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ABSTRACT

Introduction. The aim of the study was to determine the association of body mass index (BMI), 

self-reported symptoms or diagnosis of polycystic ovary syndrome (PCOS), and 

hyperandrogenaemia with the occurrence of gestational diabetes mellitus (GDM) through 

reproductive life. Material and methods.  A cohort of women born in 1966 were investigated at 

ages 14, 31, and 46. Women with self-reported PCOS-symptoms (presence of both oligo-

amenorrhoea and hirsutism) at age 31 or with formally diagnosed polycystic ovaries (PCO)/PCOS 

by age 46 formed the group of self-reported PCOS (srPCOS, N=222) and were compared with 

women without self-reported PCOS symptoms or diagnosis (N=1357We investigated also the 

association of hyperandrogenism (hirsutism or biochemical hyperandrogenism) at age 31 with the 

occurrence of GDM throughout reproductive life. Results. srPCOS alone was not a risk factor for 

GDM but combined with overweight at age 31 (OR 2.43 [95% CI:1.22 to 4.86]) or 46 (OR 3.04 

[95% CI:1.58 to 5.83]) srPCOS was associated with GDM when compared with normal-weight 

controls. The association disappeared when comparing overweight srPCOS women to overweight 

controls. However, hyperandrogenaemia at age 31, but not hirsutism, was associated with GDM 

even after adjustment for BMI. Conclusions. The increased risk of GDM in women with srPCOS 

was mostly attributed to overweight or obesity. Importantly, normal weight women with srPCOS 

seem not to be at increased risk for developing GDM. However, hyperandrogenaemia was 

associated with GDM even after adjustment for BMI. These findings strengthen the importance of 

weight management in reproductive-age women and suggest a noteworthy role of 

hyperandrogenaemia in the pathophysiology of GDM.

Keywords. 

Gestational diabetes mellitus, Polycystic ovary syndrome, Overweight, Hyperandrogenism, 

Follow-up cohort study.

Abbreviations. 

BMI, body mass index; 

CI, confidence interval; 

FMBR, Finnish Medical Birth Register; 

GDM, gestational diabetes mellitus; A
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HDR, Hospital Discharge Register; 

OR, odds ratio; 

OGTT, oral glucose tolerance test; 

PCO, polycystic ovaries; 

PCOS, polycystic ovary syndrome; 

srPCOS, self-reported PCOS; 

SHBG, sex hormone-binding globulin.

Key message. 

Overweight/obesity was strongly associated with gestational diabetes mellitus, while polycystic 

ovary syndrome was not. Our results do, however, suggest that hyperandrogenaemia plays an 

independent role in the emergence of gestational diabetes mellitus.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in 

reproductive aged women, affecting 5-15% of this population1. According to the Rotterdam 

criteria, PCOS is defined when at least two of the following features: oligomenorrhoea or 

amenorrhoea, biochemical or clinical hyperandrogenism and presence of polycystic ovaries (PCO) 

at ultrasonography2. Women with PCOS also exhibit multiple metabolic abnormalities. Insulin 

resistance, which plays an important role in the development of altered glucose tolerance, is 

present in up 50% to 75% of women with PCOS3. In addition, 38% to 88% of women diagnosed 

with PCOS are overweight or obese4. Intra-abdominal adipose accumulation, which is typical for 

women with PCOS, promotes insulin resistance5 and later in life exposes them to higher risk of 

metabolic syndrome, type 2 diabetes mellitus (T2DM) and cardiovascular morbidity6, 7. Moreover, 

hyperandrogenism and insulin resistance have a synergistic effect, further promoting metabolic 

disturbances in these women8. 

Some recent meta-analyses have indicated that PCOS is associated with an increased 

risk of gestational diabetes mellitus (GDM)9. However, most of the studies included in the meta-

analyses were performed in selected populations of women undergoing fertility treatments, 

suggesting selection bias9. Moreover, in many of these studies, the subjects were not matched for 

body mass index (BMI)9. Overall, the results of a large meta-analysis regarding the roles and 

interactions of weight and the syndrome on the development of GDM are still controversial9. 

Hyperandrogenism may also play an important role in the development of disorders of glucose 

metabolism in women with PCOS10, although not all studies agree11, and its impact as regards risk 

of developing GDM is still unclear.

In the present study, we took advantage of a large cohort of women at the end of 

their reproductive life span, as they turned 46 years. The aim of this study was two-fold: firstly, we 

wanted to determine the association of self-reported symptoms of PCOS (presence of both oligo-

amenorrhoea and hirsutism) or of the self-reported formally diagnosed syndrome, with the 

occurrence of GDM during reproductive life in normal weight and overweight/obese women in a 

population-based study setting. Secondly, in the entire population, we investigated the association 

of hyperandrogenism (hirsutism and/or hyperandrogenaemia) at age 31 with the prevalence of 

GDM during the reproductive life span.A
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MATERIAL AND METHODS

The present study is based on data from the prospective, population-based Northern Finland Birth 

Cohort 1966 (NFBC 1966), comprising all expected births from the year 1966, in the two 

northernmost provinces of Finland. Altogether 12 231 children were born into the cohort, 12 058 

of them live-born. Of these, 5889 were females. Collection of this database begun at the 24th 

gestational week and was supplemented by data collected at the age of 14, 31 and 46 years.

The flow-chart of the study is presented in Figure 1.

At age 31, 5608 women received, and 4523 answered, a health questionnaire. 

Moreover, 3127 women attended the clinical examination including anthropometric measurements 

and blood samples. The questionnaire included two questions on hirsutism and oligo-

amenorrhoea: 1) Is your menstrual cycle longer than 35 days more than twice a year? and 2) do 

you have excessive body hair? Of the women who responded to the questionnaire, 10.9% (N=321) 

reported isolated hirsutism, 11.2% (N=330) reported isolated oligo-amenorrhoea and 4.2% 

(N=125) reported both oligo-amenorrhoea and hirsutism12. 

At age 46, a postal questionnaire and an invitation to a clinical examination were 

sent to all women who were alive and traceable (N=5123). Of these women 3706 completed the 

questionnaire and 3280 participated in the clinical examination including anthropometric 

measurements and blood samples. The questionnaire included a question “Have you ever been 

diagnosed with PCO and/or polycystic ovary syndrome (PCOS) during your life?” to which 181 

responded “yes”. The question on the occurrence of GDM was asked as follows: “If you have 

been pregnant, have you ever been diagnosed during pregnancy with gestational diabetes?”, to 

which 304 responded “yes”.  

At age 46, a two-hour oral glucose tolerance test (OGTT) was performed in 2780 

women after overnight (12 hour) fasting period. Exclusion criteria for OGTT were medication for 

diabetes or fasting capillary blood glucose level ˃ 8.0 mmol/l. Both serum insulin and plasma 

glucose were measured at baseline and 30, 60 and 120 minutes after 75g glucose intake.

Height (cm) was measured twice by using standard and calibrated stadiometer. Body 

mass index (BMI) was calculated (kg/m2) by using height (average of two measurements) and 

weight. Waist circumference was measured at the level midway between the lowest rib margin and 

the iliac crest. BMI values at the age of 14 derived from the 14-year follow-up study and they A
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were measured and reported by parents. BMI values at the ages of 31 and 46 were obtained from 

the clinical examination and supplemented with self-reported BMI from the postal questionnaire 

where necessary. There was no difference between the self-reported or clinically measured BMI 

values. BMI was categorized as normal weight or overweight/obese with a cut off at 25.0 kg/m2.

Women with self-reported oligo-amenorrhoea and hirsutism at age 31 and/or self-

reported diagnosis of PCO/PCOS by age 46 were considered as the self-reported PCOS (srPCOS) 

group (N=222). The women with isolated oligo-amenorrhoea (N=330) and those with isolated 

hirsutism (N=321) were excluded from the srPCOS group. The women without any PCOS 

symptom at age 31 and without diagnosis of PCO/PCOS by the age of 46 were considered as 

control group (N=1357). (Figure 1)

Clinical hyperandrogenism at age 31 i.e.  hirsutism was evaluated in the 

questionnaire at age 31. Hyperandrogenaemia at age 31 was defined according to the upper limits 

of our accredited laboratory in fertile-aged women (calculated in this population at age 31), i.e. 

either a serum level of testosterone > 2.3 nmol/L and/or free androgen index ≥ 5.6. Women at age 

31 with either hirsutism and/or hyperandrogenaemia were defined as being hyperandrogenic 

(N=471). The women without any findings of hyperandrogenism (clinical or biochemical) at age 

31 were considered as the control group (N=1059).

The indications for routine screening of GDM during pregnancy changed in Finland 

during the study period. Until 2008, risk factor-based screening was used to detect GDM. The 

indications for screening were prior GDM, overweight/obese (BMI>25 kg/m2), glucosuria, age 

over 40 years, previous macrosomic offspring (4500g or more) and suspected macrosomia in the 

current pregnancy. After the Current Care Guidelines launched in 2008, all women, except those 

with very low risk, have been recommended to be screened for GDM13. A very low GDM risk was 

determined as follows: 1) primiparous: age<25 years, BMI<25 kg/m2, no family history of 

diabetes and 2) multiparous: age<40 years, BMI<25 kg/m2, no previous GDM or macrosomic 

infants. During both time periods, the screening of GDM was mainly performed between 24-28 

weeks of gestation and diagnosis set by a standard 2 hours (h) 75 g OGTT with samples obtained 

at baseline after overnight fast and at 1 h and 2 h after the glucose load. In both screening policies, 

it was recommended to perform OGTT for the first time between the 12th and 16th weeks of 

gestation for high-risk group (before 2008: prior GDM; after 2008: prior GDM, BMI >35kg/m2, 

PCOS with insulin resistance) and to repeat the test between 24-28 weeks of gestation if the early 

OGTT result was normal. The upper ranges of normal glucose levels have varied during study A
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period between 4.8-5.5 mmol/l at fasting, 10.0-11.0 mmol/l at 1h and 8.0-8.7 mmol/l at 2 h after 

the glucose load. The diagnosis of GDM was established if at least one abnormal value was 

observed in the OGTT. 

Data on GDM until the end of 2013 were combined from the Finnish Medical Birth 

Register (FMBR), the Hospital Discharge Register (HDR) and the questionnaire at age 46. The 

diagnosis of GDM was made if it was present either in FMBR or the HDR. One-hundred forty-six 

cases of GDM were diagnosed according to the FMBR alone. The FMBR has been active since 

1987 and we therefore lacked the GDM diagnoses for the deliveries which had occurred before 

1987. Two-hundred fifty-three cases were diagnosed according to the HDR alone (active since 

1969), which have collected all hospital admissions and their diagnoses during pregnancy 

according to the International Classification of Diseases (ICD-8, -9 and -10). Lastly, 304 women 

were diagnosed by the age of 46 years with GDM, according to the questionnaire. Of them, 111 

women did not display a GDM diagnosis according either to the HDR or the FMBR. The patient 

records were therefore checked for these 111 women, and of them 19 were confirmed with GDM 

according the patient records. The women in whom a diagnosis could not be confirmed were 

excluded from the analyses (N=92). All in all, after the exclusion of the women with a diagnosis 

of GDM reported in the questionnaire alone, the final group included 285 women with a 

confirmed diagnosis of GDM. Nulliparous women (N=1687) were excluded from the analyses. 

(Figure 2)

Details of biochemical assays and laboratory methods and of the clinical 

examination (at age 31) have been previously published14, 15. Serum samples for assay of total 

testosterone at ages 31 and 46 were analyzed by using Agilent triple quadrupole 6410 LC-MS 

equipment with an electrospray ionization source operating in positive-ion mode (Agilent 

Technologies, Inc., Santa Clara, CA, USA) as previously described20. Serum sex hormone-binding 

globulin (SHBG) was analyzed by a chemiluminometric immunoassay (Immulite 2000, Siemens 

Healthcare Diagnostica Inc., Llanberis, UK) (20).  Free androgen index was calculated by using 

the equation 100× testosterone (nmol/L)/SHBG (nmol/L). 

At age 46 plasma glucose was analysed by an enzymatic dehydrogenase method 

(Advia 1800; Siemens Healthcare Diagnostics Inc., Tarrytown, Ny, USA) and serum insulin by a 

chemiluminometric immunoassay (Advia Centaur XP, Siemens Healthcare Diagnostics, 

Tarrytown, NY, USA). Fasting plasma glucose (f-gluc) and fasting serum insulin (f-ins) values 

were used to calculate the HOMA-IR index (Homeostasis Model Assessment – insulin resistance) A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

(f-gluc x f-ins / 22.5), OGTT plasma glucose (p-gluc) and serum insulin (s-ins) values were used 

to calculate insulin and glucose area under curve (glucose-AUC and insulin-AUC) and Matsuda 

index for insulin sensitivity (ISI) (10 000 x ((f-gluc x f-ins) x ((f-gluc + 30min p-gluc + 60min p-

gluc + 120min p-gluc) / 4) x ((f-ins + 30min s-ins + 60min s-ins + 120min s-ins) / 4))). 

The samples were analysed in NordLab Oulu (former name Oulu University 

Hospital, Laboratory), a testing laboratory (T113) accredited by Finnish Accreditation Service 

(FINAS) (EN ISO 15189).

Statistical analyses

Pearson’s Chi squared (χ2) test was used to calculate P-values for the categorical variables. The 

differences in distribution of clinical characteristics were tested by using nonparametric Mann-

Whitney U test. Univariate general linear modelling (analysis of covariance, ANCOVA) was 

employed to adjust the means of continuous variables for BMI, where appropriate. Continuous 

data are presented as medians and lower (25th) and upper quartiles (75th) (interquartile range, 

IQR). The whole study population was also stratified into quartiles of serum testosterone levels 

and free androgen index at age 31 and the χ2 test was used to compare the categorical variables 

across these quartiles. 

Binary logistic regression models were employed to estimate the factors associated 

with GDM and the results were reported as odds ratios (ORs) with 95% confidence intervals 

(95%Cls). Statistically significant results were further adjusted for consumption of alcohol, 

smoking, education, current use of cholesterol lowering drugs and of combined contraceptive pills 

at age 46. A P-value <.05 was considered significant. Statistical analyses were performed using 

IBM SPSS Statistics 20.0 (SPSS Inc., Chicago, IL, USA).

Ethical approval

The study followed the principles of the Declaration of Helsinki. The Ethics Committee of the 

Northern Ostrobothnia Hospital District approved the study (date of approval 27.02.2003; decision 

number 12/2003). All subjects have received written and oral information and gave their written 

consent to use all data.

RESULTSA
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The prevalence of GDM was 10.3% (285/2760) in the whole study population, 12.7% (25/197) in 

women with srPCOS and 8.5% (106/1251) in control group (P=0.415). 

Women with srPCOS (regardless of GDM status) and controls with GDM displayed higher BMI 

and indices of insulin resistance at ages 31 and 46, waist circumference and free androgen index at 

age 31, than controls without GDM. After adjusting for BMI, srPCOS women with GDM still had 

higher fasting glucose levels and free androgen index at age 31 than control women without GDM. 

srPCOS women with GDM also had higher BMI at ages 31 and 46, and waist circumference at age 

31 (as well as higher levels of fasting glucose and decreased insulin sensitivity assessed with the 

Matsuda index) than srPCOS women without GDM. Women with srPCOS and GDM exhibited 

slightly but significantly lower testosterone levels at age 31 than srPCOS women without GDM, 

but there was no significant difference in free androgen index between the two groups. (Table 1)

In the regression analysis, srPCOS was not significantly associated with GDM 

diagnosis (OR 1.50 [95% CI: 0.92 to 2.42]). The presence of both srPCOS and a BMI≥25 kg/m2 at 

age 31 (OR=2.43 [95% CI: 1.22 to 4.86]) or 46 (OR=3.04 [95% CI: 1.58 to 5.83]) was 

significantly associated with GDM, when compared with normal weight control women. However, 

this association did not remain significant when comparing overweight/obese srPCOS women 

with overweight/obese control women. Isolated oligo-amenorrhoea at age 31 was not significantly 

associated with GDM. (Figure 3)

At age 31, hyperandrogenaemia (elevated levels of total testosterone or free 

androgen index) was significantly associated with GDM, and all the associations remained 

significant after adjustment for BMI at ages 31 and 46. Isolated hirsutism at age 31 was not 

significantly associated with GDM (Table 2, Models I-II). There was a significant linear trend in 

the higher quartiles of both testosterone and free androgen index at age 31 towards higher 

prevalence of GDM (Figure 4). 

DISCUSSION

Results from this large, follow-up, cohort study indicate that the increased risk of GDM in women 

with srPCOS is mostly attributed to overweight or obesity. Importantly, normal weight women 

with srPCOS seem not to be at increased risk for developing GDM. Hyperandrogenaemia at age 

31 was associated with GDM independently of BMI, suggesting that hyperandrogenaemia may 

play an important role in the pathophysiologic process of GDM.A
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The main strengths of the study are the prospective general population-based cohort 

design together with the longest follow-up time compared with the previous studies investigating 

the relationship between BMI and GDM in women with PCOS. All subjects were of Caucasian 

ethnicity and living in the same area during the same period. The participation rates for the clinical 

examinations and questionnaires at age 31 and 46 were high and anthropometric parameters were 

measured in most cases. In Finland, free maternity care in public hospitals is offered to all 

pregnant women, which enabled us to perform data collection on pregnancy complications in 

virtually all women participating in the 46-year questionnaire. Our study included careful 

adjustment for possible confounders. The measurements of total testosterone were performed by 

using LC-MS equipment, which has been considered as the “gold standard” for measuring total 

testosterone in females. By taking advantage of FMBR, HDR and questionnaire, we were also able 

to have an accurate estimate of GDM in our study population. In support of this methodology, 

results from a recent Danish study illustrated that combined information from birth register and 

interviews could correctly identify 96% of GDM cases in a large Danish national birth cohort16.

There are potential limitations in this study. Firstly, documentation of the symptoms 

of PCOS at age 31 and PCO/PCOS diagnosis at age 46 was based on questionnaires. Hirsutism 

might be over-reported by self-estimation and ovarian ultrasonography was not available to aid the 

diagnosis of PCOS. However, we have previously validated this questionnaire to distinguish 

PCOS cases and demonstrated in this same cohort at age 31 that self-reported oligo-amenorrhoea 

and hirsutism can identify most women with the typical endocrine and metabolic profile of 

PCOS14. This definition is also consistent with both the National Institutes of Health and the 

Rotterdam criteria for diagnosis of PCOS2. Secondly, the questionnaire at age 46 did not 

distinguish between those women who were found to have PCO and those with established PCOS. 

This feature, as well as the fact that the PCOS population in this cohort was the reflection of a 

milder phenotype compared with a patient-based population, may have decreased the magnitude 

of the association between PCOS and GDM.

Our study population showed a prevalence of 10.3% for GDM, in line with global 

prevalence estimates (5.8% in Europe to 12.9% in Middle East and North Africa)17. However, a 

direct comparison of GDM prevalence across countries is difficult, given the great heterogeneity 

in screening approaches, diagnostic criteria, and underlying population characteristics. Moreover, 

the prevalence of GDM has substantially increased during last decade among Finnish women, A
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which is likely explained by both the increase in prevalence of pre-pregnancy overweight/obesity 

and by the change in the screening protocol of GDM (see Material and methods)18.

In the present study population, srPCOS did not seem to be a significant risk factor 

for GDM. More specifically, the risk of GDM was not increased when comparing normal-weight 

srPCOS women to normal-weight controls. In line with these results, previous reports have 

suggested that GDM is largely attributed to overweight and obesity, while PCOS is a much weaker 

predictor19-23. By contrast, results of a large retrospective British cohort including 9068 women 

with PCOS and 18 136 controls matched for BMIs displayed an elevated risk of GDM in PCOS 

with a OR of 1.424. Moreover, a large retrospective register-based Swedish study indicated that the 

risk of GDM was more than doubled in PCOS women, even after adjustments for BMI25. Recent 

meta-analyses have also suggested that women with PCOS have an increased risk of pregnancy 

complications, such as GDM9, 22. However, most of the eligible studies included in these 

aforementioned meta-analyses are compromised by potential confounding factors, such as lack of 

adjusting for BMI, retrospective study design, relatively small sample size and use of assisted 

reproductive technology9, 22.  It is probable that in our population-based cohort with self-reported 

symptoms and diagnosis of PCOS, the PCOS population displays a milder phenotype compared 

with a patient-based population. All in all, our results strengthen the overwhelming importance of 

overweight/obesity compared with PCOS regarding the risk of developing GDM during 

reproductive life.

In the whole study population, hyperandrogenaemia at age 31 was significantly 

associated with GDM, and all the associations in the regression analyses remained significant after 

adjustments for BMI. There was also a significant linear trend in the higher quartiles of both 

testosterone and free androgen index at age 31 towards higher prevalence of GDM. These results 

are in line with a recently published study, which demonstrated that hyperandrogenic phenotype of 

PCOS was strongly associated with GDM independently of weight26. In support of this statement, 

it is well recognized that the hyperandrogenic phenotypes of PCOS are linked to more severe 

metabolic disturbances compared with the non-hyperandrogenic phenotypes27. The present 

findings also fit well with the results of a previous study showing that the androgen pathways may 

be over-activated in the placentae of women with GDM28. On the other hand, in the present study, 

the women with both srPCOS and GDM displayed slightly lower testosterone levels than srPCOS 

women without GDM, in line with results of a Swedish follow-up study showing that elevated 

serum testosterone levels were not associated with GDM29. One explanation for these discrepant A
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results may be that the measurement of total testosterone alone is not a very sensitive marker of 

androgen excess. We therefore can conclude that, according to the present results, 

hyperandrogenaemia, along with overweight/obesity, plays an important role in the 

pathophysiology of GDM.

CONCLUSION

In summary, in this large population-based cohort study, overweight/obesity was strongly 

associated with GDM, while srPCOS was not. The present results strengthen the importance of 

weight management before and during pregnancy to reduce the incidence of GDM, a major cause 

of postnatal morbidity. Our results do, however, suggest that hyperandrogenaemia plays a 

significant independent role in the emergence of GDM, thus opening new interesting insights into 

the pathophysiologic process of GDM.

.
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Legends of Tables and Figures

Table 1. Clinical characteristics of controls and women with self-reported PCOS, sorted according 

to gestational diabetes status. 

Table 2. Univariate and multivariate logistic regression analysis for factors associated with 

gestational diabetes mellitus by age 46.

Figure 1. Flowchart of the study population.

Figure 2. Flowchart of the gestational diabetes mellitus diagnosis.

Figure 3. Binary logistic regression analysis for the association of self-reported PCOS with 

gestational diabetes mellitus by age 46.

Figure 4. Prevalence of gestational diabetes mellitus in different T(a) and FAI (b) quartiles at age 

31. 
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Table 1. Clinical characteristics of controls and women with srPCOS, sorted according to gestational diabetes status.  

Clinical 

Characteristics 

Controls 

without GDM 

(n=779-1137
f
) 

Controls 

with GDM 

(n=116-260
f
) 

P-value
a
 srPCOS 

without GDM 

(n=138-215
f
) 

P-value
b
 srPCOS 

with GDM 

(n=18-26
f
) 

P-value
c
  p-value

d
 p-value

e
 

BMI 14 yr 18.7 (17.5; 20.2) 19.1 (17.6; 20.9) .010 19.5 (18.0; 21.2) <.001 19.1 (17.8; 20.2) .581 .197 .651 

BMI 31 yr 22.6 (20.8; 25.0) 24.5 (22.2; 27.9) <.001 24.3 (22.1; 28.9) <.001 25.2 (21.7; 27.0) .027 .777 .859 

BMI 46 yr 25.3 (22.6; 28.7) 28.1 (24.4; 32.0) <.001 27.1 (24.0; 31.6) <.001 29.7 (24.6; 32.7) .002 .271 .507 

Waist (cm) 31 yr 76.0 (70.5; 83.0) 81.0 (73.6; 89.0) <.001 81.5 (703.0; 92.0) <.001 79.8 (72.9; 99.4) .020 .724 .699 

Fasting glucose 31 

yr (mmol/L) 

4.90 (4.60; 5.10) 5.00 (4.60; 5.30) .005
 
* 4.90 (4.70; 5.20) .182

NS
 5.10 (4.70; 5.40) .038

NS
 .144

NS
 .449

NS
 

Fasting insulin 31 yr 

(pmol/L) 

7.00 (5.80; 8.50) 8.10 (6.58; 10.7) <.001
NA

 7.80 (5.90; 10.1) <.001
 NA

 8.60 (6.35; 11.4) .025
NS

 .535
NS

 .817
NS

 

HOMA-IR 31 yr 0.91 (0.75; 1.11) 1.03 (0.85; 1.36) <.001
NA

 1.00 (0.75; 1.31) <.001
 NA

 1.12 (0.81; 1.49) .025
NS

 .495
NS

 .814
NS

 

Total testosterone 31 

yr (nmol/L) 

0.92 (0.72; 1.21) 1.06 (0.75; 1.43) .001*** 1.29 (0.96; 1.72) <.001*** 1.04 (0.80; 1.40) .277
NS

 .027* .742
NS

 

SHBG 31 yr (nmol/L) 46.4 (35.9; 62.4) 38.9 (27.7; 56.2) .001*** 41.4 (27.8; 58.8) .003*** 29.8 (22.4; 39.5) <.001
 NS

 .019
NS

 .029
NS 

FAI 31 yr 2.01 (1.39; 2.72) 2.69 (1.74; 3.97) <.001*** 3.40 (1.85; 4.80) <.001
NA

 4.50 (2.34; 5.27) .002*** .399
NS

 .060
NS

 

Waist (cm) 46 yr 83.5 (77.0; 93.5) 

 

91.0 (82.5; 103.0) 

 

<.001 

 

88.0 (81.0; 99.0) 

 

<.001 

 

93.3 (82.0; 105.6) 

 

.007 

 

.332 

 

.807 

 

Fasting glucose 46 

yr (mmol/L) 

5.20 (5.00; 5.50) 5.60 (5.20; 6.00) <.001
NA

 5.30 (5.00; 5.70) .028** 5.60 (5.20; 5.90) .003** .049
NS 

.891
NS 

Fasting insulin 46 yr 

(pmol/L) 

7.00 (4.88; 10.2) 8.90 (6.33; 13.7) <.001
NA

 8.20 (6.10; 12.3) <.001
NA

 10.4 (6.00; 14.1) .005
NS

 .315
NS

 .686
NS

 

HOMA-IR 46 yr 1.62 (1.11; 2.44) 2.29 (1.51; 3.63) <.001
NA

 1.96 (1.44; 2.97) <.001
NA

 2.45 (1.31; 4.09) .003
NS

 .194
NS

 .783
NS 

Matsuda index 46 yr 101.4 (66.2; 144.3) 72.0 (45.4; 102.7) <.001*** 85.5 (59.5; 129.5) .007
NS

 56.5 (42.7; 107.8) .002
NS

 .037
NS

 .429
NS

 

Notes: Data are expressed as medians (interquartile ranges). The significance test used is Mann-Whitney U test. The effect of BMI at age 46 or 31 on the hormonal parameters and parameters 

describing insulin sensitivity was assessed using univariate general linear modelling (ANCOVA).  

a
Controls with GDM vs. Controls without GDM.

 b
srPCOS without GDM vs. Controls without GDM. 

c
srPCOS with GDM vs. Controls without GDM. 

d
srPCOS with GDM vs. srPCOS without GDM. 

e
srPCOS with GDM vs. Controls with GDM. 

f
The numbers of women in separate analyses varies due to missing data some parameters. *BMI-adjusted P-value<.05, **BMI-adjusted P-value<.01, 

***BMI-adjusted P-value<.001 compared to controls without GDM. 

Abbreviations: BMI, body mass index; FAI, free androgen index; GDM, gestational diabetes; HOMA-IR, homeostasis model assessment for insulin resistance; NA, inappropriate application of the 

statistics; NS, non-significant; srPCOS, self-reported polycystic ovary syndrome; SHBG, sex hormone binding globulin.
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Table 2. Univariate and multivariate logistic regression analysis for factors associated with GDM by age 46. 

Risk factor 

 

Crude 

OR (95 % CI) 

Adjusted  

OR (95% CI) 

Multivariate 

Model I 

OR (95% CI) 

Multivariate 

Model II 

OR (95% CI) 

T > 2.30 nmol/L at age 31 

 

2.07 (1.18 – 3.63)* 

 

2.19 (1.22 – 3.95)**

  

1.97 (1.10 – 3.54)* 2.22 (1.25 – 3.92)** 

FAI ≥ 5.60 at age 31 3.19 (1.66 – 6.11)*** 

 

3.14 (1.60 – 6.18)*** 2.43 (1.23 – 4.78)* 2.52 (1.27 – 5.00)** 

T > 2.30 nmol/L and/or FAI ≥ 5.60  

at age 31 

 

2.58 (1.62 – 4.13)*** 2.68 (1.64 – 4.37)*** 2.30 (1.41 – 3.73)*** 2.50 (1.54 – 4.04)*** 

IsH at age 31 

 

1.18 (0.72 - 1.94)    

Notes: The reference group in the analyses were the women without any clinical or biochemical findings of hyperandrogenism at age 31. 

Adjusted OR: Statistically significant crude results were further adjusted for consumption of alcohol, smoking, education, current use of cholesterol lowering 

drugs and of combined contraceptive pills at age 46 years. Multivariate Model I: Statistically significant crude results were further adjusted for BMI at age 31 

as binary variable (normal weight or overweight/obese with a cut off at 25.0 kg/m
2
). Multivariate Model II: Statistically significant crude results were further 

adjusted for BMI at age 46 as binary variable (normal weight or overweight/obese with a cut off at 25.0 kg/m
2
). *P-value<.05, **P-value<.01, ***P-value<.001. 

Abbreviations: BMI, body mass index; CI, confidence interval; FAI, free androgen index; IsH, isolated hirsutism; T, serum total testosterone.  
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