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Abstract
Objective/Background: Peripheral artery disease (PAD) is an important manifestation of systemic atherosclerosis. 

Obesity is a risk factor for atherosclerosis and for cardiovascular events. However, the relationship between obesity and PAD 
is unclear. We hypothesized that anthropometric measures of adiposity, in particularly of central obesity will be associated 
with PAD severity, in patients undergoing aorto-bifemoral bypass. 

Methods: A prospective observation study was conducted. From 2009 and 2012 a total of 46 males who underwent 
aorto-bifemoral bypass were enrolled prospectively. 17 with intermittent claudication (IC) and 29 with chronic limb threate-
ning ischemia (CLTI). They were followed for 5 years. The anthropometric measures, weight, body mass index (BMI), waist 
circumference (WC), waist-to-hip ratio (WHR) and the seric levels of hemoglobin, triglycerides, and albumin were recorded. 
The mortality and cardiovascular events in following five years were also registered. 

Results: The groups did not differ in the mean age (IC 60.69±7.46 versus CLTI 64.51 ±8.42 years, p=0.712), diabe-
tes (IC 18% versus CLTI 45%, p=0.06), hypertension (IC 70% versus CLTI 52%, p=0.21), hypercholesterolemia (IC 18% ver-
sus CLTI 45%, p=0.47) and smoking habits prevalence (IC 100% versus CLTI 86%, p=0.11). The anthropometric measures: 
weight, WC and WHR were significant lower in CLTI compared to IC patients (IC 72.74±9.84 Kg versus CLTI 65.92±10.89 
Kg, p=0.043; IC 98.65±8.19 cm versus CLTI 89.38±15.91 cm, p=0.017; IC 1.06±0.06 versus CLTI 1.01±0.06, p=0.038). 
The serum levels of hemoglobin, albumin and triglycerides were also lower in CLTI patients (IC 14,40±1.63g/dL versus 
CLTI 13.3±1.89g/dL, p=0.048; IC 4.6±0.81g/dL versus CLTI 4.3± 0.67g/dL, p=0.007; IC 212±95.60mg/Dl versus CLTI 
111±41.53 mg/dL, p=0.001). No relation was found between the anthropometric measures at admission and the cardio-
vascular events or mortality at five years. 

Conclusion: CLTI patients had lower anthropometric measures of obesity, when compared to IC patients. These 
results could be explained by the fact that CLTI patients with severe atherosclerotic disease are in a state of chronic inflam-
mation, with consequent cardiometabolic demands and catabolism. 

INTRODUCTION

Peripheral artery disease (PAD) is an important mani-
festation of systemic atherosclerosis.1,2,3 It is characterized 
by arterial stenosis and occlusion of arteries in the lower 
extremities.1,2,3 PAD prevalence in adults is about 20% and 
affects 27 millions person in Europe and US.3,4,5,6 Up to 

44% of symptomatic patients have atherosclerosis in the 
aorta and iliac arteries.3  

PAD coexists with other ischemic events.3,4,7 The risk 
of myocardial infarction, stroke or cardiovascular death is 
substantially increased in patients with PAD.1,3,7,8,9 Obesity 
is a risk factor for atherosclerosis, coronary heart disease, 
cardiovascular events and all-cause mortality.10,11,12 However, 



REVISTA PORTUGUESA DE CIRURGIA CARDIO-TORáCICA E VASCULAR

112 Volume 27 - N.º 2

the relationship between obesity and PAD is unclear.10 It has 
been demonstrated that central obesity, but not generalized 
obesity is associated with PAD.5 For others, PAD has been 
linked with a decreased body mass index (BMI) values, or no 
association was found.3 

In a study conducted in patients with aortoiliac 
disease the authors concluded that waist–hip ratio (WHR) 
over 1.02 and percent of body fat over 26.5% are signifi-
cant predictors of aortoiliac PAD, independent from blood 
pressure, cholesterol level and body mass index.

We hypothesized that anthropometric measures of 
adiposity, in particularly of central obesity, would be asso-
ciated with PAD severity in patients submitted to aorto-bife-
moral bypass. The aim of this study was to compare the 
anthropometric measures of IC versus CLTI patients, in sub-
jects with indication for aorto-bifemoral bypass. The second 
objective was to analyze the relation between anthropome-
tric measures at admission and the cardiovascular events 
and mortality in the following five years in this group of 
patients.

MATERIAL AND METHODS

Patients 
• Inclusion criteria:

1. Male. 
2. Aorto-iliac disease with indication to aorto-bifemoral 

bypass according to the decision of the Vascular Sur-
gery department.

• Exclusion criteria:
1. Bedridden individuals.
2. Previous endovascular revascularization.
3. Other diseases that may be responsible for body 

composition changes or pro-inflammatory state: 
recent diet change, active malignancy, auto-
-immune disease, chronic renal failure (GFR <30 mL/
min/1.73m2) or heart failure in the past 3 months.

4. Subjects who refused to participate in the protocol.
According to the inclusion and exclusion criteria, 

consecutive patients proposed to aorto-bifemoral bypass 
were included.

The study variables were collected at hospital admis-
sion before the surgical intervention, between 2009 and 
2012. No clinical or interventional procedure was perfor-
med beyond what was already deemed the best treatment 
for the patient’s condition. 

Cardiovascular events and mortality occurring in the 
five following years were registered according to the Portu-
guese government database Sclinico. All the records were 
collected by one operator. 

Ethical considerations
Ethics approval for data collection and cohort eva-

luation were obtained from the Ethics Committee of the 
local Hospital. The study was conducted according to Hel-
sinki declaration, national and European guidelines for 

clinical research. The confidentiality of clinical records was 
assured for both patients’ information and processing of 
biological samples. All the participants signed the informed 
consent. 

Determined variables
• Clinical characteristics at admission

Patients’ age, co-morbidities and medication taken 
at admission were recorded. Arterial hypertension was defi-
ned as requiring treatment with oral antihypertensive agents 
or as systolic blood pressure ≥ 140 mmHg and/or diastolic 
≥ 90 mmHg. Diabetes was considered if the patient was 
taking anti-diabetic medications, fasting glycaemia ≥126 
mg/dL, or glycated haemoglobin (HbA1c) ≥ 6.5%. The diag-
nosis of dyslipidemia was described as requiring treatment 
with statins or a low density lipoprotein (LDL) ≥ 130 mg/dL, 
total cholesterol ≥ 200 mg/dL or plasma triglycerides ≥ 200 
mg/dL. The smoking habits were classified as active smoker, 
former smoker or non-smokers and quantified in pack-years 
(multiplying the number of packs of cigarettes smoked per 
day by the number of years the person has smoked). Former 
smoker was defined as smoking cessation for at least six 
months. 

CLTI was defined as ischemic rest pain or tissue loss 
(ulceration or gangrene). Ischemic rest pain was considered 
if the patient describes pain for more than for >2 weeks, 
affecting the forefoot, worse with recumbency, relieved by 
dependency and with an ankle pressure less than 40-50 
mmHg (not valorized in the presence of medial calcinosis). 
Tissue loss to CLTI includes gangrene of any part of the foot 
or nonhealing ulceration and with an ankle pressure less 
than 50-70 mmHg (not valorized in the presence of medial 
calcinosis).

• Cardiovascular events and mortality five years later
Hospital mortality of any cause, hospital admission 

for carotid endarterectomy, stroke, angina and myocardial 
infarction were recorded in the following five years.

Anthropometric measurements 
The measurements were taken after 5 minutes of 

rest in a comfortable room. The subjects’ height and wei-
ght were measured while they wore indoor clothes and no 
shoes. BMI was calculated dividing the weight by height 
squared (kg/m2). Waist circumference (WC) was measured 
at the approximate midpoint between the lower margin 
of the last palpable rib and the top of the iliac crest in the 
horizontal position, using the anthropometric tape. The hip 
circumference measurement was taken around the widest 
portion of the buttocks. WHR was calculated as waist cir-
cumference divided by hip circumference. Ankle brachial 
index (ABI) was determine with a handheld Doppler and an 
aneroid sphygmomanometer manual blood pressure. The 
measurements taken were the systolic pressure at the bra-
chial artery, anterior tibial artery, posterior tibial artery and 
peroneal artery. Three measures in each point were recor-
ded in each arm and foot. The ankle brachial index was 
calculated for each leg as the ratio of the higher systolic 
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pressure in the ankle by the higher systolic pressure in the 
arm.  The blood pressure was determined with the patient 
seated. Three measurements, spaced 2 min apart, was 
recorded with an electronic sphygmomanometer in both 
upper limbs, using an appropriate cuff size for arm circu-
mference. 

Fasting blood was sampled to ascertain levels of 
hemoglobin, glucose, glycosylated hemoglobin A1c, total 
cholesterol, HDL-cholesterol, triglycerides, creatinine, albu-
min. All assessments were performed by a single labora-
tory.

Statistical analysis
Results are expressed as means with standard 

deviations or as percentages unless otherwise stated. Con-
tinuous variables were compared using the Student t test. 
The X2 test was used to compare the prevalence of catego-
rical data. P <0.05 was considered statistically significant 
for all test.

RESULTS

168 patients were proposed to aorto-bifemoral 
bypass during the study period. 46 patients (all males) fill 
the inclusion criteria: 17 with IC and 29 with CLTI (Figure 
1). Demographic characteristics of subjects are presented 
in Table 1. The groups did not differ in the average age, 
diabetes, hypertension, total cholesterol and smoking 
habits prevalence. However, the CLTI group had a lower 
prevalence of patients with hypertriglyceridemia (CLTI 6% 
versus IC 53%, p=0.039). ABI of the studied population 
was 0.346±0.23 (0.45±0.17 for IC and 0.27±0.23 for 
CLTI, p=0.0085). At admission CLTI patients were less like 

Figure 1 Patients fluxogram. 

Characterization of the population according to PAD severity. Characterization of IC and 
CLTI study groups according to the age, prevalence of hypertension, diabetes, smoking 
habits and number of patients with hypertriglyceridemia, hypercholesterolemia, taking 
antiplatelets and statins. The difference in ABI index is also shown.Table 1

IC (n=17) CLTI (n=29) P value

Age (years), mean ± SD 60.69 ±7.46 64.51 ±8.42 p=0.712

Hypertension, % 70.00 51.72 0.21

Diabetes, % 17.60 44.80 0.06

Smoker/Ex-smoker, % 100.00 86.20 0.11

Hypertriglyceridemia, % 53.33 5.88 0.039*

Hypercholesterolemia, % 33.33 22.22 0.47

Antiplatelet, % 82.35 41.38 0.0001

Statins, % 64.70 37.93 0.079

ABI, mean ± SD 0.45±0.17 0,27±0.23 0.0085*

P values denotes the results from the Student t test and form the X2 test as appropriate. *P <0.05 was considered statistically significant for all test. 
Abbreviation: Antiplatelet- Taking antiplatelet at hospital admission. Statins- Taking statins at hospital admission. ABI- Ankle-brachial index. SD – Standard deviation.
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to be taking antiplatelets, as well as statins. The Table 2 
shows the anthropometric measures and serum evalua-
tions in the two groups. The weight, WC, WHR and the 
serum levels of hemoglobin, albumin and triglycerides 
were significant lower in CLTI compared to IC patients. 
No difference was found between the groups about pla-
telets, leucocytes and neutrophil-lymphocyte ratio (NLR) 
levels. No relation was found between the anthropometric 

measures and the cardiovascular events or mortality at 5 
years (Table 3). 

DISCUSSION

Our hypothesis was not demonstrated. We hypo-
thesized that anthropometric measures of adiposity, in 

Table 2 Distribution of the anthropometric measures and serum measurements, 
according to PAD severity

IC (n=17) CLTI (n=29) P value

BMI (Kg/m2) 25.10±5.01 23.52±3.59 0.27

Weight (Kg) 72.74±9.84 65.92±10.89 0.043*

WC (cm) 98.65±8.19 89.38±15.91 0.017*

WHR 1.06±0.06 1.01±0.06 0.038*

Hb (g/dL) 14.40±1.63 13.3±1.89 0.048*

Platelets 234.53±63.70 267.67±103.77 0.20

Leucocytes 7.75±1.87 8.23±2.89 0.56

NLR 2.98±2.07 2.55±1.57 0.44

Albumin (g/dL) 4.60±0.81 4.30± 0.67 0.007*

Triglycerides (mg/dL) 212±95.60 111±41.53 0.001*

Values presented correspond to mean ±standard deviation. P values denotes the results from the Student t test. * P <0.05 was considered statistically significant for all tests.
Abbreviation: BMI- body mass index, WC-waist circumference, WHR- waist hip ratio, Hb- hemoglobin, NLR- neutrophil-lymphocyte ratio.

Relation between anthropometric measures and cardiovascular events and mortality at 5 
years. Hospital admission due to angina, myocardial infarction, ischemic and haemorrhagic 
stroke, carotid endarterectomy and mortality were recorded in the following 5 years after 
the admission to perform aorto-bifemoral bypass.Table 3

BMI (Kg/m2) Weight (Kg) WC (cm) WHR

CAD 27.86±2.01 80.5±10.47 107.5±6.05 1.05±0.05

Non-CAD 23.78±4.27 67.69±10.53 92±14.09 1.03±0.44

P value 0.069 0.058 0.074 0.285

Stroke 20.59±3.12 56.78±2.51 84±8.48 0.94±0.05

Non-stroke 25.05±4.27 70.00±10.80 95±14.17 1.04±0.06

P value 0.225 0.120 0.357 0.235

Carotid endarterectomy 27.61±11.05 77±10.54 92±11.93 1.03±0.10

Non-carotid endarterectomy 24.44±3.55 70.00±10.76 94.5±14.48 1.04±0.06

P value 0.436 0.130 0.740 0.940

Mortality 27.61±11.05 77±10.54 92±11.93 1.03±0.10

Non-Mortality 24.44±4.36 70.00±10.93 94.0±14.69 1.03±0.07

P value 0.550 0.618 0.807 0.623

Values presented correspond to mean ±standard deviation. P values denotes the results from the Student t test. * P <0.05 was considered statistically significant for all tests.
Abbreviation: CAD- coronary heart disease; carotid endarterectomy- patient submitted to carotid endarterectomy; BMI- body mass index, WC-waist circumference, WHR- waist hip 
ratio.
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particularly of central obesity would be associated with 
PAD severity, in patients with aorto-iliac disease undergoing 
aorto-bifemoral bypass. |Instead we found that BMI, wei-
ght, WC, WHR were lower in CLTI patients when compared 
to IC, in this sample. Patients with a more severe form of 
atherosclerosis had lower anthropometric measurements, 
including those associated with visceral obesity (WC, WHR).

Our initial hypothesis was based on the fact that 
obesity promotes endothelial dysfunction, systemic inflam-
mation, and a prothrombotic state, having a role in athe-
rosclerosis.2,12 BMI and weight are a measure of overall 
fatness.7 However, BMI and weight do not estimate body 
composition, do not provide information about the dis-
tribution of fat and cannot distinguish between lean and 
fat mass.3,4,7 WC and WHR are measures of abdominal/
visceral obesity and are associated with cardiovascular 
morbidity and mortality, including stroke, congestive heart 
failure, myocardial infarction cardiovascular death and 
PAD.2,7,10,13,14,15 Visceral adipose tissue is the most meta-
bolically active fat store, producing pro-atherogenic and 
inflammatory mediators and reducing the secretion of 
vascular-protective adipokines.4,14,15,16,17 Abdominal obesity 
is related to metabolic changes, such as dyslipidemia, type 
2 diabetes mellitus, hypertension, inflammation, oxidative 
stress and hypercoagulability, which are all associated with 
an increased cardiovascular risk.14,18 Obesity, particularly 
abdominal adiposity is associated with PAD severity.14,19 

The two groups analyzed in this study were both 
proposed for aorto-iliac revascularization and were relati-
vely homogenous, in the distribution of cardiovascular risk 
factor (except triglycerides) and age. The groups differ in 
ABI, as expected. 

In this study, weight, WC, WHR were significant 
lower in CLTI patients when compared to IC. These results 
agree with a previous study in aortoiliac PAD patients (only 
one), that showed that all anthropometric parameters 
(BMI, WC, WHR) strongly inverse correlated with ABI.3 

In severe atherosclerotic disease, there is a state 
of chronic inflammation, with a higher cardiometabolic 
demands and consequently lower body fatness.20,21 CLTI 
patients have a reduction in their mobility with muscle atro-
phy and consequently lower mean mass[18]. These changes 
are associated with low albumin, nutritional dysfunction 
and immunity compromise.20 In this study, we found lower 
seric levels of albumin, triglycerides and hemoglobin in CLTI 
group (and these differences were statistically significant 
between the groups). In fact, the literature reports that BMI 
also had significant positive correlations with triglyceride 
and albumin.9 Shah also reported that anemia and mal-
nutrition are common in CLTI patients.22 CLTI patients also 
suffer from chronic inflammation, ulceration and gangrene 
that contribute to chronic anaemia.22 Salomom realized 
that in 106 patient with CLTI, the prevalence of malnutri-
tion was 75.5%.23 Due to this data the management of PAD 
patients includes the evaluation of the patient nutritional 
status and prevention of protein waste.21 

We did not find any differences in platelets or leuco-
cytes count or neutrophil-lymphocyte ratio (NLR) between 

the groups. We would expect increased leucocytes in CLTI 
patients, as reported by other authors, due to an increased 
in inflammation, endothelial damage, procoagulant effect 
and microvascular damage.24 It was also described that NLR 
is significantly associated with the presence of CLTI in 2121 
patients with PAD.25 

We noted that CLTI patients were less likely to be 
taking antiplatelets as well as statins. These differences 
could be explained by the fact that IC patients were already 
followed by a vascular surgeon before the hospital admis-
sion. The majority of CLTI were admitted from the emer-
gency room and were not properly medicated.

In this study there was no association between 
anthropometric data and the incidence of stroke, carotid 
endarterectomy, coronary heart disease and mortality. The 
lack of results could be explained by the sample size and by 
the fact that just hospital data was taken in account. In the 
literature, the association between anthropometric measu-
res of obesity and cardiovascular events in PAD patients is 
controversial. Kumakura demonstrated that low BMI is risk 
factor for mortality in PAD patients.9 Murata proved that, 
in CLTI patients who underwent endovascular therapy, the 
low weight was related with poorer prognosis at 3 years.9,26 
Some authors showed that abdominal obesity is a stron-
gly predictor of cardiovascular events.4,27 Cronin and other 
authors did not find an association between visceral adi-
pose volume and cardiovascular events in the PAD popu-
lation.18,27 

LIMITATIONS

The sample size is small. The anthropometric mea-
sures do not rigorously determine the body composi-
tion, which would be better determined with a CT scan 
or MRI. The study cannot be applied to atherosclerotic 
disease in other anatomic locations, because it is limited 
to PAD patients with aorto-iliac disease. The inclusion of 
surgical patients may introduce bias. BMI increases the 
risk of postoperative surgical site infections, pneumonia 
and prolonged ventilation. The surgeons tend to propose 
obese patients to endovascular repair. The anthropome-
tric measures were determined at baseline and could have 
changed during follow-up. Dietary habits, alcohol con-
sumption, physical activity were not determined. 

CONCLUSION

In this small series of patients who underwent 
aorto-bifemoral bypass, the CLTI had lower anthropome-
tric measures of obesity (BMI, weight, WC, WHR), when 
compared to IC patients. There is no association between 
the anthropometric data at admission and the incidence of 
stroke, carotid endarterectomy, coronary heart disease and 
mortality. Further studies are needed to corroborate this 
data. However, this study calls attention to importance of 
the metabolic optimization of the PAD patients.



REVISTA PORTUGUESA DE CIRURGIA CARDIO-TORáCICA E VASCULAR

116 Volume 27 - N.º 2

doi:10.1038/nature05487
14. Hung P, Tsai H, Lin C, Hung K. Abdominal Obesity Is Associa-

ted with Peripheral Artery Disease in Hemodialysis Patients. 
2013;8(6):4-9. doi:10.1371/journal.pone.0067555

15. Cronin O., Bradshaw B., Iyer V. b c, et al. The association of 
visceral adiposity with cardiovascular events in patients with 
peripheral artery disease. PLoS One. 2013;8(12):316-323. 
doi:10.1371/journal.pone.0082350

16. Giusti V. Management of Obesity in Patients with Periphe-
ral Arterial Disease. 2007;582:576-582. doi:10.1016/j.
ejvs.2007.05.005

17. Perelas A, Safarika V, Vlachos IS, et al. Correlation between 
mesenteric fat thickness and serum apolipoproteins in patients 
with peripheral arterial occlusive disease. Lipids Health Dis. 
2012;11(1):1. doi:10.1186/1476-511X-11-125

18. Kanhai DA, Kappelle LJ, Graaf Y Van Der, Uiterwaal C, Visseren 
FLJ. The risk of general and abdominal adiposity in the occur-
rence of new vascular events and mortality in patients with 
various manifestations of vascular disease. 2011;36(5):695-
702. doi:10.1038/ijo.2011.115

19. Ohnishi H, Sawayama Y, Furusyo N, Maeda S, Tokunaga S. Risk 
Factors for and the Prevalence of Peripheral Arterial Disease 
and its Relationship to Carotid Atherosclerosis : The Kyushu 
and Okinawa Population Study ( KOPS ). 2009:8-11.

20. Senda K, Miura T, Minamisawa M, et al. Predictive Value of 
Underweight Status for Patients With Peripheral Artery Disease 
With Claudication. 2017. doi:10.1177/0003319717736627

21. Shiraki T, Iida O, Takahara M, et al. The Geriatric Nutritio-
nal Risk Index is Independently Associated with Prognosis in 
Patients with Critical Limb Ischemia Following Endovascular 
Therapy. Eur J Vasc Endovasc Surg. 2016;52(2):218-224. 
doi:10.1016/j.ejvs.2016.05.016

22. Shah M, Martin A, Myers B, Macsweeney S, Richards T. Recog-
nising anaemia and malnutrition in vascular patients with 
critical limb ischaemia RECOGNISING ANAEMIA AND MAL-
NUTRITION IN VASCULAR. 2010:495-498. doi:10.1308/0035
88410X12664192075738

23. Salomon L, Leclerc B, Morgant M, et al. SC. Ann Vasc Surg. 
2017. doi:10.1016/j.avsg.2017.04.030

24. Manuscript A. NIH Public Access. 2010;14(4):381-392. 
doi:10.1177/1358863X09106869.Novel

25. Teperman J, Carruthers D, Guo Y, et al. Relationship between 
neutrophil-lymphocyte ratio and severity of lower extremity 
peripheral artery disease. Int J Cardiol. 2017;228:201-204. 
doi:10.1016/j.ijcard.2016.11.097

26. Murata N. Complex Relationship of Body Mass Index with 
Mortality in Patients with Critical Limb Ischemia Undergoing 
Endovascular Treatment. Eur J Vasc Endovasc Surg. 2014. 
doi:10.1016/j.ejvs.2014.10.014 

27. Cronin O, Morris DR, Walker PJ, Golledge J. The association 
of obesity with cardiovascular events in patients with peri-
pheral artery disease. Atherosclerosis. 2013;228(2):316-323. 
doi:10.1016/j.atherosclerosis.2013.03.002

REFERENCES

1. Dieplinger B, Poelz W, Haltmayer M, Mueller T. Hypoa-
diponectinemia is associated with symptomatic atheros-
clerotic peripheral arterial disease. Clin Chem Lab Med. 
2006;44(7):830-833. doi:10.1515/CCLM.2006.145

2. Lu B, Zhou J, Waring ME, Parker DR, Eaton CB. Abdominal 
obesity and peripheral vascular disease in men and women : 
A comparison of waist-to-thigh ratio and waist circumfe-
rence as measures of abdominal obesity. 2010;208:253-257. 
doi:10.1016/j.atherosclerosis.2009.06.027

3. Jakovljević B, Stojanov V, Lović D, Paunović K, Radosavljević V, 
Tutić I. Obesity and fat distribution as predictors of aortoiliac 
peripheral arterial disease in middle-aged men. Eur J Intern 
Med. 2011;22(1):84-88. doi:10.1016/j.ejim.2010.07.019

4. Giugliano G, Brevetti G, Laurenzano E, Brevetti L, Luciano 
R, Chiariello M. The prognostic impact of general and 
abdominal obesity in peripheral arterial disease. Int J Obes. 
2010;34(2):280-286. doi:10.1038/ijo.2009.244

5. Fox CS, Massaro JM, Schlett CL, et al. Periaortic fat deposition 
is associated with peripheral arterial disease: The framingham 
heart study. Circ Cardiovasc Imaging. 2010;3(5):515-519. 
doi:10.1161/CIRCIMAGING.110.958884

6. Cronin O, Bradshaw B, Iyer V, et al. The Association of Vis-
ceral Adiposity with Cardiovascular Events in Patients with 
Peripheral Artery Disease. 2013;8(12). doi:10.1371/journal.
pone.0082350

7. Brouwer BG, Visseren FLJ, Stolk RP, et al. Abdominal Fat and 
Risk of Coronary Heart Disease in Patients with Peripheral 
Arterial Disease. 2007;15(6):1623-1630.

8. Vlek ALM, Graaf Y Van Der, Sluman MA, Moll FL, Visseren FLJ, 
Group S. Metabolic syndrome and vascular risk in patients 
with peripheral arterial occlusive disease. YMVA. 50(1):61-69. 
doi:10.1016/j.jvs.2008.12.070

9. Kumakura H, Kanai H, Aizaki M, et al. The influence of the obe-
sity paradox and chronic kidney disease on long-term survival 
in a Japanese cohort with peripheral arterial disease. J Vasc 
Surg. 2010;52(1):110-117. doi:10.1016/j.jvs.2010.02.008

10. Planas  a, Clará  a, Pou JM, et al. Relationship of obesity dis-
tribution and peripheral arterial occlusive disease in elderly 
men. Int J Obes Relat Metab Disord. 2001;25(7):1068-1070. 
doi:10.1038/sj.ijo.0801638

11. Golledge J, Cronin O, Iyer V, Bradshaw B, Moxon J V, Cun-
ningham MA. Body mass index is inversely associated with 
mortality in patients with peripheral vascular disease. Athe-
rosclerosis. 2013;229(2):549-555. doi:10.1016/j.atheroscle-
rosis.2013.04.030

12. Kuijk J Van, Flu W, Galal W, Chonchol M. The influence of 
polyvascular disease on the obesity paradox in vascular 
surgery patients. YMVA. 53(2):399-406. doi:10.1016/j.
jvs.2010.08.048

13. Gaal LF Van, Mertens IL, Block CE De. Mechanisms linking obesity 
with cardiovascular disease. 2006;444(December):875-880. 


