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ABSTRACT

Background: This study aimed to investigate correlation between adiponectin and waist-
hip-ratio with severity of coronary artery disease (CAD). There is uncertainty about the
association between circulating concentrations of adiponectin and CAD. Methods: We
enrolled eighty-two consecutive patients undergoing non-urgent coronary angiography
for CAD survey. According to the angiography results, the patients were divided into two
groups in 1:1 ratio patients admitted with a diagnosis of CAD and non-CAD. We conduct-
ed hospital based research, involving study group with documented angiographically CAD,
and control group without evidence of CAD. Angiograms were also quantified for the ex-
tent and severity of CAD by the Gensini scoring system. We measured baseline adiponectin
levels in stored serum samples of all patients, anthropometric and biochemical risk factors
were assessed in both groups. Results: The presence of CAD was associated with current
smoking, male gender, waist-hip ratio (WHR) and left ventricular ejection fraction (LVEF).
Baseline adiponectin concentrations correlated significantly in terms of the lipid parame-
ters, positively with HDL cholesterol concentrations (r=0.327, P=0.028, P<0.05) and serum
triglyceride concentrations were correlated negatively (r=-0.513, P<0.001). No significant
difference between median adiponectin levels at baseline was observed between cases
and controls. Conclusion: There is a significant positive correlation between waist-hip ratio
and presence and severity of coronary artery disease. In conclusion, there is a significant
positive correlation between adiponectin and Gensini score among Kosovar patients.
Keywords: adiponectin, waist-hip ratio, coronary artery disease, Gensini score.

1. INTRODUCTION

Adiponectin (ARCP 30, AdipoQ,
apM1 or GBP28), secreted by adipose
tissue, is a 247-amino acid peptide
which was discovered in 1995 (1, 2).
The amounts of adiponectin account
for 0.01% of total plasma protein.
The concentration of adiponectin
circulating in plasma is very high (2
to 20 pug/ml) (3). Plasma levels of ad-
iponectin in the Japanese population
is about 5 to 10 pg/ml (4) and serum
adiponectin is lower in Indo-Asians
when compared with Caucasians
(median 3.3 vs. 4.9 pg/ml) (5). Wom-
en have about 40% higher circulating
levels of adiponectin than men (3).

Adiponectin has gained particular
interest on account of its relation
with insulin sensitivity, atheroscle-
rosis, and inflammation (6). Current
projections estimate that cardiovas-
cular disease, especially atheroscle-
rosis, will be the leading cause of all
disease in 2020 (7). Recent findings
suggest that high adiponectin con-
centration is an independent predic-
tor of mortality in chronic heart fail-
ure patients, chronic kidney patients,
and elderly patients, who are at high
risk for cardiovascular events (8-12).

Obesity has been proven to be an
independent risk factor for CAD in
both genders, and is a growing health
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problem in most developed and some developing coun-
tries (13-15). Body weight, body mass index (BMI), waist
circumference (WC) and WHR are primary methods to
determine obesity. While BMI reflects general obesity,
waist circumference and waist-hip ratio are related to
central-type obesity, where body fat is primarily locat-
ed in the abdomen. Prospective epidemiological studies
have revealed that central obesity (determined by WC
and WHR) is more relevant in CAD risk compared to
general obesity (determined by BMI) (16-18). While
WHR is commonly used in reflecting central obesity,
waist circumference is shown to have a better correla-
tion with abdominal fat localization (19-22). To our best
knowledge, this is the first study performed in Kosovo
focusing on this particular issue.

2. MATERIALS AND METHODS

2.1. Study subjects

The study population consisted of 82 consecutive pa-
tients who underwent coronary angiography for sus-
pected or known coronary atherosclerosis at the Uni-
versity Clinical Center of Kosovo. With the exception of
acute coronary syndromes, the patients had to present
in a stable clinical condition without major concomitant
non-cardiovascular disease. The study protocol was ap-
proved by the Ethical Committee of the Faculty of Med-
icine, University of Prishtina, and research was conduct-
ed in accordance with Declaration of Helsinki guidelines.
Written informed consent was obtained from all study
participants before inclusion in the study.

2.2. Coronary angiography

CAD was defined as more than 50% luminal stenosis
identified in a minimum of two views, in the case of sin-
gle-vessel involvement. Angiograms were scored by two
experienced observers, unaware of the diagnosis. Gensi-
ni score assesses the severity of coronary artery disease:
it grades narrowing of the lumen of the coronary artery
and scores it as 1 for 1-25% narrowing, 2 for 26-50% nar-
rowing, 4 for 51-75%, 8 for 76-90%, 16 for 91-99% and
32 for a completely occluded artery. This score is then
multiplied by a factor, according to the importance of
the coronary artery. The multiplication factor for a left
main stem (LMS) lesion is 5, it is 2.5 for proximal left
anterior descending artery (LAD) and proximal circum-
flex artery (CX) lesions, 1.5 for a mid-LAD lesion, and
1 for distal LAD, mid/distal CX

ysis. Height was measured to the nearest 0.1 cm using
a wall-mounted stadiometer. Weight was measured to
the nearest 0.1 kg using a hospital balance beam scale.
Waist height ratio (WHtR) is measured by division of
weight circumference by their height, always expressed
in same units. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m?). The WC
was measured by tape in cm and was also categorized
according to the World Health Organization (WHO)
criteria (24). Blood pressure was measured by European
Society of Hypertension-International Protocol 2 (ESH-
IP2). With the WHR, the waist is measured at the nar-
rowest part of the waist, between the lowest rib and iliac
crest, and the hip circumference is taken at the widest
area of the hips at the greatest protuberance of the but-
tocks. Then simply divide the waist measurement by the
hip measurement. The WHO defines the ratios of >9.0
in men and >8.5 in women as one of the decisive bench-
marks for metabolic syndrome.

2.4. Laboratory measurements

The 12-h fasting blood samples were taken in the
morning and the sera were stored at -70 C immediately
after centrifugation until being assayed. The laboratory
was monitored for the precision and accuracy of glucose
and lipid measurements by the surveillance program.
Adiponectin serum concentrations were determined by
a commercially available ELISA. The primary predictor
variable was serum adiponectin level as determined by
immunoassay of thawed fasting serum samples. Each
sample was assayed in duplicate, and adiponectin level
was calculated as the average of the two measurements.
The laboratory technicians who performed the assays
were blinded to the patient characteristics.

2.4. Statistical analysis

The data were entered and analyzed with SPSS Statis-
tics, version 22. The continuous variables were primarily
analyzed using a t-test, while the binary data were pri-
mary analyzed using a Chi-squared test. The continuous
variables are presented in the tables with their means +
SD (Standard Deviation). Also for adiponectin relations
with other variables were analyzed using a Pearson cor-
relation. Additionally, single (unadjusted) and multiple
(adjusted) binary logistic regressions were carried out
with CAD group as the dependent variable, and the oth-
er significant variables as independent predictors. The

and right coronary artery lesions.

Group | Group I
Gensini score was expressed as Variables Non CAD CAD P value*
the sum of the scores for all three (n=41) (n=41)
coronary arteries to evaluate the Age(mean # SD) 6480 £ 830 66.76  * 9.12 0.31
entire extent of coronary artery SBP (mmHg1 (mean * SD) 145.61 + 13.29 145.85 + 11.98 0.93
disease (23). DBP (mmHg2 (mean + SD) 81.34 + 7.75 84.88 + 7.79 0.042
2.3. Anthropometric mea- BMI (kg/m2)(mean * SD) 28.76 + 4.68 28.17 + 3.32 0.51
WC (cm) 9513 + 1152 9697 + 863 0.44
surements
Were taken after the patients WHtR (mean + SD) 057 + 008 176 = 756 0.32
. WHR (mean + SD) 0.88 + 0.07 0.93 + 0.06 0.000
had removed their shoes and up- Sex (M), n (%) 17 ( als% ) 2 ( 707% ) 0008
per garments and had donned an ~g 0 "0 13 ( 31.7% ) 27 ( 659% ) 0002

examining gown. Each measure-
ment was performed twice and
the average was used in the anal-
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Table 1. Demographic and clinical characteristics of non-CAD and CAD groups. BMI: basal
metabolic index, WC, WHtR, WHR, systolic blood pressure (SBP), DBP.
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Group | Group Il
Variables Non CAD CAD P value*
(n=41) (n=41)
mean * SD mean  * SD
Adiponectin (ug/ml) 349 £+ 193 345 + 275 0.94
AST (U/L) 2406 + 669 2304 + 849 0.55
CRP (mg/l) 730 + 2533 528 =+ 1125 064
Urea(mmol/L) 502 =+ 145 5.41 + 245 0.38
Creatinine(umol/L) 60.44 = 1674 6671 £ 3199 0.27
Total Cholesterol(mmol/L)  3.58 + 1.07 359 + 1.9 0.97
Triglyceride(mmol/L) 115 = 075 1.05 =+ 047 0.47
HDL-C(mmol/L) 102 + 026 093 =+ 024 0.13
LDL-C(mmol/L) 204 + 090 226 + 1.00 0.30
10-12 Erythrocyte/L 439 = 052 437 £ 045 0.86
10-9 Leukocyte/L 756 + 230 743 o+ 211 0.79
Hematocrit (%) 3876 + 639 3934 + 479 0.64
Hemoglobin g/L 13268 * 1576 13249 + 1638 096
10-9 Platelet/L 263.37 * 7543 257.37 * 61.15 0.69
Glucose(mmol/L) 640 + 262 6.67 £ 252 0.65
LVEF (%) 5783 + 532 5346 =+ 6.07 0.001
Gensini score 1.21 + 566 5316 = 3346 0.000

Table 2. Biochemical characteristics of the two groups. CAD,
AST:aspartate aminotransferase, CRP:C reactive protein, HDL-C:
high density lipoprotein cholesterol, LDL-C: low density lipoprotein
cholesterol, LVEF.

cut p value of 0.1 was used as a criterion to identify the
variables which need to be included in the Binary Logis-
tic Regression Models. Adiponectin as the focusing vari-
able of this study was included in the model regardless of
its statistical significance. Other adjusting variables in-
cluded are: diastolic blood pressure (DBP), WHR, LVEF,
gender male, and smoking.

3. RESULTS

Of the eighty-two study patients, 41 patients com-
prised the CAD group (study subject) and 41 patients
were classified as the non-CAD group (control subject).
Study group (mean age 66.76+9.12) were on the average,
2 years older than the controls (mean age 64.80 + 8.30).

The baseline characteristics of the two groups are de-
picted in Table 1. According to Table 1, in comparison
with the controls, the CAD group patients were older
and were more likely to be male and smokers. The num-
ber of male patients in the study group was 29 (70.7%)
and in the control group was 17 (41.5%), which is signifi-
cantly higher (p=0.008), also smokers were 27 (65.9%) vs
13 (31.7%) (p=0.002) significantly more numerous in the
study group than the controls.

Fifteen patients (18.2%) had normal BMI (mean
23.22+1.4), 37 patients (45%) were overweight, 30 pa-
tients (43.4%) were obese. BMI in case group (mean
28.17+ 3.32) and control (mean 28.76+4.68) and WC
in case (96.97+8.63) vs control (95.13+11.52) they were
no significant. WHtR in case (1.76 +7.56) vs control
(0.57+0.08), and WHR is significant between case and
control (0.93+0.06) vs (0.88+0.07) (p-value: 0.0001) as
seen in Table 1. A significant association of DBP and cur-
rent status of smoking was found with CAD.

CAD patients had higher mean Gensini scores
than non-CAD patients (53.16 + 33.46 vs. 1.21 +5.66,
P<0.0001), but there was no statistically significant dif-
ference detected between CAD and non CAD for plas-
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ma adiponectin levels, presented in Table 2. Total cho-
lesterol in the populations averaged (3.58 + 1.07 mmol/l)
in cases and (3.59 + 1.19 mmol/l) in the control groups.
Plasma HDL-cholesterol levels were (0.93 + 0.24mmol/l)
and (1.02+0.26mmol/l), respectively.

Baseline adiponectin concentrations correlated signifi-
cantly in terms of the lipid parameters, positively with
HDL cholesterol concentrations (r= 0.365, P=0.001)
and serum triglyceride concentrations were correlated
negatively (r=-0.336, P=0.001). Total cholesterol con-
centration and LDL cholesterol concentrations did not
correlate significantly with plasma concentrations of ad-
iponectin, shown in Table 3.

Sixty-two patients (75%) had hypertension, 29 patients
(35%) had diabetes, 23 patients (28%) dyslipidemia. For-
ty-two patients (51%) had family history of coronary
heart disease and sudden non-accidental death or a com-
bination of these.

Variable Corrglqtion P value
coefficient
Age 142 0.20
BMI 107 0.34
wC .054 0.65
WHtR .096 0.39
WHR -.079 0.48
Biomarkers
HDL .356** 0.00
LDL .195 0.08
Total Cholesterol 178 0.11
Triglyceride -.336** 0.00
CRP -.010 0.93
Urea -.165 0.14
Creatinine -.095 0.39
Glucose .356** 0.50
Erythrocyte .356** 0.92
Leukocyte .356** 0.07
Hematocrit .356** 0.71
Hemoglobin .356** 0.89
Platelet .356** 0.02
Classical risk factors
Sex(M) .356** 0.06
Smoking .356** 0.56
HTA .356** 0.99
DM .356** 1.00
Hyperlipidemia .356** 0.33
Family history CAD .356™* 0.44
CAD -.008 0.94
LVEF .356** 0.09
Gensini score 272 0.01
Medication
Antihypertensiv .356** 0.61
Andiabetic .356** 0.82
Antilipemic .356** 0.14
Antiagregation .356** 0.33

Table 3. Correlations of adiponectin with other variables
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Of all patients 14.6% had triple-vessel disease, 18.3%
had double-vessel disease and 17% single-vessel disease.
Adiponectin levels show a non-significantly progressive

CAG- . .
N/SVD/DVD/ N i\./\e?n 7d|50nec- itd. Devia- P value
VD in (ug/m ion
Normal 4] 3.487 1.935
SVD 14 2.740 1.337

0.335
DVD 15 3.314 2.841
TVD 12 4.441 3.658

Table 4. Angiographic severity of coronary artery stenosis and
adiponectin levels. CAG:coronary angiography, SVD:single vessel
disease, DVD:double vessel disease, TVD:triple vessel disease.

BMI
Normal Overweight Obese Total
Gensini 18-24.9 (kg/  25-29.9 230 (kg/
m2) (kg/m2) m2)
N % N % N % N %

None (0) 7 46.7 13 351 17 567 37 451
Milde (1-32) 3 20 1 297 1 33 15 183
Moderate(32-58) 1 6.7 ) 16.2 7 233 14 17.
Severe (258) 4 26.7 7 18.9 5 167 16 195
Total 15 100 37 100 30 100 82 100
X2-test, P-value 0.115

Table 5. Distribution of Gensini in different BMI categories

decline as the angiographic severity of coronary artery
stenosis increases (value=0.335) as shown in Table 4.

In control group 37 patients (45%) have (Gensini score
=0), 15 patients (18%) had mild disease (Gensini score
<32), 14 patients (17%) had moderate disease (Gensini
score= 32-58), 16 patients (19.5%) had severe disease
(Gensini score >58). BMI did not correlate with Gensini
score by severity of coronary arteries, as seen in Table 5.

Significant differences were seen in Binary Logistic Re-
gression models for CAD analysis for adiponectin, WHR,
LVEF, DBP, male gender and for smoker. WHR (OR 14;
95% CI 0.94-207.60; p=0.06), LVEF (OR 4.61; 95% CI
1.49-14.21; p=0.01), DBP (OR 2.75; 95% 2.75 (1.12-6.87;
p=0.03), smoking (OR 4.15; 95% CI 1.65-10.44; p=0.001),
male patients (OR 3.41, 95% CI 1.37-8.52; p=0.01), all
presented in Table 6.

Unadjusted Adjusted

P
Odds Ratio (95% value Odds Ratio (95%
Cl) Cl)

1.28 (0.48-3.42) 062 1.06(0.29-3.84) 093

P
value

Adiponectin < 2

pg/mL

DBP = 90 mmHg2 2.75 (1.12-6.87) 0.03 3.35(1.05-10.69) 0.04

WHR < 0.8 1.00 (Reference) 0.13  1.00 (Reference)  0.67
0.8 - 0.99 3.77 (0.40-35.51) 0.25 3.42(0.23-50.38) 0.37
ER 14 (0.94-207.60) 0.06 3.03(0.13-71.20) 0.49

LVEF < 50 % 4.61 (1.49-14.21)  0.01 444 (1.16-16.92) 0.03

Sex (Male) 3.41(1.37-852) 001 29(0.81-10.35)  0.10

Smoker 4.15(1.65-10.44) 0.00 3.51(0.98-12.52) 0.05

Table 6. Binary Logistic Regression Models for CAD (Unadjusted
and Adjusted), DBP, WHR, LVEF.

4. DISCUSSION

The present study found that there was a strong associ-
ation between adiponectin and coronary artery disease.
These findings provide further evidence for an “adiponec-
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tin paradox” in which higher levels of adiponectin may be
secreted as a protective or a compensatory response to
worsening cardiovascular disease. In our study, we found
medium significant positive correlation between Gensini
and adiponectin (r= 0.272, P=0.01). This is in compliance
with the SAPHIR study, which suggests that the role of
adiponectin differs between early atherosclerosis and ad-
vanced stage vascular disease (25). Adiponectin protects
against the development of disease, once the disease is
established, adiponectin concentrations are elevated as
a counter-regulatory response to protect against fur-
ther inflammation and atherosclerosis (26). Findings of
positive correlation between adiponectin and culprit le-
sion necrotic core (NC) content is consistent with the
hypothesis that in advanced CAD, serum adiponectin
levels are elevated in a counter-regulatory response (27).
High serum adiponectin levels, instead of being protec-
tive, have been shown to be associated with increased
mortality and adverse event rates. This paradoxical rela-
tion is further supported by study that included patients
undergoing PCI for symptomatic CAD (28). Despite
the potential association between heart failure and high
plasma adiponectin shown by several clinical studies,
other experimental studies have demonstrated a bene-
ficial, protective effect of adiponectin on myocardium.
Elevated plasma levels of adiponectin among patients
with heart failure can be a reflection of accompanying
renal dysfunction or “adiponectin resistance” including
impaired adiponectin signal transduction in myocardi-
um. Furthermore, several statins are also effective for el-
evating plasma adiponectin (29, 30).

There were no significant differences in plasma con-
centrations of adiponectin between patients with stable
angina pectoris (SAP) and control patients (11.3 v 12.8
pg/ml) (31). Our study findings were similar to this study,
where plasma concentrations of adiponectin between
patients with SAP and control group (3.45 v 3.49 pg/
ml) had no significant differences. In the present study;,
patients in our SAP group had already been receiving
some treatment with antianginal and antiatherosclerot-
ic drugs. As certain medical treatments may confound
interpretation of plasma concentrations of adiponectin
measurements and there may not be significant differ-
ences in plasma concentrations of adiponectin between
patients with SAP and control patients.

Another important clinical finding showed that plas-
ma concentrations of adiponectin were considerably in-
creased in older and female patients with CAD (31). As a
consequence of their findings they suggested that unsta-
ble plaque may stabilize as the patient grows older or that
accumulation of adiponectin in atherosclerotic vascular
walls may suppress its elimination half-life from plas-
ma, resulting in an increase in plasma concentrations
of adiponectin in older patients with CAD. Although
a significant relation between serum adiponectin lev-
els and age was not found in our study, it is known that
age has an effect on serum adiponectin levels and that
there is a positive relationship between age and serum
adiponectin level (32). Including both individuals with
and without cardiovascular disease, higher adiponectin
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has protecting role in those without cardiovascular dis-
ease and predictive of worse outcomes in those with ex-
isting disease (33). Moreover, it has been suggested that
normal and even higher serum adiponectin levels may
prevent the development of cardiovascular diseases and
complications in healthy individuals (34). Male patients
with hypoadiponectinemia (<4.0 pg/ml) had a two-fold
increase in CAD prevalence, independent of well-known
CAD risk factors (35). Similar to our study in male gen-
der with hypoadiponectinemia (<2.0 pg/ml) increase the
odds of having CAD (Table 6).

Our current study did not show a significant correla-
tion between BMI and CAD (p-value 0.115), despite the
presence of significant association between WHR and
CAD (p-value= 0,0001). This may be explained by the
fact that BMI quantifies general adiposity, although per-
son who is overweight or obese is likely to have excess fat
but BMI does not give an indication as to how this fat is
distributed in the body. However, fat distribution is an
important determinant of CAD independent of BMI and
other classic risk factors of CAD (36). Welborn and Dha-
liwal (37) and Srikanthan, Seeman, and Karlamangla (38)
confirmed, and cited several other investigations that
show WHR being the superior clinical measurement for
predicting all cause and cardiovascular disease mortality.
Welborn and Dhaliwal added that the hip circumference
indicated a lower risk for body fat accumulation, and
thus including it into the waist-to-hip equation enhances
the accuracy of this measurement technique.

Relatively small sample of patients that were selected
randomly from the general population, may have limit-
ed the ability to detect significant relationship between
adiponectin and coronary artery disease, thus making it
difficult to indicate the results to the general population.

5..CONCLUSION

There is a significant positive correlation between
waist - hip ratio and severity of coronary artery disease.
Also, there is a significant positive correlation between
adiponectin and Gensini score among Kosovar patients.
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