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Abstract

Objective: Resistin is a hormone that has been associated with metabolic syndrome and 

cardiovascular disease. The role of resistin in patients with peripheral artery disease (PAD) has not 

been fully explored. The present study seeks to understand the relationship between serum resistin, 

vascular function, and cardiovascular outcomes in patients with PAD.

Methods: One-hundred and six patients with PAD were recruited between 2011–2016. Patients 

attended a baseline visit during which a comprehensive vascular physiology assessment including 

medical and surgical history, radial artery tonometry, and flow mediated-vasodilation (FMD) was 

completed. A blood sample was drawn and serum resistin was assayed using enzyme-linked 

immunosorbent assay (ELISA) kits. Using the time of study enrollment as the time of origin, 

incident major adverse cardiac events (MACE) were identified by subsequent chart review and 

defined as a composite endpoint of myocardial infarction, coronary revascularization, transient 

ischemic attack, stroke, or death from a cardiac cause.

Results: Subjects had a mean age of 68±8 years, were largely Caucasian (75%), and had 

comorbidities commonly associated with PAD including hypertension (92%), hyperlipidemia 

Correspondence: S. Marlene Grenon, MD, CM, MMSc, FRCSC, Department of Surgery, University of California, San Francisco & 
Surgical Services, Veterans Affairs Medical Center, Mail Code 112G, 4150 Clement St, San Francisco, CA 94121, USA, 
marlene.grenon@ucsf.edu Phone: 415-307-5275 Fax: 415-750-2181. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Declaration of Conflicting Interests: The authors have no conflicts of interest to report.

Note to the Editor: Abstract was presented at the 2018 Vascular Research Initiatives Conference in San Francisco, CA, May 9th, 2018 
and will be presented at the 2018 Vascular Annual Meeting in Boston, MA, June 20th-23rd, 2018

HHS Public Access
Author manuscript
J Vasc Surg. Author manuscript; available in PMC 2020 February 01.

Published in final edited form as:
J Vasc Surg. 2019 February ; 69(2): 497–506. doi:10.1016/j.jvs.2018.05.251.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(87%), coronary artery disease (37%), and diabetes mellitus (38%). After stratification by resistin 

quartile, higher resistin quartiles were significantly associated with older age, a greater number of 

pack years smoked, and lower estimated glomerular filtration rate. Despite similar comorbidities 

and medication use, endothelial function, as measured by FMD, was significantly lower with 

increasing resistin quartile (I: 9.1±3.3%, II: 7.1±3.5%, III: 5.8±4.0%, IV: 5.6±3.5%, p=.002). In 

multivariable linear regression, higher resistin quartiles (III and IV) were associated with lower 

FMD relative to quartile I after adjusting for several patient characteristics, medications, and 

comorbidities (III: −2.26, 95% CI: −4.51 to −0.01, p=.05, IV: −2.53, 95% CI: −4.87 to −0.20, p=.

03). During a median follow-up period of 36 months (IQR: 29–45), 21 patients experienced the 

primary endpoint. In a Cox proportional hazards model adjusted for smoking status, coronary 

artery disease, and age, each 1 ng/mL increase in resistin was associated with a 10% increased risk 

of MACE (HR: 1.10, 95% CI 1.00 to 1.20, p=.04).

Conclusion: In patients with PAD, higher levels of resistin were associated with impaired 

endothelial function and an increased rate of MACE. These results suggest that resistin may be a 

marker or effector of impaired vascular physiology and adverse cardiac outcomes in patients with 

PAD. Further research is needed to determine the potential mechanisms by which resistin may 

impair endothelial function and increase MACE in this population.

Keywords

Peripheral artery disease; adipokines; resistin; flow mediated-vasodilation; endothelial function

INTRODUCTION

Resistin is an adipokine, a class of hormones released by adipocytes, that has been positively 

associated with fat mass1 and insulin resistance2,3. Although the physiologic role of resistin 

in humans remains unclear, it has been hypothesized to contribute to the well-established 

link between obesity and diabetes mellitus4, as well as the development of atherosclerosis5. 

Recent evidence has demonstrated that elevated resistin levels are associated with incidence 

and severity of coronary artery disease (CAD)6, heart failure7, and adverse cardiovascular 

events7.

The mechanisms through which resistin could cause atherogenesis and result in poor 

cardiovascular outcomes have been examined in animal models and in patients without 

peripheral artery disease (PAD)5. Resistin has been reported to be associated with impaired 

vascular function5,8, which is associated with the development of atherosclerosis9, 

perioperative vents10, and poor cardiovascular outcomes11. While resistin and its effects on 

vascular pathology are complex, its link to adverse cardiovascular events has been reported 

in patients with and without a history of cardiovascular disease12-14.

Although the role of resistin has been explored in patients with cardiovascular disease, 

literature specific to patients with PAD is sparse. There is limited evidence suggesting that 

levels of serum resistin are elevated in patients with PAD15–17. Additionally, resistin has 

been associated with PAD severity and reduced amputation free-survival, suggesting that 

this hormone may play an important role in patients with PAD18. Exploration of resistin as a 
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surrogate marker or effector of impaired vascular function and poor outcomes may identify 

resistin as a valuable prognostic marker or therapeutic target among patients with PAD.

The objective of this study is to assess the relationship between serum resistin and vascular 

physiology measures (endothelial function and arterial stiffness) and the rate of major 

adverse cardiac events (MACE) in patients with PAD. It was hypothesized that elevated 

serum resistin is associated with increased vascular stiffness, decreased endothelial function, 

and an increased rate of MACE.

METHODS

Study Subjects

One-hundred and six patients presenting with PAD were recruited between April 2011 and 

July 2016 from the vascular surgery outpatient clinic at the San Francisco Veterans Affairs 

Medical Center (SFVAMC). Participants were defined as having PAD if they had symptoms 

of laudication and an ankle-brachial index (ABI) <0.9 or if they had a prior history of 

peripheral revascularization for symptomatic PAD, regardless of ABI. Additional inclusion 

criteria included, at least 35 years of age and had no severe hepatic (Child-Pugh ≥ B), renal 

(creatinine ≥ 2 mg/dL), or non-vascular inflammatory disease. Patients were excluded if they 

had a severe acute illness within the last 30 days or were taking any immunosuppressive 

medications. Several patients included in this study had originally participated in the 

OMEGA-PAD I trial(NCT01310270), which measured the effects of one month of fish oil 

supplementation on inflammation, endothelial function, and arterial stiffness19. Since this 

trial assessed inflammatory profiles, several of the inclusion criteria listed above were 

utilized. Additionally, this trial studied patients with “stable claudication”, which was 

defined as Rutherford categories 1–3 categories or a history of revascularization for 

claudication, therefore patients with critical limb ischemia were excluded. Institutional 

review board approval was granted for this study by the Committee on Human Research at 

the University of California, San Francisco as well as the SFVAMC Research and 

Development Office with all participants giving informed written consent.

Measurements

Demographics, Medical Comorbidities, and Anthropometrics—Demographic 

variables including age, sex, and race were collected for all study subjects through an intake 

questionnaire. Medical comorbidities including hyperlipidemia, hypertension, diabetes, and 

CAD were collected using the SFVAMC electronic medical record. Patients provided 

information regarding their current use of insulin, oral diabetes medications, aspirin, beta-

blockers, statins, or ACE-inhibitors. ABI was measured in each lower extremity using 

previously established techniques20.

Flow-Mediated Vasodilation—Endothelial function was measured by brachial artery 

flow-mediated vasodilation (FMD) using previously described methods21. A blood pressure 

cuff was placed on the upper arm and B-mode ultrasound (Philips HD11) with a broadband 

linear array transducer with a 3–12 MHz range (Philips L12–3) was used to locate the 

brachial artery. The mean diameter at baseline was then measured. A state of hyperemia was 
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then induced by inflating the blood pressure cuff until the brachial artery was completely 

occluded as confirmed by ultrasound. The brachial artery was occluded for five minutes. 

Then the cuff was deflated and post-hyperemic diameter was recorded for three minutes. 

Continuous edge-detection software (Brachial Analyzer, Medical Imaging Applications 

LLC, Coralville, IA) was used to analyze the images and calculate FMD. FMD, which is 

expressed as a percent and defined as [(hyperemia diameter – baseline diameter)/baseline 

diameter] multiplied by 100, was calculated.

Radial Artery Tonometry—Arterial stiffness was measured in a subset of patients (n=60) 

with an applanation tonometer using the SphygmoCor® system (AtCor Medical, Sydney, 

Australia). Calculation of the augmentation (AIX), as well as more detailed descriptions for 

tonometry measurements, have been previously described21,22. Briefly, radial artery 

tonometry was measured by applying the SphygmoCor® applanation tonometer to the right 

wrist. The AIX was then able to be calculated using pulse wave analysis due to the 

observation that the arterial waveform being examined is a composite of an anterograde 

pulse wave plus a component of the preceding wave that was reflected backward off of the 

arterial wall. Stiffer arteries are characterized by higher augmented pressures due to the 

collision and combination of the anterograde and retrograde pulse waves23,24. Calculation of 

the AIX, which is defined as [augmented pressure/(systolic blood pressure –iastolic blood 

pressure)], was then completed using the SphygmoCor®’s proprietary software24. The 

peripheral AIX was calculated directly and the central AIX was approximated using 

previously validated transfer equations25 that are routinely used26. The central AIX was then 

normalized to 75 beats/min in order to adjust for variations in heart rate.

Laboratory Tests—A blood sample was obtained from each participant while in a fasting 

state at the initial study visit for measuring lipids, hemoglobin A1c (HbA1c), estimated 

glomerular filtration rate (eGFR), and high-sensitivity C-reactive protein (hsCRP). Resistin 

was measured using a commercially available enzyme-linked immunosorbent assay (ELISA) 

kit from R&D Systems according to manufacturer’s instructions by a core research lab. Each 

ELISA was run twice for each participant and for samples with a constant of variance <20%, 

the average value retained.

Major Adverse Cardiac Events—Subject electronic medical records were 

retrospectively reviewed for the occurrence of MACE, which were defined as myocardial 

infarction (MI), coronary revascularization, transient ischemic attack (TIA), stroke, or death 

from a cardiac cause27 with enrollment in the study as the time of origin and December 2016 

as the end of the study period. MI was defined as a detected rise in cardiac markers >99th 

percentile with at least one of the following: 1) ischemic symptoms, 2) new ST elevation or 

left bundle branch block, 3) development of Q waves, 4) imaging evidence of loss of viable 

myocardium, or 5) coronary thrombus identified by coronary angiography.

Statistical analysis

All statistical analyses were performed using STATA version 15.0 (StataCorp, College 

Station, Texas). Patients were stratified into groups by resistin quartile to assess differences 

in baseline characteristics while still providing some granularity in regard to the association 
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of levels of resistin with endothelial function. Quartiles of resistin were based upon the 

median level of resistin in the cohort. Summary statistics were reported using mean and 

standard deviation for continuous variables, along with frequency and percentage for 

categorical variables. Differences between resistin quartile groups were calculated using 

analysis of variance (ANOVA) with Bonferroni-corrected post-hoc pairwise comparisons for 

normally distributed continuous variables, Kruskal-Wallis test for continuous variables 

without a normal distribution (pack years smoked, hsCRP, and triglycerides), and a Fisher’s 

exact test for categorical variables.

Unadjusted univariate linear regressions were performed in order to measure the relationship 

between resistin quartiles and FMD, peripheral AIX, and central AIX, normalized to 75 

beats/min. Multivariable models were built to adjust for other patient demographics and 

comorbidities. Bivariate screening was used to select covariates for the multivariable 

models. In the bivariate analyses, resistin quartiles were used as the primary predictor of 

FMD, and several demographic characteristics and comorbidities were examined 

individually as potential covariates. Any covariate associated at the level of p≤.20 was 

included in the multivariable model. Body mass index (BMI) and diabetes mellitus were 

included in the model a priori due to their previously reported relationship with resistin1,3.

Cox proportional hazards models were used to calculate hazard ratios for MACE, using 

enrollment in the study as the time of origin. Due to the small number of events, resistin was 

modeled as a continuous variable in the Cox models rather than in quartiles. An initial model 

was built using resistin as the primary predictor of MACE. To determine whether the 

relationship between resistin and MACE was influenced by inflammatory status, a 

subsequent model was performed which also adjusted for hsCRP. A final multivariable 

model was then built in a stepwise fashion using a p-value cut-off of p<.10.

RESULTS

Study subjects had a mean age of 68±8 years, were largely Caucasian (75%) and male 

(97%), and had comorbidities commonly associated with PAD including hypertension 

(92%), hyperlipidemia (87%), CAD (37%), and diabetes mellitus (38%). Patients were then 

stratified into groups by resistin quartile (I: 2.6–5.9 ng/mL, II: 6.0–7.8 ng/mL, III: 7.9–10.5 

ng/mL, IV: 10.6–24.3 ng/mL). Baseline demographics and patient characteristics are 

reported by resistin quartile in Table I. The mean age increased and eGFR decreased 

significantly with increasing resistin quartile. There was no significant difference in 

comorbidities, medication use, or PAD severity, as measured by Rutherford categories or 

ABI, between groups.

FMD decreased significantly by increasing resistin quartile (Table II). A Bonferroni post-

hoc analysis identified significant differences between resistin quartile I and III (p=.006) and 

I and IV (p=.004) (Figure 1). In a univariate linear regression, resistin quartiles II, III, and IV 

were significantly associated with decreased FMD when compared to the lowest resistin 

quartile (I) (II: −1.99, 95% CI: −3.96 to −0.02, p=.05, III: −3.34, 95% CI: −5.29 to −1.39, 

p=.001, IV: −3.52, 95% CI: −5.48 to −1.55, p=.001). Increasing resistin quartiles remained 

significantly associated with decreased FMD in a multivariable model adjusted for 
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Caucasian race, BMI, diabetes mellitus, hypertension, eGFR, hsCRP, and beta-blocker and 

ACE-inhibitor use (Table III). Relative to the lowest resistin quartile (I), quartiles III and IV 

were independently associated with an absolute difference in FMD of −2.26% and −2.53%, 

respectively. There was no significant difference in the peripheral AIX or central AIX, 

normalized to 75 beats/min between resistin quartiles (Table II).

During a median follow-up period of 36 months (IQR: 29–45), 21 patients experienced a 

MACE (event rate of 20%). These events included: 13 myocardial infarctions or coronary 

revascularizations, 5 deaths from a cardiac cause, 2 strokes, and 1 TIA. Patients in the fourth 

quartile of resistin had a higher risk of MACE than patients in the first quartile (Figure 2). A 

univariate Cox proportional hazards model identified that resistin was associated with an 

increased rate of MACE (HR: 1.09, 95% CI: 1.01 to 1.18; p=.03), and adjustment for hsCRP 

did not affect the results. The final multivariable Cox proportional hazards model included 

CAD, tobacco use status, and age, which was added a priori. Other covariates included in the 

development of the model were Caucasian ethnicity, BMI, FMD, pack years smoked, 

diabetes mellitus, hyperlipidemia, hypertension, hsCRP, eGFR, and insulin, oral diabetes 

medications, aspirin, beta-blocker, statin, or ACE-inhibitor use. The resulting multivariable 

model revealed that serum resistin was independently associated with an increased rate of 

MACE (HR: 1.10, 95% CI: 1.003 to 1.200, p=.04) (Table IV). These results indicate a 10% 

higher rate of MACE for every 1 ng/ml increase in serum resistin. This would suggest a 

nearly 220% higher rate of MACE when comparing the lowest level of resistin with the 

highest level of resistin in this cohort.

A sensitivity analysis including FMD as a covariate in this model did not significantly alter 

the association, suggesting that resistin is associated with an increased rate of MACE, 

independent of its association with endothelial function. An additional sensitivity analysis 

that only adjusted for CAD and patient characteristics that were significantly different 

between baseline resistin quartile groups (age, pack years, eGFR, and FMD) yielded similar 

results as the initial model (HR: 1.13, 95% CI: 1.01 to 1.25, p=.03).

DISCUSSION

This study is the largest assessment of the relationship between serum resistin, vascular 

function, and incident MACE in patients with PAD. These results demonstrate that in a 

cohort of subjects with PAD, elevated serum resistin is independently associated with 

impaired endothelial unction, as measured by brachial artery FMD, and an increased rate of 

MACE. There was no observed association between resistin and arterial stiffness, as 

measured by the peripheral AIX and central AIX, normalized to 75 beats/min. These 

findings suggest that resistin may be a novel biomarker or effector of impaired endothelial 

function in patients with PAD. Moreover, resistin may be a novel predictor of MACE in a 

population with a high prevalence of traditional cardiovascular risk factors.

Results of the current study suggest that among patients with PAD serum resistin is not 

positively associated with fat mass, as BMI was not significantly different between resistin 

quartiles. Additionally, there were no differences observed in medication use between 

resistin quartiles, which suggests that these medications may have limited or no effect on 
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serum resistin levels in patients with PAD. Consistent with results of the current study, 

previous reports suggest that beta-blocker, ACE-inhibitor, and statin use is not associated 

with lower levels of serum resistin28,29. However, there are currently only a limited number 

of studies that measure the impact of medication use on serum resistin levels. Prospective 

studies or randomized clinical trials of patients with PAD would be required to more 

accurately assess the effect of medication use on resistin levels in this patient population

Studies with small sample sizes have demonstrated that elevated resistin is associated with 

impaired FMD in healthy subjects30 and in patients with metabolic syndrome but without 

ardiovascular disease31. To date, only one study has examined this association in patients 

with PAD. In a cohort of 60 patients with intermittent claudication, Golledge et al. reported 

that serum resistin was not correlated with FMD (r=−0.11, p=.42);32 however, this study 

may have been underpowered to detect a significant correlation.

Several mechanisms linking resistin and endothelial function have been described in the 

basic science literature. Resistin has been reported to increase cellular levels of reactive 

oxygen species that can impair endothelial dependent vasodilation by decreasing nitric oxide 

synthesis in porcine33 and human coronary artery endothelial cells34. Resistin has also been 

reported to increase vasoconstriction of endothelial cells by promoting the release of the 

local vasoconstrictor endothelin-135. Resistin could further contribute to endothelial 

dysfunction by upregulating the expression of the adhesion molecules vascular cell adhesion 

molecule-136 and intraellular adhesion molecule-136, as well as the chemokine monocyte 

chemotactic protein-135. The role of resistin in endothelial cell dysfunction has further been 

implicated with a downregulation of tumor necrosis factor-receptor-associated factor-335, 

which is a potent inhibitor of CD40 ligand-mediated endothelial cell activation. In addition 

to having several actions that directly affect endothelial cells, resistin has been associated 

with increased local37 and systemic inflammation38, which may further contribute to 

impaired endothelial function. However, previous reports suggest that inflammation only 

contributes to a portion of resistin’s effects39. This is consistent with the results of the 

multivariable model reported in the current study, which found that adjustment for hsCRP 

did not affect the results. Additionally, renal dysfunction, as measured by eGFR, was 

statistically significantly lower with increasing resistin quartiles and independently 

associated with impaired FMD. Both of these findings are consistent with previous 

reports40,41 and suggests that the findings in this study have external validity.

In the context of these proposed mechanisms, the findings of the current study suggest that 

resistin may be implicated in the pathogenesis of PAD in part by its effects on endothelial 

dysfunction. However, without a control group, further interpretation of the potential role 

that resistin may play in the pathogenesis of PAD is limited. Further research is required to 

determine whether resistin is a true causal determinant of impaired endothelial function in 

patients with PAD, which has the potential to provide an opportunity for targeted 

interventions to prevent the progression of disease. Alternatively, resistin may represent a 

novel biomarker of impaired FMD in this patient population, which would offer a net 

advantage over the more time-consuming and complex measurement of FMD.
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The relationship between serum resistin and MACE in patients with CAD is well 

supported42, and consistent with the findings in this cohort of patients with PAD. In a 

prospective nested case- control study of post-menopausal women, increased resistin was 

associated with an increased risk of incident stroke, independent of traditional stroke risk 

factors, endothelial function, and markers of inflammation12. The prospective Health, 

Aging, and Body Composition Study reported that increased resistin was independently 

associated with an increased risk of nonfatal myocardial infarction and cardiac-related 

mortality among patients ages 70–7913. Similarly, in a study of 140 patients undergoing 

percutaneous coronary intervention, elevated resistin was associated with an increased risk 

of MACE at 3-month follow-up14. The high prevalence of traditional cardiovascular risk 

factors typically present in patients with PAD makes existing risk stratification tools less 

useful in predicting cardiovascular outcomes. The results of this study suggest that resistin 

may play a role in cardiac risk stratification in this population.

Although the effect size of the reported relationship between resistin and MACE was 

modest, this association was independent of age and coronary artery disease, which are both 

strongly associated with MACE. Additionally, the high prevalence of traditional 

cardiovascular risk factors typically present in patients with PAD makes existing risk 

prediction tools less useful in predicting adverse cardiovascular events. As such, 

identification of novel predictors of cardiovascular risk in patients with PAD is important to 

be able to identify high-risk patients. Future studies should consider examining the 

incremental predictive benefit of including serum resistin in traditional models of risk 

prediction. Mechanisms have been proposed to mediate the relationship between resistin and 

rate of MACE. These hypothesized mechanisms include resistin’s ability to increase 

vascular smooth muscle cell migration43, plaque instability by the increased expression of 

CD40 ligand35,44, adhesion molecule expression36, and systemic inflammation45. However, 

several studies, including the current study, have identified a significant relationship between 

resistin and adverse cardiac events even after adjusting for hsCRP42. Menzaghi et al. 
recently reported the correlation of resistin with several cytokines that were found to be 

associated with an increased rate of MACE46. Although adjusting for hsCRP did not 

significantly alter the relationship between resistin and MACE in this cohort, it is possible 

that hsCRP alone is not representative of the full effects that resistin may have on 

inflammatory pathways and is not an adequate measurement of systemic inflammation. 

Given the previous evidence presented, it is likely that resistin affects several pathways that 

increase the risk of MACE.

Reports on the relationship between resistin and arterial stiffness are heterogeneous. Serum 

resistin has been significantly positively associated with arterial stiffness in healthy 

individuals47nd patients with CAD,48 but not in patients with resistant hypertension49 or 

patients on hemodialysis50. Similar to the association of resistin and endothelial function, 

studies that have assessed the relationship between resistin and arterial stiffness in patients 

specifically with PAD are lacking. The results of this study suggest that resistin may not be 

associated with increased arterial stiffness but is associated with impaired endothelial 

function in patients with PAD.
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As our understanding of the mechanisms underlying PAD improve, it will be important to 

consider how resistin interrelates with each of these functions. Identifying the roles that 

resistin may play, may allow for a more thorough understanding of all of the factors that 

mediate PAD.

Limitations

The small sample size and small number of MACE reduces power. Arterial stiffness was 

only measured in a subset of the cohort (n=60), which further reduced power in those 

analyses and might have limited the ability to identify a statistically significant relationship. 

Determining whether changes in FMD were influenced by alterations in smooth muscle cells 

was unable to be determined as nitric-oxide independent vasodilation was not examined in 

all subjects. The patient population is representative of the VA population (mostly male and 

Caucasian) and might not be generalizable to the rest of the United States population. 

Furthermore, since this study did not include a control group of patients without PAD, 

differences in serum resistin between patients with and without PAD were not measured.

CONCLUSION

In summary, resistin was independently associated with impaired endothelial function but 

not arterial stiffness in patients with PAD. Additionally, resistin predicted an increased rate 

of adverse cardiac events independent of inflammatory status and endothelial function. 

Results of this study support the continued exploration of resistin as a predictor of adverse 

cardiac events and poor operative outcomes in patients with PAD. Further research is needed 

to determine the potential mechanisms by which resistin may increase MACE or impair 

endothelial function, and to explore the potential role of resistin in the pathogenesis of PAD. 

Prospective studies are needed to determine whether decreasing resistin has therapeutic 

benefit in patients with PAD.
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Type of Research:

Single center analysis of prospectively collected cohort data

Key Findings:

In 106 patients with PAD, higher serum levels of the hormone resistin was associated 

with lower flow mediated-vasodilation and a higher incidence of major adverse cardiac 

events (MACE) during a mean follow up of 36 months.

Take Home Message:

This study suggests that in PAD patients with a higher serum levels of resistin major 

adverse cardiac events are more common
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Figure 1. 
Brachial artery flow-mediated vasodilation (FMD) decreases with increasing resistin quartile 

(the asterisks represent a p-value <.01).
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Figure 2. 
Kaplan-Meier analysis showing that increased serum resistin is associated with an increased 

rate of major adverse cardiac events (MACE) in patients with peripheral artery disease (Log-

rank: p=.02).
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Table I.

Baseline Characteristics of Participants by Resistin Quartile (n=106)

Quartiles of Resistin
a

P

I (n=27) II (n=26) III (n=27) IV (n=26) Value
b

Characteristics

 Age (years) 65 ± 7.3 67 ± 8.3 69 ± 7.6 71 ± 6.4 .02

 Male sex 26 (96%) 26 (100%) 26 (96%) 25 (96%) .80

 Caucasian 19 (70%) 20 (77%) 18 (67%) 22 (85%) .46

 BMI (kg/m2) 28 ± 4.2 28 ± 4.8 29 ± 5.8 28 ± 5.8 .95

 Tobacco Use .41

  Never Smoker 2 (7%) 1 (4%) 1 (4%) 4 (15%)

  Former Smoker 13 (48%) 18 (69%) 14 (52%) 12 (46%)

  Current Smoker 12 (45%) 7 (27%) 12 (44%) 10 (39%)

 Pack Years 42 ± 25 41 ± 29 38 ± 19 64 ± 47 .11

 Omega-3 index (%) 5.1 ± 1.9 4.5 ± 1.6 5.3 ± 1.7 5.0 ± 1.6 .38

 Index ABI 0.73 ± 0.17 0.75 ± 0.13 0.70 ± 0.12 0.74 ± 0.14 .59

Rutherford Category .38

 No Claudication 0 (0%) 1 (4%) 0 (0%) 1 (4%)

 Mild Claudication 6 (22%) 10 (38%) 7 (26%) 7 (27%)

 Moderate Claudication 12 (44%) 6 (23%) 9 (33%) 4 (15%)

 Severe Claudication 9 (33%) 9 (35%) 11 (41%) 14 (54%)

Comorbidities

 Hypertension 24 (89%) 24 (92%) 26 (96%) 24 (92%) .79

 Hyperlipidemia 25 (93%) 22 (85%) 23 (85%) 22 (85%) .79

 Type 2 diabetes mellitus 9 (33%) 8 (31%) 8 (30%) 15 (58%) .12

 Coronary artery disease 11 (41%) 10 (38%) 7 (26%) 11 (42%) .59

 Systolic blood pressure
 (mmHg) 140 ± 19 135 ± 17 136 ± 20 138 ± 18 .78

 Diastolic blood pressure
 (mmHg) 77 ± 9 79 ± 10 75 ± 10 74 ± 10 .30

Medications

 Aspirin 19 (70%) 19 (73%) 19 (70%) 17 (65%) .94

 ACE-inhibitor 11 (41%) 11 (42%) 14 (52%) 14 (54%) .71

 Beta-blocker 16 (59%) 16 (62%) 15 (56%) 14 (54%) .94

 Statin 21 (78%) 20 (77%) 22 (81%) 22 (85%) .89

 Insulin 2 (7%) 2 (8%) 5 (19%) 6 (23%) .26

 Oral Diabetes
 Medications 7 (26%) 6 (23%) 6 (22%) 11 (42%) .33

Laboratory Studies

 Total Cholesterol
 (mg/dL) 173 ± 47 157 ± 43 164 ± 34 150 ± 34 .18

 LDL (mg/dL) 99 ± 42 84 ± 41 88 ± 31 79 ± 29 .25
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Quartiles of Resistin
a

P

I (n=27) II (n=26) III (n=27) IV (n=26) Value
b

 HDL (mg/dL) 47 ± 13 44 ± 13 45 ± 14 43 ± 12 .71

 Triglycerides (mg/dL) 141 ± 89 157 ± 98 164 ± 124 139 ± 69 .81

 HbA1c (%) 6.0 ± 0.9 6.1 ± 1.2 6.4 ± 1.4 6.6 ± 1.7 .35

 eGFR (mL/min) 88 ± 19 75 ± 20 70 ± 23 63 ± 14 <.001

 hsCRP (mg/L) 4.0 ± 3.6 2.4 ± 2.2 4.5 ± 4.5 5.4 ± 5.3 .10

Values as “means ± SD” or “n (%)”. Boldface p values were below the .05 level required for statistical significance. ABI = ankle-brachial index; 
ACE = angiotensin-converting enzyme; BMI = body mass index; Cr = creatinine; eGFR = estimated glomerular filtrate rate; HDL = high-density 
lipoprotein; HbA1c = hemoglobin A1c; hsCRP = high-sensitivity C-reactive protein; LDL = low density lipoprotein.

a
Quartile I: 2.6–5.9 ng/mL, Quartile II: 6.0–7.8 ng/mL, Quartile III: 7.9–10.5 ng/mL, Quartile IV: 10.6–24.3 ng/mL.

b
Calculated using a chi-squared test for categorical variables, analysis of variance (ANOVA) for normally distributed continuous variables, and a 

Kruskal-Wallis test for continuous variables without a normal distribution (pack years, hsCRP, and triglycerides).
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Table II.

Baseline Vascular Function of Participants by Resistin Quartile (n=106)

Quartiles of Resistin
a

P

I (n=27) II (n=26) III (n=27) IV (n=26) Value
b

Vascular Function Tests

Flow-mediated vasodilation

 Brachial Artery FMD (%) 9.1 ± 3.3 7.1 ± 3.5 5.8 ± 4.0 5.6 ± 3.5 .002

Central Artery Stiffness

 Central Systolic Pressure (mmHg) 142 ± 23 132 ± 17 127 ± 14 133 ± 21 .31

 Central Diastolic Pressure (mmHg) 81 ± 13 79 ± 12 80 ± 10 72 ± 20 .26

 Central Augmentation Index 34 ± 10 34 ± 9 31 ± 9 29 ± 10 .35

 Central Augmentation Index at 75bpm 28 ± 10 26 ± 9 26 ± 10 23 ± 7 .43

Peripheral Artery Stiffness

 Peripheral Systolic Pressure (mmHg) 150 ± 23 140 ± 18 137 ± 15 145 ± 20 .32

 Peripheral Diastolic Pressure (mmHg) 150 ± 23 79 ±11 79 ± 10 75 ± 13 .64

 Peripheral Mean Pressure (mmHg) 105 ± 14 100 ± 12 99 ± 10 97 ± 13 .40

 Peripheral Augmentation Index 105 ± 35 94 ± 10 102 ± 47 85 ± 14 .24

Values as “means ± SD”. Boldface p values were below the .05 level required for statistical significance. Bpm = beats per minute; FMD = flow-
mediated vasodilation.

a
Quartile I: 2.6–5.9 ng/mL, Quartile II: 6.0–7.8 ng/mL, Quartile III: 7.9–10.5 ng/mL, Quartile IV: 10.6–24.3 ng/mL.

b
Calculated using an analysis of variance (ANOVA).
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Table III.

Multivariable Model for Resistin Predicting FMD (n=106)

Bivariate Analysis Multivariable Analysis
a

Predictor Coefficient 95% CI P value Coefficient 95% CI P value

Resistin Quartile
b
: ref I

- - - - - -

 II - - - −1.09 −3.29 to 1.10 .33

 III - - - −2.26 −4.51 to −0.01 .05

 IV - - - −2.53 −4.87 to −0.20 .03

Age (years) −0.03 −0.13 to 0.06 .50

Caucasian 1.24 −0.37 to 2.84 .13 1.05 −0.78 to 2.89 .26

Sex 2.27 −1.95 to 6.48 .29

Body mass index (kg/m2) −0.004 −0.14 to 0.13 .96 −0.03 −0.18 to 0.13 .72

Tobacco Use: ref Never
Smoker

- - - - - -

 Former Smoker 0.71 −2.10 to 3.52 .62 - - -

 Current Smoker 1.34 −1.42 to 4.10 .34 - - -

Pack years 0.005 −0.02 to 0.03 .69 - - -

Rutherford: ref No
Claudication

- - - - - -

 Mild Claudication −0.96 −6.25 to 4.33 .72 - - -

 Moderate Claudication −2.07 −7.41 to 3.26 .44 - - -

 Severe Claudication −0.88 −6.13 to 4.36 .74 - - -

Diabetes Mellitus −0.45 −1.93 to 1.03 .55 −0.39 −2.09 to 1.31 .65

HbA1c (%) −0.16 −0.70 to 0.38 .57 - - -

Hyperlipidemia −0.01 −2.09 to 2.06 .99 - - -

Coronary artery disease −0.25 −1.72 to 1.21 .73 - - -

Hypertension −2.77 −5.37 to −0.17 .04 −1.71 −4.65 to 1.23 .25

Aspirin −0.22 −1.75 to 1.30 .77 - - -

Statin 0.85 −0.90 to 2.60 .34 - - -

Beta-blocker −1.06 −2.46 to 0.35 .14 −0.30 −1.89 to 1.29 .71

ACE-inhibitor −1.21 −2.60 to 0.18 .09 −0.36 −1.99 to 1.27 .66

Insulin −0.12 −2.16 to 1.93 .91 - - -

Oral Diabetes Medications −0.71 −2.28 to 0.86 .37 - - -

eGFR (mL/min) 0.05 0.01 to 0.09 .02 0.05 0.01 to 0.09 .02

hsCRP (mg/L) 0.14 −0.03 to 0.32 .11 0.15 −0.08 to 0.38 .19

Boldface p values were below the .05 level required for statistical significance. ACE = angiotensin- converting enzyme; eGFR = estimated 
glomerular filtrate rate; FMD = flow-mediated vasodilation; HbA1c = hemoglobin A1c; hsCRP = high-sensitivity C-reactive protein.

a
Diabetes mellitus and body mass index were included a priori and all variables with a p value <.20 in the bivariate analysis were included in the 

multivariable model.

b
Quartile I: 2.6–5.9 ng/mL, Quartile II: 6.0–7.8 ng/mL, Quartile III: 7.9–10.5 ng/mL, Quartile IV: 10.6–24.3 ng/mL.
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Table IV.

Cox Proportional Hazards for Resistin and Major Adverse Cardiac Events (n=106)

Multivariable Analysis

Predictor HR 95% CI P value

Resistin (ng/mL) 1.10 1.003 to 1.200 .04

Coronary artery disease 3.30 1.27 to 8.56 .01

Tobacco Use: ref Never
Smoker - - -

 Former Smoker 0.69 0.18 to 2.67 .59

 Current Smoker 0.29 0.07 to 1.22 .07

Age (years) 1.02 0.96 to 1.09 .50

Boldface p values were below the .05 level required for statistical significance. HR = Hazard ratio
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