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Summary: 

Gestational diabetes mellitus (GDM) and polycystic ovary syndrome (PCOS) are distinct 

pathologies with impaired insulin sensitivity as a common feature. The aim of this study was 

to evaluate the response of fat tissue adipokines and gastrointestinal incretins to glucose load 

in patients diagnosed with one of the two disorders and to compare it with healthy controls. 

Oral glucose tolerance test (oGTT) was performed in 77 lean young women: 22 had positive 

history of GDM, 19 were PCOS patients, and 36 were healthy controls. Hormones were 

evaluated in fasting and in 60 min intervals during the 3 hour oGTT using Bio-Plex 

ProHuman Diabetes 10-Plex Assay for C-peptide, ghrelin, GIP, GLP1, glucagon, insulin, 

leptin, total PAI1, resistin, visfatin and Bio-Plex ProHuman Diabetes Adipsin and 

Adiponectin Assays (Bio-Rad). Despite lean body composition, both PCOS and GDM women 

were more insulin resistant than controls. Significant postchallenge differences between the 

GDM and PCOS groups were observed in secretion of adipsin, leptin, glucagon, visfatin, 

ghrelin, GIP, and also GLP1 with higher levels in GDM. Conversely, PCOS was associated 

with the highest resistin, C-peptide, and PAI1 levels. Our data suggest that decreased insulin 

sensitivity observed in lean women with GDM and PCOS is associated with distinct hormonal 

response of fat and gastrointestinal tissue to glucose load. 
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Introduction:  

Gestational diabetes mellitus (GDM) and polycystic ovary syndrome (PCOS) are pathologies 

with one common denominator - impaired insulin sensitivity (IS) (Wei et al. 2014, Ravn 

2015). This unfavorable health condition, characterized by reduced ability of insulin to exert 

its biological effect on target tissues, can be caused by an impairment of wide range of 

physiological regulations. Insulin resistance is a consequence of disturbed glucose and lipid 

metabolism, in which impaired energy homeostasis, excess and/or impaired fuction of adipose 

tissue, gastrointestinal hormonal dysfunction, altered gut microbiome, chronic inflammation, 

and external factors like diet, physical activity, stress, environment, or even conditions of 

prenatal development and final birth weigh may play a role. In this complex and genetically 

strongly influenced process are involved also hormonal active substances known as 

adipokines and incretins.  

Adipokines such as leptin, adiponectin, resistin, visfatin or adipsin are secreted by white 

adipose tissue, which is now recognized to be an active participant in glucose homeostasis. 

Recently, this evidence has become robust suggesting that obesity and inflammation are 

major components of insulin resistance. One of the mechanisms described in patients with 

metabolic syndrome characterized by excess visceral adipose tissue is that long-term exposure 

to higher adipokine levels leads to a chronic subinflammatory state that is involved in 

development of insulin resistance (Thomas et al. 2015). In most individuals, insulin resistance 

and obesity coexist. However, also lean subjects can develop inflammation-associated insulin 

resistance (Mehta et al. 2010). Lean insulin resistant subjects may have even higher pro-

inflammatory adipokine profile than overweight but insulin sensitive subjects (Moscavitch et 

al. 2016). This implies that the degree of adipose tissue inflammation, not obesity per se, is a 

precondition for the development of insulin resistance (Hamada et al. 2011). 
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Incretins such as glucagon-like peptide 1 (GLP1) or glucose-dependent insulinotropic 

polypeptide (GIP) are gut hormones secreted from the enteroendocrine cells into the blood 

after eating. Their main physiological function is to potentiate glucose-stimulated insulin 

secretion in a glucose-dependent way. Therefore, there has been a lot of interest in developing 

incretin-based therapy for type 2 diabetes mellitus. 

Ghrelin is a peptide produced by gastrointestinal tract. It regulates hunger and energy 

distribution through signaling in the central nervous system. More specifically, ghrelin is 

hypothesized to stimulate GLP1 secretory response to ingested nutrients and is discussed in 

connection with a new incretin enhancer therapy approach (DeMarco and Sowers 2015). 

PAI1 (plasminogen activator inhibitor 1) is a major regulator of the fibrinolytic system. It is 

produced by the endothelium, but is also secreted by other tissue types, such as adipose tissue, 

liver, lung, and muscle (Binder et al. 2002). Increased PAI1 levels in plasma accompany 

symptoms of metabolic syndrome, such as glucose intolerance and insulin resistance. Under 

some pathological conditions like sepsis or other acute and chronic inflammatory diseases 

including atherosclerosis, endothelial cells secrete a large amount of PAI1 in response to 

inflammatory cytokines (Bouchard et al. 2010).  

Despite large body of data that is shaping our understanding of mechanisms underlying 

insulin resistance development, this process is exceptionally complex and the data can be 

difficult to reconsile. As health organizations throughout the world struggle to find solutions 

to this largely preventable health issue, it is highly desirable to offer new insights and 

potential avenues for preventive intervention. The aim of this study was to monitor the 

response of the above stated fat tissue adipokines and gastrointestinal incretins to glucose load 

and to compare it between patients suffering from one of the two distinct metabolic disorders 

associated with insulin resistance - GDM and PCOS - in order to uncover possible differences 
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in mechanism underlying deterioration of IS in these women. All the observations were 

evaluated in relation to healthy control women with normal glucose tolerance.  

 

Methods: 

The 3 hour oral glucose tolerance test (oGTT) with 75g of glucose was performed in 77 lean 

women: 22 women with a history of GDM (BMI range 18.5-24.9 kg/m2, age 34.9±4.62 years) 

diagnosed by the criteria based on WHO guidelines and the Czech Gynecological and 

Obstetrical Society meeting the 0.5-1 year interval after delivery, all non breastfeeding, 19 

PCOS patients (BMI range 18.7-24.8 kg/m2, age 26.7±5.41 years) diagnosed according to the 

ESHRE2004 consensus, and 36 healthy controls with a regular menstrual cycle and normal 

glucose tolerance (glycemia in 120 min of oGTT<7.8 mmol/l, BMI range 18.8-24.9 kg/m2, 

age 30.4±9.67 years). These groups did not differ in mean BMI, WHR, or body fat content. 

Details regarding characterisation of the tested groups are listed in Table 1.  

Body weight, height, waist, hip, and abdominal circumferences were measured in order to 

calculate body mass index (BMI), body adiposity index (BAI) and to evaluate body fat 

distribution by means of waist circumference and waist to hip ratio (WHR).  

All 12 analyzed hormones evaluated in the fasting state and then in 60 min intervals during 

the 3 hour oGTT were determined in plasma using Bio-Plex ProHuman Diabetes 10-Plex 

Assay, Bio-Rad (C-peptide, ghrelin, GIP, GLP1, glucagon, insulin, leptin, total PAI1, resistin, 

visfatin) and Bio-Plex ProHuman Diabetes Adipsin and Adiponectin Assays, Bio-Rad 

(adipsin, adiponectin). For these assays, blood samples were collected into glass tubes with 

K3EDTA 1.5 mg/ml and Aprotinin 250 KIU (BD Vacutainer®), treated with DPP IV Protease 

Inhibitor Coctail (Sigma-Aldrich), and stored at -80°C until processed. For methodological 

problems encountered in the determination of glucagon by Bio-Plex, RIA method (Euria-
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glucagon EuroDiagnostica) was preferred to evaluate basal and postchallenge glucagon 

plasma concentrations. 

To assess insulin sensitivity (IS) and beta cell function, four indices were calculated. Two of 

them are based on fasting glucose and insulin levels: homeostasis model of insulin resistance 

HOMA-IR = insulin0min x glucose0min / 22.5 and homeostasis model of beta cell function 

HOMA-F = 20 x insulin0min / (glucose0min – 3.5). Two indices of IS are based on stimulated 

glycemia and insulinemia levels: Matsuda index = 104 / √(mean insulin0min to 120min x mean 

glucose0min to 120min x glucose0min x insulin0min) and Cederholm index = [75000 + (glucose0min – 

glucose120min) x 39.33 x body weight] / (120 x mean glucose0min to 120min x log mean insulin0min 

to 120min). Insulinogenic index calculated as (insulin30min – insulin0min) / (glucose30min – 

glucose0min) was used to assess early insulin response during the first 30 min of the test. For 

these calculations, serum glucose by enzymatic reference method with hexokinase (Cobas 

6000, Roche Diagnostics) and insulin by ECLIA (Cobas 6000, Roche Diagnostics) were 

measured. 

Lipid profile was assessed by total cholesterol (enzymatic colorimetric test; Cobas 6000, 

Roche Diagnostics), high density lipoprotein (HDL) (homogeneous enzymatic colorimetric 

test; Cobas 6000, Roche Diagnostics), low density lipoprotein (LDL) (homogeneous 

enzymatic colorimetric test; Cobas 6000, Roche Diagnostics), and triacylglycerol (TAG) 

concentrations (enzymatic colorimetric test; Cobas 6000, Roche Diagnostics). 

Complete records of standardized questionnaires monitoring anamnestic data and life-style 

information including self-reported quality of sleep were collected from all our participants. 

Statistics: Considering the skewed distribution and nonconstant variance in most of the 

evaluated variables, these were transformed by power transformation to data symmetry and 

homoscedasticity prior further processing. The homogeneity and distribution of the 

transformed data was checked by residual analysis. Then parametric Analysis of Covariance 
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(Statgraphics Centurion XVI 16.0.07 software) was used for comparing anthropometric and 

basic biochemical characteristics between the groups in Table 1. Multiple Comparisons 

General Linear Model (GLM) Anova with "group" and "time" during the oGTT as 

independent categorical factors was applied to monitor adipokine and incretin levels in the 

three analysed groups. Adjustment for age was applied. Bonferroni All-pairwise Multiple 

Comparison Test was used to identify the two significantly different groups among the three 

tested. The p-values <0.05 (two tailed) were considered to be significant. 

The study protocol was in accordance with institutional ethic guidelines and the national laws 

and all subjects gave their written informed consent to participate in the study. 

 

Results: 

In spite of similar body composition (almost identical BMI and body adiposity index, Table 

1), PCOS and GDM groups were more insulin resistant than controls as is apparent from 

lower Matsuda and Cederholm indices of insulin sensitivity and higher HOMA-IR index of 

insulin resistance (Table 1). The postchallenge glycemia was higher in GDM group compared 

to controls and PCOS women with maximal difference in 60th min of the oGTT (Figure 1). 

Concerning the glucose-induced changes in concentrations of the 12 analyzed hormones, 

Figures 2, 3, and 4 illustrate postchallenge differences in their response between the groups 

(Factor "group" in the legend of Figures 2-4) at a specific time of the oGTT (Factor "time" in 

the legend of Figures 2-4) as well as interactions between the two factors (Interaction "group 

x time" in the legend of Figures 2-4). Calculations are adjusted for age.  

Adipsin, visfatin, ghrelin, and GLP1 showed the highest levels in GDM group and the lowest 

in PCOS patients. These highly significant differences persisted in all four assessed hormones 

throughout the whole test. Leptin and glucagon concentrations were also the highest in GDM 

women, but the lowest leptinemia was observed in controls. Glucagonemia did not differ 



8 
 

between controls and PCOS patients. Concentrations of resistin, C-peptide, and PAI1 were 

the highest in PCOS patients. Adiponectin was the only hormone from all analyzed in the 

study with the highest levels in controls.  

Monitoring and comparing the shape of the oGTT curve between the groups, i.e. evaluation of 

differences in hormone response to glucose separately in each of the four times during the 

test, revealed that most of the hormones showed similar response direction after glucose 

administration across the groups. This is statistically processed as interaction between the 

factor "group" and the factor "time" in Figures 2-4. C-peptide decreased more steeply in 

controls compared to GDM and PCOS during the 2nd hour (borderline significance of p=0.04 

for interaction "group x time", Figure 3).  

As regards beta cell function, peripheral insulin levels were lower in controls compared to 

GDM and PCOS women, while peripheral C-peptide was significantly higher in PCOS 

compared with GDM group and with controls (Figure 3). No difference between the groups 

was found in early insulin response expressed by insulinogenic index (Table 1). 

Furthermore, our results indicate that hormonal response can be distinct or even opposit 

during the 2nd hour in comparison with the 3rd hour of the oGTT. This is remarkable 

especially in adipsin, glucagon, ghrelin, and, among GDM women, also in resistin and leptin 

(Figures 2-4). 

 

Discussion: 

Decreased IS, observed in lean young women with positive history of GDM and in lean 

women suffering from PCOS compared with control normal-weight women in our study, is 

associated with markedly divergent hormonal response of fat and gastrointestinal tissue to 

glucose load.   To our best knowledge, such comparative specification of adipokine and 
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incretin-based pathophysiological pathways which take part in underlying insulin resistance in 

the two distinct endocrine diseases, PCOS and GDM, has not been published before.  

The most obvious and consistent differences between GDM and PCOS women are in 

secretion of adipsin, leptin, glucagon, visfatin, ghrelin, GIP, and also in GLP1 with 

significantly higher levels in GDM group. Conversely, PCOS was associated with the highest 

resistin, C-peptide, and PAI1 levels. 

Adipsin is expressed and secreted at high levels by adipose tissue. It stimulates glucose 

transport and adipocyte triglyceride synthesis through an insulin-dependent mechanism 

(Yasruel et al. 1991, Maslowska et al. 1997). Adipsin is positively correlated with BMI 

(Chedraui et al. 2014), but obese type 2 diabetics with beta cell failure are deficient in adipsin 

(Lo et al. 2014). These findings identify adipsin as a circulating factor linking fat cells to beta 

cell function, more specifically, adipsin potentiates insulin secretion (Lo et al. 2014). Our 

observation of higher adipsin levels in lean women with a positive GDM history, whose 

postchallenge glucose levels were higher compared to PCOS and control group, may reflect 

adipsin-mediated support of insulin secretion to restore normoglycemia after glucose 

consumption.  

Leptin has been acknowledged as a major adipocyte-derived endocrine signal in the 

homeostatic control of body weight. Subcutaneous fat content is a major determinant of 

circulating leptin levels. Leptin inhibits appetite, stimulates thermogenesis, decreases glucose, 

and reduces body weight and fat mass (Yadav et al. 2013). Beyond its metabolic functions, 

leptin is a pleiotropic cytokine involved in inflammation (Fantuzzi and Faggioni 2000). High 

leptinemia observed in our GDM group with the highest postchallenge glycemia, insulinemia, 

HOMA-IR, and the lowest Cederholm index of IS is consistent with a positive correlation 

of leptin with insulin resistance described in other studies (Nasrat et al. 2016, Osegbe et al. 

2016). In PCOS women, fasting and postchallenge (120 min) levels of leptin were also higher 
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compared to controls. Some studies have previously reported increased circulating leptin 

concentrations in PCOS independently of insulin resistance and suggested that leptin had a 

role in its pathogenesis (Sepilian et al. 2006, Gregoraszczuk and Rak 2015, Rizk and Sharif 

2015). Higher leptinemia in our PCOS women thus could be attributed, along with lower IS in 

this group, also to the differences in steroid spectra specifying this syndrome. 

Glucagon is a counterregulatory hormone that promotes hepatic glucose production, thereby 

preventing hypoglycemia in normal physiology. In healthy individuals, glucose load 

suppresses glucagon release. In diabetics, glucose does not suppress glucagon to the same 

extent (Kulina and Rayfield 2016). Hence, glucagon antagonizing  agents are likely to be of 

value in the diabetes treatment. A longitudinal study showed that increased glucagon 

secretion was evident in patients who eventually developed impaired glucose tolerance even 

before the impaired glucose tolerance was diagnosed (Ahren 2009). In this respect, our 

observation of higher glucose-stimulated glucagon in women with positive GDM history are 

in accordance with their highest postchallenge glycemia and insulinemia. Finding of Ahren 

therefore refers to this group as at risk regarding the future development of glucose 

intolerance. 

Visfatin, an adipokine preferentially expressed in visceral adipose tissue, exerts pro-

inflammatory and immunomodulating properties and was described to be higher in obese 

subjects (Ahmed et al. 2015). Visfatin also has insulin-sensitizing and insulin-mimetic effect, 

so attention attracts its possible application in glycemic control. In our study, the highest 

visfatin levels were found in GDM positive women. Elevated plasma visfatin concentration 

has already been demonstrated in pregnant gestational diabetics (Lewandowski et al. 2007, 

Ferreira et al. 2011). Lewandowski et al. reported positive correlations of plasma visfatin with 

concentrations of both fasting and postchallenge insulinemia in GDM pregnant women. 

Ferreira et al. revealed an increased plasma visfatin level in pregnant women who 
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subsequently developed GDM, suggesting that visfatin could be a potential biomarker for 

predicting GDM. Interestingly, data indicating inverse relationship between visfatin and sleep 

duration have been published (Hayes et al. 2011) and confirmed in direct relation to the sleep 

loss-associated impairment of postprandial glucose metabolism (Benedict et al. 2012). 

Therefore, it is likely that mild sleep deprivation indicated in questionnaires by our GDM 

women, who are all mothers meeting 0.5-1 year interval after delivery and caring for their 

babies also at night, plays an important role in our observation of higher visfatin and 

postchallenge glucose levels.  

Ghrelin participates in regulation of nutrient sensing, food intake, and energy balance 

including glucose metabolism (DeMarco and Sowers 2015). It has orexigenic effect and is 

known as the "hunger hormone". In insulin resistant subjects, ghrelin concentrations were 

systematically lower than in healthy controls (Verhulst and Depoortere 2012). Also after an 

oral glucose administration, ghrelin levels were reported to be lower in subjects with more 

pronounced insulin resistance (Greenman et al. 2004). This is in agreement with our finding 

of lower ghrelin in PCOS group which is more insulin resistant than controls. Paradoxically, 

both fasting and stimulated ghrelin levels were the highest in GDM women showing the 

highest postchallenge glycemia, insulinemia, and the lowest Cederholm-derived IS. Again, 

disturbed sleep could be one possible explanation. Strong link between low-quality or 

mistimed sleep and changes in metabolic control including appetite-signaling hormones is 

well documented (Cedernaes 2015). Hence, in new mothers caring for their 0.5-1 year old 

babies, ghrelin may be elevated in response to sleep restriction.  

Also the gut-derived incretins GIP and GLP1, like stomach-derived ghrelin, are tightly 

connected to whole-body energy metabolism and meal consumption. While ghrelin 

concentrations are highest shortly before usual meal time, GIP and GLP1 are secreted after 

nutrient ingestion, which is seen from the responses of the three hormones (Figure 4). As 
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mentioned in the introduction, GIP and GLP1 work to augment glucose-stimulated insulin 

secretion. According to some studies, low incretin levels are indicative of glucose tolerance 

impairment (Rask et al. 2004, Zhang et al. 2012). These conclusions correspond well with our 

observation in PCOS women, but are conflicting in the GDM group. Nevertheless, Vollmer et 

al. found that deterioration in glucose homeostasis can develop in the absence of any disorder 

in GIP or GLP1 secretion (Vollmer et al. 2008). Owing to the fact that incretins have an 

important physiological function in augmenting postprandial insulin secretion, we can assume 

that higher incretin release observed in GDM women is an integral part of the process 

targeted at normalisation of postchallenge glycemia, significantly higher in this group. 

Different kind of hormonal reaction with less pronounced differences between the 

groups and characterized by the highest levels in PCOS patients was observed in resistin, C-

peptide, and PAI1. 

As stated in the introduction, secretion of PAI1 may be induced in response to inflammatory 

cytokines. In our study, higher PAI1 levels were observed in PCOS patients. This correlates 

well with high pro-inflammatory resistin and low anti-inflammatory adiponectin. 

Nevertheless, other pro-inflammatory adipokines adipsin and visfatin were low in PCOS 

group. This inconsistent observation does not indicate that rise in PAI1 in our PCOS women 

is due to the action of inflammatory cytokines. More likely, our results confirm recent 

observation describing elevated levels of PAI1 as a novel independent biomarker and 

predictor of insulin resistance in normal-weight women with PCOS (Aziz et al. 2015, Cassar 

et al. 2015).  

As mentioned above, the highest resistin levels were detected in PCOS women. Higher serum 

resistin has already been described among normal-weight PCOS patients in comparison with 

controls (Farshchian et al. 2014). Interestingly, resistin mRNA expression in adipocytes was 
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found to be twice higher in PCOS patients implying resistin have a local paracrine mode of 

action in the PCOS pathogenesis (Seow et al. 2004, Seow et al. 2007).  

Adiponectin was the only hormone with the highest levels in controls. Adiponectin is 

expressed in adipose tissue, but paradoxically correlates negatively with obesity. It plays a 

crucial role in the regulation of glucose metabolism and IS (Ghoshal et al 2015). 

Epidemiological studies revealed that low serum adiponectin can be an excellent biomarker 

for predicting type 2 diabetes (Spranger et al. 2003). Finding of lower adiponectin in lean 

PCOS and GDM women in comparison with lean controls confirms adiponectin as adiposity-

independent marker of decreased IS in these two groups. 

Pancreatic beta cell function was evaluated by means of basal and postchallenge 

peripheral insulin and C-peptide concentrations. Lower stimulated insulinemia in controls 

compared to PCOS and GDM group reflects better IS in this group, which corresponds well 

with calculated IS indices (Table 1). The highest postchallenge peripheral insulin levels were 

observed in GDM women. However, postchallenge C-peptide levels were not as high in this 

group. Considering equimolar secretion of insulin and C-peptide into the circulation, this 

observation may be explained by lower hepatic insulin extraction in women with positive 

history of GDM. 

Besides, it has been demonstrated by our study that hormonal response can be distinct 

or even opposit during the 2nd hour of the oGTT and during the 3rd hour of the prolonged 3 

hour oGTT. Most studies refers to the standard 2 hour oGTT. That is why it is important to 

take the duration of the oGTT into account while evaluating the glucose effect to hormones 

like adipsin, resistin, glucagon, ghrelin, or leptin.  

The merit of our approach, which is high somatometric, age, ethnic, and also 

diagnostic homogeneity of the study groups, brings also certain limitation, which is number of 
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participants. This limitation shows where new efforts need to be made. Based on these results, 

the next step would be to build a stronger overall evidence base concerning the issue. 

In conclusion, IS according to HOMA-IR, Matsuda, and Cederholm indices was lower 

in women with a history of GDM and in PCOS patients in comparison with controls of similar 

BMI. Evaluation of hormonal response to glucose load revealed significant postchallenge 

differences between the groups with the highest concentrations of adipsin, visfatin, ghrelin, 

and GLP1 in GDM group and the lowest in PCOS patients. Conversely, PCOS was associated 

with the highest resistin, C-peptide, and PAI1 levels. Our observation suggests that decreased 

IS identified in normal-weight women with GDM history and in lean PCOS patients is based 

on distinct signaling of adipose and gastrointestinal tissue. Thus, different mechanisms are 

relevant in the development of insulin resistance characterizing these two pathologies. This 

descriptive study gives added value to the understanding of the etiopathology of impaired IS 

in the two specific endocrine diseases. Deepening knowledge of the underlying mechanisms 

is of great importance for the development of new strategies for type 2 diabetes prevention 

and treatment. 
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Table 1: Characteristics of the groups. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*the difference between the GDM group and Controls and concurrently between PCOS group and Controls is significant  
Values are given as mean (95% confidence interval) 
 

  
GDM PCOS Controls age-adjusted 

ANCOVA p-level n=22 n=19 n=36 
age (years) 34.9 (32.8; 37.0) 26.7 (24.8; 28.8) 30.4 (28.9; 32.0) - 
BMI (kg/m2) 22.0 (21.5; 22.6) 21.8 (21.2; 22.4) 21.6 (21.1; 22.0) 0.59 
WHR 0.76 (0.75; 0.77) 0.73 (0.72; 0.75) 0.75 (0.74; 0.76) 0.28 
waist (cm) 74.0 (72.3; 75.9) 70.7 (69.1; 72.4) 71.6 (70.3; 72.9) 0.30 
abdomen (cm) 84.2 (82.4; 86.1) 80.1 (78.5; 81.9) 80.5 (79.3; 81.9) 0.08 
BAI (%) 27.1 (26.3; 27.9) 26.4 (25.6; 27.3) 26.2 (25.6; 26.9) 0.65 
BP systolic (mmHg) 108 (104; 112) 102 (99; 107) 108 (105; 112) 0.20 
BP diastolic (mmHg) 66 (64; 68) 64 (62; 67) 68 (66; 70) 0.24 
basal glycemia (mmol/l) 4.74 (4.62; 4.87) 4.52 (4.39; 4.65) 4.54 (4.45; 4.64) 0.31 
HOMA-IR 1.14 (1.01; 1.31) 1.11 (0.98; 1.28) 0.83 (0.76; 0.91) 0.004* 
HOMA-F 87.7 (74.8; 103.5) 112.4 (93.9; 136.4) 83.6 (74.0; 94.9) 0.23 
IS-Matsuda index 7.4 (6.5; 8.3) 7.4 (6.4; 8.1) 10.2 (9.5; 10.2) <0.001* 
IS-Cederholm index 59.5 (55.8; 63.4) 63.1 (59.2; 67.3)  72.4 (68.9; 76.2) 0.004* 
insulinogenic index (IU/mol) 12.0 (10.0; 14.6) 18.1 (14.6; 23.0) 14.5 (12.5; 16.9) 0.82 
total cholesterol (mmol/l) 4.8 (4.5; 5.0) 4.4 (4.2; 4.6) 4.3 (4.2; 4.5) 0.16 
HDL cholesterol (mmol/l) 1.58 (1.49; 1.68) 1.61 (1.51; 1.72) 1.59 (1.51; 1.67) 0.21 
LDL cholesterol (mmol/l) 2.7 (2.5; 2.9) 2.3 (2.1; 2.5) 2.3 (2.1; 2.4) 0.14 
TAG (mmol/l) 0.89 (0.80; 0.99) 0.88 (0.78; 0.98) 0.78 (0.71; 0.84) 0.28 
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Figure 1: Serum levels of glycemia during the 3 hour oGTT in GDM, PCOS, and control women. (General Linear Model with "group" and 

"time" as independent categorical factors, age-adjusted data) 
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Factor"group": F=8.4, p<0.001; Factor"time": F=110.1, p<0.001; Interaction"group x time": F=3.3, p=0.004
GDM - Controls *
GDM - PCOS *
Controls - PCOS
*denotes a significant difference
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Figure 2: Plasma levels of adipokines by multiplex assays during the 3 hour oGTT in GDM, PCOS, and control women. (General Linear Model 

with "group" and "time" as independent categorical factors, age-adjusted data) 
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Factor "group": F=148.3, p<0.001 Factor "group": F=242.2, p<0.001 Factor "group": F=8.6, p<0.001 Factor "group": F=332.9, p<0.001
GDM - Controls * GDM - Controls * GDM - Controls GDM - Controls *
GDM - PCOS GDM - PCOS * GDM - PCOS * GDM - PCOS *
Controls - PCOS * Controls - PCOS * Controls - PCOS * Controls - PCOS *
Factor"time": F=4.3, p=0.006 Factor"time": F=22.5, p<0.001 Factor"time": F=4.2, p=0.007 Factor"time": F=39.0, p<0.001
Interaction"group x time" F=0.9, p=0.53 Interaction"group x time" F=0.4, p=0.88 Interaction"group x time" F=1.4, p=0.22 Interaction"group x time" F=1.9, p=0.081
* denotes a significant difference

3 000

4 000

5 000

6 000

7 000

8 000

9 000

10 000

11 000

0 60 120 180
[min]

Le
pt
in
 [p

g/
m
l]

group x time

Controls

GDM

PCOS

1 700

1 900

2 100

2 300

2 500

2 700

2 900

0 60 120 180
[min]

Re
si
st
in
 [p

g/
m
l]

group x time

2.E+05

3.E+05

3.E+05

4.E+05

4.E+05

5.E+05

5.E+05

6.E+05

0 60 120 180
[min]

Ad
ip
si
n 

[p
g/
m
l]

group x time

4.E+06

5.E+06

6.E+06

7.E+06

8.E+06

9.E+06

1.E+07

0 60 120 180
[min]

Ad
ip
on

ec
tin

 [p
g/
m
l]

group x time

 

 



25 
 

 

Figure 3: Plasma levels of glucose metabolism regulators by multiplex assays during the 3 hour oGTT in GDM, PCOS, and control women. 

(General Linear Model with "group" and "time" as independent categorical factors, age-adjusted data) 
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Factor "group": F=11.3, p<0.001 Factor "group": F=12.1, p<0.001 Factor "group": F=53.2, p<0.001 Factor "group": F=26.4, p<0.001
GDM - Controls * GDM - Controls GDM - Controls GDM - Controls *
GDM - PCOS GDM - PCOS * GDM - PCOS * GDM - PCOS *
Controls - PCOS * Controls - PCOS * Controls - PCOS * Controls - PCOS
Factor"time": F=527.1, p<0.001 Factor"time": F=468.1, p<0.001 Factor"time": F=49.1, p<0.001 Factor"time": F=18.5, p<0.001
Interaction"group x time" F=1.0, p=0.43 Interaction"group x time" F=2.3, p=0.04 Interaction"group x time" F=0.9, p=0.51 Interaction"group x time" F=0.6, p=0.76
* denotes a significant difference
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Figure 4: Plasma levels of incretins and adipokines by multiplex assays during the 3 hour oGTT in GDM, PCOS, and control women. (General 

Linear Model with "group" and "time" as independent categorical factors, age-adjusted data) 
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Factor "group": F=530.9, p<0.001 Factor "group": F=286.5, p<0.001 Factor "group": F=33.4, p<0.001 Factor "group": F=332.4, p<0.001
GDM - Controls * GDM - Controls * GDM - Controls * GDM - Controls *
GDM - PCOS * GDM - PCOS * GDM - PCOS * GDM - PCOS *
Controls - PCOS * Controls - PCOS * Controls - PCOS * Controls - PCOS *
Factor"time": F=2.6, p=0.055 Factor"time": F=71.2, p<0.001 Factor"time": F=370.8, p<0.001 Factor"time": F=23.2, p<0.001
Interaction"group x time" F=0.7, p=0.65 Interaction"group x time" F=0.5, p=0.82 Interaction"group x time" F=1.3, p=0.28 Interaction"group x time" F=0.9, p=0.49
* denotes a significant difference
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