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Plasma levels of resistin predict cardiovascular events

Nivelele plasmatice ale resistinei prezic evenimente cardiovasculare
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Abstract
Background: A number of cytokines and adipokines secreted by adipose tissue may influence vessel wall di-

rectly.  Adiponectin exhibits anti-inflammatory and atheroprotective actions. Resistin is expressed at higher levels 
in inflammatory cells. Resistin directly activates the endothelium through upreglation of adhesion molecules, in-
duces production of TNF-α by macrophages, effects that are antagonized by adiponectin. Leptin has multiple effects 
on cells of artery walls, many similar to those of resistin. The prognostic role of adipokines in atherosclerosis is 
not well established. Methods: We compared the baseline plasma levels of adiponectin, resistin, leptin and TNF-α 
(ELISA assays) in 59 patients with coronary artery disease (CAD) and 32 patients with peripheral artery disease 
(PAD). Also, we investigated the impact of baseline plasma levels of adiponectin, resistin, leptin and TNF-α on 
the incidence of the new ischemic cardiovascular events. Results: In patients with CAD, as compared with PAD, 
baseline plasma levels of leptin were significantly increased (2882.02 ± 368.57pg/ml vs 1025.56 ± 232.28 pg/ml; 
p<0.001), plasma levels of resistin were significantly decreased (13.15 ± 0.83ng/ml vs 17.76 ± 2.13 ng/ml; p = 
0.02) and no differences in plasma levels of adiponectin and TNF-α were found. A significant correlation between 
BMI and plasma levels was found only for leptin, irrespective of group. 45 patients (49.5%) were re-hospitalized in 
a 2 years period of follow-up. In a backward stepwise multivariable Cox regression analysis only resistin  ≥ 15 ng/
ml, HR =1.8829, 95% CI 1.0490- 3.3797, p = 0.034 and diastolic blood pressure ≥ 85 mmHg, HR =2.0927,  95%CI 
1.0782- 4.0616, p=0.0299 were associated with new cardiovascular events. Conclussion: In patients with clinical 
atherosclerosis plasma levels of resistin predict new ischemc events.
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Rezumat
Introducere: Un număr de citokine şi adipokine secretate de ţesutul adipos pot influenţa direct peretele vascular. 

Adiponectina exercită efecte anti-inflamatorii şi ateroprotective. Resistina este exprimată în cantităţi crescute în 
celulele inflamatorii. Resistina activează direct endoteliul prin suprareglarea moleculelor de adeziune, induce 
producţia de TNF-α în macrofage, efecte antagonizate de adiponectină. Leptina are multe efecte asupra celulelor 
din peretele arterial, unele similare cu efectele resistinei. Rolul prognostic al adipokinelor în ateroscleroză nu 
este bine precizat. Metode: Nivelele bazale ale adiponectinei, resistinei, leptinei şi TNF-α (ELISA) la pacienţi cu 
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Introduction

A number of cytokines and adipokines se-
creted by the adipose tissue may influence the 
vessels wall directly. Resistin was discovered 
in 2001. Initially characterized in mice, resistin 
was found to be secreted by adipocytes and was 
named for the insulin resistance induced in ani-
mal studies (1). Resistin, also known as adipose 
tissue-specific secretory factor (ADSF) or C/
EBP-epsilon-regulated myeloid-specific secret-
ed cysteine-rich protein (XCP1), is a cysteine-rich 
adipose-derived peptide hormone that in humans is 
encoded by the RETN gene (2). The molecule is 
primarily expressed in circulating monocytes 
and macrophages and is strongly correlated with 
inflammatory markers in humans. 

Resistin has been shown to increase tran-
scriptional events, leading to an increased ex-
pression of several pro-inflammatory cytokines 
including IL-1, IL-6, IL-12 and TNF-α (3-7) 
and induced expression and secretion of all of 
proinflammatory mediators involved in the ac-
tivation of nuclear transcription factor kappa B 
(NF-kB) through activation of protein kinase 
C (PKC), 1,4,5 inositol triphosphate (IP3) and 
the mobilezation of intracellular calcium (Ca2+) 

(8, 9). Resistin upregulates ICAM1, VCAM1 and 
CCL2, involved in leukocyte recruitment to sites 
of infection (10). 

The role of resistin in the metabolic syn-
drome is controversial. Some investigations 
have reported that resistin levels correlate with 
insulin resistance and obesity (1, 11, 12), while 
others failed to observe any correlation with 
metabolic markers. As compared to controls, in 
subjects with metabolic syndrome no significant 
differences in resistin levels were observed (13-
15). Some studies revealed gender-differences, 
some of these correlations are present being 
in women, but absent in men (13, 16, 17).

It has been reported that resistin causes a 
marked increase in the generation of reactive ox-
ygen species and thereby decreases expression 
of endothelial nitric oxide synthase in endothe-
lial cells (18, 19).

Resistin has been noted to play a vital role in 
increasing the level of VLDL and LDL in  obese 
persons (20-22), it induces increases in MCP-1 
and sVCAM-1 expression in vascular endotheli-
al cells, promotes the proliferation of VSMC that 
occurs through both ERK 1/2 and Akt signalling 
pathways, which suggest a possible mechanism 

cardiopatie ischemică au fost comparate cu cele ale pacienţilor cu arteriopatie cronică obliterantă aterosclerotică 
a membrelor inferioare. Am investigat impactul nivelelor bazale  asupra incidenţei evenimentelor ischemice nou 
apărute în evoluţia de durată. Rezultate: Au fost luaţi în studiu 91 pacienţi cu manifestări clinice ale aterosclerozei, 
59 cu cardiopatie ischemică şi 32 cu arteriopatie cronică obliterantă  a membrelor inferioare. În grupul pacienţilor 
cu cardiopatie ischemică, comparativ cu cel al pacienţilor cu arteriopatie cronică obliterantă a membrelor 
inferioare, nivelele plasmatice ale leptinei au fost semnificativ mai crescute (2882.02 ± 368.57pg/ml vs 1025.56 ± 
232.28 pg/ml; p < 0.001), cele ale  resistinei semnificativ mai scăzute (13.15 ± 0.83ng/ml vs 17.76 ± 2.13 ng/ml; 
p = 0.02) şi nu s-au constatat diferenţe privind nivelele adiponectinei şi ale TNF-α. Nivele plasmatice ale leptinei 
s-au corelat cu indicele de masă corporală în ambele grupe de pacienţi. 45 pacienţi (49,5%) au fost reinternaţi în 
următorii 2 ani. Într-o analiză  multivariabilă  numai resistina  ≥ 15 ng/ml, HR =1.8829, 95% CI 1.0490- 3.3797, 
p = 0.034 şi presiunea arterială diastolică ≥ 85 mmHg, HR =2.0927,  95% CI 1.0782- 4.0616, p=0.0299 au fost 
independent asociate cu noi evenimente cardiovasculare. Concluzii: La pacienţi cu ateroscleroză clinic manifestă 
nivelele plasmatice ale resistinei pot prezice noi evenimente ischemice.

Cuvinte cheie: resistina, leptina, cardiopatie ischemică, arteriopatie cronică obliterantă a membrelor 
inferioare
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that contributes to atherogenesis (10, 23-26). 
Resistin promotes foam cell formation via dys-
regulation of scavenger receptors (SR-A) and 
ATP-binding cassette transporter-A1 (ABCA1) 
through PPAR gamma (26, 27).

Patients with acute coronary syndrome 
(ACS) had significantly higher resistin levels 
than those without ACS (28, 29) and the fol-
low-up (mean of 83.4 months) showed that the 
resistin level was an independent predictor of 
ACS. 

The prognostic role of adipokines in athero-
sclerosis is not well established. The aim of this 
study was to compare the baseline plasma levels 
of adiponectin, resistin, leptin and TNF-α in pa-
tients with coronary artery disease (CAD) and 
peripheral artery disease (PAD). Also, we inves-
tigated the impact of baseline plasma levels of 
adiponectin, resistin, leptin and TNF-α  on the 
incidence of the new  ischemic cardiovascular 
events. 

Materials and methods

Subjects. 91 patients with clinical symptoms 
of atherosclerosis, in two different areas, lower 
extremity occlusive disease and coronary artery 
disease,  hospitalized in the County Emergen-
cy Clinical Hospital from Cluj-Napoca, were 
included in study between 2008-2009. We fol-
lowed up the readmissions  between 2009 and 
2011. The primary endpoint of the study was the 
readmission of the patient. We defined a cardio-
vascular event the readmission for nonfatal myo-
cardial infarction, heart failure, or critical limb 
ischemia.

The peripheral arterial occlusive disease was 
defined clinically, by ankle-brachial index < 0.9, 
by Doppler and angiographic exams. The coro-
nary artery disease was investigated clinically, 
by electrocardiogram, echocardiography and in 
some cases by coronarography. Clinical vari-
ables were analyzed.

Methods. Blood samples were obtained in a 
non-fasting state. After 10 min of rest in the su-
pine position, the blood samples were collected 
from the antecubital vein. Peripheral blood was 
drawn from each patient within 2 h from admis-
sion. Serum and plasma were immediately sep-
arated by centrifugation and stored at – 800 until 
analysis.

Plasma levels of adiponectin, leptin, resistin, 
and TNF-α were measured by commercially 
available ELISA, quantikine reagents (R&D 
System) according to manufacturer suggestions. 
Regarding the sensitivity of resistin assay, the 
analitical limit of detection was 0.055ng/ml; 
intra- assay coefficients  of variation (%) were 
3.8- 5.3 and  inter-assay coefficients of vari-
ation (%) were 7.8-9.2. For adiponectin assay, 
the analytical limit of detection was 0.891 ng/
ml; intra-assay CV(%) were 2.5 – 4.7 and inter 
assay CV (%) were 5.9- 6.9. For leptin assay , 
the analytical limit of detection was 7.8 pg/ml; 
intra-assay CV(%) were 3.2 – 3.3 and inter as-
say CV (%) were 3.5-5.4. For TNF-α assay , the 
analytical limit of detection was 5.5 pg/ml; in-
tra-assay CV(%) were 4.2 – 5.2 and inter-assay 
CV (%) were 4.6-7.4.

All patients participated voluntarily and each 
subject included in the study signed a written in-
formed consent for the participation in the study 
approved by the  Local Ethics Committee.

Exclusion criteria were active infectious 
disease, neoplasia, acute coronary syndrome, 
strokes, hepatic or renal failure, severe heart 
failure.

Statistical analysis. Estimated time to re-
admission was performed by Kaplan-Meier 
method and differences between Kaplan-Meier 
curves were evaluated by log rank test (30).

Comparison of means, where it was required, 
was done by Student Test and comparison of the 
percentage by chi-square test. If the number of 
subjects was small (groups under 5 or under 5%) 
Yates corrections were used (30).
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For all the tests  used the p-value under 0.05 
was considered significant. Confidence interval 
values were also calculated with the threshold 
of 0.05.

For the multivariate Cox model analysis the 
step backward algorithm was chosen, starting 
from a maximal model and eliminating all vari-
ables that were above the significance threshold 
of 0.05.

As a statistical software we used Excel 2003 
and MEDCALC version 9.6.

Results

In 91 patients hospitalized for clinical symp-
toms of atherosclerosis, the minimum, maxi-
mum and median age were 36, 84, 67 and the ra-
tio men / women was 56/35 = 61.54% / 38.46%. 

There was a balanced value on the gender 
distribution for CAD. In PAD men dominated 
the category. As compared with PAD, only the 

body mass index  and the cholesterol were sig-
nificantly higher in the CAD group (p< 0.01 and 
p< 0.05 respectively) (Table I).

In terms of numerical variables only resistin 
and leptin were statistically significant. In pa-
tients  with CAD as compared with PAD base-
line plasma levels of leptin were significantly 
increased (2882.02 ± 368.57pg/ml vs 1025.56 
± 232.28 pg/ml; p<0.001), plasma levels of re-
sistin were significantly decreased (13.15 ± 0.83 
ng/ml vs 17.76 ± 2.13 ng/ml; p = 0.02) and no 
differences in plasma levels of adiponectin and 
TNF-α were found (Table II).

A significant correlation between BMI and 
plasma levels was found only for leptin, irre-
spective of group (PAD: r = 0.395 ; p <0.02;  
95%CI 0.08607- 0.6345, respectively CAD: r = 
0.392; p<0.003 95%CI 0.1507-0.5887). No oth-
er correlation between the clinical characteristics 
and plasma levels of resistin, leptin, adiponectin 
and TNF-α were found.

Table I. Clinical and epidemiological characteristics of the study groups

Disease women men total p

Gender distribution
PAD 5

(15.62%)
27

(84.38%) 32
p<0.01

CAD 30
(50.85%)

29
(49.15%) 59

Mean Median Std. Err.

Age (y) PAD 61.75 64.5 2.19 0.11
CAD 66.05 69 1.53

Systolic blood pressure (SBP) 
(mmHg)

PAD 135.00 135 2.52 0.07
CAD 128.32 130 2.32

Diastolic blood pressure (DBP) 
(mmHg)

PAD  76.88 80 1.52 0.47
CAD 75.37 70 1.29

BMI (body mass index)
(kg/m2)

PAD 24.76 25.23 4.72
0.01

CAD 28.02 27.40 5.55

Fasting plasma glucose (mg/dL) PAD 121.32 109 49.16
0.53

CAD 128.92 108 55.82
Total cholesterol  
(mg/dL)

PAD 233.14 226 69.97
0.05

CAD 196.81 192 74.57
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During the two years we recorded 45 re-
admissions (49.5%). Regarding the time from 
discharge to the first readmission no significant 
differences were obtained concerning the gender 
(p = 0.14), although women had a disease-free 
survival of 60% and men only 46%.

Type of artery disease (CAD, PAD) did not 
induce significant differences in time-to-read-
mission analysis (p = 0.20) (Figure 1).

For numeric variables adiponectin, leptin, 
resistin, TNF-alpha, age, SBP and DBP  we have 

chosen as cut-off points the corresponding val-
ues that provide the lowest p. Figure 2 represents 
p-values choosing as cut-off one by one all the 
values that existed in our data and that generates 
at least 10 subjects per group. Under the thresh-
old of significance 0.05 we have p-values only 
for leptin (2000 pg / ml), resistin (15 ng / ml) and 
DBP (85 mmHg).

Figures 3, 4 and 5 show the Kaplan-Meier 
curves for these cut-off values.

Table II. Plasma levels of adipocytokines in patients with PAD and CAD

Disease Min Max Mean Median Std. err. p

Adiponectin ng/ml PAD 336 4666 1764.81 1603.5 181.94 0.45CAD 290 5999 1974.05 1707 178.45
Resistin
ng/ml

PAD 5.5 65     17.76 16.25     2.13 0.02CAD 4 31     13.15 11     0.83
Leptin
pg/ml

PAD 15 5305 1025.56 527.5 232.28 <0.01CAD 31 13844 2882.02 2047 368.57
TNF alfa
ng/ml

PAD 0.3 169     25.14 2.25     6.56 0.49CAD 0.3 279     31.71 22     6.07

Figure1. Free time to rehospitalization in the study groups
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Figure 2. The p values taking as cut off all observed data values so 
that we have groups of at least 10 subjects

For multivariate analysis we 
chose the numerical variables 
that had statistical significance 
with cut-off points in Figure 3, 4 
and 5, to which we added gender 
and arterial disease type (CAD, 
PAD), due to the strong links 
highlighted in Table I and II, 
even when p-values were higher 
than the threshold of significance 
(p = 0.14 and p = 0.20).

We performed a Cox model 
analysis by the step backward 
algorithm (at each step we re-
moved the variable with the 
highest p-value until all the re-
maining variables had the p-val-
ue below the threshold of signif-
icance).

The following  were exclud-
ed in this order: artery disease 
type (CAD, PAD), gender and 
leptin, and only DBP 85 mmHg 
threshold value and resistin val-
ue threshold of 15ng / ml re-
mained in the model.

Table III represents the final 
results of the Cox model with the 
significant variables.
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Figure. 3. Free time to rehospitalization in relation to plasma leptin levels
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Figure. 4. Free time to rehospitalization in relation to resistin plasma levels

Figure 6 contains the Kaplan-Meier curves 
for all scores derived from Cox model. Legend 
explains the categories of patients according to 
the score.

Due to fact that patients with DBP <85 
mmHg and resistin ≥15 ng/ml and patients with 
DBP ≥85 mmHg and resistin <15 ng/ml present 
closer scores implying closer risks we decide to 
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put together both categories and we generated a 
new simplified score with three values: 0 if both 
resistine and DBP were favorable, 1 if one from 
resistin and DBP is favorable and the other is un-
favorable, 2 if both DBP and resistin are unfa-
vorable (Figure7). 

Discussion

As compared with PAD, patients included in 
the CAD group were older, (66.05 ± 1.53 years 
vs 61.75 ± 2.19 years; p = 0.11). In our study 
BMI and the total cholesterol were significantly 
higher in patients with CAD as compared with 
PAD (p < 0.01 and p<0.05 respectively). 

A significant correlation between BMI and 
plasma levels was found only for leptin, irre-
spective of  group. Our findings confirm other 
studies on BMI – resistin and BMI-leptin rela-

tionships (13, 31-33). In the study by de Luis 
(13) resistin concentrations were not related to 
BMI or other index of obesity and resistin was 
correlated only with total fat mass measured by 
bioimpedance and this relation persisted with 
multivariate analysis only in women. These data 
support resistin’s primary role in inflammatory 
rather than metabolic pathways. 

Leptin is primarily synthesized and released 
by mature adipocytes. Leptin circulating levels 
are highly correlated with BMI (32, 33). Leptin 
is a hormone with pleiotrophic actions in multi-
ple organ systems. Human  studies on leptin and 
CAD have reported conflicting results. In pop-
ulations without CAD, few studies have shown 
leptin to be associated with increased risk of in-
cident CAD, while others found no association. 
Other authors have reported a protective associ-
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Figure. 5. Free time to rehospitalization in relation to DBP

Table III. Summary of the Cox model
Variable Coefficients Std. err. p Risk 95% CI of risk
DBP < 85 mm Hg vs ≥ 85 mm Hg 0.7384 0.3401 0.0299 2.0927 1.0782 to 4.0616
Resistin <15 ng/ml vs ≥15 ng/ml 0.6328 0.3     . 0.0349 1.8829 1.0490 to 3.3797
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ation of leptin with decreased CV mortality in 
populations with diabetes (34) and chronic kid-
ney disease (35). A recent meta-analysis of these 
studies has concluded that there is a modest as-
sociation of high leptin with the risk of incident 
CAD (36). Ku et al (37) found an inverse asso-

ciation between leptin and CV events in patients 
with chronic CAD. 

	 In our study a different pattern of plas-
ma levels of resistin and leptin in patients with 
PAD or CAD was found. As compared with 
CAD, plasma levels of resistin were significatly 
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Figure 6. Free time to rehospitalization using the score resulting from Cox model
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higher in patients with PAD (17.76 ± 2.13 ng/ml 
vs 13.15 ± 0.83 ng/ml; p < 0.02). Plasma levels 
of leptin were significatly lower in PAD as com-
pared with CAD (1025.56 ± 232.28 pg/ml vs 
2882.04± 368.57 pg/ml p< 0.02). No significant 
differences between plasma levels of adiponec-
tin and TNF-α were found.

Regarding the time from discharge to the 
first readmission no significant differences were 
obtained concerning the gender, although wom-
en had a disease-free survival of 60% and men 
only 46%. The type of artery disease  did not 
induce significant differences in time to  read-
mission analysis. In our study plasma levels of 
resistin were significantly higher and leptin was 
significantly lower in PAD and in this group a 
significant higher number of patients were free 
of readmission as compared with CAD. In the 
simple Cox model, the variables associated with 
prognosis were leptin (2000 pg/ml), resistin (15 
ng/ml) and DBP (85 mmHg). Using a multivar-
iate Cox model the only variable positively cor-
related with readmissions was resistin ≥ 15ng/ml 
and the DBP ≥ 85mmHg.

Our results regarding the prognostic value of 
resistin confirm other studies. Owens et al. (38) 
demonstrated the role of resistin in predicting 
lower extremity artery disease. In a prospective 
longitudinal study they evaluated patients un-
dergoing lower extremity bypass surgery and 
showed that patients with critical limb ischemia 
and diabetes had elevated levels of resistin and 
high sensitivity CRP. Resistin was the only pre-
dictor associated with amputation-free survival 
in the diabetic patients (38). The combination of 
high resistin and the presence of either diabetes 
or hypertension increased the risk of ischemic 
stroke (39). In another study, circulating levels 
of resistin, but not of adiponectin or leptin, were 
associated with an increased risk of incident 
ischemic stroke in postmenopausal women (40). 

The role of resistin as a risk factor for myocardi-
al infarction was also investigated (41).

Despite its involvement in inflammatory 
pathways, the role of resistin as an independent 
risk factor for cardiovascular events and mortal-
ity is controversial. In patients with stable mul-
tivessel coronary artery disease, Krecki et al. (42) 
found that elevated plasma resistin was a strong, 
independent predictive factor for the occurrence 
of major adverse cardiac and cerebrovascular 
events. Although in some studies plasma levels 
of resistin were correlated with mortality (43-
45), in most prospective clinical studies resistin 
fails to appear as an independent risk factor for 
cardiovascular events and mortality (46-49).

	
Conclusions

A different pattern of plasma levels of re-
sistin and leptin in patients with coronary artery 
disease  and  peripheral arterial occlusive disease 
was found. 

In patients  with CAD as compared with 
PAD baseline plasma levels of leptin were sig-
nificantly increased and plasma levels of resistin 
were significantly decreased.

In patients with coronary artery disease and 
peripheral arterial occlusive disease no signifi-
cant differences between plasma levels of adi-
ponectin and TNF-α were found. 

In multivariate analysis resistin ≥ 15ng/ml 
and the DBP ≥ 85mmHg predicts rehospitaliza-
tion.
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