0)  25.7 (24.5-27.7) 9⋅10-5   28.0 (25.7-32.2) 2⋅10-7   24.2 (23.4-25.5) 0.39  
Time to follow-up (days) 462 (442-483)  538 (504-563) 9⋅10-5   545 (504-685) 5⋅10-5   506 (460-568) 0.11  
HOMA-IRa 1.5 (1.3-1.6)  2.0 (1.7-2.3) 0.001 0.033  2.1 (1.6-2.7) 0.004 0.65  1.9 (1.5-2.3) 0.046 0.016 
     No. samples available 255 (70)  69 (73) 0.61   28 (68) 0.86   32 (74) 0.72  
Insulinogenic indexa 12.6 (11.6-13.7)  12.7 (10.8-15.1) 0.79 0.91  14.0 (10.8-18.1) 0.32 0.61  12.7 (9.7-16.5) 0.91 0.90 
     No. samples available 240 (66)  63 (67) 1.0   27 (66) 1.0   29 (67) 1.0  
Disposition indexa 8.8 (7.9-9.7)  6.8 (5.5-8.4) 0.027 0.26  7.3 (5.3-10.0) 0.24 0.58  6.9 (5.1-9.4) 0.14 0.10 
     No. samples available 235 (65)  60 (64) 0.9   25 (61) 0.61   29 (67) 0.87  
Data given are the median (95% CI) or n (%). All comparisons were performed vs. Europeans. Arab and Asian women are included in the non-European group. 
Differences in medians were tested with the Mann-Whitney U-test. Frequency differences were tested using Fisher’s Exact test. 
a Log-transformed in main analysis. Values are geometric means (95% CI). Differences were tested by ANOVA adjusting for age and time from delivery to follow-up. 
b When also adjusting for BMI. 
GDM, gestational diabetes mellitus; HOMA-IR, Homeostasis model assessment of insulin resistance 
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Table 3 Results of logistic regression analyses of variables tested for associations with diabetes after GDM 

 
Univariate  Multivariate 

OR (95% CI)  p  OR (95% CI)  p  OR (95% CI)  p  OR (95% CI)  p 
Age (years) 1.1 (1.0-1.2)  0.032  1.0 (0.9-1.2)  0.42  1.1 (0.9-1.2)  0.18  1.0 (0.9-1.2)  0.71 
BMI (kg/m2) 1.2 (1.1-1.3)  7⋅10-8  1.2 (1.1-1.2)  5⋅10-5  1.1 (1.0-1.2)  0.004  1.1 (1.1-1.2)  0.002 
Deliveries >3 3.4 (1.0-11.5)  0.053  3.1 (0.7-15)  0.14  4.0 (0.7-24)  0.12  2.0 (0.3-14)  0.44 
First-degree diabetes heredity 2.2 (1.0-4.9)  0.053   1.2 (0.4-3.2)  0.71  1.2 (0.4-3.9)  0.72  1.5 (0.4-4.8)  0.27 
Non-European ethnicity 6.8 (3.0-15)  4⋅10-6  5.0 (1.8-14)  0.002         
Arab ethnicity 10 (3.4-31)  4⋅10-5      3.7 (0.9-15)  0.061     
Asian ethnicity 5.0 (1.7-15)  0.004          5.6 (1.5-21)  0.012 
All variables were adjusted for time from delivery to follow-up. European ethnicity was used as reference. 
Multivariate analyses were performed separately for each ethnic group. 
CI, confidence interval; GDM, gestational diabetes mellitus; OR, odds ratio 
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