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Effect of obesity and serum leptin level on clopidogrel resistance
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ABSTRACT

ÖZET

Objective: Clopidogrel inhibits platelet aggregation by blockade of platelet adenosine diphosphate (ADP) P2Y12 receptor. Leptin is the obesity gene product, and its serum level
increases with obesity. Platelets have leptin receptors on their
surfaces. Hyperleptinemia may induce ADP-mediated platelet aggregation. It has been proposed that clopidogrel effect
could be diminished with high serum leptin levels. The aim
of the present trial was to further investigate the relationship
between serum leptin level and clopidogrel resistance.

Amaç: Klopidogrel trombosit adenozin difosfat (ADP) P2Y12
reseptörlerini bloke ederek trombosit agregasyonunu inhibe
eder. Leptin obezite geni ürünü olup, serum seviyesi obezite
ile artar. Trombositler, yüzeylerinde leptin reseptörleri barındırırlar. Hiperleptinemi ADP aracılı trombosit agregasyonunu
uyarabilir. Klopidogrel etkisinin yüksek serum leptin seviyeleri
ile azalabileceği düşünülmektedir. Çalışmamızda serum leptin
seviyeleri ile klopidogrel direnci arasındaki ilişkiyi araştırmayı
amaçladık.

Results: A total of 37% of patients were considered clopidogrel-resistant. Comparison of groups revealed significantly
higher clopidogrel resistance (p=0.017) and PRU levels
(p=0.001) in hyperleptinemic patients. No significant difference in serum leptin levels (p=0.116) was found. Increased
clopidogrel resistance was observed in patients with BMI >30
kg/m2 (p=0.015).

Bulgular: Hastaların %37’sinde klopidogrel direnci olduğu bulundu. İki grubun karşılaştırılması klopidogrel direnci
(p=0.017) ve PRU seviyelerinin (p=0.001) hiperleptinemik
hastalarda anlamlı olarak daha yüksek olduğunu ortaya koydu. İki grup arasında serum leptin seviyelerine göre anlamlı
fark yoktu (p=0.116). VKİ >30 olan hastalarda, daha fazla sayıda klopidogrel direnci gözlendi (p=0.015).

Methods: A total of 100 subjects who underwent percutaneous coronary intervention were enrolled. Two groups were organized according to presence of clopidogrel resistance, and
serum leptin levels were compared. Threshold for clopidogrel
resistance and hyperleptinemia were accepted as ≥P2Y12 reaction unit (PRU) 240 and ≥15 ng/mL leptin, respectively. Body
mass index (BMI) of 30 kg/m2 or greater was considered obese.

Conclusion: Clopidogrel resistance is more common in
obese and hyperleptinemic patients. Dosage should be individualized in these populations.

P

latelet activation and aggregation play crucial
roles in the pathogenesis of atherothrombosis,
which can lead to acute coronary syndrome (ACS)
and is also of import following percutaneous coronary
intervention (PCI).[1] Clopidogrel is a thienopyridine
derivative that inhibits platelet aggregation by blockade of platelet adenosine diphosphate (ADP) P2Y12

Yöntemler: Çalışmaya perkütan koroner girişim uygulanmış
100 hasta alındı. Klopidogrel direnci bulunuşuna göre iki grup
oluşturuldu ve serum leptin seviyeleri iki grup arasında karşılaştırıldı. Klopidogrel direnci ve hiperleptinemi için eşik değerler sırasıyla, ≥ PRU (P2Y12 reaction units) 240 ve ≥15 ng/ml
(leptin) olarak kabul edildi. Vücut kitle indeksinin (VKİ) 30 kg/
m2 ve üstü oluşu obezite olarak değerlendirildi.

Sonuç: Klopidogrel direnci obez ve hiperleptinemik hastalarda daha fazla görülür. Klopidogrel dozu bu hasta grubunda
bireyselleştirilmelidir.

receptor.[2,3] It is an alternative to aspirin and, in combination, provides additional antiplatelet effect.[4]
This dual therapy is the standard combination for the
prevention of subacute stent thrombosis.[5] Inhibition
of platelet aggregation with clopidogrel may vary between patients.[6,7] Inadequate platelet inhibition is associated with increased cardiovascular event risk.[8,9]

Received: December 10, 2015 Accepted: June 08, 2016

Correspondence: Dr. Ali Doğan. İstanbul Bilim Üniversitesi Tıp Fakültesi, Kardiyoloji Anabilim Dalı,
34394 Esentepe, Şişli, İstanbul, Turkey.
Tel: +90 212 - 213 64 86 e-mail: drdali@hotmail.com
© 2016 Turkish Society of Cardiology

Effect of obesity and serum leptin level on clopidogrel resistance

Clopidogrel resistance can be described as the
persistent activity of clopidogrel receptor in spite of
adequate antiplatelet therapy.[10] Clopidogrel resistance varies from 4–44% in different populations.[11]
Response to clopidogrel can be determined by various
methods. Light transmittance aggregometry is considered the gold standard of platelet function tests. However, certain limitations are present, including the time
consumed, and the required provision of technical information from specialized laboratories.[12] Results of
various platelet function tests have indicated that light
transmittance aggregometry has the strongest correlation with results of the VerifyNow P2Y12 test (Accumetrics, Inc., San Diego, CA, USA).[13]
Leptin, a product of the obesity gene, is a protein
consisting of 167 amino acids, and it regulates the
storage of energy in mammals. Obesity and hyperphagia are caused by either absence or deterioration of
leptin, and reversible with leptin replacement therapy.
[14]
Leptin is primarily found in adipocytes, and has a
positive correlation with obesity,[15] a response to reduced leptin sensitivity in obese patients. Obesity is
related to hyperleptinemia, due to leptin resistance in
spite of high-circulating levels of leptin.[16] In 1999,
the long form of the leptin receptor was found on the
platelet surface. It has been suggested that activation
of the leptin receptor could induce platelet aggregation.[17] Several studies have shown that ADP-mediated platelet aggregation was more common in obese
patients, partially due to the increase in leptin levels.
Platelet stimulation with leptin causes platelet aggregation in healthy subjects. Furthermore, platelets in
obese patients are also susceptible to leptin-induced
platelet aggregation, in contrast to the results of previous studies.[18] Therefore, the antithrombotic effect of
clopidogrel could be diminished by hyperleptinemiainduced, ADP-mediated platelet aggregation.
The present aim was to investigate the correlation
of serum leptin levels and hyperleptinemia with clopidogrel resistance.
METHODS

Study population
The present population consisted of 100 patients admitted between January and April 2012, who underwent PCI following stable angina pectoris, unstable
angina pectoris, or ACS without ST-segment eleva-
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tion myocardial in- Abbreviations:
farction. The study ACS Acute coronary syndrome
was approved by the ADP Adenosine diphosphate
local ethics commit- BMI Body mass index
PCI
Percutaneous coronary intervention
tee, and participants PRUs P2Y12 reaction units
provided prior written consent. Patients were administered 300 mg clopidogrel loading dose followed by 75 mg/day maintenance or at least 5 consecutive clopidogrel 75 mg/day
doses prior to procedure. Patients with a history of
malignant disease, active infection or inflammatory
disease, advanced liver failure, end-stage renal failure, cerebrovascular disease, hypothyroidism, hyperthyroidism, or who were taking corticosteroids were
excluded. Body mass index (BMI) was calculated,
and subjects with BMI of 30 kg/m2 or higher were
considered obese.
Blood samples and laboratory methods
Prior to PCI procedure, 10 mL of blood was collected
into anticoagulant-free containers to determine leptin
level and other parameters. Serum was immediately
separated after the draw and stored at -80°C with special labelling. Quantitative serum leptin levels were
measured by leptin enzyme-linked immunosorbent
assay (DIAsource ImmunoAssays SA, Louvain-laNeuve, Belgium), and other parameters were measured by standard laboratory methods. Threshold for
hyperleptinemia was ≥15 ng/mL.
Clopidogrel inhibition level was measured from
venous blood samples collected 12–24 hours after
procedure. Inhibitory effect of clopidogrel was measured by VerifyNow P2Y12 test, which primarily
measures the effect of the drug on the P2Y12 receptor, and was developed to serve as a quick, cartridgebased platelet function test. Increase in light transmittance is measured as aggregation, and an algorithm
expresses this in P2Y12 reaction units (PRUs). High
number of PRUs shows high ADP-mediated platelet
reactivity. Patients with ≥240 PRU were considered
resistant, while those with lower levels were considered responsive to clopidogrel.
Statistical analysis
Statistical analyses were performed using SPSS software (version 16.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were presented as mean±SD or
median (min–max). Number of cases and percentages were used for categorical data. Kolmogorov-
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Smirnov test was used to determine normalcy of distribution. Student’s t-test was used to compare mean
variables among groups for parametric assumptions.
Mann-Whitney U test was used for non-parametric
assumptions. Intergroup comparisons of categorical
data were performed using continuity-corrected chisquare or Fisher’s exact test. Correlation between serum leptin and clopidogrel PRU level was performed
using Spearman’s correlation analysis. A p value of
<0.05 was considered statistically significant.

RESULTS

Overall, 37% of patients were found to be clopidogrel-resistant. Average age and BMI was compared between resistant and responsive groups (age:
65.94±9.37 years vs. 62.73±8.99 years, p=0.092;
BMI: 28.38±3.45 vs. 27.42±2.91, p=0.139).
No statistically significant difference was found
between groups regarding diabetes mellitus, hypertension, disease status (stable coronary artery disease

Table 1. Comparison of clinical features between clopidogrel-responsive and -resistant groups

n=100

Responsive (n=63)
		

n

%

Age 			
a

Sex

p

Clopidogrel resistance

Mean±SD

Resistant (n=37)		
n

%

Mean±SD

62.73±8.99			

65.94±9.37

0.092

b

Female

10

15.9		

8

21.6		

Male

53

84.1		

29

78.4		

Stable coronary artery disesase

49

77.8		

31

83.8		

Acute coronary syndrome

14

22.2		

6

16.2		

–

41

65.1		

23

62.2		

+

22

34.9		

14

37.8		

–

18

28.6		

5

13.5		

+

45

71.4		

32

86.5		

–

36

57.1		

19

51.4		

+

27

42.9		

18

48.6		

Bare metal stent

26

41.3		

20

54.1		

Drug-eluting stent

37

58.7		

17

45.9		

6

9.5		

2

5.4		

57

90.5		

35

94.6		

0.651

Disease statusb
0.641

Diabetes mellitusb
0.938

Hypertensionb
0.138

Smokingb
0.723

Stent typeb
0.303

Statin usagec
–
+

Body mass index 			
a

27.42±2.91			

28.38±3.45

Body mass indexb							
Body mass index <30

50

79.4		

20

54.1		

Body mass index >30

13

20.6		

17

45.9		

0.707
0.139
0.015*

SD: Standard deviation; +: Indicates presence; –: Indicates absence. aIndicates performance of Student’s t-test; bIndicates performance of continuitycorrected chi-square test; cIndicates performance of Fisher’s exact test.
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vs. ACS), type of stent (drug-eluting vs. bare-metal),
use of statins, or smoking (p>0.05). However, increased clopidogrel resistance was found in patients
with BMI >30 kg/m2 (p=0.015, Table 1).
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It has been shown that patients with high BMI had
increased platelet reactivity. In these patients, platelets respond weakly to the inhibitory effect of insulin. Angiolillo et al. demonstrated suboptimal platelet
response in patients with high BMI after 300 mg of
clopidogrel loading dose.[22] Although BMI was not
statistically different between the present groups,
clopidogrel resistance was more common in patients
with BMI of or over 30 kg/m2.

Median serum leptin levels and minimum–maximum leptin levels were 4.72 (0.46–25.33) and 3.72
(0.11–38.88) in clopidogrel-resistant and -responsive
groups, respectively. However, the difference was not
statistically significant (p=0.116), though it was supported by correlation analysis between serum leptin
and clopidogrel PRU levels (r: 0.259; p=0.009).

Obesity is an independent risk factor for atherosclerosis, thrombosis, stroke, and myocardial infarction— a serious health problem, particularly in developed countries.[23] Recent studies have shown that
increased leptin level increases risk for cardiovascular disease, metabolic irregularity and changes in
the coagulation system.[24] Angiolillo et al. indicated
that obesity was also associated with lower sensitivity to clopidogrel.[25] The impetus of investigating the
relationship between clopidogrel and leptin was the
presence of leptin receptors on the platelet surface.
[17]
Most obese patients have higher leptin levels, a
condition primarily caused by leptin resistance. The
key question to be asked at this point should be: Do
platelets have leptin resistance? Dellas et al. showed
that platelets are not resistant to leptin-induced, ADPmediated platelet aggregation in obese patients,[18] a
result contradictory to findings of Corsonello et al.,
which suggested that the platelet could be a site of
leptin resistance.[26]

At a leptin threshold of 15 ng/mL, clopidogrel
PRU was significantly higher in hyperleptinemic patients than in those with leptin levels of <15 ng/mL
(p=0.001). Clopidogrel resistance was also significantly higher in hyperleptinemic patients (p=0.017).
Data distribution is shown in Table 2.
DISCUSSION

Concomitant use of aspirin and clopidogrel in patients
undergoing PCI is particularly vital in the reduction
of short- or long-term risk of major cardiac events,
particularly in cases of stent thrombosis.[19] However,
it has been demonstrated that efficacy of clopidogrel
treatment varies individually, and causes high residual
platelet activity.[20] Patients with high post-clopidogrel
platelet activity experience a higher number of ischemic events than those with normal clopidogrel response.[21] Platelet response to clopidogrel may vary
according to clinical, cellular, and genetic occasions.[7]

Although serum leptin levels in patients with
clopidogrel resistance seem to have been higher in

Table 2. Comparison of PRU level according to cut-off leptin level of 15 ng/mL between clopidogrel-responsive and
-resistant groups

n=100

p

Leptin level
<15 (n=89)

		
Clopidogrel PRU

a

Median

Minimum–Maximum

Median

Minimum–Maximum

204.00

47–401

302.00

146–366

Responsive (n=63)
		

Resistant (n=37)

0.001*

p

n

%

n

Leptin <15

60

95.2

29

78.4

Leptin ≥15

3

4.8

8

21.6		

Leptin Level

a

≥15 (n=11)		

%		

b

Indicates the performance of Mann-Whitney U test; bIndicates the performance of continuity-corrected chi-square test.

0.017*
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the present series, the difference was not statistically
significant. When 15 ng/mL of leptin is assumed as a
cutoff for hyperleptinemia, patients with leptin levels
above this cutoff have increased clopidogrel resistance. This difference becomes more prominent when
comparing clopidogrel PRU levels of groups.
Gatto et al. also investigated the relationship between clopidogrel resistance and leptin level, and
found that leptin level was significantly higher in
the clopidogrel-resistant group, compared to the responsive group.[27] Similarly, clopidogrel PRU values
were significantly different, corresponding to a cutoff leptin level of 15 ng/mL. Unlike the results of the
Gatto et al. study, clopidogrel resistance was not presently found to be related to serum leptin level. However, incidence of clopidogrel resistance was higher
in the hyperleptinemia group, in accordance with the
results of the previous study. These findings support
hyperleptinemia as a potential cause of clopidogrel
resistance in obesity.
The present limitations included relatively small
sample size, which may have contributed to the inability to detect clopidogrel response and resistance
by serum leptin level. Only 11 patients had leptin level above 15 ng/mL, a statistical disadvantage. In addition, in spite of good correlation with gold-standard
method, platelet function testing was performed by a
single test (VerifyNow).
Conclusions
The effect of high leptin levels and obesity on clopidogrel resistance was confirmed by the present results.
These factors must be taken into consideration during
clopidogrel treatment. No correlation was presently
determined between serum leptin level and clopidogrel resistance. However, clopidogrel resistance was
more prominent in patients with leptin levels above
15 ng/dL. Studies with larger sample sizes are warranted, to determine dosage of clopidogrel or choice
of alternative drug in obese people.
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