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Abstract

Introduction: The different degrees of adiponectin/insulin sensitivity and dysfunctional adipose tissue lead to the devel-
opment of hypertension (HT). This study aimed to determine adiponectin (AD) concentration in patients with metabolic
syndrome (MetS) and high-normal blood pressure or hypertension and to investigate the importance of Homeostatic
Model Assessment-AD (HOMA-AD) index in assessing adiponectin/insulin resistance in hypertension.

Methods: This cross-sectional study involved 150 subjects divided into two groups: with MetS (and high-normal blood
pressure, n =50; and HT, n =50), and controls without MetS (n =50). In all subjects, serum adiponectin concentration
was measured by enzyme-linked immunosorbent assay method. Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) and HOMA-AD index were calculated.

Results: The results showed that, compared to the control group, serum AD concentrations were significantly lower
in patients with MetS and high-normal blood pressure (p =0.008), and the lowest in group MetS and HT (p =0.001).
High AD levels and low HOMA-AD were significantly associated with decreased blood pressure values. In patients
with MetS, the value of HOMA-AD>1.13 was associated with a higher risk of developing high-normal blood pressure.
Furthermore, the value of HOMA-AD>2.63 was associated with a higher risk of developing hypertension.
Conclusions: Hypoadiponectinemia is associated with hypertension, especially in the early stages of the disease. The
serum AD levels and HOMA-AD index may be useful markers for identifying patients at risk for high-normal blood
pressure and hypertension. HIPPOKRATIA 2020, 24(1): 3-7.
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Introduction

Hypertension (HT) is associated with significant dif-
ferences in adipose tissue metabolism, with an increase
in total and central obesity and a higher risk of cardiovas-
cular events. Early diagnosis of high blood pressure (BP)
is a crucial factor for the prevention of cardiovascular
events. Nowadays, the prevalence of metabolic syndrome
(MetS) is reaching global pandemic proportion'. Adipose
tissue is also able to secrete a hormone with a particularly
anti-inflammatory, anti-atherogenic, antidiabetic proper-
ties called adiponectin (AD)?. AD is involved in the regu-
lation of insulin sensitivity, glucose metabolism via the
AdipoR1/R2 receptors promoting fatty-acid oxidation,
glucose uptake, and increasing nitrogen monoxide (NO)
concentration®. Its concentration is one of the most abun-
dant compared to various hormones and cytokines, in-
cluding leptin, insulin, and interleukins. Circulating AD

concentration is controlled by genetic factors (46 %) and
remains relatively constant®. The magnitude of the day/
night variation in high-molecular-weight (HMW) AD is
according to changes in insulin sensitivity. However, the
underlying mechanisms are not well understood.

Etiopathophysiology association between levels of
AD and HT in MetS is very complex, including many
biological mechanisms: increased insulin, AD and leptin
resistance, stimulation of the sympathetic nervous sys-
tem, as well as the rennin-angiotensin system, low-grade
chronic inflammation in adipose and vascular tissue.

During the past years, several studies have described
an inverse relationship between AD and HT?*. Still, none
of these studies evaluated the clinical significance and in-
fluence of insulin/adiponectin resistance parameters, AD
and Homeostatic Model Assessment-AD (HOMA-AD),
on BP’s values in patients with MetS.
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Therefore, the present study aimed to determine AD
concentration in patients with MetS and high-normal BP
or hypertension and to investigate the importance of the
HOMA-AD index in assessing adiponectin/insulin resist-
ance in hypertension.

Methods

Between February and December 2013, a total of 248
overweight or obese patients from the Nis area, attended
the Center for Hypertension of the Institute for Treatment
and Rehabilitation “Niska Banja”, Niska Banja and the
Center for Molecular Medicine and Stem Cell Research
of the Faculty of Medical Sciences, University of
Kragujevac, Serbia. Out of them, 100 patients (accord-
ing to sample size calculation) who were diagnosed with
MetS after measuring anthropometric characteristics and
biochemical parameters, ergometric testing, and cardi-
ologist examination, were enrolled in the study. MetS
was diagnosed according to the International Diabetes
Federation (IDF) definition’, which includes central obe-
sity plus any two of four additional factors: 1) raised tri-
glycerides and reduced high-density lipoprotein (HDL)
cholesterol, or ii) specific treatment for these lipid ab-
normalities, iii) elevated blood pressure (BP >130/85
mmHg) or treatment of previously diagnosed hyperten-
sion, and iv) raised fasting plasma glucose. We excluded
subjects who had liver or renal diseases, inflammatory
diseases, any form of vascular or endocrine disease (dia-
betes mellitus), or any other form of drug treatment with
possible effects on metabolism except antihypertensive
therapy at the beginning of this study. Study sample size
was calculated at n =150 subjects (three groups x 50),
with condition a =0.05, 95 % confidence interval, stand-
ard effect size E/S =0.57, and power studies P =0.80 (pro-
gram G*Power3.0-Faul 2016). The Ethics Committee of
the Institute for Treatment and Rehabilitation “Niska
Banja” approved the study (decision No: 03-3048/1,
date: 1/4/2010). Each patient provided written informed
consent after reading the study protocol.

The study included 150 subjects; 76 men and 74
women, with an average age of 53.89 + 14.30 years, con-
sisting of 100 patients with MetS, and 50 healthy subjects
without MetS (control group, n =50). The patients with
MetS were further divided into two groups according to
their BP: MetS with high-normal BP (MetS+high-normal
BP, n =50), and MetS with HT (MetS +HT, n =50). The
control group was constituted from healthy females and
males who were age-matched with the MetS group.

The study was designed as a cross-sectional study. In
the investigated sample, there was a homogeneous distri-
bution of subjects according to the following characteris-
tics: gender, age, and duration of arterial HT. All patients
receiving antihypertensive treatment were on a particu-
lar fixed combination of antihypertensive drugs with the
same mechanism of action (ACE-inhibitor and diuretic)
to exclude a possible differential impact of antihyperten-
sive therapy on the level of AD.

For all enrolled subjects, their anthropometric char-

acteristics were measured: body mass (kg), body height
(cm), waist circumference (cm), and the body mass in-
dex (BMI) was calculated. BP values were defined by
the arithmetic mean of three ambulatory measurements.
Hypertension was diagnosed according to the current
European Society of Cardiology/European Society of
Hypertension (ESC/ESH) guidelines (high-normal for BP
>130-139/85-89 mmHg, and HT for BP >140/90 mmHg,
or receiving antihypertensive treatment)®.

The following biochemical parameters were meas-
ured: fasting plasma glucose, serum triglycerides, total
cholesterol, and HDL cholesterol. In all subjects, serum
AD concentration was measured by using the ultrasensi-
tive enzyme-linked immunosorbent assay (ELISA) meth-
od (Human Adiponectin Duo Set ELISA Development
kit, R & D Systems, Minneapolis, USA)’.

The method’s measuring range was 62.5-4,000 pg/
mL, and intra- and inter-assay coefficients of varia-
tion were 4.5 % and 5.0 %, respectively. Insulin was
measured by using the radioimmunoassay method. The
Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR) as a useful surrogate marker in the screen-
ing of IR was calculated as follows: [fasting glucose
(mmol/L) x fasting insulin (mU/L)] / 22.5'. The normal
HOMA-IR value of healthy humans ranges from 1.0-
2.0". We used a HOMA-IR value >2.6 as borderline to
determine IR?>. HOMA-AD index is a modified version
of HOMA-IR, and it includes the total AD serum level
for better assessment of both the individual degree of
adiposity and IR. HOMA-AD was calculated as follows:
[fasting glucose (mmol/L) x fasting insulin (mU/L)] /
[22.5 x fasting AD (pg/ml)]". Modified HOMA-AD that
we propose was calculated using the equation 10 x [fast-
ing glucose (mmol/L) x fasting insulin (mU/L)] / [22.5 x
fasting adiponectin (pg/ml)].

All analyzes were performed with the IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk,
NY, USA) using descriptive and analytical methods.
Baseline characteristics are presented as frequencies or
means with standard deviation. The Kolmogorov-Smirnov
test was utilized to check the normality of the distribution
of the variables. The chi-square test was used to analyze the
differences between categorical data. The comparison of
the means of AD level, BP, and parameters of MetS among
the groups were determined by analysis of variance, while
to examine the correlation of AD levels with parameters of
MetS, Pearson’s correlation analysis was utilized. AD level
and HOMA-AD value for the prediction of high-normal BP
and HT were assessed by a receiver operating characteristic
(ROC) curve. All statistical analyses were two-tailed, and
the statistical significance level was set at p <0.05.

Results

The clinical characteristics and biochemical param-
eters of the investigated groups are presented in Table 1.
Significant differences between the study groups were
found regarding systolic BP (p <0.001; for all compari-
sons). Other parameters of MetS are presented in Table 1.
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Table 1: Clinical characteristics and biochemical parameters of the 150 subjects included in the study, with metabolic syn-
drome and high-normal blood pressure or hypertension and without metabolic syndrome (controls).

p value
Control group MetS+H-NBP ¢ "1 MetS+HT pvalue  p value for
B B BP vs B for HTvs H-N BPvs
(n=50) (n=50) Control (n=50) Control HT

Age (years) 46.38 £ 16.34 58.24 £11.05 0.002 57.06 £ 12.08 <0.001 0.989
Gender (M/F) 26/24 (52/48) 25/25 (50/50) 0.774 25/25 (50/50) 1.000 1.000
BMI (kg/m?) 24.46 +3.51 30.68 +4.75 0.004 30.80 £ 4.26 0.003 0.989
SBP (mmHg) 118.90 +4.55 133.00 = 12.47 <0.001 150.30 £ 12.79 <0.001 <0.001
DBP (mmHg) 77.10 £4.18 86.00 +2.02 0.007 90.20 = 4.40 0.000 0.003
TC (mmol/L) 476 +1.14 5.95+0.96 0.001 6.26£1.23 <0.001 0.364
HDL (mmol/L) 1.14+£0.26 1.05+0.25 0.148 1.06 £ 0.20 0.259 0.951
TG (mmol/L) 1.48 £1.04 2.05+£1.07 0.009 2.18+0.73 0.002 0.783
FPG (mmol/L) 5.23+0.83 6.35+0.78 0.006 6.88 +1.46 0.003 0.286
Insulin (mU/L) 18.13+7.23 25.06 +8.24 0.095 38.25+9.37 0.002 0.004
HOMA-IR 438+3.17 7.19£5.36 0.030 11.04 +7.10 <0.001 0.002
AD (pg/mL) 1,567.67 + 56.43 1,287.44 + 98.08 0.008 1,063.01 +£99.05 <0.001 0.044
HOMA-AD 0.75+0.35 1.50+0.47 0.005 3.76 £1.22 <0.001 0.002

Values are means =+ standard deviation and for gender numbers (with percentages in brackets). MetS: metabolic syndrome, H-N BP: high-nor-
mal blood pressure, HT: hypertension, n: number of subjects, M: male, F: female, BMI: body mass index, SBP: systolic blood pressure, DBP:
diastolic blood pressure, TC: total cholesterol, TG: triglycerides, FPG: fasting plasma glucose, HOMA-IR: Homeostasis Model Assessment of
Insulin Resistance index, AD: Adiponectin, HOMA-AD: Homeostasis Model Assessment-Adiponectin.

Serum AD was significantly lower in both the group
with MetS and HT (1,063.01 £ 99.05 pg/mL, p <0.001), and
the group with MetS and high-normal BP (1,287.44 + 98.08
pg/mL, p= 0.008) when compared with the control group
(1,567.67 = 56.43 pg/mL). Also, there were significant dif-
ferences in the values of HOMA-AD index between the
group with high-normal BP and control group (1.50 + 0.47
vs 0.75 £ 0.35, p =0.002), and between the group with HT
and control group (3.76 + 1.22 vs 0.75 + 0.35, p <0.001).

Both AD levels and HOMA-AD were significantly
correlated with the majority of MetS parameters. The
relationship between AD level and HOMA-AD index,
BP, and parameters of MetS are presented in Table 2. AD
level was significantly negatively correlated with most
components of MetS: systolic BP (r =-0.454, p <0.001),
diastolic blood pressure (DBP) (r =-0.340, p <0.001),
BMI (r =-0.251, p =0.002), triglycerides (r =-0.197,
p =0.016), fasting plasma glucose (FBG) (r =-0.220,
p =0.021), and HOMA-IR (r =-0.281, p =0.014), and
positively correlated with HDL cholesterol (r =0.038, p
=0.640). HOMA-AD index was significantly positively
correlated with most components of MetS: systolic BP
(r =0.690, p <0.001), DBP (r =0.518, p <0.001), BMI

(r=0.277, p =0.001), triglycerides (r =0.227, p =0.011),
FPG (r =0.296, p =0.008), and HOMA-IR (r =0.711, p
<0.001), did not correlate with HDL cholesterol.

AD levels and HOMA-AD index for the prediction
of high-normal BP and hypertension were assessed by
receiver operating characteristic (ROC) curve (Figure 1).
The serum AD concentrations can be a significant pre-
dictor of high-normal BP (p =0.002) and hypertension
(p =0.001) in patients with MetS. The cut-off value of
AD level was 1,307.35 pg/mL for high-normal BP and
1,178.43 pg/mL for hypertension. In patients with MetS,
AD value >1,307.35 pg/mL was associated with a lower
risk of high-normal BP, and AD value >1,178.43 pg/mL
was associated with a lower risk of hypertension.

In patients with MetS, the HOMA-AD index can be a
significant predictor of high-normal BP and hypertension
(p <0.001). In patients with MetS, a value of HOMA-AD
>1.13 was associated with a higher risk for developing
high-normal BP, and HOMA-AD >2.63 with a higher
risk for developing hypertension.

Discussion

A more comprehensive understanding of MetS and

the complex relationship between HT and insulin resist-

Table 2: Correlation between Adiponectin level and Homeostatic Model Assessment-Adiponectin and parameters of the meta-

bolic syndrome (Pearson’s correlation analysis).

SBP DBP BMI HDL TG FPG HOMA-IR
Adivonectin r -0.454+* -0.340%* -0.251%* 0.038 -0.197* -0.220* -0.281*
P p <0.001 <0.001 0.002 0.640 0.016 0.021 0.014
r 0.690** 0.518%%* 0.277** -0.113 0.227* 0.296** 0.711%*
HOMA-AD
<0.001 <0.001 0.001 0.245 0.011 0.008 <0.001

**: correlation significant for p <0.01, *: correlation significant for p <0.05, r: Pearson’s correlation coefficient, SBP: systolic blood pressure,
DBP: siastolic blood pressure, BMI: body mass index, HDL: HDL cholesterol, TG: triglycerides, FPG: fasting plasma glucose, HOMA-IR:
Homeostasis Model Assessment of Insulin Resistance index, HOMA-AD: Homeostasis Model Assessment-Adiponectin.
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Figure 1: Receiver operating characteristic (ROC) curve of adiponectin level and Homeostatic Model Assessment-Adiponectin
(HOMA-AD) index for the prediction high-normal blood pressure (left) and hypertension (right).

ance, as well as using sensitive markers of these entities
is particularly important in the light of the increasing
prevalence of cardiovascular events.

Variability in serum AD concentration is detect-
able in prediabetic states, and may reflect adipose tissue
dysfunction in early phases in metabolic disorders*!.
Consistently with previous reports'®, we have also deter-
mined lower serum levels of AD in men than in women,
which might be due to the down-regulation effect of tes-
tosterone and the effects of female steroid hormones.

As few previous studies showed''®, we demonstrated
that the plasma concentration of AD was significantly
correlated with most components of MetS. We showed
that there was significant but weak negative correla-
tion with BMI, FPG, HOMA-IR, and moderately nega-
tive correlation with BP and DBP. Also, in the present
study, lower AD and higher BP and/or insulin resistance
were also significantly associated with increased preva-
lence of HT in patients with MetS. Abdominal fat tissue
is mostly composed of large adipocytes, which produce
pro-inflammatory cytokines and low levels of anti-in-
flammatory factors, such as AD, maintaining the vicious
circle of chronic inflammation and insulin resistance'”.
Decreased circulatory AD level and AdipoR1/R2 expres-
sion subsequently reduce AD sensitivity and lead to both
insulin resistance and the occurrence of metabolic and
vascular disorders in hypertension'®. The precise mecha-
nism of how hypoadiponectinemia reduces expression
and activity of adiponectin receptor and damages signali-
zation on the insulin signaling pathway is not fully un-
derstood. However, there are several mechanisms of this
negative correlation: increased Tumour Necrosis Factor
alpha (TNF-a)", down-regulation of genes peroxisome
proliferator-activated receptor (PPAR), and a disorder of
all the signaling molecules such as AMP-activated pro-
tein kinase (AMPK)?.

Results by Ding et al' suggested that HOMA-AD is
a potent index of each component of MetS, as well as
the ratio of AD/insulin sensitivity, central fat distribu-
tion, and fat oxidation. Modified HOMA-AD is able to
reflect metabolic disbalance and differentiate patients
and controls from the degree of adiposity and insulin re-
sistance in hypertension, more precisely than the existing
HOMA!13,

A significant meta-analysis by Kim et al*!, which in-
cluded 48 studies with a total of 17,598 subjects showed
that lower plasma AD was associated significantly with
a high risk of hypertension. In the current study, in all
examined groups, results showed a moderately negative
correlation of AD serum levels and BP values, which cor-
responds to those reported by other research groups™®2!.
Baden et al?® suggested that the concentration of AD
serum probably has significantly negative correlations
compared to both systolic and diastolic BP among healthy
people. The current is the first study that showed a strong
positive relation between HOMA-AD and blood pressure
values in patients with MetS. Our results showed that de-
creased HOMA-IR, HOMA-AD and hyperadiponectine-
mia were strongly associated with a low risk of hyperten-
sion in patients with MetS. There are a few possible ex-
planations of AD’s influence on blood pressure: through
stimulation of NO production in vascular endothelial,
through an increase in the circulating endothelial pro-
genitor cells, through suppression of angiotensin II (i.e.,
whole renin-angiotensin axis), and through regulation of
PPAR activity in the heart”®. Furthermore, AD was prov-
en to exhibit the central regulation of the blood pressure
via inhibiting leptin pathways in the brain, and therefore,
it affects the sympathetic system®. Additionally, it is a
multifunctional molecule that protects the vessel wall in
early phases of the atherosclerosis process through inhi-
bition of neointimal, smooth muscle cell proliferation,
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and lipid accumulation on the vascular wall?.

AD’s antihypertensive and anti-atherogenic effects
are also achieved through the reduction of arterial stiffen-
ing process and through inhibition of both procollagen
type I carboxy-terminal propeptide and collagen deposi-
tion in the vascular wall*.

However, the results of a large study, which included
a cohort of 3,640 subjects with a two-year follow-up,
showed no significant correlation between these two pa-
rameters, which may be explained by an ongoing antihy-
pertensive therapy. In our study, all patients receiving an-
tihypertensive treatment were on a particular fixed combi-
nation of antihypertensive drugs with the same mechanism
of action. This study revealed that AD concentrations were
also significantly lower in patients with high-normal BP.
In contrast to hypertensive patients, the patients with high-
normal BP showed more substantial variations of AD and
modified HOMA-AD index that could be explained due to
the downregulation of insulin signaling and increased oxi-
dative stress involved in this “early-stage disease. Our
results are consistent with previous study'’, which showed
that AD levels and modified HOMA-AD index are com-
monly found to be significant in the development of both
MetS with high-normal BP and hypertension.

Therefore, further prospective clinical studies are required
to determine the potential of AD mechanisms as a therapeutic
target, especially those involving increasing insulin sensitivity
and lowering blood pressure. This may play a role in aiding
the clinical assessment and management of MetS.

Conclusion

The reported results suggest that patients with MetS
have low AD levels, and this hypoadiponectinemia is as-
sociated with a higher probability of hypertension. There
is a strong relationship between AD levels and compo-
nents of MetS. The serum AD levels and HOMA-AD in-
dex may be useful markers for identifying patients at risk
of high-normal blood pressure and hypertension.
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