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ABSTRACT
Objective: Bioactive roles of adipokines in coronary atherosclerosis and acute coronary syndromes have been demonstrated previously. However, there is a lack of data regarding the relationship between serum adipokines and periprocedural myocardial injury (PMI) following elective percutaneous coronary intervention (PCI). Therefore, we aimed to investigate the association between serum adipokines and PMI related
to elective PCI.
Methods: In total, 153 consecutive patients (aged 60.6±8.2 years, 98 men) with stable angina pectoris undergoing elective PCI were enrolled
in this observational cross-sectional study. Serum resistin, leptin, adiponectin, and high-sensitive Troponin T (hscTnT) levels were measured
immediately before PCI and after 12-h PCI. The no-injury, PMI, and type 4a myocardial infarction (type 4a MI) groups were defined as groups
consisting patients with post-procedural hscTnT concentrations <14 ng/L, between 14–70 ng/L, and >70 ng/L, respectively.
Results: Serum hscTnT, resistin, and leptin concentrations significantly (p<0.001) increased while serum adiponectin levels decreased (p<0.001)
after 12-h elective PCI. However, no correlation was found between post-procedural hscTnT concentrations and resistin, leptin, and adiponectin
levels. The no-injury group consisted of 65 patients (42.4%), whereas PMI and type 4a MI were observed in 70 (45.8%) and 18 (11.8%) patients,
respectively. The average pre-procedural and post-procedural resistin, leptin, and adiponectin levels did not show any significant difference in
the no-injury, PMI, and type 4a MI groups.
Conclusion: There is no correlation between serum adipokine levels and post-procedural troponin elevations reflecting PMI or type 4a MI.
However, serum resistin and leptin levels increase, whereas adiponectin levels decrease significantly after elective PCI.
(Anatol J Cardiol 2016; 16: 940-6)
Keywords: resistin, leptin, adiponectin, coronary

Introduction
Percutaneous coronary intervention (PCI) has become the
predominant revascularization strategy in patients with atherosclerotic coronary artery disease. Although PCI is safe in majority of the cases, iatrogenic plaque rupture generated by balloon
angioplasty and stent implantation may lead to periprocedural
myocardial injury (PMI) even in successful and uneventful procedures (1–3). PMI has prognostic importance since signiﬁcant
cardiac biomarker elevation following PCI is associated with an
increased risk of adverse cardiovascular events in short- and
long-term follow up (4, 5). Therefore, clinical and procedural

factors that may lead to PMI have been investigated to improve
clinical outcomes in patients undergoing elective PCI. Although
periprocedural side branch occlusion, coronary dissection, distal embolization, and no-reﬂow during stenting are well known
factors to be related to PMI, actual data also indicate that metabolic status of the patient such as admission dyslipidemia, abnormal glucose levels, and albuminuria are associated with PMI
in patients undergoing elective PCI (6–9).
The present study aimed to investigate the relationship
between circulating adipokines and PMI in patients with stabil angina pectoris. Adipokines are bioactive serum proteins
secreted by adipocytes, which regulate metabolism, insulin
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resistance, vascular inﬂammation, and endothelial functions
(10). Alterations in serum concentrations of adipokines such as
resistin, leptin, and adiponectin have been demonstrated to be
linked with coronary artery disease progression, atherosclerosis severity (10–12), and in-stent restenosis (13–15), besides
their prognostic roles in predicting major adverse cardiovascular events including death and myocardial infarction (16–19).
Furthermore, several clinical trials have also represented adipokines as markers of myocardial necrosis because of the observed signiﬁcant changes in their serum concentrations during
acute coronary syndromes (20, 21).
However, there is a lack of data in the literature regarding the
impact of admission serum adipokines on PMI following elective
PCI in patients with stable coronary artery disease. Moreover, to
the best of our knowledge, changes in serum concentrations of
resistin in response to elective PCI in stable atherosclerotic coronary artery disease have not been evaluated before. Therefore,
we aimed to evaluate serum resistin, leptin, and adiponectin levels
together with high-sensitive cardiac troponin T (hscTnT) concentrations before and after elective PCI procedures and assess the
correlation between circulating adipokines and post-procedural
hscTnT concentrations reﬂecting PMI. In addition, the change in
serum resistin concentrations after elective PCI was evaluated
for the ﬁrst time together with serum leptin and adiponectin levels
in patients with stable angina pectoris in the present study.

Methods
Study protocol and population
In total, 153 consecutive patients at Acıbadem Kadıköy Hospital and Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Hospital, Departments of Cardiology with stable angina pectoris undergoing elective PCI procedures with objective signs of
coronary ischemia detected by non-invasive modalities such as
exercise stress test or myocardial perfusion scintigraphy were
enrolled in this observational cross-sectional study. Exclusion
criteria included acute or subacute myocardial infarction, unstable angina, heart failure, chronic renal failure, and chronic
inﬂammation. The study was conducted according to the principles of Helsinki Declaration and approved by the Ethics Committee of Acıbadem University School of Medicine. A written
informed consent was taken from each participant.
Coronary lesion morphology classiﬁcation and PCI procedure
Coronary angiographies were performed with a cine-angiographic equipment (Siemens Artis Zee system, Forchheim,
Germany). Quantitative coronary angiography (QCA) software
with digital calibration was used to determine coronary lesion
severity in terms of percent diameter stenosis (%). QCA measurement indicating a ≥70% diameter narrowing or 40%–70% diameter narrowing with a fractional ﬂow reserve ≤0.80 in a coronary artery was deﬁned as signiﬁcant stenosis. Coronary lesion
classiﬁcation was deﬁned according to the Society for Cardiac
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Angiography and Interventions (SCAI) lesion classiﬁcation system (22), which uses type C lesion characteristics (23) as the key
determinant of the lesion complexity. Accordingly, we deﬁned
four different lesion types (SCAI type 1–4) based on SCAI classiﬁcation system. Standard PCI techniques were performed via
femoral or radial approaches by two experienced interventional
cardiologists who had already evaluated QCA and determined
target coronary lesions. Twenty angiograms were randomly selected and measurements were repeated for assessment of intra- and inter-observer variability. The intra- and inter-observer
variabilities for coronary artery stenosis measurements were
<4% and <6%, respectively. All the cases were preloaded with
300 mg aspirin and 600 mg clopidogrel before the procedure. Intravenous heparin (70–100 IU/kg) was administered before PCI
with subsequent bolus doses to maintain an activating clotting
time between 250–300 s.
Determination of serum hscTnT, resistin, leptin, and
adiponectin concentrations
Peripheral venous blood samples were collected just before
PCI and 12 h after the procedure. Serum supernatant was separated and stored frozen at –80°C until analysis. Serum troponin
T concentration was measured by a high-sensitive troponin T
assay (Elecsys Troponin T- High Sensitive Immunoassay, Roche
Diagnostics, Rotkreuz, Switzerland) with an analytical measurement range of 3–1000 ng/L. The assay coefﬁcient of variation
was <10% at this limit.
Serum resistin, leptin, and adiponectin concentrations
were assayed by ELISA using commercially available assay kits
(Boster Biological Technology, Co. Ltd. Pleasanton, Ca, USA).
Determination of PCI-related myocardial injury and
infarction
The value for the upper reference limit (URL) of serum hscTnT
was determined as 14 ng/L consistent with the normal value accepted for healthy population at the 99th percentile (24). Type 4a
MI was deﬁned as elevation of hscTnT values greater than ﬁve
times the 99th percentile URL in patients with normal baseline
values (≤99th percentile URL) or a rise of hscTnT values >20% if
the baseline values are elevated and are stable or falling in addition to clinical and/or laboratory ﬁndings indicative of myocardial ischemia (25). PMI was deﬁned as previously described (2,
7–9). Accordingly, after exclusion of patients with elevated baseline troponin values, we categorized the participants into three
groups based on post-procedural serum hscTnT concentrations:
1. No-injury group (patients with serum post-procedural hscTnT
concentrations ≤14 ng/L) (24)
2. PMI group (patients with >14–<70 ng/L of post-procedural
hscTnT concentrations)
3. Type 4a MI group (patients with ≥70 ng/L of post-procedural
hscTnT concentrations with any symptoms suggestive of myocardial ischemia or new ischemic ECG changes or new segmentary wall motion abnormality detected by echocardiography).
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Statistical analysis
All analyses were performed by using Sigma Plot 11.0 statistical software (Systat Software Inc., San Jose, California). Continuous variables were reported as mean (±standard error) unless
otherwise stated. Two independent means were compared by
using t-test. Pre-procedural and post-procedural serum hscTnT,
resistin, leptin and adiponectin concentrations were compared
by using paired t-test. For comparison between the three groups,
one way analysis of variance (ANOVA) with the posthoc Tukey
test was used. Non-normally distributed variables were presented as median (25th–75th percentile), and for comparison
between groups either the Kruskal–Wallis (between 3 groups)
or the Mann–Whitney U tests (between two groups) were used.
For categorical data, chi-square or Fisher exact tests were used
where appropriate. Correlations between serum hscTnT and adipokine (resistin, adiponectin, and leptin) concentrations were
analyzed by using the Pearson Product Moment Correlation
analysis. Multiple regression analysis was performed to identify
the predictors of the elevation in serum hscTnT concentrations.
Serum hscTnT, resistin, leptin, and adiponectin concentrations
were adjusted for clinical and procedural characteristics of patients by using the weighted least square regression analysis. A
probability value of <0.05, with ≥0.80 statistical power, was considered signiﬁcant.

Results
Patient characteristics
The study group consisted of 153 patients; 55 women and
98 men with a mean age of 60.6±8.2 years. The average body
mass index of the study group was 27.6±4.2 kg/m2. Pre-procedural functional capacity evaluation indicated that only 19% of
the study population has low functional capacity (<4 metabolic
equivalents). Table 1 demonstrates demographic and clinical
characteristics of the patients.
Procedural data
SCAI type 1 (47.7%) and type 2 (47.1%) coronary lesion characteristics existed in majority of the patients. Transfemoral access was used in 128 (83.7%) participants. Multivessel PCI and
overlapping stenting were performed in 20 (13.1%) and 11 (7.2%)
objectives, respectively. The mean total procedure time was
49±23 min. All of the procedures were completed successfully
without any periprocedural complications such as no-reﬂow,
side branch occlusion, coronary dissection or perforation, and
no deaths occurred during the in-hospital follow up. Table 2 demonstrates procedural data of the patients.
Serum hscTnT, resistin, leptin, and adiponectin
concentrations before and after PCI
The median values of the pre-PCI serum concentrations of
hscTnT, resistin, leptin, and adiponectin were 8.6 ng/L, 7.0 μg/L,
13.1 μg/L, 19.0 mg/L, respectively. Serum hscTnT, resistin, and
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Table 1. Demographic and clinical characteristics of patients
Age, years (mean±SD)

60.6±8.2

BMI, kg/m2 (mean±SD)

27.6±4.2

Men, n (%)

98 (64.1%)

Women, n (%)

55 (35.9%)

Smoking, n (%)

32 (21%)

Diabetes mellitus, n (%)

67 (43.8%)

Hypertension, n (%)

109 (71.2%)

Previous MI, n (%)

18 (11.8%)

Previous PCI, n (%)

69 (45.1%)

Previous CABG, n (%)

29 (9.5%)

Creatinin, mg/dL (mean±SD)

0.9±0.2

TC, mg/dL (mean±SD)

180.7±28.2

TG, mg/dL (mean±SD)

131.7±58.4

LDL-C, mg/dL (mean±SD)

109.3±28.6

HDL-C, mg/dL (mean±SD)

41.5±13.8

LVEF, % (mean±SD)

67.3±3.5

Statin user, n (%)

79 (52%)

Beta-blocker user, n (%)

36 (23.5%)

ACEI-ARB user, n (%)

19 (12.5%)

Beta-blocker + ACEI-ARB user

79 (58.8%)

ACEI/ARB - angiotensin converting enzyme inhibitors/angiotensin receptor blockers;
BMI - body mass index; CABG - coronary artery bypass grafting; HDL-C - high density
lipoprotein cholesterol; LDL-C - low density lipoprotein cholesterol; LVEF (%) - left ventricular ejection fraction (%); MI - myocardial infarction; PCI - percutaneous coronary
intervention; TC - total cholesterol; TG - triglyceride; SD- standard deviation

leptin concentrations signiﬁcantly (p<0.001, paired t-test) elevated to 19.7 ng/L, 8.2 μg/L, and 15.0 μg/L 12-h after PCI, respectively, while serum adiponectin concentrations decreased
(p<0.001; paired t-test) to 16.1 mg/L 12 h after PCI (Table 3).
Serum pre-procedural and post-procedural hscTnT, resistin and adiponectin concentrations were similar in men or
women, smokers, in statin/beta-blocker/angiotensin converting enzyme/angiotensin receptor blocker users, in patients
with diabetes mellitus (DM), hypertension, prior MI, prior PCI
or prior CABG groups. However, serum pre-procedural leptin
concentrations in women were higher than the observed values in men (29.0 μg/L vs. 8.7 μg/L, p<0.001) and increased
after 12-h PCI from their baseline values in both men (8.7 μg/L
vs. 11.1 μg/L, p<0.001) and women groups (29.0 μg/L vs. 32.4
μg/L, p<0.001) although other clinical factors did not point
out any difference for serum pre- and post-procedural leptin
levels.
Serum pre-procedural and post-procedural hscTnT, resistin,
leptin and adiponectin concentrations were similar in patients
with transradial or transfemoral PCI, with different lesion types
(SCAI type 1–4), and DES or BMS implantations. However, the
median value for serum post-procedural hscTnT concentration
in patients undergoing multivessel PCI was signiﬁcantly (26.0
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Table 2. Procedural characteristics of patients
SCAI Type 1 lesion, n (%)

73 (47.7%)

SCAI Type 2 lesion, n (%)

72 (47.1%)

SCAI Type 3-4 lesion, n (%)

8 (5.2%)

Transfemoral access n (%)

128 (83.7%)

Transradial access, n (%)

25 (16.3%)

Single vessel PCI, n (%)

133 (86.9%)

Multivessel PCI, n (%)

20 (13.1%)

Predilatation, n (%)

105 (68.6%)

Postdilatation, n (%)

24 (15.7%)

Direct stenting, n (%)

48 (31.4%)

Single stent, n (%)

122 (79.7%)

Overlapping stent, n (%)

11 (7.2%)

Stent length, mm (mean±SD)

25.4±12.3

Stent diameter, mm(mean±SD)

Table 4. Serum pre-PCI and post-PCI concentrations of resistin, leptin,
and adiponectin in patients from no-injury, PMI, and type 4a MI groups
No-injury

PMI

Type 4a MI

n=65

n=70

n=18

Pre-PCI resistin,
µg/L

6.4 (3.3–9.2)

7.6 (4.6–9.6)

6.4 (4.0–7.3)

Post-PCI resistin,
µg/L

7.3 (4.0–11.6)*

8.1 (5.0–11.4)*

8.4 (6.1–10.4)*

1.9±0.7

1.7±0.8

2.5±0.9

Pre-PCI leptin,
µg/L

18.1 (8.2–28.5)

12.0 (6.4–28.9)

10.4 (5.9–26.0)

Post-PCI leptin,
µg/L

18.9 (9.3–31.2)* 14.5 (8.2–27.0)*

12.9 (7.1–34.4)*

Serum analyses
Resistin

Difference,
µg/L
Leptin

3.0±0.4

DES, n (%)

66 (43.1%)

Difference,
µg/L

BMS, n (%)

87 (56.9%)

Adiponectin

BMS - bare metal stent; DES - drug eluting stent; PCI - percutaneous coronary intervention; SCAI - Society for Cardiac Angiography and Interventions; Data are number of
patients (percentage). # indicates values reported as mean±standard deviation

Table 3. Pre-procedural and post-procedural serum concentrations of
high-sensitive cardiac troponin T, resistin, leptin, and adiponectin in
the study population

hscTnT, ng/L
Resistin, µg/L
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Pre-procedural

Post-procedural

P

8.6 (6.2–11.6)

19.7 (11.9–41.7)

P<0.001*

7.0 (4.2–9.3)

8.2 (5.0–11.3)

P<0.001*

Leptin, µg/L

13.1 (6.4–25.9)

15.0 (8.2–27.5)

P<0.001*

Adiponectin, mg/L

19.0 (13.5–25.9)

16.1 (10.7–21.4)

P<0.001*

Data are given as median with the interquartile ranges (in parenthesis). *Signiﬁcantly
(P<0.05–0.001) different from the respective pre-procedural values (paired test on ranks)

ng/L vs. 19.2 ng/L, p<0.01) higher than the median value observed
in patients undergoing single vessel PCI, although resistin, leptin,
and adiponectin levels were similar in multivessel and single
vessel PCI groups.
Correlations between serum adipokins
and hscTnT concentrations
Pre-procedural hscTnT concentrations were correlated
with serum pre-procedural resistin (r=0.215; p<0.01) and postprocedural resistin (r=0.231; p<0.01) concentrations. However,
correlation analysis did not show any correlation between postprocedural hscTnT levels and resistin concentrations before or
after PCI. In addition, no correlation was found between serum
leptin or adiponectin levels and hscTnT concentrations before
and after PCI.
Adjusting of pre-PCI and post-PCI concentrations of resistin
for clinical and procedural characteristics of patients revealed
that pre-procedural hscTnT, prior PCI and prior CABG were the

Pre-PCI adiponectin,
mg/L

2.0±0.8

1.3±0.8

19.0 (11.9–28.9) 19.0 (14.0–23.7)

3.2±1.6

20.3 (16.1–24.7)

Post-PCI adiponectin, 16.3 (10.0–23.8)* 16.2 (10.6–20.7)* 15.3 (12.8–20.7)*
mg/L
Difference,
mg/L

-3.8±1.2

-3.0±0.6

-4.3±1.5

No-injury-patients with serum post-procedural hscTnT concentration ≤14 ng/L); PMI
group=patients with >14–<70 ng/L of post-procedural hscTnT concentrations; Type 4a
MI group (patients with ≥70 ng/L of post-procedural hscTnT concentrations.
Pre-PCI and Post PCI serum resistin, leptin and adiponectin values were gives as
median (25%–75%). “Difference” indicates the difference between pre-PCI and postPCI values of serum adipokins, and given as mean±SEM. *Signiﬁcantly (P<0.05–0.001)
different from the respective pre-PCI values (paired test on ranks).

inﬂuencing factors for serum pre-procedural and post-procedural resistin concentrations. Regression analysis also showed
that serum pre-PCI and post-PCI leptin levels were strongly
associated with gender. None of other clinical and procedural
factors were affecting serum pre-PCI and post-PCI leptin concentrations. In addition, serum pre-PCI and post-PCI adiponectin
levels were not associated with any of the clinical and procedural factors.
Serum resistin, leptin, and adiponectin concentrations
in no-injury, PMI, and type 4a MI groups
No-injury group consisted of 65 patients (42.4%) in the
study population while PMI and type 4a MI were observed
in 70 (45.8%) and 18 (11.8%) patients, respectively. One way
ANOVA analyses revealed that post-procedural serum resistin
[F (2,136)=0.07, p=0.928], leptin [F (2,136)=0.149, p=0.861], and
adiponectin [F (2,136)=0.263, p=0.769] concentrations were not
signiﬁcantly different between no-injury, PMI, and type 4a MI
groups. Pre-procedural serum resistin, leptin and adiponectin
levels were also similar among no-injury, PMI, and type 4a MI
groups (Table 4).
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Discussion
These data clearly show that pre-procedural serum resistin,
leptin, and adiponectin levels are not associated with PCI-related myocardial injury or type 4a MI in patients with stable angina
pectoris. However, our observations indicate that resistin and
leptin levels increase while adiponectin levels decrease signiﬁcantly following elective PCI regardless of the presence of PMI
or type 4a MI.
Adipokines regulate vascular inﬂammation and endothelial
functions in humans, which may result in several forms of coronary artery disease including acute coronary syndromes (10–
12). We have limited data regarding the relationship between
adipokines and PMI as there is only one study in the literature,
which has demonstrated that adipocytokine resistin correlates
with oxidative stress and myocardial injury in patients undergoing on pump coronary by-pass surgery (26). This correlation was
explained by the hypothesis that resistin may trigger reperfusion
induced injury by binding speciﬁc receptors (26). To our knowledge, there is no published data regarding the relation between
serum adipokines and PMI following elective PCI. However, the
present study has found no correlation between serum adipokines and PCI induced PMI although signiﬁcant alterations in
serum levels of adipokines in response to PCI were observed.
The present study is the ﬁrst to demonstrate the elevation of
serum resistin levels after elective PCI in stable coronary artery
disease. The observed association between pre-procedural serum concentrations of resistin and hscTnT in accordance with
the previous studies show that resistin has a pathological role
in the development and progression of atherosclerosis (27), and
serum resistin increases in the course of acute coronary syndromes (16, 20). In the present study, serum concentrations of
resistin and hscTnT are both increased signiﬁcantly following
PCI. However, we observed that neither pre-procedural nor postprocedural serum resistin concentrations are associated signiﬁcantly with the post-procedural serum hscTnT concentrations.
Furthermore, the post-procedural serum resistin concentrations
and the increase in serum resistin concentrations 12 h after PCI
were similar in the non-injury, PMI and the type 4a MI patient
groups. Taken together, these data indicate that pre-procedural
serum resistin concentration is not a useful marker to predict
the magnitude of increase in serum concentrations of hscTnT
reﬂecting PMI following PCI. On the other hand, the rise of serum resistin levels in response to elective PCI in both non-injury
and PMI groups may be a result of iatrogenic plaque rupture
formed by angioplasty and stenting. As resistin has been shown
to be concentrated in atherosclerotic plaques and its secretion
is predominantly stimulated by a pro-inﬂammatory state, rupture
of an atherosclerotic plaque inducing an inﬂammation response
may explain subsequent resistin elevation following PCI even
in patients presenting with stable angina (27–30). We have also
demonstrated that circulating resistin concentrations were inﬂuenced by pre-procedural hscTnT, prior PCI, and prior CABG
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history, which reﬂect the atherosclerotic plaque burden in combination with increased pro-inﬂammatory state of the individuals.
Leptin is the ﬁrst discovered adipokine, which has regulating
effects on vascular tone, platelet aggregation, and endothelial
functions (31–33). The present study has demonstrated that serum leptin levels signiﬁcantly increase after elective PCI consistent with a previous study including forty-eight non-diabetic
patients (34). Increased leptin induced by circulating inﬂammatory cytokines (35, 36) acts on speciﬁc endothelium receptors
and exerts its vascular effects leading to endothelial dysfunction
(37). Therefore, increased inﬂammatory cytokines in response to
iatrogenic plaque rupture may lead to increased release of leptin
from the adipocytes in addition to local release of binded-leptin
from endothelium at the site of balloon dilatation. However, the
exact mechanism of leptin rise should be particularly investigated in experimental models and humans. Our observations
indicating the absence of a signiﬁcant association between preprocedural serum leptin concentrations and PMI rule out the
possibility that circulating leptin is an important determinant for
PCI-related myocardial injury and/or infarction. Baseline leptin
concentrations were higher in women than in men in the present
study, which is consistent with the previous data; this has been
explained by different abdominal fat distribution and increased
subcutaneous fat compared with men (38).
Previously published data indicate a strong relation between
decreased serum adiponectin and coronary atherosclerosis (39,
40). Adiponectin displays anti-inﬂammatory and anti-atherogenic
effects by increasing NO production, reducing of the adhesion
molecules in endothelial cells, inhibiting cytokine production
from macrophages, and suppressing the formation of foam cell
(41, 42). Clinical trials have revealed that low plasma adiponectin levels are associated with future cardiovascular events in
patients presenting with acute coronary syndromes (43). The
present study revealed that there is no association between
pre-procedural adiponectin levels and PCI-related myocardial
injury. However, we observed a decrease in serum adiponectin
levels 12 h after elective PCI consistent with the ﬁndings of two
clinical studies, which have explained this decline because of
the inﬂammatory response triggered by PCI (14, 34). It has been
shown that adiponectin binds to the catheter-injured vessels
and concentrates in the non-intact endothelium and subendothelial space with macrophages by using immuno-histochemical
analyses (44). These observations suggest that the decline in
adiponectin levels may be the consequence of plaque rupture
that impairs endothelial integrity leading to adiponectin accumulation in subendothelial space in response to PCI.

Study limitations
First of all, the main limitation of this study lies in its observational cross-sectional design. Second, patients taking several
drug therapies which have the potential of affecting the metabolic status may be randomized to observe whether these drugs
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have impact on serum levels of adipokines or not. Third, the new
deﬁnition of type 4a MI includes patients revealing an increase
in hscTnT values >20% if the baseline values are elevated and
are stable or falling in addition to clinical and/or laboratory ﬁndings indicative of myocardial ischemia (25). As the present study
excluded patients presenting with MI, the association between
serum adipokines and PCI-related myocardial infarction and serum adipokine alterations in this speciﬁc sub-group of patients
may be evaluated in a different study. The absence of serum
high sensitive CRP levels measurements is another limitation
which could provide more information regarding the inﬂammatory status of the individuals.

4.

5.

6.

7.

Conclusion
The present study demonstrates as an original ﬁ nding that
serum resistin and leptin levels increase and adiponectin levels decrease signiﬁcantly following elective PCI in patients with
stable angina pectoris. However, there is no correlation between
serum adipokine levels and post-procedural troponin elevations
reﬂecting PMI or type 4a MI. Our data clearly indicates that
iatrogenic plaque rupture generated by PCI leads to signiﬁcant
alterations in serum levels of adipokines which could enlighten
the future researches evaluating the close relation between vascular inﬂammation and metabolic status of the patients.

8.

9.

10.

11.
Acknowledgements: We would like to thank Prof. İsmail Hakkı Ulus
for his valuable contributions to our work.
Funding: Acıbadem University Research Fund [ABAPKO-5-5-2015
/2015-6.3].

12.

13.

Conflict of interest: None declared.
Peer-review: Externally peer-reviewed.
Authorship contributions: Concept – A.B.; Design – A.B.; Supervision – A.B.; Fundings – Acıbadem University Research Funding; Materials – A.R.D., H.K.; Data collection &/or processing – A.R.D., H.K., Ö.S.,
M.E.; Analysis &/or interpretation – A.B., T.K., F.B.; Literature search –
A.B., A.D.; Writing – A.D.; Critical review – A.D., A.B.

References
1.

2.
3.

Selvanayagam JB, Porto I, Channon K, Petersen SE, Francis JM,
Neubauer S, et al. Troponin elevations after percutaneous coronary intervention directly represents the extent of irreversible myocardial injury: insights from cardiovascular magnetic resonance
imaging. Circulation 2005; 111: 1027-32. Crossref
Babu GG, Walker JM, Yellon DM, Hausenloy DJ. Peri-procedural
myocardial injury during percutaneous coronary intervention: an
important target for cardioprotection. Euro Heart J 2011; 32: 23-31.
Testa L, Van Gaal WJ, Biondi Zoccai GG, Agostoni P, Latini RA,
Bedogni F, et al. Myocardial infarction after percutaneous coronary intervention: a meta-analysis of troponin elevation applying
the new universal definition. QJM 2009; 102: 369-78. Crossref

14.

15.

16.

17.

18.

19.

945

Nienhuis MB, Ottervanger JP, Bilo HJ, Dikkeschei BD, Zijlstra F.
Prognostic value of troponin after elective percutaneous coronary
intervention: A meta-analysis. Catheter Cardiovas Interv 2008; 71:
318-24. Crossref
Alcock RF, Roy P, Adorini K, Lau GT, Kritharides L, Lowe HC, et al.
Incidence and determinants of myocardial infarction following percutaneous coronary interventions according to the revised Joint
Task Force definition of troponin T elevation. Int J Cardiol 2010; 140:
66-72. Crossref
Zeng RX, Li XL, Zhang MZ, Guo YL, Zhu CG, Guo LH, et al. Non-HDL
cholesterol is a better target for predicting periprocedural myocardial injury following percutaneous coronary intervention in type 2
diabetes. Atherosclerosis 2014; 237: 536-43. Crossref
Osugi N, Suzuki S, Ishii H, Yasuda Y, Shibata Y, Tatami Y, et al. Impact of albuminuria on the incidence of periprocedural myocardial
injury in patients undergoing elective coronary stent implantation.
Am J Cardiol 2014; 114: 42-6. Crossref
Madani M, Alizadeh K, Ghazaee SP, Zavarehee A, Abdi S, Shakerian
F, et al. Elective percutaneous coronary intervention: the relationship between preprocedural blood glucose levels and periprocedural myocardial injury. Tex Heart Inst J 2013; 40: 410-7.
Buturak A, Değirmencioğlu A, Ertürk M, Karakurt H, Demir AR,
Sürgit O, et al. Impact of increased admission lipid levels on periprocedural myocardial injury following an elective percutaneous
coronary intervention. Coron Artery Dis 2015; 26: 333-40. Crossref
Ntaios G, Gatselis NK, Makaritsis K, Dalekos GN. Adipokines as
mediators of endothelial function and atherosclerosis. Atherosclerosis 2013; 227: 216-21. Crossref
Van de Voorde J, Pauwels B, Boydens C, Decaluwé K. Adipocytokines in relation to cardiovascular disease. Metabolism 2013; 62:
1513-21. Crossref
Sattar N, Wannamethee G, Sarwar N, Chernova J, Lawlor DA, Kelly
A, et al. Leptin and coronary heart disease: prospective study and
systematic review. J Am Coll Cardiol 2009; 53: 167-75. Crossref
Kitta Y, Takano H, Nakamura T, Kodama Y, Umetani K, Fujioka D,
et al. Low adiponectin levels predict late in-stent restenosis after
bare metal stenting in native coronary arteries. Int J Cardiol 2008;
131: 78-82. Crossref
Sako H, Miura S, Saku K. Significance of changes in plasma adiponectin concentration after the implantation of stents in patients
with stable angina. J Cardiol 2008; 52: 17-23. Crossref
On YK, Park HK, Hyon MS, Jeon ES. Serum resistin as a biological
marker for coronary artery disease and restenosis in type 2 diabetic patients. Circ J 2007; 71: 868-73. Crossref
Lubos E, Messow CM, Schnabel R, Rupprecht HJ, Espinola-Klein C,
Bickel C, et al. Resistin, acute coronary syndrome and prognosis
results from the AtheroGene study. Atherosclerosis 2007; 193: 121-8.
Shioji K, Moriwaki S, Takeuchi Y, Uegaito T, Mutsuo S, Matsuda M.
Relationship of serum adiponectin level to adverse cardiovascular
events in patients who undergo percutaneous coronary intervention. Circ J 2007; 71: 675-80. Crossref
Kreçki R, Krzemińska-Pakuła M, Peruga JZ, Szcześniak P, Lipiec
P, Wierzbowska-Drabik K, et al. Elevated resistin opposed to adiponectin or angiogenin plasma levels as a strong, independent
predictive factor for the occurrence of major adverse cardiac and
cerebrovascular events in patients with stable multivessel coronary artery disease over 1-year follow-up. Med Sci Monit 2011; 17:
26-32. Crossref
Chan KC, Chou HH, Huang CN, Chou MC. Atorvastatin administration after percutaneous coronary intervention in patients with coro-

946

20.
21.

22.

23.

24.
25.

26.

27.
28.
29.

30.
31.

Buturak et al.
Elective percutaneous coronary intervention

nary artery disease and normal lipid profiles: impact on plasma
adiponectin level. Clin Cardiol 2008; 31: 253-8. Crossref
Chu S, Ding W, Li K, Pang Y, Tang C. Plasma resistin associated with
myocardium injury in patients with acute coronary syndrome. Circ
J 2008; 72: 1249-53. Crossref
Kojima S, Funahashi T, Sakamoto T, Miyamoto S, Soejima H, Hokamaki J, et al. The variation of plasma concentrations of a novel,
adipocyte derived protein, adiponectin, in patients with acute myocardial infarction. Heart 2003; 89: 667. Crossref
Krone RJ, Shaw RE, Klein LW, Block PC, Anderson HV, Weintraub
WS, et al. Evaluation of the American College of Cardiology/American Heart Association and the Society for Coronary Angiography
and Interventions lesion classification system in the current stent
era of coronary interventions (from the ACC-National Cardiovascular Data Registry). Am J Cardiol 2003; 92: 389-94. Crossref
Ryan TJ, Faxon DP, Gunnar RM, Kennedy JW, King SB 3rd, Loop FD,
et al. Guidelines for percutaneous transluminal coronary angioplasty: a report of the American College of Cardiology/American Heart
Association Task Force on assessment of diagnostic and therapeutic cardiovascular procedures (subcommittee on percutaneous
transluminal coronary angioplasty). Circulation 1988; 78: 489-502.
Giannitsis E, Kurz K, Hallermayer K, Jarausch J, Jaffe AS, Katus HA.
Analytical validation of a high-sensitivity cardiac troponin T assay.
Clin Chem 2010; 56: 254-61. Crossref
Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White
HD; Writing Group on the Joint ESC/ACCF/AHA/WHF Task Force for
the Universal Definition of Myocardial Infarction. Third universal
definition of myocardial infarction. Eur Heart J 2012; 33: 2551-67.
Laurikka A, Vuolteenaho K, Toikkanen V, Rinne T, Leppanen T, Tarkka M, et al. Adipocytokine resistin correlates with oxidative stress
and myocardial injury in patients undergoing cardiac surgery. Eur J
Cardiothorac Surg 2014; 46: 729-36. Crossref
Lee SE, Kim HS. Human resistin in cardiovascular disease. J
Smooth Muscle Res 2012; 48: 27-35. Crossref
Verma S, Li SH, Wang CH, Fedak PW, Li RK, Weisel RD, et al. Resistin promotes endothelial cell activation: further evidence of
adipokine-endothelial interaction. Circulation 2003; 108: 736-40.
Momiyama Y, Ohmori R, Uto-Kondo H, Tanaka N, Kato R, Taniguchi
H, et al. Serum resistin levels and cardiovascular events in patients
undergoing percutaneous coronary intervention. J Atheroscler
Thromb 2011; 18: 108-14. Crossref
Burnett MS, Lee CW, Kinnaird TD, Stabile E, Durrani S, Dullum MK,
et al. The potential role of resistin in atherogenesis. Atherosclerosis 2005; 182: 241-8. Crossref
Korda M, Kubant R, Patton S, Malinski T. Leptin-induced endothelial
dysfunction in obesity. Am J Physiol Heart Circ Physiol 2008; 295:

Anatol J Cardiol 2016; 16: 940-6

H1514-21. Crossref
32. Parhami F, Tintut Y, Ballard A, Fogelman AM, Demer LL. Leptin enhances the calcification of vascular cells: artery wall as a target of
leptin. Circ Res 2001; 88: 954-60. Crossref
33. Jun JY, Ma Z, Pyla R, Segar L. Leptin treatment inhibits the progression of atherosclerosis by attenuating hypercholesterolemia in
type 1 diabetic Ins2(+/Akita):apoE(-/-) mice. Atherosclerosis 2012;
225: 341-7. Crossref
34. Azar RR, Sarkis A, Salameh E, Gannagé-Yared MH, Amm-Azar M,
Badaoui G, et al. Percutaneous coronary intervention increases
leptin and decreases adiponectin levels. Clin Endocrinol (Oxf) 2006;
65: 712-6. Crossref
35. Finck BN, Johnson RW. Tumor necrosis factor (TNF)-alpha induces
leptin production through the p55 TNF receptor. Am J Physiol Regul
Integr Comp Physiol 2000; 278: R537-43.
36. Janik JE, Curti BD, Considine RV, Rager HC, Powers GC, Alvord WG,
et al. Interleukin 1 alpha increases serum leptin concentrations in
humans. J Clin Endocrinol Metab 1997; 82: 3084-6.
37. Oda A, Taniguchi T, Yokoyama M. Leptin stimulates rat aortic
smooth muscle cell proliferation and migration. Kobe J Med Sci
2001; 47: 141-50.
38. Van Harmelen V, Reynisdottir S, Eriksson P, Thörne A, Hoffstedt J,
Lönnqvist F, et al. Leptin secretion from subcutaneous and visceral
adipose tissue in women. Diabetes 1998; 47: 913-7. Crossref
39. Li S, Shin HJ, Ding EL, van Dam RM. Adiponectin levels and risk
of type 2 diabetes: a systematic review and meta-analysis. JAMA
2009; 302: 179-88. Crossref
40. Pischon T, Girman CJ, Hotamışlıgil GS, Rifai N, Hu FB, Rimm EB.
Plasma adiponectin levels and risk of myocardial infarction in men.
JAMA 2004; 29: 1730-7. Crossref
41. Yamauchi T, Hara K, Kubota N, Terauchi Y, Tobe K, Froguel P, et al.
Dual roles of adiponectin/Acrp30 in vivo as an anti-diabetic and
anti-atherogenic adipokine. Curr Drug Targets Immune Endocr Metabol Disord 2003; 3: 243-54. Crossref
42. Tsubakio-Yamamoto K, Matsuura F, Koseki M, Oku H, Sandoval JC,
Inagaki M, et al. Adiponectin prevents atherosclerosis by increasing cholesterol efflux from macrophages. Biochem Biophys Res
Commun 2008; 375: 390-4. Crossref
43. Han SH, Quon MJ, Kim JA, Koh KK. Adiponectin and cardiovascular
disease: response to therapeutic interventions. J Am Coll Cardiol
2007; 49: 531-8. Crossref
44. Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, Okamoto Y,
et al. Adipocyte-derived plasma protein, adiponectin, suppresses
lipid accumulation and class A scavenger receptor expression
in human monocyte-derived macrophages. Circulation 2001; 103:
1057-63. Crossref

