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ADIPOKINE PROFILE AND METABOLIC SYNDROME IN PATIENTS WITH SIMILAR 

ADIPOSE TISSUE MASS AND DISTRIBUTION (Abstract): In order to establish more e f-

ficient ways to prevent metabolic syndrome (MetS) in clinical settings, we need to thorough-

ly understand the physiopathology behind this cluster of risk factors for cardiometabolic di s-

eases. The main point of focus concerning MetS still embraces the metabolic and secretory 

products of the abdominal adipose tissue. Our study aims to clearly define an adipokine pro-

file for patients with MetS and assess possible correlations between obesity parameters, bio-

chemical markers and adipokines. Material and methods: This is a cross-sectional study, 

elaborated over a period of two years, which involved 104 patients divided into 2 groups: 

with MetS and without MetS. Patients were considered as having MetS if they presented WC 

> 88 cm (women) / 104 cm (men) and more than one criterion of the following: glucose ≥ 

100 mg/dL, HDL < 40 mg/dL (men) / < 50 mg/dL (women), TG ≥ 150 mg/dL, SBP/DBP ≥ 

130/85 mmHg. Dual-Energy X-ray Absorptiometry (DEXA) was performed to assess adi-

pose tissue distribution. All patients underwent clinical and paraclinical evaluation, includ-

ing the measurements of insulin, adiponectin and leptin. Results: Leptin levels present a 

strong and positive correlation with almost all obesity parameters evaluated, with or without 

MetS. The strongest correlation is observed for trunk fat percentage (without MetS: r=0.648, 

p<0.001; with MetS: r=0. 723, p<0.001). In the group of patients without MetS adiponectin 

level is not associated with fat percentages, whereas in the group of patients with MetS ad i-

ponectin reports a weak and positive correlation between total fat, arms fat and legs fat per-

centages. Adiponectin is negatively correlated with HOMA-IR and insulin in both groups, 

suggesting that insulin resistance is linked to the change in adiponectin levels. Pati ents that 

present MetS also report an association between HDL and adiponectin (r=0.280, p=0.02). 

Conclusions: Patients with MetS that did not follow prior treatment for any chronic disease 

and are characterized by similar adipose tissue percentage and dist ribution, report the fol-

lowing: lower adiponectin levels than patients without MetS, but still a positive association 

with HDL; no modification in leptin levels compared to patients without MetS; negative co r-

relation between adiponectin and insulin resistance; strong association between leptin and 

adipose tissue mass. Keywords: ADIPOKINES, ADIPOSE TISSUE, OBESITY, META-

BOLIC SYNDROME.  
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Adipose tissue is an active and complex 

endocrine organ, with important implica-

tions in glucose and lipid metabolism. The 

development of metabolic syndrome 

(MetS) focuses mainly on high abdominal 

fat, considered the most pathogenic depot 

that contributes to metabolic abnormalities 

(1, 2). The pathways that describe MetS are 

not yet clearly explained in the literature 

and debates still arise when the role, con-

sequences and regulation of the secretory 

function of the adipose tissue is being dis-

cussed. 

Adipokines are a class of cytokine me-

diators secreted by adipose cells. Adi-

ponectin and leptin are two of the most 

studied adipokines, presenting opposite 

effects (3). Adiponectin has anti-athero-

genic, anti-inflammatory and anti-diabetic 

properties (4, 5), while leptin promotes 

inflammation immune response and high 

cardiovascular risk (6). Thus far, the spe-

cific values of these adipokines vary among 

study populations with MetS. A possible 

bias might be the medication participants 

are taking for chronic diseases in studies or 

maybe the adiponectin or leptin paradox 

already present. 

Therefore, a correct interpretation of the 

values for adiponectin, leptin and their ratio 

are very important in order to thoroughly 

stratify the pathologies the patient is at risk 

for (dyslipidemia, diabetes mellitus, hyper-

tension). The first step of our study was to 

assess an adipokine profile in patients with 

MetS, but with no prior treatment, no known 

chronic disease and no antecedent acute 

atherosclerotic pathology. The next step was 

to identify and compare possible correla-

tions between fat mass, MetS biochemical 

parameters and adipokine levels, alongside 

insulin and insulin-resistance, in patients 

with or without MetS.  

MATERIAL AND METHODS 

Our study was conducted over a period 

of 2 years and included participants that did 

not present any known chronic disease and 

had no antecedent acute atherosclerotic 

pathology. The study was approved by the 

University Ethics Committee, number 

1/27.07.2020 and all participants signed an 

informed consent before entering the study. 

Exclusion criteria included pregnant wom-

en and patients that refused to sign the 

informed consent. All investigations were 

performed by trained personnel, in the 

same clinic and laboratory, using the same 

tools and analyzers, during the entire study. 

The population included in the study 

was divided into two groups: one group of 

patients that presented MetS (35 partici-

pants) and one group without MetS (69 

participants). The status of MetS was de-

fined as present if patients had waist cir-

cumference (WC) > 88 cm (women) / 104 

cm (men) and met at least 2 of the follow-

ing criteria: glucose ≥ 100 mg/dL, HDL < 

40 mg/dL (men) / < 50 mg/dL (women), 

TG ≥ 150 mg/dL, SBP/DBP ≥ 130/85 

mmHg (7). 

Clinical and  

anthropometric measurements 

Prior to clinical evaluation, patients did 

not engage in physical exercise at least 30 

minutes before and did not consume caf-

feine or alcohol. Anthropometric parame-

ters were measured: height (tape meter 

stadiometer), weight (Tanita BC730), waist 

and hip circumference (flexible tape) at the 

umbilical and greater trochanter level, re-

spectively. Blood pressure was measured 

twice with a valid automated device and a 

mean value was considered.  

Adiposity measurements 

In order to accurately appreciate adipos-

ity percentages and fat mass values, along-
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side lean mass and bone mineral content, 

Dual-Energy X-ray Absorptiometry (DEXA) 

was used, as a gold standard for this meas-

urement. We report values expressed as kg 

of adipose tissue per whole body/specific 

areas of the body or percentages of adipose 

tissue calculated from total body weight or 

a specific area weight (left and right arm, 

left and right leg, trunk). 

Biochemical parameters 

Patients included in the study were 

evaluated during morning time, blood sam-

ples being collected after 12 hours over-

night fast. Serum samples were obtained 

after centrifugation at 4°C and 4,500 x g, 

for 10 minutes. To avoid preanalytical 

errors, samples were transported to the 

laboratory within a 2-hr. frame, with a 

special isothermal bag for biological sam-

ples. There was an exception for insulin, 

which required sample centrifugation in 

maximum 15 minutes after collection. Se-

rum for insulin, adiponectin and leptin was 

stored in separate tubes at -20°C. 

Insulin levels were measured using an 

enzyme-labeled chemiluminescent im-

munometric assay kit, Immulite 2000 Insu-

lin, provided by Siemens (catalog number 

L2KIN2). Quantitative determination of the 

adiponectin and leptin levels was per-

formed using enzyme-linked immuno-

sorbent assay (ELISA) kits supplied by 

Biovendor-Laboratorni medicina a.s., Brno, 

Czech Republic: Adiponectin Human ELI-

SA Competitive kit, CE-IVD, limit of de-

tection 26 ng/mL, catalog number 

RD195023100 and Leptin Human ELISA, 

CE-IVD, limit of detection 0.2 ng/mL, 

catalog number RD191001100. 

To calculate the homeostasis model as-

sessment for insulin resistance (HOMA-IR) 

we applied the formula reported in the 

literature (8):  

HOMA-IR = [insulin (μU/mL) x glucose 

(mg/dL)] / 405. 

Markers for the metabolic syndrome 

were determined using the spectrophoto-

metric method applied to each specific kit. 

HDL-chol was measured using the direct 

method (elimination/peroxidase), TG using 

the glycerol phosphate oxidase method and 

glucose using the glucose-6-phosphate 

dehydrogenase method. 

We estimated the visceral adiposity per 

total body with the previous validated 

equations (9): 

 

 

 
 

Normal values are 1 for both men and 

women, if they are non-obese and present 

normal adipose tissue distribution. 

Statistical analysis 

The database of all 104 patients was 

elaborated in Microsoft Excel 2003 (Mi-

crosoft Corporation, Redmond, WA, USA) 

and the statistics of the data was performed 

with SPSS version 23.0 (IBM Corporation, 

Armonk, NY, USA). There were no miss-

ing data in our database. For each continu-

ous variable we reported the mean ± stand-

ard deviation (SD), minimum value and 

maximum value. Categorical values were 

expressed as frequencies (percentages). 

One-way ANOVA and chi-square tests were 

applied for comparison of parameters be-

tween the group with MetS and the group 

without. Statistical power was calculated 

and presented as eta squared (η
2
) for each 
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variable. In order to assess the pres-

ence/absence of correlations between vari-

ables and their strength, Pearson correla-

tion was performed. A p value < 0.05 was 

considered statistically significant. 

 

RESULTS 

Characteristics of the study population 

divided in the 2 groups (with MetS and 

without MetS) are presented in first table. 

Our groups did not differ concerning age, 

gender, BMI or fat mass parameters, sug-

gesting a good homogeneity and thus pre-

serving possible bias at a minimum level. 

Regardless of no significant differences in 

percentages of adiposity, eVAI is signifi-

cantly higher in patients with MetS, be-

cause of the variation of HDL, TG and 

WC.  

Our study further investigated correla-

tions between obesity parameters and adi-

pokine levels, including their ratio and 

insulin values, alongside insulin resistance 

(tab. II). 

 

TABLE I 

Baseline characteristics of the study population 

 Patients without MetS (n=35) Patients with MetS (n=69)  

 Mean±SD Min value Max value Mean±SD 
Min 

value 
Max value p η2 

Age (years) 58.29±7.54 45 75 60.13±8.48 39 75 0.28 0.01 

Gender       

0.16 - Females 82.9% (29) - - 69.6% (48) - - 

Males 17.1% (6) - - 30.4% (21) - - 

WC (cm) 102.75±11.62 89 138 110.34±12.22 90 160 0.003 0.08 

HC (cm) 111.86±9.33 95 132 115.43±10.87 100 155 0.10 0.03 

WHR 0.92±0.06 0.79 1.08 0.96±0.06 0.81 1.08 0.003 0.08 

BMI (kg/m2) 30.61±5.08 22.75 44.40 32.38±5.42 21.91 53.31 0.11 0.02 

FM Total (%) 40.17±6.50 18.9 49.40 40.07±6.32 26.10 53.20 0.94 <0.01 

Trunk Fat (%) 39.29±6.93 17.10 50.40 40.82±6.13 28.30 60.20 0.25 0.01 

Arms Fat (%) 43.91±8.26 18.89 54.98 42.80±8.97 23.99 59.20 0.54 <0.01 

Legs Fat (%) 42.21±7.87 20.16 55.18 40.10±8.05 22.44 55.46 0.20 0.02 

eVAI 3.36±1.47 1.38 8 7.88±5.42 1.42 33.66 <0.001 0.19 

SBP (mmHg) 131.34±23.44 107 222 141.14±17.60 94 198 0.01 0.05 

DBP (mmHg) 82.17±12.92 65 130 87.85±11.13 53 119 0.02 0.05 

Adiponectin(μg/mL) 15.74±13.03 4.89 25.65 13.03±4.83 4.53 28.53 0.01 0.06 

Leptin (ng/mL) 24.21±15.02 2.60 47.60 24.80±14.93 3.80 58.20 0.851 <0.01 

LAR 0.53±0.41 0.06 1.81 0.61±0.40 0.08 2.27 0.317 <0.01 

Insulin (μU/mL) 12.28±7.41 2.13 32.20 20.83±12.07 5.80 52 <0.001 0.13 

HOMA-IR 2.98±1.94 0.49 8.53 6.48±5.08 1.48 27.25 <0.001 0.13 

Glucose (mg/dL) 96.54±15.53 76 157 120.58±40.13 85 336 0.001 0.10 

TG (mg/dL) 97.63±27.73 53 149 183.91±84.76 49 488 <0.001 0.25 

HDL (mg/dL) 59.03±12.29 34 82 49.39±13.23 20 85 0.001 0.11 
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TABLE II 

Correlations between adiposity parameters and hormones related to obesity  

 Group  Adiponectin Leptin LAR Insulin HOMA-IR 

BMI (kg/m2) without MetS r -0.22 0.510* 0.538* 0.338* 0.238 

  p 0.195 0.002 0.001 0.047 0.168 

 with MetS r -0.157 0.412* 0.436* 0.436* 0.387* 

  p 0.199 <0.001 <0.001 <0.001 0.001 

WC (cm) without MetS r -0.208 0.404* 0.410* 0.322 0.253 

  p 0.229 0.016 0.014 0.059 0.142 

 with MetS r -0.181 0.167 0.271* 0.498* 0.501* 

  p 0.137 0.171 0.024 <0.001 <0.001 

HC (cm) without MetS r 0.012 0.470* 0.344* 0.152 0.120 

  p 0.947 0.004 0.043 0.385 0.492 

 with MetS r -0.108 0.465* 0.485* 0.378* 0.340* 

  p 0.376 <0.001 <0.001 0.001 0.004 

WHR without MetS r -0.346* 0.101 0.248 0.326 0.247 

  p 0.042 0.565 0.151 0.056 0.153 

 with MetS r -0.158 -0.401* -0.241* 0.300* 0.358* 

  p 0.194 0.001 0.046 0.012 0.003 

FM Total (%) without MetS r 0.063 0.673* 0.572* 0.218 0.200 

  p 0.717 <0.001 <0.001 0.208 0.250 

 with MetS r 0.310* 0.760* 0.583* -0.024 -0.115 

  p 0.010 <0.001 <0.001 0.842 0.346 

Trunk Fat (%) without MetS r -0.056 0.648* 0.593* 0.284 0.216 

  p 0.751 <0.001 <0.001 0.098 0.212 

 with MetS r 0.174 0.723* 0.605* 0.120 0.020 

  p 0.153 <0.001 <0.001 0.328 0.873 

Arms Fat (%) without MetS r 0.078 0.670* 0.539* 0.277 0.272 

  p 0.655 <0.001 0.001 0.108 0.114 

 with MetS r 0.315* 0.736* 0.571* -0.102 -0.164 

  p 0.008 <0.001 <0.001 0.405 0.178 

Legs Fat (%) without MetS r 0.211 0.535* 0.403* 0.044 0.093 

  p 0.223 0.001 0.016 0.802 0.595 

 with MetS r 0.443* 0.659* 0.430* -0.207 -0.279* 

  p <0.001 <0.001 <0.001 0.088 0.020 

eVAI without MetS r 0.040 0.280 0.258 0.251 0.246 

  p 0.818 0.103 0.135 0.146 0.155 

 with MetS r -0.121 -0.067 0.018 0.095 0.180 

  p 0.321 0.584 0.881 0.438 0.139 

*WC=waist circumference, HC=hip circumference, WHR=waist -hip-ratio, FM total=fat mass total, 

eVAI=estimated visceral adipose index, LAR=leptin-adiponectin-ratio. 

 

Leptin levels present a strong and posi-

tive correlation with almost all obesity 

parameters evaluated, with or without 

MetS. A stronger association is reported in 
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the MetS group concerning leptin and fat 

mass (total, trunk, arms, legs), suggesting 

that in patients with MetS adipose tissue is 

associated with a higher stimulation of 

leptin secretion. Moderate to strong corre-

lations are observed between LAR levels 

and all obesity parameters. These values do 

not vary significantly between groups. 
 

 
(A)      (B) 

 
(C)      (D) 

 
(E)      (F) 

Fig. 1. Correlations between Adiponectin and HOMA-IR in (A) group without MetS  

(r=-0.428, p=0.01) and (B) group with MetS (r=-0.366, p=0.002); Correlations between 

Leptin and HOMA-IR in (C) group without MetS (r=0.471, p=0.004) and (D) group with 

MetS (r=0.066, p=0.592); Correlations between LAR and HOMA-IR in (E) group  

without MetS (r=0.604 p=<0.001) and (F) group with MetS (r=0.191, p=0.116).  
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In patients with MetS, insulin has higher 

values once the BMI is higher, but this does 

not seem to be associated with fat mass 

percentages of the whole body or of differ-

ent areas of the body. At the same time, our 

results report moderate and positive correla-

tions with fat mass expressed in kg and not 

percentages: trunk fat (kg) (r=0.369, 

p=0.029), left arm fat (kg) (r=0.504, 

p=0.002), right arm fat (kg) (r=0.496, 

p=0.002). In the other group, insulin is also 

associated only with fat mass expressed in 

kg: total fat (kg) (r=0.332, p=0.005), right 

arm fat (kg) (r=0.300, p=0.012), trunk fat 

(kg) (r=0.419, p<0.001). 

In the group of patients without MetS 

adiponectin level is not associated with fat 

percentages in different areas of the body 

or total fat percentage, whereas in the 

group of patients with MetS adiponectin 

reports a weak and positive correlation 

between fat mass total, arms fat and legs fat 

percentages. Trunk fat percentage is not 

associated with adiponectin levels 

(p>0.05). Therefore, our study further ana-

lyzed the relationship between adipokines, 

and HOMA-IR. Adiponectin is negatively 

correlated with HOMA-IR and insulin in 

both groups, suggesting that insulin re-

sistance is linked to the change in adi-

ponectin levels (fig. 1). 

Regarding biochemical parameters, glu-

cose presents moderate correlations with 

HOMA-IR in the MetS group (r=0.563, p < 

0.001) and in the group without MetS 

(r=0.521, p=0.001). Patients that present 

MetS also report an association between 

glucose and insulin (r=0.238, p=0.049) and 

between HDL and adiponectin (r=0.280, 

p=0.02). 

 

DISCUSSION 

Adiponectin levels differ statistically be-

tween the 2 groups, suggesting that the val-

ue decreases when MetS is present, even if 

patients present the same percentage of 

adipose tissue per total body and per differ-

ent areas of the body. This result is support-

ed by other studies from the literature that 

report a lower secretion rate of adiponectin 

in obesity-related diseases, including diabe-

tes mellitus, dyslipidemia, hypertension or 

atherosclerotic cardiovascular disease (10-

12). Recent reviews treat adiponectin as a 

potential therapeutic target for MetS, dis-

cussing drugs that increase plasma adi-

ponectin (PPARγ agonists thiazolidinedi-

ones, phytochemicals, L-cys-teine), along-

side their safety concerns and limitations 

(12-14). However, several clinical studies 

and a more recent meta-analysis report asso-

ciations between high adiponectin and mor-

tality (15-17). This adiponectin paradox 

seems to be characterized by adiponectin 

resistance, due to altered signal transduction 

and insulin sensitivity, as a consequence of 

T-cadherin hydrolysis (18-19). 

In our cohort, adiponectin level corre-

lates well with insulin resistance in both 

groups, while with body fat parameters the 

correlation is not present in the group with-

out MetS. Having a very similar mean con-

cerning the percentages of adipose tissue 

reported for specific areas of the body and 

even for the whole-body surface, these 

results suggest that insulin and insulin 

resistance are more relevant for adiponectin 

levels than obesity. Studies support our 

findings even though the entire mechanism 

of action of adiponectin is not yet known. 

When binding to its receptors AdipoR1 and 

AdipoR2, adiponectin activates adenosine 

monophosphate dependent kinase (AMPK), 

PPARγ and probably other signaling path-

ways that still need to be discovered (12, 

20). 
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Leptin presents strong correlations with 

adipose tissue in both groups, reflecting an 

even stronger relationship in patients with 

MetS. Of all the areas analyzed, trunk area 

reports the strongest correlation, implying 

that abdominal adipose tissue plays a key 

role in leptin secretion.  

Our study included the index calculated 

for visceral adipose tissue (eVAI), which did 

not correlate with adipokines or insulin. A 

paper on 5113 participants reports that eth-

nicity plays a role in establishing the cardi-

ometabolic risk of patients and that in Euro-

peans visceral adipose tissue (measured by 

ultrasonography) showed stronger positive 

associations with most of the cardiometabol-

ic risk factors than subcutaneous fat (21). 

However, another recent study on samples 

of abdominal adipose tissue obtained from 

both subcutaneous and visceral fat depots 

show that adipokine dysregulation is first 

seen in subcutaneous adipose tissue, rather 

than in visceral adipose tissue. This conclu-

sion suggests that endocrine dysfunction in 

the subcutaneous adipose tissue may repre-

sent an early risk sign of MetS (22). 

Results from our analysis present LAR 

as a parameter with a direct proportional 

relationship with fat mass, regardless of the 

body surface area studied. The correlations 

are always stronger in patients with MetS, 

but not as strong as leptin alone. Although 

LAR levels are higher in patients with 

MetS, the difference between the 2 groups 

is not statistically significant, possibly 

because of the similar leptin values be-

tween the 2 groups. Even though adiponec-

tin values differ significantly, leptin pre-

sents a stronger correlation and therefore 

weights more in the ratio between the 2. In 

the literature, high LARs report a higher 

risk of developing type 2 diabetes mellitus 

(23). Also, in a study with a 2.8-year fol-

low-up timeframe, LAR had a better pre-

dictive value than adiponectin alone for the 

regression of MetS, suggesting that LAR 

may be used as a clinical marker for the 

management of MetS (24). 

HOMA-IR is shown to correlate best 

with adiponectin in patients with MetS and 

with LAR in patients without MetS. Leptin 

and LAR do not correlate with insulin re-

sistance in patients with MetS, but it is 

important to highlight those only patients 

with no known metabolic or cardiovascular 

disease were included in this study. There 

are some patients with high glucose values, 

but they are not confirmed with diabetes. 

Therefore, this can explain the lack of as-

sociation between LAR and HOMA-IR in 

patients with MetS. 

Several studies reported a positive cor-

relation between adiponectin and HDL (25-

28), similar to our findings in the study. 

Adiponectin is an antiatherogenic adi-

pokine, with an important role in preven-

tion. It has been demonstrated that hypoad-

iponectinemia is an effective predictor for 

decreased cholesterol efflux capacity (a 

measure of HDL quality and quantity) in 

adults, regardless of the obesity status or 

degree (29). 

 

CONCLUSIONS 

Patients with MetS that did not follow 

prior treatment for any chronic disease and 

are characterized by similar adipose tissue 

percentage and distribution, report the fol-

lowing: lower adiponectin levels than pa-

tients without MetS, but still a positive 

association with HDL; no modification in 

leptin levels compared to patients without 

MetS; negative correlation between adi-

ponectin and insulin resistance; strong 

association between leptin and adipose 

tissue mass. 
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