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Background Cardiovascular disease is currently

the most common cause of death worldwide. Several
risk factors have been identified for cardiovascular
diseases, including hypertension, hyperlipidemia and
diabetes. Leptin is a peptide hormone that acts as a
proinflammatory cytokine and has a variety of effects in
hemostasis and metabolism such as lipid metabolism,
production of glucocorticoid, angiogenesis, etc. The aim of
this study was to determine the relationship between the
concentrations of leptin with evidence of coronary artery
disease in the myocardial perfusion scan.

Method A one year retrospective cross-sectional study
was conducted on patients who are suspected of coronary
artery disease that referred to the nuclear medicine
department for performing myocardial perfusion scan.
The patients were classified based on the results of the
myocardial perfusion scan. Serum leptin was measured
with ELISA assay. The correlation of serum leptin with
these parameters and also with different groups of age,
sex and coronary artery disease risk factors was also
compared.

Results The mean serum level of leptin was 290.44 ng/
ml (82.9-1600 ng/ml). There is no meaningful relation

Introduction

Coronary artery disease (CAD) is considered as one of
the major leading causes of morbidity and mortality; how-
ever, detection of risk factors and related mechanism and
interactions involving different metabolic pathways is
still challenging. Serum leptin level has been increasingly

investigated and suggested as a prognostic and predictive
factor in CAD.

Leptin acts as an adipocyte hormone to regulate adipose
tissue mass and is expressed in adipocytes. Obesity is
positively associated with higher leptin levels and lep-
tin resistance in humans. Through hypothalamic activa-
tion, leptin plays a key role in food intake and energy
hemostasis [1]. Although a potential role for leptin has
been suggested in the pathogenesis and prognosis of
CAD, there are still conflicting results in the literature.
In some studies, serum leptin level has been shown to be
remarkably higher in patients with known CAD than in
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between serum leptin and coronary artery disease risk
factors, age and sex; also, none of the quantitative
myocardial perfusion scan parameters have a significant
correlation with serum leptin.

Conclusion Based on our findings, there was no
significant correlation between myocardial perfusion scan
parameters and leptin levels. Serum leptin and different
groups of age, sex and coronary artery risk factors were
not correlated as well. Nuc/ Med Commun 43: 265-269
Copyright © 2021 Wolters Kluwer Health, Inc. All rights
reserved.
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normal control [2-6]. This relation is also highlighted in
patients with stable angina because leptin level is higher
in a multivessel CAD rather than in single-vessel dis-
ease and controls [7]; however, there are other research
studies that showed no significant correlation between
CAD and leptin [8-10]. It has also been suggested that
leptin level is positively associated with an increased
rate of cardiac events and a poorer prognosis [11,12]. A
recent meta-analysis showed that increased leptin levels
in women with CAD can be a predictor for cardiovascular
death and nonfatal myocardial infarction but leptin does
not predict secondary events in men [11]. In contrast,
one study reveals that in obese patients with a history
of coronary bypass graft, leptin level and BMI do not
probably predict the prognosis of cardiovascular events
among them [13]. Other studies, however, revealed a bet-
ter prognosis with higher leptin levels in CAD patients
[14,15]. Overall, although the extent of CAD might be
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determined by the plasma level of leptin, there are still
controversial results regarding leptin’s role in the devel-
opment or prognosis of CAD [16]. Nonetheless, the role
of leptin in the prediction of CAD and risk stratification
of suspected CAD patients before noninvasive imaging
has not been thoroughly investigated.

Modern modalities and technologies provide noninvasive
imaging for not just diagnosis but also for selecting appro-
priate therapeutic choices and prognostic purposes in
suspected CAD patients. Myocardial perfusion imaging
(MPI) with single-photon emission computed tomogra-
phy (SPECT) is widely used as an accepted noninvasive
functional method for the evaluation of CAD in sus-
pected patients [17,18]. The aim of this study is to assess
the relationship between serum leptin level and evidence
of CAD in MPI SPECT of suspected CAD patients.

Methods and materials

Study population

In a 1-year duration, patients with clinical suspicion to
CAD, referred to the Nuclear Medicine Department for
SPECT MPI, were prospectively evaluated before imag-
ing. Patients who were at least 25 years old and suspected
to CAD were included. However, patients with a history
of previous cardiovascular disease (such as valvular heart
disease, heart failure or previous cardiac surgeries or inter-
ventions including revascularization) or those with a his-
tory of any metabolic disease or other underlying chronic
disease were excluded. For each patient who consented
to participate in the study, detailed history including clas-
sical cardiac risk factors was taken and the blood sam-
ple was obtained for measurement of serum leptin level.
"This study is approved by the local ethics committee of
the Shiraz University of Medical Sciences.

Serum leptin level measurement

Endocrine and Metabolism Research Center of the
Shiraz University of Medical Sciences evaluated the
serum level of leptin with informed consent; 5 cm® of
blood was obtained from the patients before imaging.
The samples were centrifuged to separate the serum
component for leptin level determination. For this
purpose, ELLISA kit based on biotin double-antibody
sandwich technology, designed for evaluation of human
serum leptin, was used. In this method, samples, stand-
ards or controls are added to the wells of the ELISA kit
which are precoated with leptin mAb and bind to the
antibody. A sandwich is formed by the addition of the
second antibody; then, a substrate solution is added that
reacts with the enzyme-antibody-leptin complex to pro-
duce a measurable signal. The intensity of this signal is
directly proportional to the concentration of leptin pres-
ent in the original sample. Serum leptin levels are meas-
ured in nanograms per milliliter (ng/ml). The analytical
sensitivity and assay range of this method are 1.02 and
2-1500 ng/ml, respectively.

Single-photon emission computed tomography
myocardial perfusion imaging

A 2-day stress/rest SPEC'T MPI protocol was carried out
by injection of 15-20 mCi ™ Tc-sestamibi on each phase.
For the stress phase of the study, patients might undergo
either exercise or pharmacological stress based on appro-
priate indications. Imaging was performed with a dual-
head cardiac-dedicated gamma camera for 45-60 min
after injection, by covering a 180° arc from 45° left pos-
terior oblique to 135° right anterior oblique in 32 steps
(30 s for each projection) with a matrix size of 64 x 64.
An ordered subset expectation maximization algorithm
was used to reconstruct the images (order: 4; subset: §;
post-filter: Butterworth). All images were evaluated by a
nuclear medicine specialist and those with suboptimal
quality were excluded. Quantification of images was per-
formed by QPS/QGS software and the quantitative and
semiquantitative perfusion SPECT parameters were
extracted for each patient based on a 17-segment model
for left ventricle (LV): SSS (summed stress scores), SDS
(summed difference scores), SRS (summed rest scores),
TPD (total perfusion deficit) at stress (TPDs) and rest
(TPDr) phase. The semiquantitative perfusion parame-
ters (SSS, SRS and SDS) derived by the software were
reevaluated by an expert nuclear medicine physician and
modified if needed. The TPDs and TPDr values were
recorded without changes; however, cases with significant
variation from the interpretation of the nuclear medicine
physician due to apparent artifacts (such as diaphragmatic
and breast attenuation artifacts) were excluded. These
parameters are well correlated with a visual scan interpre-
tation and are recommended by the current guidelines
as part of quantitative image processing for LV perfusion
[19]; so, the patients were categorized based on the SSS
(SSS <4 vs.SSS >4) and TPDs (TPDs < 5 vs. TPDs > 5)

to normal and abnormal scan.

Statistical analyses

Symmetrically distributed variables are presented as
mean values and SD. Discrete variables are described
through relative and absolute frequencies. For compar-
ison of leptin levels between the groups based on scan
results or cardiac risk factors, independent 7-test was
used. Regression analysis was also utilized to evaluate the
relationship of scan results and cardiac risk factors with
serum leptin levels. Pearson’s correlation coefficients
were also calculated to identify the correlation of leptin
level with quantitative scan parameters. All statistical
analyses were performed by SPSS software for Windows.
P values less than 0.05 were considered as the level of
statistical significance.

Results

Finally, 172 patients were included with a female/male
ratio of 115/57. The mean age of the total patient pop-
ulation was 57 = 10 (28-78 years). Baseline features of
patients are displayed in Table 1.
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The mean serum leptin level in the total population was
340.5 = 290.44 ng/ml. Comparison of serum leptin lev-
els between the patients with normal and abnormal scan
results based on SSS or TPDs parameter showed no sta-
tistically significant difference ('Table 2).

Also, leptin revealed no significant difference between
patients with or without different cardiac risk factors
(Table 3). When regression analysis was utilized for the
evaluation of any independent relationship between scan
results or cardiac risk factors with serum leptin level, no
variable was found to have any significant association.

Finally, correlation analyses with Pearson’s correlation
test did not also show any significant correlation between
serum leptin levels with different quantitative perfusion
parameters of SPECT MPI including SSS, SRS, SDS,
TPDs and TPDr (Table 4).

Discussion

This study showed no significant relationship between
quantitative perfusion abnormalities in SPECT MPI
with serum leptin levels in suspected CAD patients. No
significant correlation was also found between major car-
diac risk factors and serum leptin levels in our patient
population.

Although many studies have suggested a positive rela-
tionship between serum leptin level and risk of CAD,
there are also studies that revealed controversial results.
A study by Rahmani ¢z @/. reported that there was a direct
relationship between serum levels of leptin and the num-
ber of involved vessels in patients that underwent cor-
onary angiography compared to controls [18]. However,
Sattar ez al. [20] conducted a large prospective study in
British men and revealed a moderate but NS correlation
between serum leptin level and incident CAD. They
indicated that this correlation might be overestimated in
the previous studies. Another study by Ku ez a/. [21] also
suggested a negative association between serum leptin
level and risk of a cardiovascular event in patients with
known CAD, regardless of BMI and sex. Our study also
showed no significant relationship between leptin and
evidence of CAD on SPECT MPIL. It has been indi-
cated that the mechanism of leptin in the pathogenesis
of CAD is multifactorial and there might be different
results according to the clinical background of the inves-
tigated population. For instance, Bickel ¢z 4/. [11] found

Table 1. Clinical characteristics of the patients

that there is significant role of leptin in the prediction of
hard cardiac events in women with known CAD, whereas
men showed a nonsignificant correlation. Several studies
with computed tomography angiography (C'TA), which is
mostly used in the low to intermediate risk group as a
noninvasive method, indicted a significant negative cor-
relation of leptin with the presence of coronary plaque on
CTA images. Al-Nimer ez a/. [22] found that high serum
leptin levels exert a favorable effect upon the patients
with ischemic heart disease, as it was associated with neg-
ative coronary C'TA and improvement in left ventricular
function. Another study by Caselli ez a/. [23] evaluated a
group of patients with stable chest pain and intermediate
probability for CAD, and suggested a significant correla-
tion of low high-density lipoprotein (HDL) cholesterol,
low leptin level and high interleukin-6 with high-risk
coronary anatomy as illustrated by C'TA. Likewise, in the
current study, a specific patient population with unknown
CAD has been selected to evaluate the predictive abil-
ity of leptin for CAD which consequently favored the

Table 2. Comparison of leptin level between the normal and
abnormal quantitative scan results

Grouping variable Groups (n) Leptin level (ng/ml) P value

SSS SSS<4(131) 299.84 + 362.51 0.51
SSS >4 (41) 260.42 £ 259.78

TPDs TPDs <5 (118) 280.67 + 326.34 0.58
TPDs > 5 (54) 311.69 = 372.03

SSS, summed stress scores; TPDs, total perfusion deficit at stress phase.

Table 3. Comparison of leptin level between the groups with and
without cardiac risk factors

Grouping variable Groups (n) Leptin level (ng/ml) P value

Age Age < 60 299.84 + 362.51 0.680
Age > 60 260.42 £ 259.78

Sex Male (118) 280.67 + 326.34 0.070
Female (54) 311.69 * 372.03

Diabetes mellitus Yes 259.79 + 314.33 0.484
No 301.30 £ 349.90

Hypertension Yes 296.73 + 367.990 0.814
No 284.43 £ 314.24

Hyperlipidemia Yes 299.26 £ 371.77 0.771
No 283.93 + 317.36

Smoking Yes 271.94 + 338.18 0.709
No 295.51 + 342.27

Family history of CAD Yes 322.47 + 408.13 0.520
No 281.66 + 320.75

CAD, cardiovascular disease.

Table 4. Correlation of semiquantitative perfusion parameters
with serum leptin level

Clinical variable Mean £ SD or number (%) Parameter Correlation coefficient P value
Age 578 +10.6 SSS —0.042 0.58
Sex (m/f) 57 (33.1%)/115 (66.9%) SRS —0.071 0.35
Diabetes mellitus 45 (26.2%) TPDs —0.010 0.90
Hypertension 84 (48.8%) TPDr —0.032 0.67
Hyperlipidemia 73 (42.4%) SDS —0.017 0.83
Smoking 37 (21.5%)

Family history 37 (21.5%) SRS, summed rest scores; SSS, summed stress scores; TPDr, total perfusion

deficit at rest phase; TDPs, total perfusion deficit at stress phase.
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poor correlation of leptin with CAD. This has been also
reported in a recent meta-analysis and systematic review
by Yang ez /. [10] which found no significant correlation
between leptin and risk of CAD and stroke.

Considering CAD as a chronic multifactorial disease, the
relationship between serum leptin levels and classical
CAD risk factors can also be helpful in further under-
standing the correlation between leptin and CAD. The
study conducted by Bickel e @/. [11], which was per-
formed on patients who were referred for angiography
with at least 30% stenosis in one major coronary artery,
also showed significant influence of clinical variables of
age, body weight and renal function on leptin concentra-
tion. Elevated leptin level has been shown to be related
to insulin resistance, type 2 diabetes mellitus and subse-
quent increased cardiovascular risk [24,25]. Hypertension
has also been widely investigated and revealed a positive
association with serum leptin level [26]. However, our
study showed no significant differences in mean serum
leptin level between the diabetic and nondiabetic, and
also hypertensive and nonhypertensive patients. Other
cardiac risk factors in this study also showed no statis-
tically significant correlation with leptin. These results
of subgroup analysis, which could be partly explained
by limited sample size, are in agreement with our main
finding. Therefore, it can be indicated that the correla-
tion of leptin and evidence of CAD might be associated
with the rate and prevalence of other risk factors in the
population.

Finally, it should be stated that perfusion abnormali-
ties on the MPI SPECT mostly imply the functional
and hemodynamic significance of anatomical coronary
artery stenosis. Thus, an abnormal scan result could not
be totally considered to be the same as angiographically
proven CAD [27]. Consequently, our results should not
be directly compared with those studies that used angiog-
raphy as the diagnostic test. According to the purpose of
our study, however, our result suggested that leptin is not
beneficial enough to further stratify suspected patients
noninvasively and is not correlated with the MPI SPECT
result as an established method.

"This study has also some limitations. Although the total
sample size was acceptable, the subgroups of different
cardiac risk factors in the two sexes were relatively small
for analysis. In addition, MPI SPECT is not a gold stand-
ard in the diagnosis of CAD, and the possibility of inter-
fering image artifact and subsequent misinterpretation is
inevitable. Further research studies with larger samples
and other modalities are required to evaluate the predic-
tive role of leptin in suspected CAD patients.

Conclusion

According to our results, it seems that serum leptin level
is not correlated with perfusion abnormalities on MPI
SPECT and consequently CAD in suspected CAD

patients. Although more dedicated prospective studies
are still needed, this might be somewhat related to the
prevalence of other cardiac risk factors that are influ-
enced by leptin in their pathogenesis.
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