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Abstract
Background: Metabolic syndrome is a significant pro-inflammatory and pro-coagulant condition. The clinical association of adiponectin, a 
mainly antidiabetogenic molecule, and its interaction with platelets and platelet indices remains insufficiently investigated.
Objective: The aim of our study was to investigate the association of adiponectin with platelets and platelet indices in patients with 
metabolic syndrome.
Methods: The investigation was conducted as a cross-sectional study involving 113 subjects: 63 patients with the diagnosis of metabolic 
syndrome, and 50 healthy controls – with clear inclusion and exclusion criteria. The group of patients with metabolic syndrome was 
divided into two subgroups according to the platelet/high-density lipoprotein (HDL) ratio.
Results: The subgroup with a higher platelet/HDL ratio was prediabetic. In the same subgroup of patients, a positive correlation between 
the adiponectin and mean platelet volume (MPV) was seen, while linear regression (95% CI) confirmed the association.
Conclusion: Considering that MPV is the index that indicates average platelet volume and activity, we believe this association with 
adiponectin can represent a protective compensatory response in patients with metabolic syndrome and prediabetes. Our results provide 
a basis for a more precise selection of patients in whom the future therapeutic application of recombinant adiponectin would be most 
effective.
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Highlights:
•	 We showed a positive association between MPV and adiponectin.
•	 MPV and adiponectin could be early markers for the evaluation of thrombogenic risk.
•	 Our results are important for the future therapeutic use of recombinant adiponectin.
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Introduction

Metabolic syndrome is a pathological condition with a contin-
uously increasing incidence globally (Saklayen, 2018). Some 
of the main characteristics of metabolic syndrome are the de-
velopment of a low-grade inflammatory state and increased 
thrombogenic potential (Devaraj et al., 2004). Both of these 
conditions, which develop simultaneously, have a significant 
pathophysiological connection, which is predominantly re-
flected through the function of platelets and their interaction 
with leukocytes and monocytes (Hottz et al., 2022; Schrott-

maier et al., 2020). Modern lifestyle, bad eating habits, insuf-
ficient physical activity, and lack of sleep are considered to be 
some of the most important factors that contribute to the in-
crease in the incidence of this condition (Cornier et al., 2008). 
As one of the obesity-related diseases, metabolic syndrome is 
considered a condition that precedes type 2 diabetes.

Adipose tissue, an endocrine organ, produces a significant 
number of bioactive molecules that play an important role in 
maintaining metabolism and immune responses (Scheja and 
Heeren, 2019). Adiponectin, a 30 kDa collagen-like protein 
product is mainly secreted by adipocytes in white adipose 
tissue and has been proven to have strong antidiabetic prop-
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erties. There are three different forms of this molecule in the 
body: low molecular weight, middle molecular weight, and 
high molecular weight (HMW) (Khoramipour et al., 2021). The 
adiponectins HMW isoform is more biologically active than 
the others and plays a key role in antidiabetic properties.

Although the function of adiponectin has been investigat-
ed in numerous conditions, in the literature there is no causal 
association between adiponectin and some widely available 
routine platelet-related assays, such as platelet indices. The 
main objective of our study was to determine whether there 
is any relationship between HMW adiponectin, platelets, and 
platelet indices in patients with metabolic syndrome.

 
Materials and methods

Patients and study design
The research was conducted within the department of the dai-
ly hospital of the Clinic for Endocrinology, Diabetes and Me- 
tabolic Diseases of the University Clinical Centre Kragujevac. 
The investigation was conducted as a retrospective cross-sec-
tional study involving 113 ambulatory subjects: 63 patients 
with the diagnosis of metabolic syndrome, and 50 healthy con-
trols – with clear inclusion and exclusion criteria. Participants 
were included in the study on a non-consecutive basis. Each 
subject had to meet the clearly defined inclusion criteria for 
their respective group while simultaneously not meeting any 
exclusion criteria.

The control group was formed from patients who were 
without known previous glycoregulation disorders and who 
had been referred for screening to the Clinic for Endocrinol-
ogy, Diabetes and Metabolic Diseases, in order to assess the 
potential presence of glycoregulation disorders (Diabetes Pre-
vention Program of the Ministry of Health of the Republic of 
Serbia). From the pool of subjects formed in this way, only 
those who met the inclusion criteria without the presence of 
exclusion criteria were included in the study. The criteria for 
inclusion in the control group were: aged over 18 years and 
signed informed consent form. Exclusion criteria for the con-
trol group were: presence of at least one of the components of 
the metabolic syndrome (according to the International Diabe-
tes Federation definition – hypertension, hyperlipidemia, dys-
glycemia), use of corticosteroids, antipsychotics or antidepres-
sants, acute infection in the last 2 weeks, malignant diseases 
within the last 5 years, liver and kidney failure.

The diagnosis of metabolic syndrome was confirmed ac-
cording to the International Diabetes Federation consensus 
definition (Alberti et al., 2006). The criteria for inclusion in 
the experimental group were: aged over 18 years, signed an 
informed consent form, and met the criteria for diagnosis of 
metabolic syndrome. Exclusion criteria from the experimental 
group were: previously known diabetes, subjects taking oral 
antidiabetics, obesity drugs, corticosteroids, antipsychotics, 
antidepressants, subjects who have had an acute infection in 
the last 2 weeks, malignant diseases within the past 5 years, or 
who have liver or kidney failure. 

Informed consent was obtained from all subjects involved 
in the study. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethics Committee 
of the University Clinical Centre Kragujevac, Serbia (number 
01/22-432).

Clinical evaluation and sampling
During the clinical examination, anthropological parameters 
such as waist circumference (WC), hip circumference (HC), 

body mass, and height were determined. Venous blood sam-
ples were collected after a 12 h fasting period for blood count, 
leukocyte formula, and biochemical analysis – such as clinical 
parameters of inflammation (CRP, fibrinogen), lipid profile 
(total cholesterol, HDL, LDL, triglycerides, nonHDL choles-
terol, and remnant cholesterol), and glycosylated hemoglobin 
A1C (HbA1c). All analysis was conducted at the laboratory of 
the University Clinical Center Kragujevac.

Insulin sensitivity was determined by calculating the Mat-
suda index. The homeostatic model assessment for insulin re-
sistance index (HOMA-IR Index) was determined to calculate 
the level of relative insulin resistance. Homa beta was calculat-
ed to estimate the relative beta-cell burden. All listed indices 
are free and the calculation method for all mentioned indices 
is provided on the website: http://mmatsuda.diabetes-smc.jp/
MIndex.html.

After sampling, the plasma samples were stored at a tem-
perature of –80 °C until analysis. Adiponectin HMW level was 
determined by the ELISA method (Elabscience, Houston, TX, 
USA catalog number E-EL-H5621) following the manufactur-
er’s instructions.

After the analysis of demographic and basic clinical param-
eters, we divided the group of subjects with metabolic syn-
drome according to platelets and HDL cholesterol ratio (plate-
let/HDL). The platelet/HDL ratio value of 220 was obtained 
by calculating the median ratio in the group of patients with 
metabolic syndrome, using the capabilities of the statistical 
analysis program SPSS version 22.

The power of the study
The study power was calculated using the G Power program, 
with adiponectin data from a paper by Kowalska et al., with 
a study power of 85% and error type α 0.05. The calculation 
showed the minimum sample size of 52 subjects with at least 
26 subjects per group (Kowalska et al., 2008).

Statistics
Statistical analyses were conducted using the SPSS 22. Results 
were presented as mean ± standard deviation. The variables 
distribution was assessed using the Shapiro–Wilk test. T-test 
or non-parametric Mann–Whitney U-test were used to ana-
lyse the differences between the two groups. In those parts 
of the results, p was considered significant when lower than 
0.05. In the results section where the three groups were com-
pared, we used tests like ANOVA, Kruskal–Wallis, and Mann–
Whitney test. To reduce the error of the first α type during the 
comparison of two or more groups, we used the Bonferroni 
correction with a significance of p < 0.017. The presence of 
a correlation between adiponectin and other parameters was 
checked using the Spearman correlation coefficient. The effect 
of other parameters on adiponectin concentration was deter-
mined using linear regression with a confidence interval (CI) 
of 95%.

 
Results

Our study included 113 subjects divided into two groups: 
a group of subjects with metabolic syndrome and a control 
group of subjects. The preliminary analysis did not show dif-
ferences in gender distribution or average age between the 
observed groups. As expected, the group with metabolic syn-
drome had a significantly higher WC, triglyceride, systolic and 
diastolic blood pressure levels, and significantly lower HDL 
concentration (Table 1). 
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Table 1. Baseline characteristics of subjects with metabolic 
syndrome and the control group

Control group Metabolic 
syndrome P

Gender 
                        M

                                       F
15 (30.0%)
35 (70.0%)

26 (41.3%)
37 (58.7%)

0.149*

Age (year) 35.82 ± 10.06 38.90 ± 10.45 0.114**

Waist circumference 
(cm)

84.79 ± 10.44 106.98 ± 12.85 0.000***

Triglycerides (mmol/l) 1.04 ± 0.41 2.25 ± 1.51 0.000***

HDL (mmol/l) 1.39 ± 0.29 1.14 ± 0.22 0.000***

Systolic TA (mmHg) 115.67 ± 12.41 129.34 ± 17.43 0.000***

Diastolic TA (mmHg) 78.39 ± 7.41 83.23 ± 11.20 0.009**

Note: M – male, F – female, *  χ2 test, ** Independent T-test,  
*** Independent sample, statistical significance p < 0.05.

Stratification of patients with metabolic syndrome by gen-
der showed a significantly higher waist circumference (112.53 
vs 103.08; p = 0.004) and height (183.11 vs 167.02; p = 0.000) 
in the male group, while a significantly higher platelets num-
ber (243.39 vs 284.45; p = 0.005) was observed in the female 
group. In the other observed characteristics, there were no sig-
nificant differences between genders (Table 2).

After the analysis of demographic and basic clinical pa-
rameters, we divided the group of subjects with metabolic 
syndrome according to the value of platelet HDL cholesterol 
ratio below 220 and above 220. The subgroup with a lower 
ratio was the subgroup with milder disease, while the group 
with a higher platelet HDL cholesterol ratio was the subgroup 
with more pronounced metabolic syndrome and prediabetes 
(HbA1c ≥ 5.7%). The subgroup with a higher platelet HDL cho-
lesterol ratio had significantly higher WC (107.06 vs 84.79;  
p = 0.000), HC (115.20 vs 101.55; p = 0.000), CRP (5.65 vs 1.03;  
p = 0.000), fibrinogen (3.53 vs 2.79; p = 0.000), total leukocytes 
(8.64 vs 6.50; p = 0.000), neutrophils % (59.77 vs 54.62; p = 
0.002), neutrophils absolute number (5.30 vs 3.50; p = 0.000), 
platelets number (289.8 vs 250.5; p = 0.000), PCT (0.246 vs 
0.224; p = 0.014), HOMA IR index (2.62 vs 0.91; p = 0.000), 
HbA1c (5.72 vs 5.16; p = 0.000), triglycerides (1.88 vs 1.04; p = 

Table 2. Baseline characteristics of patients with metabolic 
syndrome stratified by gender

Characteristic Males
(n = 26)

Females
(n = 37) p

Age (year) 40.38 ± 8.84 37.86 ± 11.44 0.329*

Waist circumference 
(cm)

112.53 ± 11.99 103.08 ± 12.12 0.004**

Hip circumference 
(cm)

113.57 ± 12.38 116.29 ± 11.68 0.364**

Height (cm) 183.11 ± 7.17 167.02 ± 7.59 0.000**

BMI (kg/m2) 31.88 ± 5.76 33.11 ± 6.00 0.406**

Triglycerides (mmol/l) 2.79 ± 2.07 1.91 ± 0.85 0.128**

HDL cholesterol 
(mmol/l)

1.11 ± 0.24 1.17 ± 0.21 0.279**

Leukocytes (×109) 8.26 ± 2.62 7.80 ± 2.03 0.748**

Platelets (×109) 243.39 ± 50.96 281.45 ± 54.74 0.005**

Systolic TA (mmHg) 133.61 ± 18.69 126.35 ± 16.06 0.407**

Diastolic TA (mmHg) 84.50 ± 9.61 82.35 ± 12.24 0.459*

Note: * Independent T-test, ** Independent sample, statistical 
significance p < 0.05.

0.000), nonHDL (4.57 vs 3.59; p = 0.000), remnant cholester-
ol (0.80 vs 0.50; p = 0.000), and adiponectin (80.10 vs 65.30; 
p = 0.000) compared to the control group (Table 3 and 4). At 
the same time, % of lymphocytes (27.15 vs 34.37; p = 0.003), 
HDL concentration (1.04 vs 1.39; p = 0.000), and Matsuda in-
dex (5.16 vs 12.35; p = 0.000) were significantly lower in this 
subgroup compared to the control group. Although the abso-
lute number of monocyte, Homa beta values, concentration of 
LDL, and total cholesterol were highest in this subgroup too, 
the differences did not reach the level of statistical significance.

During the comparison of the parameters of two subgroups 
of patients with metabolic syndrome, significantly higher lev-
els of CRP (5.65 vs 3.07; p = 0.001), total leukocytes (8.64 vs 
7.34; p = 0.015), and PCT (0.246 vs 0.208; p = 0.000) were ob-
served in the group with more pronounced disease, with an 
expected higher platelets number (289.8 vs 233.8; p = 0.000) 
and a lower HDL (1.04 vs 1.27; p = 0.000) (Table 3 and 4).

Table 3. Metabolic characteristics of patients with metabolic syndrome subgroups and control groups

Control group 
(n = 50)

Platelets/HDL 
ratio <220  

(n = 33)

Platelets/HDL 
ratio >220  

(n = 30)

P P  
1vs2

P  
1vs3

P  
2vs3

HbA1c (%) 5.16 ± 0.40 5.50 ± 0.41 5.72 ± 0.48 0.000* 0.004 0.000 0.153

Matsuda 12.35 ± 6.72 6.20 ± 5.07 5.16 ± 2.82 0.000** 0.000 0.000 0.928

HOMA IR 0.91 ± 0.45 2.55 ± 1.81 2.62 ± 1.55 0.000** 0.000 0.000 0.705

HOMA Beta 105.39 ± 63.55 116.61 ± 79.86 137.95 ± 79.55 0.291** 0.845 0.102 0.313

LDL (mmol/l) 3.08 ± 0.79 3.65 ± 1.23 3.66 ± 1.09 0.062** 0.105 0.028 0.863

Triglycerides (mmol/l) 1.04 ± 0.41 1.92 ± 0.92 1.88 ± 0.83 0.000** 0.000 0.000 0.098

HDL cholesterol (mmol/l) 1.39 ± 0.29 1.27 ± 0.23 1.04 ± 0.16 0.000* 0.092 0.000 0.002

Total cholesterol (mmol/l) 4.98 ± 0.98 6.04 ± 1.38 5.61 ± 1.27 0.003** 0.001 0.043 0.203

nonHDL cholesterol (mmol/l) 3.59 ± 0.89 4.67 ± 1.40 4.57 ± 1.20 0.000** 0.001 0.000 0.842

Remnant cholesterol (mmol/l) 0.50 ± 0.23 0.99 ± 0.45 0.80 ± 0.28 0.000** 0.000 0.000 0.180

Adiponectin (ng/ml) 65.30 ± 15.99 76.23 ± 14.96 80.10 ± 14.18 0.001** 0.013 0.000 0.240

Note: * ANOVA, ** Kruskal–Wallis Test, statistical significance p ≤ 0.017.
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Correlation analysis showed a positive correlation between 
MPV and adiponectin (0.431 p = 0.017) in the subgroup of 
subjects with metabolic syndrome, higher platelet/HDL ratio, 
and prediabetes (Table 5).

Table 4. Main anthropometric and blood analysis of patients with metabolic syndrome subgroups and control groups

Control group 
(n = 50)

Platelets/HDL 
ratio <220  

(n = 33)

Platelets/HDL 
ratio >220  

(n = 30)

P P  
1vs2

P  
1vs3

P  
2vs3

Waist circumference (cm) 84.79 ± 10.44 107.63 ± 14.04 107.06 ± 11.98 0.000** 0.000 0.000 0.859

Hip circumference (cm) 101.55 ± 9.00 114.59 ± 12.33 115.20 ± 10.26 0.000* 0.000 0.000 1.00

CRP (ml/l) 1.03 ± 0.69 3.07 ± 3.00 5.65 ± 3.77 0.000** 0.000 0.000 0.001

Fibrinogen (g/l) 2.79 ± 0.47 3.26 ± 0.73 3.53 ± 0.51 0.000* 0.002 0.000 0.239

Leukocytes (×109) 6.50 ± 1.31 7.34 ± 2.20 8.64 ± 2.08 0.000** 0.085 0.000 0.015

Neutrophils (%) 54.62 ± 5.87 58.02 ± 6.61 59.77 ± 10.19 0.01** 0.111 0.003 0.202

Lymphocytes (%) 34.37 ± 5.23 30.53 ± 5.87 27.15 ± 7.15 0.003* 0.202 0.002 0.340

Monocytes (%) 8.02 ± 1.68 7.94 ± 1.48 6.99 ± 1.31 0.084* 1.00 0.124 0.222

Neutrophils ab. number 3.50 ± 0.66 4.36 ± 1.89 5.30 ± 1.58 0.001** 0.179 0.000 0.035

Lymphocytes ab. number 2.20 ± 0.52 2.12 ± 0.53 2.35 ± 0.60 0.432* 1.00 1.00 0.603

Monocytes ab. number 0.51 ± 0.16 0.58 ± 0.25 0.59 ± 0.18 0.382** 0.393 0.187 0.557

Platelets (×109) 250.5 ± 45.5 233.8 ± 43.5 289.8 ± 46.3 0.000** 0.062 0.000 0.000

PCT (%) 0.224 ± 0.032 0.208 ± 0.029 0.246 ± 0.039 0.000** 0.015 0.014 0.000

MPV (femtoliter) 8.59 ± 0.60 8.92 ± 0.85 8.55 ± 0.76 0.126** 0.076 0.442 0.099

PDW (%) 16.19 ± 0.76 16.75 ± 0.61 16.24 ± 0.42 0.002** 0.002 0.809 0.002

Note: * ANOVA, ** Kruskal–Wallis Test, statistical significance p ≤ 0.017.

Linear regression showed that MPV represents an inde-
pendent predictor [β 0.431; p = 0.018 (95% CI)] of adiponectin 
concentration in the subgroup of patients with metabolic syn-
drome, prediabetes, and high platelet/HDL ratio.

Table 5. Correlation of platelets, platelet indices, and adiponectin in patients with metabolic syndrome and the control group

Correlation table
(Spearman rho)

Control group Platelets/HDL ratio <220 Platelets/HDL ratio >220

Adiponectin Adiponectin Adiponectin

PDW 0.028 (p = 0.864) PDW 0.199 (p = 0.310) PDW  0.312 (p = 0.093)

PCT –0.053 (p = 0.744) PCT 0.177 (p = 0.358) PCT –0.016 (p = 0.934)

MPV –0.164 (p = 0.317) MPV 0.128 (p = 0.508) MPV  0.431 (p = 0.017)

Platelets –0.094 (p = 0.562) Platelets 0.048 (p = 0.806) Platelets –0.285 (p = 0.128)

Note: Statistical significance p < 0.05.

 
Discussion

To our knowledge, this is the first study to show a significant 
conditional association between MPV and adiponectin in pa-
tients with prediabetes; a specific stage of metabolic syndrome 
with a significant prothrombogenic risk.

Metabolic syndrome is a pathological condition with a con-
tinuously increasing incidence globally. This condition repre-
sents a significant proinflammatory and procoagulant state. In 
addition to numerous ways of dividing patients with metabolic 
syndrome into subgroups (shown by the ratio of various lab-
oratory parameters), from a pathophysiological point of view, 
the platelets/HDL is one of the most accurate ways to divide 
patients according to the severity of the disease (Jialal et al., 
2021). Some authors consider platelets/HDL to be a nascent 

index in the future research of metabolic syndrome, given that 
it consists of two parameters that are significantly disturbed 
in the later stages of this syndrome. Patients with lower plate-
lets/HDL ratio represent a group with a less severe disease, 
while patients with a higher ratio represent a group with a 
more severe disease.

Over the last decade, research on platelets has overturned 
the previous view that they are important solely for the coagu-
lation process. Although their function in the process of coag-
ulation is the most important, it is believed that platelets have 
significant functions in enhancing the process of inflamma-
tion (Hottz et al., 2022; Margraf and Zarbock, 2019). Determi-
nation of the number of platelets and platelet indices is part of 
routine clinical practice. In this sense, platelet indices can pro-
vide data about the appearance of platelets, which is related 
to their function. The increased average platelet volume repre-
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sents an index indicating that younger, more voluminous, and 
active platelets were created (Noris et al., 2016). Such enlarged 
platelets are more active than normal and have greater pro-
thrombogenic potential (Korniluk et al., 2019). Increased pro-
thrombogenic potential is especially important in conditions 
that are accompanied by inflammation, hyperlipidemia, hyper-
insulinemia, and hyperglycemia, such as metabolic syndrome 
(Devaraj et al., 2004). In obesity related diseases, activated 
platelets amplify inflammatory processes through their inter-
actions with vascular and immune cells (Rayes et al., 2019).

Data from the literature show that insulinemia level affects 
the level of aggregability of platelets, and that insulin resist-
ance followed by hyperinsulinemia leads to hyperactivity of 
platelets. Also, in conditions of compensated hyperinsuline-
mia, platelet adhesiveness is increased (Gerrits et al., 2010). 
Some data have shown that obesity can cause resistance to an-
tiplatelet therapy (Puccini et al., 2023). These hypotheses have 
been confirmed by the observed improvement in the effect of 
anti-aggregation drugs in patients who lost weight.

On the other side, the role of adiponectin in the patho-
genesis of metabolic syndrome depends on the stage of the 
disease. Adiponectin, an adipokine that is predominantly pro-
duced in white adipose tissue, has a dominant antidiabetogen-
ic effect (Yanai and Yoshida, 2019). It is considered to act by 
reducing inflammation and simultaneously enhancing insulin 
production during insulin resistance (Nguyen, 2020; Ohashi 
et al., 2012). It is believed that adiponectin has a protective 
effect on the process of atherosclerosis (Ekmekci and Ekme-
kci, 2006).

Some authors believe that adiponectin is an adipokine that 
appears early in the metabolic syndrome, during the onset of 
initial disorders, where the increase in adiponectin production 
attempts to neutralize the initial disorders (Matsuzawa et al., 
2004). The results of our previous study showed the associa-
tion between the concentration of regulatory cytokine inter-
leukin 33 and the level of adiponectin in patients at the early 
stages of metabolic syndrome (Nesic et al., 2022).

Numerous studies have shown an adiponectin anticoagu-
lant effect. Kato et al. (2006) in vitro and in vivo demonstrated 
rapid thrombus formation and greater platelet aggregation in 
adiponectin knockout mice, after blood vessel injury. The au-
thors also showed the increased platelet aggregation on a type 
I collagen-coated surface, when blood of adiponectin-deficient 
mice was used.

Some studies have hypothesized that platelet function can 
be modulated by adiponectin and that normal or higher adi-
ponectin levels decreased the platelet-dependent thrombosis. 
A clinical study by Shoji et al. (2006) has demonstrated that 
the adiponectin level was negatively associated with platelet 
activation independent of other risk factors.

Hara et al. (2007) showed that adiponectin levels are in-
versely related to the severity of coronary artery diseases, even 
in nondiabetic patients.

One hypotheses of how adiponectin inhibits the effect of 
platelets attributes this to its ability to stimulate the produc-
tion of endothelial NO and vasodilatation (Ebrahimi-Mamae-
ghani et al., 2015). Although most data support the antico-
agulant effect of adiponectin, some support the claim that 
adiponectin can activate platelets (Riba et al., 2008).

On the other hand, a study by Okamoto et al. (2013) 
showed that adiponectin reduces the thrombogenic potential 
of macrophages by inhibiting tissue factor expression and ac-
tivity. The results of this study could indicate a potential link 
between low adiponectin levels and thrombotic complications 
in patients with obesity-related diseases.

In addition to investigating the role of adiponectin in obe-
sity-related diseases, the anticoagulant role of adiponectin 
has also been investigated in autoimmune diseases such as 
antiphospholipid syndrome. In their paper, Bećarević et al. 
(2019) provided a complete review – supported by experimen-
tal models and clinical studies – on the potential antithrombo-
genic effect of adiponectin in patients with antiphospholipid 
syndrome.

However, despite all the above-mentioned studies, the 
causal relationship between adiponectin and platelet indices 
is yet to be examined. The results of our study showed that 
in patients with metabolic syndrome and prediabetes, changes 
in MPV are associated with changes in adiponectin concentra-
tion.

In a recent study investigating the effect of recombinant 
adiponectin on platelet activation and thrombus formation, 
significant anticoagulant effects of this molecule on platelet 
function in humans (in vitro) and mice (in a model of chemi-
cally induced carotid damage) were demonstrated (Zhou et al., 
2023).

Based on the already confirmed assumption that platelet 
activity observed through the change of MPV is a very good 
prognostic parameter in infections associated with micro 
thrombotic events (Beceren et al., 2023), the results of our 
study highlighted the importance of simultaneous determi-
nation of MPV and adiponectin for the timely application of 
recombinant adiponectin in clinical trials of later stages. This 
can be especially important for the population with metabolic 
syndrome and prediabetes, where there are a greater number 
of prothrombogenic factors. Due to this simultaneous effect of 
several factors, a certain percentage of these patients develop 
a thrombotic event, even before receiving the diagnosis of a 
glucose metabolism disorder.

Strengths and limitations
The main strength of our study is the data about the specific 
population that could be used for future clinical studies for in-
vestigating the protective effect of recombinant adiponectin 
in patients with a significant prothrombogenic risk. The main 
limitation is a non-exclusive number of patients per subgroup.

 
Conclusion

Adiponectin and MPV are significant markers of metabolic 
syndrome in patients with prediabetes, which should be rou-
tinely determined to assess the condition of patients with pre-
diabetes and increased risk. Our results can be a starting point 
for further research to determine the best time for testing 
and/or therapeutic application of recombinant adiponectin in 
patients with obesity-related diseases such as metabolic syn-
drome and T2DM.

Statement
Materials that can be freely found on the Internet, which are 
not protected by the copyright of third parties, were used.

Funding
This work was supported by a grant from the Faculty of Medi-
cal Sciences, the University of Kragujevac, Serbia (JP 01/23) – 
specifically in providing chemicals for research.

Ethical aspects and conflict of interest
The authors have no conflict of interest to declare.

Marinkovic et al. / J Appl Biomed



213

 
References
Alberti KG, Zimmet P, Shaw J (2006). Metabolic syndrome – 

a new world-wide definition. A Consensus Statement from the 
International Diabetes Federation. Diabet Med 23(5): 469–480. 
DOI: 10.1111/j.1464-5491.2006.01858.x.

Bećarević MB, Nikolić BS, Ignjatović SD (2019). Adiponectin: 
a therapeutic target in the antiphospholipid syndrome?. 
Rheumatol Int 39: 1519–1525. DOI: 10.1007/s00296-019-
04349-x.

Beceren NG, Armağan HH, Oğuzlar FÇ Cesur E, Gürdal O, Tomruk Ö 
(2023). Can mean platelet volume be a prognosis predictor in 
viral infections: An example of Covid-19. Heliyon 9(11): e21983. 
DOI: 10.1016/j.heliyon.2023.e21983.

Cornier MA, Dabelea D, Hernandez TL, Lindstrom RC, Steig AJ, 
Stob NR, et al. (2008). The metabolic syndrome. Endocr Rev 29(7): 
777–822. DOI: 10.1210/er.2008-0024.

Devaraj S, Rosenson RS, Jialal I (2004). Metabolic syndrome: an 
appraisal of the pro-inflammatory and procoagulant status. 
Endocrinol Metab Clin North Am 33(2): 431–453. DOI: 10.1016/j.
ecl.2004.03.008.

Ebrahimi-Mamaeghani M, Mohammadi S, Arefhosseini SR, Fallah P, 
Bazi Z (2015). Adiponectin as a potential biomarker of vascular 
disease. Vasc Health Risk Manag 11: 55–70. DOI: 10.2147/VHRM.
S48753.

Ekmekci H, Ekmekci OB (2006). The role of adiponectin in 
atherosclerosis and thrombosis. Clin Appl Thromb Hemost 12(2): 
163–168. DOI: 10.1177/107602960601200203.

Gerrits AJ, Koekman CA, van Haeften TW, Akkerman JW (2010). 
Platelet tissue factor synthesis in type 2 diabetic patients is 
resistant to inhibition by insulin. Diabetes 59(6): 1487–1495. 
DOI: 10.2337/db09-1008.

Hara K, Yamauchi T, Imai Y, Manabe I, Nagai R, Kadowaki T (2007). 
Reduced adiponectin level is associated with severity of coronary 
artery disease. Int Heart J 48(2): 149–153. DOI: 10.1536/
ihj.48.149.

Hottz ED, Martins-Gonçalves R, Palhinha L, Azevedo-
Quintanilha IG, de Campos MM, Sacramento CQ, et al. (2022). 
Platelet-monocyte interaction amplifies thromboinflammation 
through tissue factor signaling in COVID-19. Blood Adv 6(17): 
5085–5099. DOI: 10.1182/bloodadvances.2021006680.

Jialal I, Jialal G, Adams‐Huet B (2021). The platelet to high density 
lipoprotein -cholesterol ratio is a valid biomarker of nascent 
metabolic syndrome. Diabetes Metab Res Rev 37(6): e3403. 
DOI: 10.1002/dmrr.3403.

Kato H, Kashiwagi H, Shiraga M, Tadokoro S, Kamae T, Ujiie H, et al. 
(2006). Adiponectin acts as an endogenous antithrombotic factor. 
Arterioscler Thromb Vasc Biol 26(1): 224–230. DOI: 10.1161/01.
ATV.0000194076.84568.81.

Khoramipour K, Chamari K, Hekmatikar AA, Ziyaiyan A, 
Taherkhani S, Elguindy NM, et al. (2021). Adiponectin: Structure, 
physiological functions, role in diseases, and effects of nutrition. 
Nutrients 13(4): 1180. DOI: 10.3390/nu13041180.

Korniluk A, Koper-Lenkiewicz OM, Kamińska J, Kemona H, 
Dymicka-Piekarska V (2019). Mean Platelet Volume (MPV): 
New Perspectives for an Old Marker in the Course and Prognosis 
of Inflammatory Conditions. Mediators Inflamm: 9213074. 
DOI: 10.1155/2019/9213074.

Kowalska I, Straczkowski M, Nikolajuk A, Adamska A, Karczewska-
Kupczewska M, Otziomek E, et al. (2008). Insulin resistance, 
serum adiponectin, and proinflammatory markers in young 

subjects with the metabolic syndrome. Metabolism: 57(11): 
1539–1544. DOI: 10.1016/j.metabol.2008.06.008.

Margraf A, Zarbock A (2019). Platelets in Inflammation and 
Resolution. J Immunol 203(9): 2357–2367. DOI: 10.4049/
jimmunol.1900899.

Matsuzawa Y, Funahashi T, Kihara S, Shimomura I (2004). 
Adiponectin and metabolic syndrome. Arterioscler Thromb Vasc 
Biol 24(1): 29–33. DOI: 10.1161/01.ATV.0000099786.99623.EF.

Nesic J, Ljujic B, Rosic V, Djukic A, Rosic M, Petrovic I, et al. (2022). 
Adiponectin and Interleukin-33: Possible Early Markers of 
Metabolic Syndrome. J Clin Med 12(1): 132. DOI: 10.3390/
jcm12010132.

Nguyen TMD (2020). Adiponectin: Role in Physiology and 
Pathophysiology. Int J Prev Med 11: 136. DOI: 10.4103/ijpvm.
IJPVM_193_20.

Noris P, Melazzini F, Balduini CL (2016). New roles for mean platelet 
volume measurement in the clinical practice?. Platelets 27(7): 
607–612. DOI: 10.1080/09537104.2016.1224828.

Ohashi K, Ouchi N, Matsuzawa Y (2012). Anti-inflammatory and 
anti-atherogenic properties of adiponectin. Biochimie 94(10): 
2137–2142. DOI: 10.1016/j.biochi.2012.06.008.

Okamoto Y, Ishii S, Croce K, Katsumata H, Fukushima M, 
Kihara S, et al. (2013). Adiponectin inhibits macrophage tissue 
factor, a key trigger of thrombosis in disrupted atherosclerotic 
plaques. Atherosclerosis 226(2): 373–377. DOI: 10.1016/j.
atherosclerosis.2012.12.012.

Puccini M, Rauch C, Jakobs K, Friebel J, Hassanein A, Landmesser U, 
et al. (2023). Being Overweight or Obese Is Associated with an 
Increased Platelet Reactivity Despite Dual Antiplatelet Therapy 
with Aspirin and Clopidogrel. Cardiovasc Drugs Ther 37: 833–837. 
DOI: 10.1007/s10557-022-07325-z.

Rayes J, Bourne JH, Brill A, Watson SP (2019). The dual role 
of platelet-innate immune cell interactions in thrombo-
inflammation. Res Pract Thromb Haemost 4(1): 23–35. 
DOI: 10.1002/rth2.12266.

Riba R, Hughes CE, Graham A, Watson SP, Naseem KM, et al. 
(2008). Globular adiponectin induces platelet activation through 
the collagen receptor GPVI-Fc receptor gamma chain complex. 
J Thromb Haemost 6(6): 1012–1020. DOI: 10.1111/j.1538-
7836.2008.02982.x.

Saklayen MG (2018). The Global Epidemic of the Metabolic 
Syndrome. Curr Hypertens Rep 20(2): 12. DOI: 10.1007/s11906-
018-0812-z.

Scheja L, Heeren J (2019). The endocrine function of adipose tissues 
in health and cardiometabolic disease. Nature reviews. Endocrinol 
15(9): 507–524. DOI: 10.1038/s41574-019-0230-6.

Schrottmaier WC, Mussbacher M, Salzmann M, Assinger A 
(2020). Platelet-leukocyte interplay during vascular 
disease. Atherosclerosis 307: 109–120. DOI: 10.1016/j.
atherosclerosis.2020.04.018.

Shoji T, Koyama H, Fukumoto S, Maeno T, Yokoyama H, 
Shinohara K, et al. (2006). Platelet activation is associated with 
hypoadiponectinemia and carotid atherosclerosis. Atherosclerosis 
188(1): 190–195. DOI: 10.1016/j.atherosclerosis.2005.10.034.

Yanai H, Yoshida H (2019). Beneficial Effects of Adiponectin on 
Glucose and Lipid Metabolism and Atherosclerotic Progression: 
Mechanisms and Perspectives. Int J Mol Sci 20(5): 1190. 
DOI: 10.3390/ijms20051190.

Zhou XH, Cheng ZP, Lu M, Lin WY, Luo LL, Ming ZY, et al. (2023). 
Adiponectin receptor agonist AdipoRon modulates human and 
mouse platelet function. Acta Pharmacol Sin 44(2): 356–366. 
DOI: 10.1038/s41401-022-00943-1.

Marinkovic et al. / J Appl Biomed


