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Abstract
Backgrounds: Adiponectin, adipocyte-fatty acid binding protein (A-FABP), and Wnt1 inducible signaling pathway protein-1 (WISP-1) are 
adipokines closely associated with insulin resistance. The aim of the study was to compare their levels in women with gestational diabetes 
(GDM), type 2 diabetes mellitus (T2DM) and healthy controls and determine their relation to metabolic parameters.
Methods: Women with GDM, T2DM and healthy women were included in this cross-sectional study. In addition to adipokines, 
anthropometric, lipid parameters, markers of insulin resistance and glucose control were assessed in all participants.
Results: Compared to healthy controls (n = 35) significantly lower levels of adiponectin were detected in women with GDM (n = 50), 
whereas in women with T2DM (n = 50) higher levels of A-FABP and WISP-1 and lower levels of adiponectin were found. Women with 
T2DM had also lower levels of adiponectin and higher levels of A-FABP compared to women with GDM. A-FABP and adiponectin were 
independently associated with levels of triglycerides, HDL-cholesterol and C-peptide insulin resistance index. WISP-1 correlated only 
with waist circumference.
Conclusions: Adverse adipokines production reflecting dysfunctional fat tissue is less presented in women with GDM than in women with 
T2DM, but more expressed compared to healthy women.

Keywords: Adipocyte-fatty acid binding protein; Adiponectin; Gestational diabetes; Insulin resistance; Type 2 diabetes; Wnt1 inducible 
signaling pathway protein-1

Highlights:
•	 Dysfunctional fat tissue plays important role in development of insulin resistance.
•	 Adverse adipokines production is less expressed in GDM than T2DM.
•	 Low adiponectin could participate in pregnancy complications due to lipid profile.
•	 High A-FABP and WISP-1 levels correlate with high cardiovascular risk in women with T2DM.
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Introduction

Gestational diabetes mellitus (GDM) is defined as glucose in-
tolerance developing in the second and third trimester of preg-
nancy in women with no history of diabetes prior to gestation. 
Pathophysiology of GDM shares some common features with 
type 2 diabetes mellitus (T2DM) combining relatively insuffi-
cient insulin secretion with increased peripheral insulin resist-
ance. Adipose tissue dysfunction is a well-described cause of 
increased insulin resistance in individuals with T2DM. Emerg-
ing evidence of altered adipokines expression in patients with 
gestational diabetes suggests an important involvement of 
dysfunctional adipose tissue in its etiopathogenesis (Šimják et 
al., 2018). Adiponectin and adipocyte-fatty acid binding pro-
tein (A-FABP) belong to abundantly expressed adipokines par-

ticularly related to insulin resistance (Furuhashi, 2019; Yanai 
and Yoshida, 2019). Recently, association between relatively 
novel adipokine – Wnt1 inducible signaling pathway protein-1 
(WISP-1) and insulin resistance has also been studied (Yar-
ibeygi et al., 2019). Adiponectin and A-FABP were selected 
as well-known adipokines with proven relation to insulin re-
sistance and cardiovascular diseases (Novotny et al., 2014; Xu 
and Vanhoutte, 2012; Yanai and Yoshida, 2019). There is an 
increasing evidence pointing to WISP-1 as a promising regula-
tor of insulin sensitivity and chronic inflammation (Hörbelt et 
al., 2018; Murahovschi et al., 2015).

The healthy adipose tissue is a primary source of adiponec-
tin. It is one of the most abundant peptide hormones derived 
from adipose tissue. This protein plays a major role in glucose 
and lipid metabolism and prevents development of cardiovas-
cular changes due to its anti-oxidative, anti-inflammatory, en-
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dothelium-protective and anti-apoptotic effects (Xu and Van-
houtte, 2012). Adiponectin production is connected with an 
increase in serum HDL-cholesterol (HDL-C) and it lowers se-
rum triglyceride (TG) levels through the enhanced catabolism 
of TG-rich lipoproteins (Christou and Kiortsis, 2013). Bene-
ficial effects of adiponectin on glucose metabolism comprise: 
reduction of inflammation and oxidative stress and improve-
ment of insulin resistance; protective effect on pancreatic 
β-cells; increase of glucose utilization and fatty acid oxidation 
in skeletal muscles; reduction of hepatic glucose production; 
and increase of insulin-stimulated glucose uptake by adipo-
cytes (Yanai and Yoshida, 2019). Hypoadiponectinemia has 
been detected in numerous disorders accompanying insulin 
resistance such as obesity, T2DM, hypertension, mixed dys-
lipidemia, metabolic syndrome, non-alcoholic steatosis, poly-
cystic ovarian syndrome, etc. (Novotny et al., 2014; Spurná et 
al., 2018; Xu and Vanhoutte, 2012; Yanai and Yoshida, 2019).

A-FABP is formed mainly in adipocytes and macrophages. 
Its main function is binding of free fatty acids (Xu and Van-
houtte, 2012). A-FABP appears to reduce contractility of car-
diomyocytes, promotes chronic inflammation and formation 
of vulnerable atherosclerotic plaques (Furuhashi et al., 2015; 
Xu and Vanhoutte, 2012). It is involved in the regulation of 
inflammatory and metabolic processes in target cells. The 
presence of A-FABP may be beneficial for storing energy in ad-
ipocytes, for acting on an immune response in macrophages, 
and for trafficking of fatty acids in capillary endothelial cells 
(Furuhashi, 2019). Additionally, secreted A-FABP in associa-
tion with lipolysis during fasting may regulate hepatic glucose 
production (Furuhashi, 2019; Furuhashi et al., 2015). It has 
been reported that increased circulating A-FABP levels are as-
sociated with obesity, insulin resistance, dyslipidemia, type 2 
diabetes, metabolic syndrome, hypertension, cardiac dysfunc-
tion, and atherosclerosis (Furuhashi, 2019; Furuhashi et al., 
2015; Novotny et al., 2014; Spurná et al., 2018).

WISP-1 (also known as CCN4) is a member of the secret-
ed extracellular matrix–associated proteins of the CCN fam-
ily and a target gene of the Wingless-type (WNT) signaling 
pathway. Growing evidence links the WNT signaling pathway 
to the regulation of adipogenesis and low-grade inflammation 
in obesity. WISP1 expression in visceral and subcutaneous fat 
tissue was associated with markers of insulin resistance and 
inflammation in glucose-tolerant subjects (Murahovschi et 
al., 2015). Circulating WISP1 levels were increased in obese 
persons and are directly related to adiposity, independent of 
glycemic status or insulin resistance (Barchetta et al., 2017). 
Adverse effects of WISP-1 on glucose metabolism seems to be 
mediated by its direct inhibition of phosphorylation of insu-
lin receptor in liver and muscle cells resulting in an increase 
of liver glucose production and a decrease of muscle glycogen 
synthesis (Hörbelt et al., 2018).

Based on these facts we could hypothesize, that circulat-
ing levels of mentioned adipokines should differ in women 
with GDM compared to healthy controls and may be similar 
to patients with T2DM. The aim of this study was to compare 
adipokines plasma levels in women with GDM and in wom-
en with T2DM to healthy controls. Association between ad-
ipokines and metabolic profile of the participants were also 
investigated.

 
Material and methods
Study design, inclusion and exclusion criteria
The study was undertaken as a cross-sectional study with 
GDM, T2DM patients and healthy controls in accordance with 

the principles of the Declaration of Helsinki as revised in 2008. 
It was reviewed and approved by Ethics Committee of Med-
ical Faculty and University Hospital Olomouc and informed 
consent was obtained from all participants. The diagnosis of 
GDM was based on any one of the following values at any time 
during pregnancy: fasting plasma glucose = 5.1–6.9 mmol/l; 
1 h post 75 g oral glucose load ≥ 10.0 mmol/l; 2 h post 75 g 
oral glucose load 8.5–11.0 mmol/l; according to criteria of the 
International Association of Diabetic Pregnancy Study Group 
(IADPSG) guidelines (Metzger et al., 2010). T2DM was defined 
as fasting plasma glucose ≥ 7 mmol/l or using of peroral antidi-
abetic drugs (PADs) and/or insulin. Exclusion criteria were as 
follows: type 1 diabetes, secondary or genetic type of diabetes, 
acute infection, or trauma. Controls constituted healthy wom-
en without personal history of glucose intolerance or diabetes 
(including GDM, or history of high birth weight baby (≥ 4.5 kg) 
delivery). Participants were asked about their medical histo-
ry and smoking. Body mass index (BMI), waist circumference, 
systolic and diastolic blood pressure (SBP and DBP), and labo-
ratory tests were also performed.

Laboratory analyses
Venous blood samples were drawn in the morning after a 12 h 
fast. Routine serum biochemical parameters (lipids, glucose, 
glycated hemoglobin, C-peptide) were analyzed on Cobas 8000 
(Roche, Mannheim, Germany) on the day of blood collection. 
Concentrations of adipokines were measured in the sample al-
iquots stored at –80 °C, no longer than 6 months.

Total cholesterol (TC), TG and HDL-C were determined 
enzymatically on Cobas 8000 system. Low density lipoprotein 
cholesterol (LDL-C) was calculated using Friedewald formu-
la (LDL-C = TC – TG*0.4537 – HDL-C for TG < 4.5 mmol/l). 
Non-HDL-cholesterol was calculated as follows: non-HDL-C 
= TC – HDL-C. Glucose was determined using hexokinase 
method (Roche, Basel, Switzerland). Glycated hemoglobin lev-
els (HbA1C) were measured by ion exchange chromatography 
using Arkray Adams HA-8180V analyzer (Arkray Corporation, 
Kyoto, Japan). C-peptide was determined by the commercial-
ly available kit (Immunotech, Marseille, France) using specific 
antibodies by the IRMA methods. Based on glucose and C-pep-
tide levels so called C-peptide insulin resistance index (CP-IRI 
= 20/fasting C-peptide * fasting plasma glucose) was calculat-
ed (Ohkura et al., 2013). This index should be more effective 
than HOMA-IR (Homeostasis model assessment of insulin 
resistance) in patients with mild insulin resistance. Moreover, 
CP-IRI calculation is not influenced by artificial insulin levels 
due to insulin administration. CP-IRI is also minimally affect-
ed by hepatic insulin clearance (Okura et al., 2018). Moreover, 
C-peptide-based index seem to be more related to incident 
T2DM than insulin-based index (Kim et al., 2016).

Adiponectin was determined by ELISA immunochemical 
kit: Human Adiponectin ELISA (Biovendor Laboratory Medi-
cine Inc., Brno, Czech Republic), according to the manufactur-
er’s instructions. The antibodies used in this kit are specific for 
human adiponectin. Assay sensitivity is 26 ng/ml. Adipocyte 
fatty acid binding protein was assessed by immunochemical 
test: Human Adipocyte FABP4 ELISA kit (Biovendor Labora-
tory Medicine Inc., Brno, Czech Republic), according to the 
manufacturer’s instructions. The antibodies used in this ELISA 
are specific for human AFABP. Assay sensitivity is 0.08 ng/ml. 
WISP-1 was measured by immunochemical kit: Human WISP-
1 ELISA kit (Thermo Fisher Scientific, Massachusetts, USA), 
according to the manufacturer’s instructions. The antibodies 
used in this ELISA are specific for human WISP-1. Assay sensi-
tivity is 0.05 ng/ml. The inter- and intra- assay coefficients of 
variation were below 12%. 
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Statistical analyses
All values were expressed as median and interquartile range 
(IQR). Differences in variables between the groups were ana-
lyzed with ANOVA after the adjustment for age. Spearman 
correlation analyses tested correlations between parameters in 
all groups. Multivariate regression analyses were used for test-
ing for an independent association between dependent and 
independent variables (non-normally distributed variables 
were logarithmically transformed before analyses). Probability 
values of p < 0.05 were considered as statistically significant.

 
Results

Fifty women with GDM (age = 33.7 (20.9–36.4) years), 
50 non-pregnant women with T2DM (age = 47.3 (34.2–53.4) 
years) and 35 non-pregnant healthy controls (age = 40.7 
(31.4–45.8) years) met eligible criteria for this study. Exam-
ination of women with GDM was performed on average in 
the 28.5th (25.4th–29.8th) week of gravidity. Only 3 of them 
(6%) were treated with insulin, none of them was treated with 
metformin. Average duration of diabetes in T2DM group was 
5.9 (4.7–8.9) years. Insulin was administered in 44% of them, 
92% were treated with PADs. The most commonly used PADs 
were: metformin (92%), then incretins (56%, glucagon-like 
peptide 1 receptor agonists – 8%, or dipeptidyl peptidase-4 
inhibitors – 48%), gliflozins (18%), and sulfonylurea’s (14%). 
Seventy-six percent of women with T2DM were treated by 
hypolipidemic drugs and 82% of them were treated by an-
ti-hypertensive drugs. Ten percent of T2DM women (5/50) 
suffered from coronary heart disease, 8% (4/50) suffered from 
periphery artery disease and 8% (4/50) of them reported a his-

tory of stroke. Prevalence of microvascular complications was 
26% (13/50) for diabetic kidney disease, 40% (20/50) for dia-
betic neuropathy and 24% (12/50) for retinopathy.

Table 1 shows basic clinical and laboratory characteristics 
of participants. Compared to healthy controls, women with 
GDM had significantly higher BMI, waist, levels of total cho-
lesterol, LDL-C, non-HDL-C, TG, C-peptide, and CP-IRI. Wom-
en with T2DM had significantly higher BMI, waist, SBP, levels 
of TG, fasting glucose, HbA1C, C-peptide, CP-IRI, and lower 
levels of HDL-C. In comparison with GDM group, women with 
T2DM had significantly higher waist, SBP, DBP, levels of fast-
ing glucose, HbA1C, CP-IRI, and lower levels of total cholester-
ol, LDL-C, HDL-C, and non-HDL-C.

Adipokines in individual groups, their relation to 
metabolic parameters
Only levels of adiponectin were significantly decreased in 
women with GDM compared to healthy controls. There were 
no significant differences between A-FABP or WISP-1 levels. 
Women with T2DM had significantly lower levels of adiponec-
tin and higher levels of both A-FABP and WISP-1 compared to 
healthy controls. Compared to GDM patients, T2DM subjects 
had significantly lower levels of adiponectin and higher levels 
of A-FABP – see Table 1 and Fig. 1.

Adiponectin significantly (p < 0.05) correlated positively 
with HDL-C (ρ = 0.68) and CP-IRI (ρ = 0.61); negatively with 
BMI (ρ = –0.40), waist (ρ = –0.51), TG (ρ = –0.52), fasting glu-
cose (ρ = –0.48), HbA1C (ρ = –0.47), C-peptide (ρ = –0.51) and 
age (ρ = –0.19). A-FABP negatively correlated with HDL-C 
(ρ = –0.57) and CP-IRI (ρ = –0.65); positively with BMI (ρ = 
0.60), waist (ρ = 0.65), SBP (ρ = 0.31), DBP (ρ = 0.17), smoking 
(ρ = 0.17), TG (ρ = 0.17), fasting glucose (ρ = 0.60), HbA1C  

Table 1. Basic clinical and laboratory characteristics in individual groups

Healthy controls  
(n = 35)

GDM group  
(n = 50)

T2DM group  
(n = 50)

BMI (kg/m2) 22.2 (20.2–25.9) 28.8 (24.3–32.9)a 31.6 (29.6–36.6)b

Waist (cm) 76.0 (70.1–86.2) 100.0 (93.5–107.4)a 108.5 (104.5–119.0)b, c

SBP (mm Hg) 120.9 (110.1–135.5) 122.6 (111.5–131.7) 133.1 (125.0–140.9) b, c

DBP (mm Hg) 78.2 (75.4–84.6) 75.5 (69.8–81.4) 80.2 (77.0–87.6)c

TC (mmol/l) 4.9 (4.7–5.6) 6.3 (5.5–7.1)a 4.3 (3.9–5.1)c

LDL-C (mmol/l) 2.6 (2.2–3.3) 3.2 (2.7–4.0)a 2.3 (1.8–2.9)c

HDL-C (mmol/l) 1.9 (1.4–2.3) 1.9 (1.5–2.3) 1.1 (0.9–1.4)b, c

non-HDL-C (mmol/l) 3.1 (2.5–4.0) 4.2 (3.6–5.1)a 3.2 (2.7–3.9)c

TG (mmol/l) 1.0 (0.7–1.3) 2.3 (1.8–3.0)a 2.1 (1.4–2.4)b

FPG (mmol/) 4.6 (4.3–5.0) 4.7 (4.3–5.0) 8.7 (6.8–11.4)b, c

HbA1C (mmol/mol) 32.0 (29.6–34.4) 32.0 (30.5–34.2) 66.5 (47.9–83.5)b, c

C-peptide (pmol/l) 425.5 (355.7–576.0) 613.1 (487.5–906.0)a 846.0 (608.0–1083.6)b

CP-IRI 10.1 (7.0–13.4) 6.9 (4.9–9.3)a 2.9 (1.9–3.7)b, c

Adiponectin (µg/ml) 11.6 (9.4–14.9) 9.1 (7.7–10.3)a 5.8 (4.0–8.2)b, c

A-FABP (ng/ml) 25.5 (21.1–31.9) 21.8 (13.3–31.2) 59.7 (40.9–70.1)b, c

WISP-1 (pg/ml) 35.6 (29.0–61.1) 39.0 (28.8–49.4) 54.4 (32.8–82.9)b

GDM, gestational diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
TC, total cholesterol; LDL-C, LDL-cholesterol; HDL-C, HDL-cholesterol; non-HDL-C, non-HDL-cholesterol; TG, triglycerides; FPG, fasting plasma 
glucose; HbA1C, glycated hemoglobin A1C; CP-IRI, 20 / FPG (mmol/l) * C-peptide (nmol/l); A-FABP, adipocyte-fatty acid binding protein;  
WISP-1, Wnt1 inducible signaling pathway protein-1.
Values are expressed as median (25 and 75 percentile). Significant differences (p < 0.05) according to ANOVA (after adjustment for age): a GDM vs 
controls; b T2DM vs controls; c T2DM vs GDM.
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Fig. 1. Levels of adipokines in different group (medians - bar plots, 25 and 75 percentiles – error bars).
GDM, gestational diabetes mellitus; T2DM, type 2 diabetes mellitus; A-FABP, adipocyte-fatty acid binding protein; WISP-1, Wnt1 inducible 
signaling pathway protein-1.

(ρ = 0.68), C-peptide (ρ = 0.44), and age (ρ = 0.49). WISP-1 
correlated only with waist (ρ = 0.19). There was also a nega-
tive correlation between adiponectin and A-FABP (ρ = –0.39), 
WISP-1 (ρ = –0.19), respectively; and a positive correlation be-
tween A-FABP and WISP-1 (ρ = 0.33).

Table 2 shows multivariate logistic regression analysis 
of independent factors affecting adiponectin and/or A-FABP 
as dependent variables. Both these adipokines were inde-
pendently associated with levels of TG, HDL-C and CP-IRI.

Table 2. Multivariate logistic regression analysis of independent factors affecting adiponectin and/or adipocyte-fatty acid binding protein as 
dependent variables

Adiponectin Adipocyte-fatty acid binding protein

B Std. Error Sig. B Std. Error Sig.

age 0.138 0.215 0.524 0.538 0.213 0.014

BMI 0.574 0.459 0.214 0.671 0.437 0.128

waist 0.067 0.455 0.883 0.666 0.553 0.232

TG –0.274 0.113 0.017 –0.353 0.112 0.002

HDL-C 0.491 0.179 0.007 –0.456 0.164 0.007

FPG 0.382 0.298 0.204 0.073 0.289 0.801

HbA1C –0.514 0.286 0.076 0.019 0.275 0.946

CP-IRI 0.292 0.110 0.009 –0.264 0.112 0.021

SBP – – – 0.006 0.499 0.991

DBP – – – –0.735 0.475 0.125

smoking – – – –0.059 0.063 0.354

BMI, body mass index; TG, triglycerides; HDL-C, HDL-cholesterol; FPG, fasting plasma glucose; HbA1C, glycated hemoglobin A1C; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; CP-IRI, 20/FPG (mmol/l); * C-peptide (nmol/l).

 
Discussion

Women with GDM had only significantly lower levels of ad-
iponectin, while women with T2DM had above that higher 
levels of A-FABP and WISP-1 compared to healthy controls. 
Moreover, their A-FABP levels were significantly higher and 
adiponectin levels significantly lower than levels of these ad-
ipokines in women with GDM. These results suggested more 
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considerable contribution of dysfunctional fat tissue to insulin 
resistance in women with T2DM than in women with GDM.

Compared to healthy women, women with GDM were more 
insulin resistant and showed signs of mixed dyslipidemia. 
Studies mostly suggest that women with GDM have increased 
levels of TG, lower levels of HDL-C and higher levels of non-
HDL-C, while levels of LDL-C and total cholesterol are gener-
ally inconsistently increased, not related to insulin resistance 
(Ryckman et al., 2015). It is unclear as to whether disturbances 
in lipid metabolism occur exclusively later in pregnancy after 
the manifestation of GDM or if they exist before the mani-
festation of insulin resistance, however mixed dyslipidemia, 
particularly hypertriglyceridemia, is thought to be one of the 
key drivers of fetal macrosomia (Herrera and Ortega-Seno-
villa, 2010). Macrosomia of newborns is also connected with 
decreased adiponectin, and maternal adiponectin levels are 
inversely associated with neonatal birth body weight (Šimják 
et al., 2018). Low adiponectin levels in women with GDM were 
previously found in numerous studies and hypoadiponectine-
mia at least could be considered as a predictive marker of GDM 
development in early pregnancy (Bao et al., 2015; Iliodromi-
ti et al., 2016). Hypoadiponectinemia during pregnancy pre-
dicts postpartum insulin resistance (Retnakaran et al., 2010), 
and future unfavorable cardiovascular risk profile (especially 
adverse lipid profile with high TG/HDL-C ratio) (Lekva et al., 
2017). Despite increased insulin resistance, no significant al-
terations in adiponectin levels were observed during physio-
logical pregnancy and adiponectin levels were similar at 1st, 
2nd and 3rd trimester, and significantly decreased in postpar-
tum period (Mazaki-Tovi et al., 2007). Thus, low adiponectin 
levels (together with their independent association with TG, 
HDL-C, and C-peptide insulin resistance index documented in 
this study) support significance of dysfunctional fat tissue in 
onset of GDM and its complications.

On the contrary, women with GDM did not differ in levels 
of A-FABP and of WISP-1 compared to healthy controls in this 
study. Several authors previously found increased A-FABP in 
women with GDM (Kralisch et al., 2009; Ortega-Senovilla et 
al., 2011). In the present study, we used the IADPSG criteria, 
which distinguished it from these previous studies. Using the 
IADPSG criteria resulted in a rise of GDM prevalence, because 
women with only slight hyperglycemia have been also identi-
fied as subjects with GDM. These women could be less insulin 
resistant compared to previously diagnosed GDM patients. 
However, two Chinese cohorts of women with GDM based 
on the IADPSG criteria showed increased A-FABP levels too 
(Li et al., 2015; Zhang et al., 2016). The genetic background 
of our study participants coming from Caucasian population, 
which is different from both those studies, could explain the 
differences in study results. Recently, Sahin Ersoy et al. (2017) 
observed also significantly higher circulating WISP-1 in wom-
en with GDM group, which were independently predicted by 
BMI and HOMA-IR. Insulin resistance in women with GDM 
of this study was not so expressed like in women of that men-
tioned study. Their WISP-1 levels were only non-significantly 
elevated and correlated with waist circumference, but not with 
CP-IRI. These results are supported by findings of Barchetta et 
al. (2017), who detected an increase of WISP-1 levels in obese 
persons, which were directly related to adiposity, independent 
of glycemic status or insulin resistance.

Significantly higher A-FABP and WISP-1 levels compared 
to healthy women were detected only in women with T2DM. 
They had also higher A-FABP levels compared to women with 
GDM. A-FABP correlated with markers of abdominal obesity, 
dyslipidemia, insulin resistance, arterial hypertension, smok-

ing and age. Association between A-FABP and main cardio-
vascular risk factors, together with its direct atherogenic and 
pro-inflammatory effects, ranks it to adipokines with the most 
adverse cardiovascular impact (Furuhashi et al., 2015; Xu and 
Vanhoutte, 2012). A-FABP levels were independently associat-
ed with coronary atherosclerotic burden (Miyoshi et al., 2010) 
and especially serum A-FABP/adiponectin ratio may be a use-
ful indicator for risk of coronary artery disease (CAD) (Jin et 
al., 2010). WISP-1 levels may be also related to cardiovascular 
damage. WISP-1 was increased in patients with myocardial 
infarction (Wright et al., 2018) and CAD, its levels correlated 
with severity of CAD (Gu et al., 2019). Reduced WISP-1 levels 
in mouse carotid arteries from WISP-1−/− mice, significantly 
suppressed intimal thickening in response to carotid artery 
ligation. In contrast, via an adenovirus encoding WISP-1 sig-
nificantly increased intimal thickening compared with mice 
receiving control virus (Williams et al., 2016). Therefore, high 
levels of A-FABP and of WISP-1, and low adiponectin levels re-
flect the high cardiovascular risk of T2DM women, not only 
due to diabetes, visceral obesity and insulin resistance, but be-
cause of the accumulation of other risk factors such as hyper-
tension and dyslipidemia. Although substantial part of T2DM 
women were treated by hypolipidemic and anti-hypertensive 
drugs, they still showed signs of atherogenic dyslipidemia and 
higher SBP compared to healthy controls.

The first limitation of this study is its cross-sectional de-
sign. Samples were obtained only during the second trimester 
of pregnancy, so we do not know adipokines levels at the first 
and third trimesters. For example, there was a significant in-
crease in A-FABP from the second to third trimester in women 
with GDM (Zhang et al., 2016). The second, GDM is heteroge-
nous disease with different contribution of insulin resistance 
and/or insulin secretion impairment (Powe et al., 2016). There-
fore, different phenotypes of GDM based on those pathophys-
iological mechanisms could be associated with different adi-
pokines production. This may be a target for prospective study 
investigating the longitudinal changes of these molecules in 
different GDM phenotypes during pregnancy. Strength of this 
study is the enrolling of not only the healthy controls, but also 
women with T2DM, that could help to identify similarities and 
dissimilarities between GDM and T2DM pathogeneses.

 
Conclusions
Significantly lower adiponectin levels in GDM women reflect 
contribution of impaired insulin sensitivity, which via adverse 
lipid profile could participate on short- and long-term adverse 
health outcomes for both women and their children. High lev-
els of A-FABP and of WISP-1 together with low adiponectin 
levels in T2DM women verify their high cardiovascular risk 
and point on more considerable contribution of dysfunctional 
fat tissue to insulin resistance in pathogenesis of T2DM.
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