
Abdominal Obesity Is Associated with Peripheral Artery
Disease in Hemodialysis Patients
Peir-Haur Hung1,2, Hung-Bin Tsai3, Chien-Hung Lin4,5, Kuan-Yu Hung6*

1 Department of Internal Medicine, Ditmanson Medical Foundation Chia-yi Christian Hospital, Chia-yi, Taiwan, 2 Department of Applied Life Science and Health, Chia-Nan

University of Pharmacy and Science, Tainan, Taiwan, 3 Department of Tramatology, National Taiwan University Hospital, Taipei, Taiwan, 4 Institute of Clinical Medicine,

National Yang-Ming University, Taipei, Taiwan, 5 Department of Pediatrics, Zhongxing Branch, Taipei City Hospital, Taipei, Taiwan, 6 Department of Internal Medicine,

National Taiwan University Hospital, Taipei, Taiwan

Abstract

Background: Peripheral arterial disease (PAD) is a leading cause of morbidity in hemodialysis (HD) patients. Recent evidence
suggests that abdominal obesity (AO) may play a role in PAD. However, the association between AO and PAD has not been
thoroughly studied in HD patients.

Methods: The present cross-sectional study aimed to examine the relationship between AO and PAD in a cohort of 204
chronic HD patients. The ankle brachial index (ABI) was used as an estimate of the presence of PAD. Plasma adiponectin
levels, interleukin-6 (IL-6) levels, high sensitivity C-reactive protein (hs-CRP) levels, asymmetric dimethylarginine (ADMA)
levels, and lipid profiles were measured. Logistic regression was used to estimate the association between the presence of
PAD and AO as well as other potential risk factors.

Results: The metabolic risk factors and all individual traits, including elevated ln-transformed hs-CRP, were found to be
significant (P,0.05) more frequently in HD patients with AO than that in control subjects. Patients with AO had a higher
prevalence of PAD than the control individuals, with a mean ABI of 0.9660.23 and 1.0860.16 (P,0.0001) and PAD
prevalence of 26.9% and 10.8% (P = 0.003), respectively. By multivariate analysis, AO (odds ratio [OR], 4.532; 95% CI, 1.765–
11.639; P = 0.002), elevated serum ln-transformed ADMA (OR, 5.535; 95% CI, 1.323–23.155; P = 0.019), and ln-transformed IL-6
(OR, 1.567; 95% CI, 1.033–2.378; P = 0.035) were independent predictors of the presence of PAD.

Conclusions: HD patients with AO exhibited a cluster of metabolic risk factors and lower ABI. AO, elevated serum ln-
transformed ADMA, and ln-transformed IL-6 were independent predictors of the presence of PAD.
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Introduction

Abdominal obesity (AO), known as an over-accumulation of

visceral adiposity that can be estimated by waist circumference

(WC), is prevalent in hemodialysis (HD) patients [1]. In the general

population, AO is characterized by chronic low grade inflamma-

tion with increased serum inflammatory cytokine levels; it is

considered to be a risk factor for atherosclerosis, cardiovascular

disease, and increased mortality [2]. Postorino et al. have shown

that high WC is associated with a high risk of cardiovascular

mortality in patients with chronic kidney disease (CKD) as well as

dialysis patients [3]. In addition, Witasp et al. [4] recently revealed

increased proinflammatory gene expression in subcutaneous

abdominal fat in patients with advanced CKD, providing a

biological insight at the cellular level and linking obesity with

inflammation in CKD patients.

Recent available data suggest that peripheral artery disease

(PAD) is prevalent in HD patients and is a strong predictor for

subsequent cardiovascular and overall mortality [5–6]. Although

traditional cardiovascular disease risk factors such as smoking and

diabetes are strong risk factors for PAD [7], only AO, but not

generalized obesity, has been shown to be associated with PAD in

the general population [8–9]. The association of AO and PAD in

HD patients has not been elucidated thus far. The ankle brachial

index (ABI) was reported to be a good marker for atherosclerosis

and to be useful in the diagnosis of PAD [10]. Because prior

findings demonstrated an association of AO with PAD in the

general population, we hypothesized that HD patients with AO

will have a higher prevalence of low ABI values and clinical PAD.

In addition, we investigated the relationship between AO and

various biochemical markers, which reflected the status of systemic

inflammation and insulin resistance.

Methods

Study Population
This was a cross-sectional study conducted in the HD unit of a

regional hospital in Taiwan. We recruited 204 patients who had
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received chronic HD treatment, 3 times a week for more than 3

months, with each session lasting for 4 h. Exclusion criteria

included irregular or inadequate HD therapy with a mean Kt/V

,1.2 within 3 months before entry, inability to measure WC and

ABI, and evidence of hypercatabolic disease. The WC cutoff

points were based on those for the Chinese population [11]. This

clinical study followed the Declaration of Helsinki and was

approved by the Ethics Committee.

Laboratory Measurement
Biochemical and hematological parameters were obtained from

midweek pre-dialysis blood samples. Venous blood samples were

collected in the morning after an overnight fast. Plasma samples

were separated from blood cells and stored at 270uC. For analysis,

samples were centrifuged at 15006g at 4uC for 10 min. Kt/V was

calculated using Daugirdas’ second formula [12].

Levels of serum high-sensitivity C-reactive protein (hs-CRP) and

insulin were measured by chemiluminescent immunoassays

(Immulite 2000; DPC, Los Angeles, CA). Hemoglobin levels were

measured by Sysmex XT-1800i (Sysmex America Inc., Munde-

lein, IL). Insulin sensitivity was quantified using the Homeostasis

Model Assessment of Insulin Resistance (HOMA-IR) equation to

measure fasting insulin and glucose levels (HOMA-IR = I63 G/

22.5), where I is insulin (lU/mL) and G is glucose (mmol/L) (IR:

HOMA-index$2.5 mU/mL6mmol/L) [13]. Fasting blood sugar,

albumin, glutamic pyruvic transaminase (GPT), cholesterol, and

triglyceride levels were measured with an automated analyzer

(Hitachi 7170, Tokyo, Japan). For hs-CRP, the intra-assay

coefficient of variance was 8.7%, sensitivity was 0.1 mg/L, and

upper limit of detection was 150 mg/L [14]. Expected values for

healthy individuals were hs-CRP#3 mg/L [15]. Anti-HCV

antibodies were measured using a third-generation enzyme

immunoassay (Abbott Laboratories, North Chicago, IL). Serum

pro-inflammatory cytokine levels were measured with high-

sensitivity interleukin (IL)-6, tumor necrosis factor (TNF)-a, and

adiponectin immunoassay kits. These measurements were based

on a solid-phase sandwich enzyme-linked immunoassay with

recombinant human IL-6 (normal range: 0.03–200 pg/mL;

RayBiotech, Atlanta, GA), TNF-a (normal range: 0.48–100 pg/

mL; RayBiotech), and adiponectin (normal range: 0.48–100 pg/

mL; RayBiotech).

ABI Measurement
The ABI index was measured in all participants and control

individuals using a vascular screening device (VP 1000; Colin

Corp. Co., Ltd, Komaki, Japan) that simultaneously measures the

bilateral arm and ankle (brachial and posterior tibial arteries,

respectively) blood pressure by an oscillometric method. The

measurement was obtained after completion of the dialysis

treatment and after allowing patients to rest in a supine position

for at least 5 min. Some patients required more than 10 min for

their blood pressure to stabilize. ABI was calculated by the ratio of

the ankle systolic pressure and arm systolic pressure. The systolic

pressure of the arm without dialysis access and the lower value of

the ankle pressure were used for the calculation. Each patient’s

ABI index was determined at least twice during different dialysis

sessions, and the mean of the measurements was used for analysis.

A criterion for the diagnosis of PAD was an ABI of ,0.9 that may

indicate varying degrees of atherosclerosis in the lower extremity

arteries. Patients with an ABI of $1.3 were excluded, because this

indicates poorly compressible leg arteries and inability to gauge

arterial obstruction accurately [6].

Statistical Analysis
Statistical analyses were performed with SPSS/Windows

software (SPSS Science, v. 15.0, Chicago, IL). Each concentration

of pro-inflammatory cytokines was ln-transformed to improve its

level of normality. Data were analyzed by the t-test or x2 test,

depending on the nature of the variables. A Pearson’s correlation

analysis was also performed to evaluate the relationship between

the WC and various clinical factors. Consecutive logistic regression

models (multivariate-adjusted) were constructed to confirm the

independent association of AO and PAD.

Results

The mean age of the 204 participants was 63.4613.0 years, and

52.0% were women. All the patients had been on maintenance

HD for a duration of 4.563.9 years. The mean WC was

90.667.3 cm in the group with AO (n = 93, 45.6%) and

77.667.4 cm in the group without AO (n = 111, 54.4%).

Comparisons of the demographic and laboratory data for the

patients with and without symptoms of AO are shown in Table 1.

There were no statistically significant differences in age, smoking

habits, blood pressure, and diabetes. However, patients with AO

were more likely to be female (58/93 vs 48/111, P = 0.006);

further, they had a higher body mass index (BMI) (25.063.0 vs

20.663.1 kg/m2, P,0.001).

There were no significant differences in the levels of serum

albumin, hemoglobin, alanine aminotransferase, fasting blood

glucose, uric acid, total cholesterol, and ln-transformed IL-6 and

TNF-a. However, patients with AO had higher levels of serum

insulin, C-peptide, HOMA-IR, low-density lipoprotein cholester-

ol, triglyceride, and ln-transformed hs-CRP, and lower levels of

high-density lipoprotein (HDL) cholesterol and ln-transformed

adiponectin (Table 1). Further, those patients with AO had lower

levels of ABI (0.9660.23 vs 1.0860.16, P,0.001). With regard to

the role of adequate dialysis, we found no significant difference in

the Kt/V values between the 2 patient groups.

Upon analysis of correlations between WC and other variables,

WC was found to be significantly positively correlated with the

levels of uric acid (P = 0.002), triglycerides (P = 0.016), insulin

(P = 0.001), C-peptide (P = 0.001), HOMA-IR (P = 0.001), ln-

transformed hs-CRP (P = 0.001), and BMI (P,0.001) (Table 2).

In addition, WC was significantly negatively correlated with the

levels of HDL (P,0.001) and ABI (P = 0.005).

Multiple logistic regression analysis was performed to evaluate

the association of each parameter with AO. After adjusting for

age, sex, BMI, and other confounders in model 1, male gender,

BMI, and ABI exhibited an independent relationship with AO

(P,0.05, respectively). Furthermore, male gender, uric acid,

HOMA-IR, ln-transformed adiponectin, and ABI were indepen-

dent factors for AO after excluding the confounder of BMI in

model 2 (P,0.05, respectively) (Table 3).

Subsequently, we performed additional logistic regression tests

to evaluate the association of each parameter with PAD.

Multivariate analysis showed that age, duration of HD, HDL-

cholesterol, ln-transformed IL-6, ln-transformed ADMA, and AO

were significantly associated with PAD (P,0.05, respectively)

(Table 4).

Discussion

There are 2 new major findings of this study. First, AO was

found to be correlated with the female gender, higher BMI, and

lower ABI levels in our study group. After adjusting the

confounding factor of BMI, female gender, lower ABI, higher

Obesity and PAD in HD Patients
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plasma uric acid, lower ln-transformed adiponectin, and higher

HOMA-IR levels independently predicted the presence of AO.

This reflects that the nature of AO is insulin resistance. Second,

our results show that higher plasma levels of ln-transformed

ADMA and ln-transformed IL-6 and lower plasma levels of HDL

are associated with PAD, as well as with AO, older age, and longer

HD duration. Our findings suggest that increased insulin

resistance (HOMA-IR), oxidative stress (ADMA, HDL), and

inflammation (IL-6) due to AO are independently associated with

PAD in HD patients, which are not analyzed in previous studies

[8–9].

Intra-abdominal fat and insulin resistance are important

causative factors of metabolic syndrome [16], and WC is

considered as a simple anthropometric index of intra-abdominal

fat accumulation [17]. Although the waist-to-hip ratio is precise for

measuring fat distribution [18], WC is a more readily available

clinical measure for the estimation of visceral adiposity. Moreover,

Burton et al suggested that WC may be a simple and reliable

clinical tool for the detection of underlying CKD within primary

care [19]. In addition, given the complex interaction between

adiposity and uremia, a combined screening tool using BMI and

WC or WHR is unlikely to provide any additional benefit to risk

analysis [20]. In the Second Manifestation of Arterial Disease

(SMART) study, Gorter et al [21] found that metabolic syndrome

was present in 58% of PAD patients, with women showing a

higher prevalence than men (65% vs 55%). Metabolic syndrome

increases the risk of cardiovascular mortality [22] and worsening

PAD [23]. Our data are in agreement with those of previous

studies that have defined AO as having a WC of 80 cm or more in

women and a WC of 90 cm or more in men according to the Asia

Pacific World Health Organization guidelines. It was observed

that women with AO were more insulin resistant and dyslipidemic.

Moreover, women had lower plasma ln-transformed adiponectin

levels and lower ABI values than men. To the best of our

knowledge, this is the first study demonstrating a correlation

between AO and decreased ABI in HD patients.

By multivariate age-adjusted logistic regression, our data

showed that AO, and not BMI, is associated with a 4-fold risk

Table 1. Differences of clinical and biochemical parameters in hemodialysis patients between abdominal obesity and non-
abdominal obesity.

Patients with abdominal obesity
(n = 93)

Patients not with abdominal obesity
(n = 111) P value

Age (years) 64.8611.7 62.3614.0 0.164

Male (%) 35 (37.6%) 63 (56.8%) 0.006

HD years 4.363.8 4.664.0 0.607

Body mass index (kg/m2) 25.163.0 20.663.1 ,0.001

SBP (mmHg) 137.8619.0 141.3616.1 0.158

DBP (mmHg) 74.668.0 76.867.4 0.037

Smoking 13 (14.0%) 11 (9.9%) 0.369

HCV infection (%) 48 (51.6%) 49 (44.1%) 0.287

Diabetes 50 (53.8%) 55(49.5%) 0.549

PAD 25 (26.9%) 12 (10.8%) 0.003

Albumin (g/dl) 3.860.4 3.960.4 0.526

Hemoglobulin (mg/dl) 10.361.6 10.261.6 0.873

GPT (U/L) 18.669.4 25.4641.3 0.093

Fasting blood glucose (mg/dl) 120.8668.7 119.2659.9 0.865

Uric acid (mg/dl) 7.561.5 7.261.3 0.057

Insulin (mIU/ml) 28.1633.1 18.8625.3 0.029

C-Peptide 14.068.4 10.768.5 0.007

HOMA-IR 9.2612.0 5.265.2 0.004

Total Cholesterol (mg/dl) 170.2641.7 162.8632.7 0.166

Triglyceride (mg/dl) 179.46134.3 141.2683.2 0.018

HDL-cholesterol (mg/dl) 41.9612.4 47.6617.3 0.008

LDL-cholesterol (mg/dl) 99.7628.8 92.4622.4 0.045

Ln-hsCRP (mg/dL) 1.561.3 1.161.2 0.021

Ln-Adiponectin (pg/mL) 5.660.3 5.760.3 0.008

Ln-IL-6 2.960.9 2.961.1 0.958

Ln-TNF-a(pg/mL) 0.961.0 1.060.9 0.415

Ln-ADMA (pg/mL) 3.260.4 3.364.2 0.103

Kt/V 1.8160.29 1.8160.34 0.939

ABI 0.9660.23 1.0860.16 ,0.001

PWV (m/s) 17.965.5 18.464.4 0.476

doi:10.1371/journal.pone.0067555.t001
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of developing PAD (OR 4.532, 95% CI, 1.765–11.639, P = 0.002).

Visceral fat is the most metabolically active fat store and a key

factor in the development of insulin resistance, type-2 diabetes,

and atherosclerosis [24]. It is also associated with inflammation

and oxidative stress [25]. Central obesity, but not BMI, has

previously been associated with PAD in a cohort of elderly men

[8]. Similarly, in a study of elderly participants from the

Osteoporotic Fractures in Men study, waist-to-hip ratio, but not

BMI, was associated with low ABI. In the German cohort of the

Reduction of Atherothrombosis for Continued Health registry,

50% of patients with PAD had AO [9]. Obesity has previously

been associated with the severity of PAD [26]. Obese patients

report more calf pain than the general population, and obese

patients who undergo surgical treatment for obesity have a lower

risk of developing calf pain [27]. Taken together, the literature

suggests that body composition, particularly for persons with

increased central fat, may indicate increased risk for PAD.

Therefore, obese patients or those whose clearance of cytokines

is impaired, as in advanced CKD or HD patients, may be prone to

insulin resistance and accelerated atherosclerosis. In addition to

general poputation, the present study extends these findings by

identifying an association between AO and PAD in HD patients.

This study provides some evidence for the possible pathophys-

iological mechanisms underlying the relationship between AO

(high WC), insulin resistance, and PAD. IL-6 is one of the most

studied cytokines associated with PAD and is shown to contribute

to a wide-spectrum of physiological and pathophysiological

processes [28]. IL-6 enhances the production of CRP and TNF-

a in the liver, in addition to up-regulating cellular adhesion

molecule expression by the endothelial and smooth muscle cells,

which are considered relevant to atherosclerotic progression [29].

IL-6 also has been shown to increase leukocyte recruitment into

atherosclerotic arterial cell walls by stimulating endothelial cell

chemokine release and up-regulating intercellular adhesion

molecule-1 on smooth muscle cells. In addition, IL-6 stimulates

smooth muscle cells to develop into foam cells [30]. Clinically,

high levels of IL-6 (and its hepatic bio-product, CRP) are

associated with increased risks of coronary and peripheral

atherosclerosis [31]. The Edinburgh artery [32] and InCHIANTI

[33] studies have completely assessed the role of IL-6 as a

predictor of PAD. Furthermore, IL-6 has been found to be

associated with PAD severity [34], and a previous study

demonstrated that polymorphisms in the IL-6 gene were

associated with increased PAD susceptibility in type 2 diabetics

[35].

Interestingly, we identified for the first time to found statistically

elevated levels of the proinflammatory cytokine, IL-6, and

oxidative stress markers, ADMA, in patients with PAD compared

to that in non-PAD controls, demonstrating that there is a

characteristic pattern of phlogistic biomarkers in subjects with

PAD. We hypothesize that these analytic measures could be useful

to predict the morbidity for PAD. We postulate that some of these

analytes could be considered as indicators and/or predictors of

Table 2. Pearson correlation coefficients between waist
circumference and the other variables in hemodialysis
patients (n = 204).

r P Value

Age 0.073 0.296

Body mass index (kg/m2) 0.725 ,0.001

Blood pressure

Systolic 20.019 0.787

Diastolic 20.055 0.435

Albumin 20.083 0.236

Glucose 0.016 0.824

Uric acid 0.211 0.002

Plasma lipids

LDL 0.118 0.092

HDL 20.298 ,0.001

Triglycerides 0.168 0.016

Insulin 0.233 0.001

C-peptide 0.259 0.001

HOMA-IR 0.237 0.001

ABI 20.198 0.005

PWV (m/s) 20.005 0.942

Ln-hsCRP (mg/dL) 0.254 ,0.001

Ln-TNF-a(pg/mL) 0.010 0.886

Ln-IL-6(pg/mL) 20.006 0.938

Ln-ADMA (pg/mL) 20.103 0.179

Ln-Adiponectin (pg/mL) 20.097 0.166

doi:10.1371/journal.pone.0067555.t002

Table 3. Logistic regression of multiple factors associated
with abdominal obesity in hemodialysis patients (n = 204).

Variables Odds ratio 95% CI P Value

Model 1

Male (vs Female) 0.273 0.122–0.609 0.002

Body mass index (kg/m2) 1.837 1.537–2.195 ,0.001

ABI 0.028 0.003–0.263 0.002

Model 2

Male (vs Female) 0.372 0.195–0.710 0.003

Uric acid 1.401 1.111–1.766 0.004

HOMA-IR 1.056 1.012–1.102 0.012

Ln-Adiponectin (pg/mL) 0.246 0.092–0.657 0.005

ABI 0.028 0.005–0.165 ,0.001

Model 1: By using multiple logistic foreward regression analysis, all covariates
were used for analysis. Model 2: By using multiple logistic foreward regression
analysis, all covariates were used for analysis, except body mass index. CI,
confidence interval.
doi:10.1371/journal.pone.0067555.t003

Table 4. Logistic regression of multiple factors associated
with PAD in hemodialysis patients (n = 204).

Variables Odds ratio 95% CI P Value

Age (yrs) 1.075 1.031–1.120 0.001

HD years 1.212 1.081–1.359 0.001

HDL-cholesterol (mg/dl) 0.938 0.901–0.977 0.002

Ln-IL-6(pg/mL) 1.567 1.033–2.378 0.035

Ln-ADMA (pg/mL) 5.535 1.323–23.155 0.019

AO (vs non-AO) 4.532 1.765–11.639 0.002

AO, abdominal obesity; CI, confidence interval.
doi:10.1371/journal.pone.0067555.t004
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morbidity for PAD considering that inflammatory cytokines are

surely involved both in the mediation and progression of

endothelial dysfunction on the arterial wall of the peripheral

arteries. Finally, we believe that inflammatory biomarker levels

should be considered as a target of different medical or

interventional approaches used to treat patients with PAD. It is

known that physical training was effective in lowering high plasma

levels of such inflammatory bio-markers [36]. Moreover, it was

effective against inflammation; this represents a crucial goal for

medicated stents that are still routinely applied for coronary

arteries and that have been recently postulated as useful

interventional method for the PAD [37]. Therefore, demonstrat-

ing the key role of these cytokines could aid in the diagnosis of

PAD, and they can be used as a means of developing novel

treatment modalities for the prevention and management of PAD

by antagonizing the effects of these inflammatory mediators and/

or oxidative stress markers.

Increased ADMA may affect vascular function and structure

through various mechanisms. A previous study has shown that

elevation in ADMA may at least in part cause endothelial nitric

oxide synthase (eNOS) uncoupling, increase vascular superoxide

levels, and contribute to oxidative stress [38], which per se may be

a major mechanism of vascular impairment [39–40]. Increased

levels of ADMA also reduce bioavailability of nitric oxide (NO)

and cause endothelial cell dysfunction [38] by blocking all 3

isoforms of NOS and enhancing NO degradation due to eNOS-

mediated superoxide production. It has been demonstrated that

ADMA causes vascular arteriosclerotic lesions in an eNOS-

independent manner. Direct upregulation of the angiotensin-

converting enzyme and increased oxidative stress via the

angiotensin II type 1 receptor might also be involved in the

long-term vascular effects of ADMA [41]. However, elevated

ADMA levels promote endothelial-monocyte interaction [42],

related to carotid intima-media thickness [43], and correlate with

severity of PAD [44], suggesting that an increase in ADMA levels

is associated with critical processes in atherogenesis.

We found a statistically significant correlation between age and

PAD. This may be caused by the fact that the oldest subjects were

aged 70 years and the prevalence of PAD almost doubles after the

age of 70 [45]. An association between PAD and duration of

dialysis was found in a previous study dealing with PAD risk

factors in HD patients [5]. Our study also showed the association

of HDL with PAD in multivariate analysis, and this was different

from the general population in previous studies [8]. High hs-CRP

as well as low HDL cholesterol was associated with low ABI in 2

cross-sectional studies [46–47]. Recent studies focused on the loss

of antioxidant and anti-inflammatory effects of HDL in dialysis

patients [48–49]. In accordance with our report, a relationship

that might associate either the HD process or the uremic milieu

with increased atherosclerotic disease burden has been suggested.

There are limitations that need to be acknowledged. First, the

cross-sectional nature of our study does not allow inferences on

causality; therefore, implications on possible mechanisms should

be regarded as hypotheses. Second, this study was monocentric,

and it demonstrates limitations such as the small number of the

enrolled subjects. However, we would like to emphasize that these

subjects were diagnosed from a large HD population screened for

detecting PAD; further, they were asymptomatic and the presence

of an initial disorder of the arteries in the lower limbs was

unknown.

To our knowledge, this is the first study providing evidence that

AO is positively associated with PAD in the Taiwanese HD

population. Serum adiponectin levels and ABI are significantly

associated with AO, especially in women. AO, elevated serum ln-

transformed ADMA levels, and ln-transformed IL-6 levels were

independent predictors of the presence of PAD in HD patients.
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14. Tarkun I, Cetinarslan B, Türemen E, Sahin T, Cantürk Z, et al. (2005) Effect of

rosiglitazone on insulin resistance, C-reactive protein and endothelial function in

nonobese young women with polycystic ovary syndrome. Eur J Endocrinol 153:

115–121.

15. Komulainen P, Lakka TA, Kivipelto M, Hassinen M, Penttilä IM, et al. (2007)

Serum high sensitivity C-reactive protein and cognitive function in elderly

women. Age Ageing 36: 443–448.

16. Carr DB, Utzschneider KM, Hull RL, Kodama K, Retzlaff BM, et al. (2004)

Intra-abdominal fat is a major determinant of the National Cholesterol

Education Program Adult Treatment Panel III criteria for the metabolic

syndrome. Diabetes 53: 2087–2094.

17. Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, et al. (1994)

Waist circumference and abdominal sagittal diameter: best simple anthropo-

metric indexes of abdominal visceral adipose tissue accumulation and related

cardiovascular risk in men and women. Am J Cardiol 73: 460–468.

18. Elsayed EF, Sarnak MJ, Tighiouart H, Griffith JL, Kurth T, et al. (2008) Waist-

to-hip ratio, body mass index and subsequent kidney disease and death.

Am J Kidney Dis 52: 29–38.

19. Sjostrom L, Kvist H. (1998) Regional body fat measurements with CT-scan and

evaluation of anthropometric predictions. Acta Med Scand 723(Suppl): 169–77.

20. Burton JO, Gray LJ, Webb DR, Davies MJ, Khunti K, Crasto W, et al. (2012)

Association of anthropometric obesity measures with chronic kidney disease risk

in a non-diabetic patient population. Nephrol Dial Transplant 27: 1860–6.

21. Gorter PM, Olijhoek JK, van der Graaf Y, Algra A, Rabelink TJ, et al. (2004)

Prevalence of the metabolic syndrome in patients with coronary heart disease,

Obesity and PAD in HD Patients

PLOS ONE | www.plosone.org 5 June 2013 | Volume 8 | Issue 6 | e67555



cerebrovascular disease, peripheral arterial disease or abdominal aortic

aneurysm. Atherosclerosis 173: 363–9.
22. Sundstrom J, Riserus U, Byberg L, Zethelius B, Lithell H, et al. (2006) Clinical

value of the metabolic syndrome for long term prediction of total and

cardiovascular mortality: prospective, population based cohort study. BMJ 332:
878–882.

23. Olijhoek JK, van der Graaf Y, Banga JD, Algra A, Rabelink TJ, et al. (2004) The
metabolic syndrome is associated with advanced vascular damage in patients

with coronary heart disease, stroke, peripheral arterial disease or abdominal

aortic aneurysm. Eur Heart J 25: 342–48.
24. Wisse BE. (2004) The inflammatory syndrome: the role of adipose tissue

cytokines in metabolic disorders linked to obesity. J Am Soc Nephrol 15: 2792–
2800.

25. Zoccali C, Mallamaci F, Tripepi G. (2004) Inflammatory proteins as predictors
of cardiovascular disease in patients with end-stage renal disease. Nephrol Dial

Transplant 19: V67–V72.

26. Zeymer U, Parhofer KG, Pittrow D, Binz C, Schwertfeger M, et al. (2009) Risk
factor profile, management and prognosis of patients with peripheral arterial

disease with or without coronary artery disease: results of the prospective
German REACH registry cohort. Clin Res Cardiol 98: 249–256.

27. Golledge J, Leicht A, Crowther RG, Clancy P, Spinks WL, et al. (2007)

Association of obesity and metabolic syndrome with the severity and outcome of
intermittent claudication. J Vasc Surg 45: 40–46.

28. Abeywardena MY, Leifert WR, Warnes KE, Varghese JN, Head RJ. (2009)
Cardiovascular biology of interleukin-6. Curr Pharm Des 15: 1809–1821.

29. Haddy N, Sass C, Droesch S, Zaiou M, Siest G, et al. (2003) IL-6, TNF-alpha
and atherosclerosis risk indicators in a healthy family population: the

STANISLAS cohort. Atherosclerosis 170: 277–283.

30. Klouche M, Rose-John S, Schmiedt W, Bhakdi S. (2000) Enzymatically
degraded, nonoxidized LDL induces human vascular smooth muscle cell

activation, foam cell transformation, and proliferation. Circulation 101: 1799–
1805.

31. Cooke JP, Wilson AM. (2010) Biomarkers of peripheral arterial disease. J Am

Coll Cardiol 55: 2017–2023.
32. Tzoulaki I, Murray GD, Lee AJ, Rumley A, Lowe GD, et al. (2005) C-reactive

protein, interleukin-6, and soluble adhesion molecules as predictors of
progressive peripheral atherosclerosis in the general population: Edinburgh

Artery Study. Circulation 112: 976–983.
33. McDermott MM, Guralnik JM, Corsi A, Albay M, Macchi C, et al. (2005)

Patterns of inflammation associated with peripheral arterial disease: the

InCHIANTI study. Am Heart J 150: 276–281.
34. Nylaende M, Kroese A, Stranden E, Morken B, Sandbaek G, et al. (2006)

Markers of vascular inflammation are associated with the extent of atheroscle-
rosis assessed as angiographic score and treadmill walking distances in patients

with peripheral arterial occlusive disease. Vasc Med 11: 21–28.

35. Libra M, Signorelli SS, Bevelacqua Y, Navolanic PM, Bevelacqua V, et al.
(2006) Analysis of G(-174)C IL-6 polymorphism and plasma concentrations of

inflammatory markers in patients with type 2 diabetes and peripheral arterial
disease. J Clin Pathol 59: 211–215.

36. Saetre T, Enoksen E, Lyberg T, Stranden E, J_orgersen JJ, et al. (2011)

Supervised exercise training reduces plasma levels of the endothelial inflamma-

tory markers E-selectin and ICAM-1 in patients with peripheral arterial disease.

Angiology 62: 301–305.

37. Jovilano EE, Piccinato CE, Dellalibera-Jovilano R, Moryia T, Evora PR, et al.

(2011) Inflammatory markers and restenosis in peripheral percutaneous

angioplasty with intravascular stentintg: current concepts. Ann Vasc Surg 25:

846–855.

38. Cooke JP. (2004) Asymmetrical dimethylarginine: the Uber marker? Circulation

109: 1813–1818.

39. Toikka JO, Niemi P, Ahotupa M, Niinikoski H, Viikari JS, et al. (1999) Large-

artery elastic properties in young men: relationships to serum lipoproteins and

oxidized low–density lipoproteins. Arterioscler Thromb Vasc Biol 19: 436–441.

40. Kals J, Kampus P, Kals M, Zilmer K, Kullisaar T, et al. (2006) Impact of

oxidative stress on arterial elasticity in patients with atherosclerosis.

Am J Hypertens 19: 902–908.

41. Suda O, Tsutsui M, Morishita T, Tasaki H, Ueno S, et al. (2004) Asymmetric

dimethylarginine produces vascular lesions in endothelial nitric oxide synthase-

deficient mice: involvement of renin-angiotensin system and oxidative stress.

Arterioscler Thromb Vasc Biol 24: 1682–1688.

42. Boger RH, Bode-Boger SM, Tsao PS, Lin PS, Chan JR, et al. (2000) An

endogenous inhibitor of nitric oxide synthase regulates endothelial adhesiveness

for monocytes. J Am Coll Cardiol 36: 2287–2295.

43. Furuki K, Adachi H, Matsuoka H, Enomoto M, Satoh A, et al. (2007) Plasma

levels of asymmetric dimethylarginine (ADMA) are related to intima-media

thickness of the carotid artery: An epidemiological study. Atherosclerosis 191:

206–210.

44. Boger RH, Bode-Boger SM, Thiele W, Junker W, Alexander K, et al. (1997)

Biochemical evidence for impaired nitric oxide synthesis in patients with

peripheral arterial occlusive disease. Circulation 95: 2068–2074.

45. Carbayo JA, Divisón JA, Escribano J, López-Abril J, López de Coca E, et al.
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