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~—ABSTRACT

Background: A cluster of metabolic indicators responsible to elevate the risk of high blood sugar, heart
diseases along with stroke is called metabolic syndrome (MetS). Adipokines play critical roles in the
formation and progression of these clusters of diseases. Adiponectin enhances fatty acid oxidation, prevents
foam cell formation and improves lipid metabolism. In contrast, plasminogen activator inhibitor-1 (PAI-1)
possesses pro-atherogenic properties. Carotid intima-media thickness (CIMT) is directly associated with an
increased risk of myocardial infarction and stroke. Complete information about the association related to
adipokines and CIMT in MetS of Indian population is lacking.

Objective: To evaluate the association of adipokine levels and PAI-1 with CIMT in MetS patients,
including its components.

Materials and methods: We performed a cross-sectional study and IDF criteria were used for the
screening of MetS. A total of 164 subjects with MetS (88 males and 76 females) and 100 controls (54 males
and 46 females) were enrolled. Serum levels of adiponectin and PAI-1 were measured using ELISA. A
CIMT measurement of carotid arteries was also done. The relationship between various parameters was
assessed by the Pearson correlation coefficient test.

Results: The levels of adiponectin were lower (p < 0.001), while those of PAI-1 and CIMT were higher

\(p < 0.001) when we compared patients with controls. When the number of metabolic abnormalities )
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increased, the levels of adiponectin decreased and those of PAI-1 increased. There was a strong negative

~

association between PAI-1 levels and those of adiponectin (p <0.001).
Conclusion: Our findings indicate that elevated PAI-1 levels are associated with a higher probability of
having MetS and negatively impact MetS-related components.

Keywords: metabolic syndrome (MetS), adipokine, adiponectin,

plasminogen activator inhibitor-1 (PAI-1), insulin resistance, atherosclerosis. )

INTRODUCTION

e clustering of cardiovascular risk fac-
tors, including central adiposity, hyper-
tension, hyperglycemia, high triglyce-
rides and low levels of high-density
lipoprotein cholesterol (HDL-C), is re-

ferred to as metabolic syndrome (MetS). This
syndrome is a strong predictor of the long-term
risk of high blood sugar and diseases of the heart
and circulation (cardiovascular disease — CVD)
(1-4). The primary driving force behind MetS is
related to obesity (5) Adipose tissue products,
such as adiponectin, leptin, plasminogen activa-
tor inhibitor-1 (PAI-1), resistin, inflammatory cy-
tokines and angiotensinogen, are known to af-
fect the systemic metabolism (6). Adiponectin
plays a crucial role in regulating insulin sensitivity
and the development of insulin resistance (7).
Adiponectin activates adenosine monophos-
phate-activated protein kinase and peroxisome
proliferator-activated receptor-y in the skeletal
muscles and liver. This activation plays a role in
stimulation of the phosphorylation of acetyl-CoA
carboxylase and fatty acid oxidation, thereby re-
ducing tissue triglyceride content related to mus-
cles along with the liver. These changes enhance
insulin sensitivity in vivo (6, 7). Studies show that
plasma levels of adiponectin are significantly re-
duced in obese individuals (8) and they are also
decreased in those with type 2 diabetes mellitus
(T2DM), CVD, hypertension, along with MetS
(9-11). Decreased levels of plasma adiponectin
are related to an increased body mass index
(BMI), decreased insulin sensitivity, less favou-
rable plasma lipid profiles and elevated levels of
inflammatory markers, all of which contributing
to a heightened risk for developing CVD. Conse-
quently, adiponectin levels are promising indica-
tors for clinical use; they are also helpful as strong
markers of underlying medical complications re-
lated to metabolism (12, 13).

The fully grown adipocyte is a potential
source of circulating PAI-T in humans. Plasma
PAI-1 levels are very high in people with obesity
and insulin resistance, and they are positively
correlated with features of MetS. These high le-
vels also predict future risks for T2DM and CVD,
suggesting that PAI-1 may contribute to the com-
plication of obesity along with insulin resistance,
potentially acting as a causal link between obe-
sity and CVD (13-15).

Carotid intima-media thickness is a non-inva-
sive, cost-effective, rapid and reproducible mea-
surement. Increased CIMT, a proxy for carotid
atherosclerosis, is a significant determinant of
CVD and stroke risks (13-15). Furthermore, it is
well known that MetS is significantly associated
with stroke. Adiponectin, PAI-1 and CIMT are
interconnected in the context of cardiovascular
health and MetS. Low adiponectin levels are as-
sociated with high PAI-1 levels, which in turn are
associated with increased CIMT; there are few
studies that have evaluated the association of
adipokines and CIMT in Indian population
(16-19). However, the association between adi-
pokines in MetS population is currently unclear,
especially in India.

MATERIAL AND METHODS

n this cross-sectional study, subjects aged 18 to

60 years (to exclude post-menopausal women)
were screened for the presence of MetS accord-
ing to the standard set by the International Dia-
betes Federation (IDF). The criteria included
central obesity, defined as a waist circumference
of =90 cm for males and =80 cm for females,
plus any two of the following conditions: eleva-
ted triglycerides (>150 mg/dL), reduced HDL-C
(<40 mg/dL in men and <50 mg/dL in women),
raised blood pressure (systolic =130 mm Hg or
diastolic = 85 mm Hg), and elevated fasting glu-
cose (=100 mg/dL). A total of 164 subjects with
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MetS (88 males and 76 females) and 100 control
subjects (54 males and 46 females) were en-
rolled from the Metabolic Outpatient Depart-
ment (OPD) of Chhatrapati Shivaji Subharti Hos-
pital, Subharti Medical College (SMC), Swami
Vivekanand Subharti University (SVSU), Meerut,
India. Age- and sex-matched healthy subjects
without MetS were screened and selected as
controls. All participants underwent a clinical
examination. Subjects with type 1 diabetes, he-
patitis, renal disease, pregnancy, alcoholism, in-
fectious diseases, or those on any medication
were excluded from the study on the basis of
patients” personal medical history.

Physical examination

Routine examination including height, weight,
pulse, blood pressure and waist circumference
(WC) were recorded. General and systemic
examination was done and findings were noted.

A designated research physician measured
participants” anthropometric and body composi-
tion parameters. The BMI was calculated as each
subject’s weight in kilograms divided by the
square of their height in meters. Waist circumfe-
rence was measured using a measuring tape
along the horizontal plane of the iliac crest after
the subject exhaled (20).

Blood pressure levels were measured using a
mercury sphygmomanometer on the right arm of
participants in a relaxed sitting position. Blood
pressure levels were reported as the mean of
four replicate readings.

Laboratory analysis

Fasting blood samples were drawn under all
aseptic precautions. Estimation of glucose,
HbA,, lipid profile, insulin and highly sensitive
C-reactive protein (hsCRP) were done on Abbott
architect ci4100 integrated Chemistry & Immu-
nology System, in the Central Lab of CSSH. The
laboratory is accredited by National Accredita-
tion Board for Testing and Calibration Laborato-
ries (NABL), New Delhi, India.

One aliquot of the sample was frozen at
—80°C for the measurement of plasma adipo-
nectin and PAI-1. Quantitative estimation of adi-
ponectin and PAI-1 levels were performed using
commercially available enzyme-linked immuno-
sorbent assay kits (Invitrogen™ Human Kits). Se-
rum insulin resistance was estimated by the ho-
meostasis model assessment (HOMA-IR) and

calculated as fasting insulin (ulU/mL) x fasting
glucose (mg/dL)/405 (20).

Carotid intima-media thickness was measured
in the Department of Radiodiagnosis & Imaging,
SMC on Samsung HS70 ultrasound unit with
high resolution linear probe of 5-10 MHz fre-
quency. Participants were examined in the su-
pine position with their head slightly extended
and turned in the opposite direction of the ca-
rotid artery. CIMT measurements were done at
the proximal, middle and distal levels of both
common carotid arteries. The mean of the maxi-
mum readings of three right and three left far
walls were used to estimate CIMT (21). The cur-
rent study was approved by the ethical commit-
tee of SMC (ethical clearance letter no. 503/259
dated 15.02.2023), Meerut, India, and written
informed consent was obtained from all subjects.

Statistical analysis was performed using EPI
INFO 3.5.3 (CDC; Atlanta; USA). Data were pre-
sented as mean=SD or number (%) unless other-
wise specified. Parametric data were analysed
using Student’s t-test. If Bartlett’s chi-square test
for equality of population variances yielded a
p-value of less than 0.05, the Kruskal-Wallis test
was used. Chi-square test was used for the analy-
sis of non-parametric data. To find out the asso-
ciation between various parameters, univariate
regression analysis was conducted. A p-value
which was considered statistically significant was
less than 0.05.

RESULTS

ur study included 264 subjects (164 pa-

tients with MetS and 100 healthy controls),
with an equal sex ratio in both groups. The mean
ages of cases and controls were comparable.
When BMI values were compared between
MetS and control groups, the BMI was higher in
MetS subjects than controls. Among cases, 98
(60%) had T2DM and 39 (24%) impaired glu-
cose tolerance. Hypertension was present in 74
cases (45%). Triglycerides (TG), total cholesterol
(TO), low-density lipoprotein (LDL) and very
low-density lipoprotein (VLDL) levels were sig-
nificantly higher, while high-density lipoprotein
(HDL) levels were significantly lower in the MetS
group compared to controls. Notably, 32 con-
trols (32%) also had low HDL levels. Most cases
(96/164, or 58.54%) had four features of MetS,
followed by 41 cases (25%) with three features
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TABLE 1. Anthropometric, biochemical, metabolic and
carotid intima-media thickness (CIMT) values in cases and

and 27 cases (16.46%) with all features. Subjects
with MetS had significantly lower adiponectin

controls levels (10.26=3.78 ng/mL vs. 26.5%7.6 ng/mL;
Parameters 5:’;;4) %) E::‘;g;}'s(%) P value p < 0.001) and significantly higher PAI-1 levels
Age 434553 419240 021 (58.19£16.24 ng/mL vs. 21.5+6.14 ng/mL;
WHR (male) 1.18+0.1 | 0.84+004 |<00001 | P < 0.001)compared to controls (Table 1).
WHR (female) 1.21£0.11 |0.74+0.03 |<0.0001 Adiponectin levels decreased and PAI-1 le-
BMI (kg/m’) 324+42 253%37 | <0.0001 | velsincreased with increasing number of meta-
S)fsto]i-:; BP (mm Hg) 1340+ 142 [ 122.2+9.0 0.001 bolic abnormalities (Table 2, Figure 1.
DiagolioBP (mm Py | $40497 1762162 [10.00 There was no significant difference in adipo-
Glyeoraic status nectin levels between sexes. Univariate regres-
FPG (mg/dL) 141 + 37 91 +8 <0.0001 ' ! . ‘

PPG (mg/dL) 21451 12419 <0.0001 | sion analysis revealed that adiponectin was ne-
HbAc (%) 7909 50+04 <0.0001 gatively associated with BMI. Among various
Insulin (u[U/mL) 107+102 |52+2.38 <0.0001 parameters of MetS, the correlation of adiponec-
HOMA-IR 385+4.14 |1.82+047 |0.029 tin was negative with most parameters, excep-
Lipid profile ting a positive association for HDL-C. Adiponec-
| Trighyeorides (mgidl) | 2124 58 o 00001 | tin was strongly negatively associated with
HDL (my/dL) 27 a0+12 LU inflammatory markers (hsCRP) and the procoa-
TC (mg/dL) 234+ 42 171 £31 <0.0001 Y .. . P .
LDL (mg/dL) 139+ 39 1112222 | <00001 | gulant marker PAI-1. Additionally, adiponectin
VLDL (mg/dL) 0=+ 12 19+ 15 <0.0001 was negatively correlated with insulin resistance
Metabolic features as measured by HOMA-IR (Table 3). In univa-
None 43 (43) riate regression analysis, PAI-1 was positively as-
One i 57 (57) sociated with BMI and negatively associated with
Lhi - u HDL. Plasminogen activator inhibitor-1 had a
Three 41 (25) - - . .

Four 96 (58.59) |- positive association W!th all par.ar(]eters'of MetS,
Five 27(16.46) | - except for one negative association with HDL.
Inflammatory markers Also, PAI-1 had a strong positive association with
hsCRP (mg/dL) 4.07£1.72 [2.09£0.98 | 0.0006 hsCRP, insulin resistance (fasting plasma insulin
Adipokines and HOMA-IR), total cholesterol and LDL-cho-
Adiponectin (ng/ml) | 10.26£378 126.5£7.6 | <0.0001 | |esterol, but a strong negative association with
PAI-1 (ng/mL) ?2;2 * 21.5+6.14 | <0.0001 adiponectin (Table 3).

CIMT (mm) 078017 |045+009 |<0.0001 Table 4 shows participants’ general characte-

ristics categorized by serum PAI-1 quartiles

WHR=waist hip ratio; BMI=body mass index; BP=blood pressure;
FPG=fasting plasma glucose; PPG=postprandial plasma glucose;
HbA | ~glycated haemoglobin;

HOMA-IR=homeostatic model assessment of insulin resistance;
HDL=high density lipoprotein; TC=total cholesterol;

LDL=low density lipoprotein;

VLDL=very low density lipoprotein;

hsCRP=highly sensitive C-reactive protein;

PA-1=plasminogen activator inhibitor-1;

CIMT=carotid intima-media thickness.

(Q1-Q4). Adiponectin levels decreased as PAI-1
levels increased (p < 0.05). Conversely, higher
PAI-1 levels were associated with increases in
age, FBG, HbA1c%, total cholesterol, LDL and
TG (p < 0.05). The highest prevalence of MetS
was observed in the Q3 quartile of serum PAI-1
(Table 4).

TABLE 2. Division of study Group No. of MetS components present in subjects Adiponectin | PAI-1 | CIMT (mm)
groups based on the number of 1__| Zero (no component) 28.7 17.86 0.39
metabolic syndrome components 2 1 (WC) 253 2427 0.47

3 1+1 (WC + 1 components) 18.4 27.11 0.48

4 1+2 (WC + 2 components) 12.3 34.86 0.56

5 1+3 (WC + 3 components) 10.7 49.54 0.69

Metabolic syndrome*
6 1+4 (WC + 4 components) 8.5 51.84 0.77
7 1+5 (WC + 5 components) 7.6 63.15 0.92

*As per the International Diabetes Federation 2005

MetS=metabolic syndrome; PA-1=plasminogen activator inhibitor-1; CIMT=carotid intima-media thickness.
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Adiponectin vs Plasminogen activator Inhibitor-1
against MetS components
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FIGURE 1. Comparative bar-graph of adiponectin and plasmmogen
activator inhibitor-1 (PAI-1) against metabolic syndrome (MetS) components

The study population was grouped as 1-7,
depending on the presence of several compo-
nents of MetS (0, 1, 1+1, 1+2..)). It was ob-
served that the appearance of the number of
components of MetS was increasing; PAI-1 were
found to be more significantly increased, excep-
ting adiponectin, which was found to be more
affected (Table 2).

Adiponectin, PAI-1 and CIMT are intercon-
nected in the context of cardiovascular health
and MetS. Low adiponectin levels are associated
with high PAI-1 levels, which in turn are asso-
ciated with increased CIMT, and CIMT is posi-

Parameters Adiponectin PAI-1 TABLE 3. Association between
Beta coefficient | p value | Beta coefficient | p value | various parameters of the study
| Age -0.205 (0.05) 0.054 0.105 (0.01) 0.382
Sex 0.845 (0.02) 0.591 -0.593 (0.02) 0.648
BMI -0.785 (0.46) | <0.00001 0.638 (0.43) [ <0.00001
Metabolic syndrome
WHR -18.598 (0.45) | <0.00001 | 15.324 (0.41) | <0.00001
FPG -0.74 (0.31) <(.00001 0.098 (0.28) | <0.00001
Hypertension -6.173 (0.20) 0.00003 4.741 (0.18) 0.0009
Triglycerides -0.051 (0.35) | <0.00001 0.048 (0.39) | <0.00001
HDL 0.281 (0.09) 0.024 -0.149 (0.12) 0.012
Other parameters
Total cholesterol -0.038 (0.16) 0.002 0.053 (0.18) 0.006
LDL -0.035 (0.04) 0.231 0.028 (0.05) 0.032
hSCRP -1.540 (0.21) 0.00001 1.489 (0.34) | <0.00001
Fasting plasma insulin | -0.251 (0.06) 0.22 0.145 (0.09) 0.052
HOMA-IR -0.840 (0.14) 0.007 0.734 (0.22) 0.001
PAl-1 -0.871 (0.60) | <0.00001 - -
Adiponectin - - -0.686 (0.60) | <0.00001
BMI=body mass index; WHR=waist hip ratio; FPG=fasting plasma glucose;
HDL=high density lipoprotein; LDL=low density lipoprotein;
hsCRP=highly sensitive C-reactive protein;
HOMA-IR=homeostatic model assessment of insulin resistance;
PA-1=plasminogen activator inhibitor-1.
Group All Ql Q2 Q3 Q4 P value | TABLE 4. Subjects grouped
N 264 66 66 66 66 by estimated plasminogen
Age (years) 46.3+5.9 45.248.5 482474 | 52.4+4.8 | 54.246.2 0.001 | activator inhibitor-1 (PAI-1)
BMI (kg/m?) 34.7+7.4 | 30.8+58 | 32.1+6.3 | 33.3+42 [324x62 | 0.260 | quartiles (Q1-Q4)
Systolic BP (mm Hg) | 130.4£15.2 | 134.8£16.58 | 131.0£18.5 | 133.6£12.8 | 130.6£16.2 | 0.328
Diastolic BP (mmHg) | 78.2+10.8 79.9+12.6 80.1+8.2 83.6+8.0 80.1+10.6 0.204
FPG (mg/dL) 128.9+41.2 | 115.8447.6 | 139.8+31.3 | 154.4423.5 | 167.4+12.1 | 0.001
TG (mg/dL) 170.2+88.4 | 154.2448.5 | 182.8+64.2 | 185.5489.9 | 192.0+68.4 | 0.013
HDL (mg/dL) 41.8+16.2 459+ 126 |40.1+104 |42.0+15.8 |41.6+£10.7 0.548
HbAic (%) 6.8+1.4 5.4+1.6 6.3+ 1.3 6.9+0.9 7.8+£0.7 0.001
TC (mg/dL) 191.2467.6 | 158.3+48.7 | 168.8£39.9 | 192.3+41.1 | 208.6+36.5 [ 0.001
LDL (mg/dL) 132.8458.5 | 112.5442.8 | 126.1+35.2 | 132.6+47.8 | 149.7+43.2 [ 0.001
Insulin (nIU/mL) 8.28+11.82 | 9.46+9.58 11.25+4.34 | 13.5245.6 | 17.36+6.7 0.017
Adiponectin (ng/mL) | 13.1£13.68 | 18.62£7.94 | 13.67+8.54 | 9.92+£7.46 | 7.55+6.83 0.001
PAI-1 ng/mL 38.8£19.5 17.68+-3.96 | 25.38+6.13 | 39.3849.37 | 57.64+14.53 | 0.001
MetS 164 (62.12) | 36 (21.95) |41 (25) 47 (28.66) | 40(24.39) ] 0.125

BMI=body mass index; BP=blood pressure; FPG=fasting plasma glucose; TG=triglyceride;

HbA=glycated haemoglobin; HDL=high density lipoprotein; TC=total cholesterol; LDL=low density lipoprotein;
PA-1=plasminogen activator inhibitor-1; MetS=metabolic syndrome.
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FIGURE 2. Plasminogen activator inhibitor-1 (PAI-1) levels
showing a strong negative association with adiponectin

tively associated with PAI-1 and negatively asso-
ciated with adiponectin.

DISCUSSION

etabolic syndrome is indeed becoming

more prevalent both in the United States
and globally, with significant implications for
CVD in Asia (22-31). In the present study, the
fact that all cases had significantly higher values
of the WHR and BMI than controls in both sexes
aligns with what is known as the “Asian Indian
obesity phenotype” (23). Our findings reveal that
CIMT is positively associated with PAI-1 and ne-
gatively associated with adiponectin, which is
similar to the study conducted by Sepulveda et al
(31).

Also, when comparing the adiponectin levels
between the two groups, we found that MetS
subjects had significantly lower adiponectin le-
vels than controls, which is consistent with the
majority of studies on MetS across various eth-
nicities and genders as well as age groups. The
mechanism involved in the association of adipo-
nectin and PAI-T with MetS involves insulin resis-
tance. The anti-inflammatory properties of adi-
ponectin  counteract the pro-inflammatory
effects of PAI-1. The latter impairs the endothe-
lial dysfunction, while adiponectin improves it
(31). However, there are exceptions. Thus,
Sepulveda et al reported higher adiponectin le-
vels in MetS patients (31), and another study
found low adiponectin levels that were not sta-
tistically significant (36). No sex differences in
adiponectin levels were observed in the present
study, although other studies (34) have reported
higher adiponectin levels in female subjects. Ad-

ditionally, adiponectin levels were negatively
correlated with age, BMI, FPG, hypertension,
TGs, TC, high-sensitivity C-reactive hsCRP,
HOMA-IR and PAI-1. Conversely, adiponectin
levels were positively correlated with basal BMR
and HDL, which is in accordance with the exis-
ting literature (35-39). However, some discre-
pancies between our study and others were no-
ted. For instance, we found no correlation with
fasting insulin, as also observed by a study from
South India (20), which contrasts with studies
reporting a negative correlation (30, 35, 40). Ad-
ditionally, we found a negative correlation be-
tween adiponectin and cholesterol, similarly to
the study performed by Bilgili et al (29), while
some studies (20, 34, 40) found no such rela-
tionship.

According to the present study, the associa-
tion of adiponectin and PAI-1 levels was a strong
negative one, even after adjusting for factors like
HOMA-IR and CRP. This finding aligns with the
study conducted by Bilgili et al (29), who have
also reported an inverse relationship between
plasma adiponectin and PAI-1 (r = —0.653,
P < 0.001). Subjects with MetS had higher PAI-1
levels than controls, which was consistent with
many studies in the literature (15, 29, 41-43).
However, in our study, PAI-1 levels were higher
than those reported in other ethnic populations.
The increased PAI-1 levels observed in the Indian
population when compared with African popu-
lation can be related to the increased prevalence
of PAI-1 4G allele (44).

The level of PAI-1 increased with the number
of metabolic abnormalities, and a similar trend
was reported by other studies (30, 41). Among
the various MetS parameters, PAI-1 was positive-
ly associated with all, except for HDL-choleste-
rol, with which it showed a negative association.
In our study, PAI-1 was shown to have a positive
association with inflammatory markers (hsCRP),
insulin  resistance  (fasting plasma insulin,
HOMA-IR), total and LDL-cholesterol, and a
strong negative association when compared with
adiponectin. These findings are consistent with
other studies that have reported significant cor-
relations between PAI-1 and obesity and dysli-
pidemia variables (45).

Study limitations
Data from our small clinical samples and the li-
mited number of subjects may not be represen-
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tative for general populations. Also, CIMT may
be influenced by other risk factors that have not
been tested in our study. Sex specific association
between adipokine profile and PAI-1 has not
been done. Age wise distribution in male and fe-
male subjects along-with its association with bio-
chemical parameters needs to be further added.

CONCLUSION

lower levels of adiponectin are negatively corre-
lated with the risk of MetS and its components.
These results suggest a potential link between
PAI-1 and the prevalence of MetS; however, this
association requires clarification through pro-
spective studies. In summary, the association be-
tween adiponectin, PAI-1 and CIMT highlights

the complex interplay between adipose tissue,
inflammation and cardiovascular health. Q

ur findings indicate that elevated levels of

PAI-1 are associated with an increased risk
of MetS and its adverse effects. Additionally,
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