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Abstract 
Background: Peripheral arterial disease (PAD) is common in patients with 
chronic kidney disease (CKD). It is a surrogate marker of generalized athe-
rosclerosis. In sub-Saharan Africa, PAD remains understudied in CKD. An-
kle-brachial index (ABI) is a non-invasive and cost-effective tool to diagnose 
PAD. Objectives: Our aim was to determine the prevalence and associated 
risk factors for PAD in hemodialysis patients. Patients and Methods: We 
conducted a cross-sectional study from July 1 to December 31, 2012 in the 
department of Nephrology of the University Hospital Aristide le Dantec of 
Dakar. All consenting patients, aged above 18 years, on hemodialysis for at 
least 6 months were included. ABI measurements were performed using a 
handled pulse doppler. PAD was defined as an ABI of <0.9 or the history of 
surgical revascularization and/or amputation due to vascular disease. The pa-
tients were divided into two groups according to the presence or not of PAD. 
Standard blood tests and anthropometrical parameters were recorded. Re-
sults: A total of 53 patients with a mean age of 49.15 ± 15.18 were included. 
The sex ratio was 0.70. Hypertension (83.01%), low HDL-cholesterol (26.41%) 
and cigarette smoking (20.75%) were the main cardiovascular risk factors. 
Prevalence of PAD was 47.16%. Among patients with PAD, 52% had no sug-
gestive symptoms. Lower pre-dialysis (p = 0.0384) and post-dialysis (p = 
0.0447) diastolic blood pressure (BP) were significantly associated with PAD. 
The conventional risk factors (tobacco consumption, diabetes, alcohol con-
sumption, dyslipidemia, hypertension, age), iPTH and CRP levels were not 
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correlated with PAD. Conclusion: PAD is common among patients under-
going maintenance hemodialysis in Senegal. Early diagnosis and management 
of PAD should be routinely performed in CKD patients. 
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1. Introduction 

Peripheral arterial disease (PAD) refers to stenosis or occlusion of the arteries of 
the lower limbs. It is a marker of generalized atherosclerosis. PAD is common in 
patients with chronic kidney disease (CKD) [1] [2]. The high prevalence of tra-
ditional cardiovascular risk factors such as hypertension (HTN), diabetes melli-
tus, tobacco use, dyslipidemia, age and the existence of uremia-related cardi-
ovascular risk factors are responsible for an accelerated atherosclerosis in CKD 
[1]. Ankle brachial index (ABI) is a simple, non-invasive method to diagnose 
PAD. In comparison to angiography, the gold standard for detecting atheroscle-
rosis in the lower limbs arteries, low ABI (<0.9) has good sensitivity (between 
69% and 79%) and excellent specificity (between 83% to 99%) [3]. PAD is asso-
ciated with increased cardiovascular and overall morbidity and deaths in the 
general population and among hemodialysis patients [4] [5]. In a study by Ono 
et al. [5], the risk for cardiovascular mortality was 5.9-fold higher in dialysis pa-
tients with low ABI (<0.9).  

PAD remains one of the least studied atherosclerosis markers. Yet, it is the 
most common manifestation of atheromatous cardiovascular disease compared 
to coronary artery disease and ischemic stroke in patients with CKD [6]. ABI 
testing can help in early detection of PAD and for monitoring PAD’s progres-
sion, which may improve patient’s survival. There are little data on PAD in he-
modialysis patients in sub-Saharan Africa. The aim of this study was to deter-
mine the prevalence of PAD in chronic hemodialysis patients and to study its 
relationship with some cardiovascular risk factors (CVRF). 

2. Patients and Methods 
2.1. Patients and Study Design 

This cross-sectional study was conducted for 6 months, from 1 July to 31 De-
cember 2012, in nephrology department of the University Hospital Aristide Le 
Dantec (CHU-ALD) of Dakar (Senegal). We included all patients aged 18 and 
over, on maintenance hemodialysis for at least 6 months, who consent to partic-
ipate in the study. Subjects who had bilateral amputation of lower limbs, bilater-
al arteriovenous fistula or with atrial fibrillation were not included [7]. 

2.2. Anthropometry and Blood Pressure  

Socio-demographic characteristics, co-morbid conditions, behavioral measures 
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(smoking history, alcohol consumption), clinical and biological data were noted. 
Current smokers were defined as patients who currently smoked and had 

smoked more than 100 cigarettes in their lifetimes [8]. Former smokers were de-
fined as patients who smoked more than 100 cigarettes in their lifetimes in the 
past [8].  

Alcohol drinking was defined as consuming at least one beverage containing 
alcohol each week over the previous year [8]. Anthropometric measures included 
weight and height. 

Body mass index (BMI) was calculated by dividing “dry” weight in kilograms 
by the square of height in meters. Predialysis and postdialysis systolic and dias-
tolic blood pressure (BP) were measured in seated patients by qualified medical 
staff on the non-carrier arm of the arteriovenous fistula after at least a 5 mi-
nutes rest. The systolic BP and diastolic BP considered were the respective cal-
culated average systolic BP and diastolic BP of the month prior to data collec-
tion for each patient. Mean arterial pressure (MAP) was calculated based on the 
formula MAP = diastolic BP + 1/3 (systolic BP - diastolic BP) and the pulse 
pressure (PP) using the formula PP = systolic BP - diastolic BP. Hypertension 
(HTN) was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic 
blood pressure ≥ 90 mmHg, or the current use of antihypertensive medication 
[8]. 

2.3. Laboratory Parameters 

Blood tests including hemoglobin level, hematocrit, white blood cell counts, se-
rum albumin, urea nitrogen, creatinine, glucose, calcium, phosphate, intact pa-
rathyroid hormone (iPTH), sodium, potassium, total cholesterol, high-density 
lipoprotein cholesterol (HDL-cholesterol), low-density lipoprotein cholesterol 
(LDL-cholesterol), triglycerides, C reactive protein (CRP)) were performed using 
standard laboratory methods. The total cholesterol to high-density lipoprotein 
cholesterol (HDL-C) ratio was calculated. 

Diabetes was defined as fasting glucose ≥ 1.26 g/l or random blood glucose ≥ 2 
g/l, and/or the use of insulin or oral hypoglycemic agents [8]. 

Blood urea nitrogen measured before hemodialysis session (C0) and after he-
modialysis session (Ct) was used to calculate the urea reduction ratio (URR) [9]: 
URR = (C0 − Ct)/CO. In hemodialysis patients, URR ≥ 65% and Kt/V ≥ 1.2 indi-
cates adequate minimum HD and URR ≥ 70% and Kt/V ≥ 1.4 indicates adequate 
optimal HD [9]. 

2.4. ABI Measurement 

ABI measurement was conducted the day after hemodialysis session, by the same 
trained physician to eliminate interobserver variability. ABI was determined us-
ing a sphygmomanometer and a manual Doppler (Hadeco, ES-100V3, Kawasaki, 
Japan) with an 8 MHz probe. After a rest period of 5 to 15 minutes in the supine 
position, the patient’s systolic BP was registered in posterior tibial artery and 
dorsalis pedis artery of the right and left lower limb, and in the brachial artery of 
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the arm without arteriovenous fistula. The sphygmomanometer cuff above the 
ankle was inflated to 20 mmHg after the disappearance of the Doppler signal, 
and then deflated very slowly until it reappeared. The value of the pressure in 
mmHg at the time of the reappearance of the Doppler signal was noted as the 
systolic pressure of the recorded artery. ABI was calculated by the ratio of the 
lower value of the ankle systolic pressure divided by the systolic pressure of the 
arm without the dialysis blood access [5] [10] [11].  

ABI was normal when between 0.9 and 1.4 [3]. It was considered low when it 
was below 0.9 [3]. PAD was defined by the history of surgical revascularization 
and/or amputation of limb, and/or ABI < 0.9 [12]. 

2.5. Dialysis Parameters 

The majority of patients underwent their routine hemodialysis sessions 3 times a 
week using a Fresenius 4008S machine. Each hemodialysis session was per-
formed for 4 hours using a polysulfone dialysis membrane. The flow rate of the 
dialysate was 500 ml/min and the blood flow was variable (between 250 and 350 
mL/min). Anticoagulation of the extracorporeal circuit was performed with low 
molecular weight heparin for all patients.  

2.6. Statistical Analysis 

Statistical analyses were performed with SPSS (Statistical Package for Social Science), 
version 16.0. Continuous variables were expressed as mean ± standard deviation 
(SD) and categorical variables, in count and percentage (%). For comparison of 
patients with or without PAD, Stutent’s t test was used to compare mean values 
and Chi2 test was used to compare difference in prevalence rates. p-value < 0.05 
was considered significant. 

3. Results 
3.1. General Characteristics of the Study Population 

Table 1 shows the distribution of demographic characteristics, clinical, and la-
boratory parameters for the entire study population and for patients with and 
without PAD. 

Fifty-three patients, with a mean age of 49.15 ± 15.18 (18 - 81 years) were in-
cluded in the study. There were 22 men (41.5%) and 31 women (58.5%). For-
ty-four patients (83 %) were hypertensive, 11 (20. 75%) were former smokers 
with an average consumption of 14.35 ± 17.13 packs/years, and 2 (3.8%) patients 
were diabetic. None of patients drank alcohol. Four patients (7.5%) had a history 
of stroke. The etiologies of ESRD were hypertension (51%), glomerulonephritis 
(15%) and polycystic kidney disease (7.5%). The mean duration in hemodialysis 
was 4.24 ± 2. 89 years (0.91 - 12.91 years). The mean interdialytic weight gain 
was 2.10 ± 0.80 Kg (0.145 - 4.16 Kg). Dialysis sessions were twice a week for 5 
(9.4%) patients who had an average interdialytic weight gain of 2.64 ± 0.68 Kg 
(1.56 - 3.35 Kg). URR and Kt/V were low in respectively 2 (3.8%) and 6 (11.32%) 
patients. 
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Table 1. Comparison of baseline and clinical characteristics of patients with PAD and 
without PAD. 

Characteristics 
Peripheral arterial disease 

Yes (n = 25) No (n = 28) p-value 

Age (years) 52.52 ± 15.08 46.14 ± 14.89 0.1278 

Female gender (%) 16 (64%) 15 (53.6%) 0.2209 

Duration of dialysis (years) 4.15 ± 2.38 4.32 ± 3.33 0.8334 

Diabetes 1 (4%) 1 (3.57%) 0.4674 

Stroke 2 (8%) 2 (7.15%) 0.4165 

Coronary artery disease 0 1 (3.57%) - 

Cause of ESRD (%)    

Hypertension 13 (52%) 14 (50%) 0.4422 

Glomerulonephritis 3 (12%) 5 (17.85%) 0.2761 

Polycystic kidney disease 1 (4%) 3 (10.7%) 0.1778 

Diabetes mellitus 1 (4%) 0 - 

Others diagnoses 2 (8%) 4 (14.3%) 0.2572 

Unknown 5 (20%) 2 (7.15%) 0.1004 

Height (cm) 168.12 ± 10.12 170.17 ± 8.63 0.4298 

Weight (Kg) 62.54 ± 15 61.60 ± 13.87 0.8136 

BMI (kg/m²) 21.88 ± 3.75 21.10 ± 3.66 0.4474 

Inter-dialytic weight gain (Kg) 2.08 ± 0.88 2.31 ± 0.72 0.3006 

Smoking status    

Current smoker (%) 0 0 - 

Former smokers (%) 6 (24%) 5 (17.85%) 0.3012 

Tobacco (packs/year) 14.5 ± 20.91 14.2 ± 14.93 0.9792 

Pre-dialysis blood pressure (mmHg)    

Systolic BP 137.76 ± 19.08 142.07 ± 19.84 0.4252 

Diastolic BP 78.12 ± 11.04 84.39 ± 10.43 0.0384 

PP 59.64 ± 14.86 57.67 ± 12.61 0.6039 

MAP 97.96 ± 12.46 103.64 ± 13.01 0.1117 

Post-dialysis blood pressure (mmHg)    

Systolic BP 135.12 ± 21.76 141.67 ± 23.29 0.2968 

Diastolic BP 75.44 ± 10.18 81.96 ± 12.58 0.0447 

PP 59.68 ± 16.36 59.71 ± 14.63 0.9944 

MAP 95.32 ± 13.01 101.89 ± 15.44 0.1022 

Antihypertensive medications, n (%)    

RAAS blockers use 21 (75%) 20 (80%) 0.3321 

Calcium channel blocker use 12 (48%) 15 (53.6%) 0.3484 

β-blockers use 14 (50%) 14 (56%) 0.3373 

Statins use 7 (28%) 6 (21.43%) 0.2986 

Aspirin use 5 (20%) 7 (25%) 0.3417 

ABI 0.78 ± 0.08 1.06 ± 0.10 <0.0001 

ABI: ankle-brachial index; BMI: body mass index; BP: blood pressure; ESRD: end stage renal disease; MAP: 
mean arterial pressure; PP: pulse pressure; RAAS: renin-angiotensin-aldosterone system. 
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3.2. PAD Prevalence and Associated Factors 

The mean ABI was 0.92 ± 0.17 (0.51 - 1.3). The prevalence of PAD was 47.16% 
(25 patients). Of these, 12 (48%) patients had intermittent claudication with 
nonpalpable distal pulses in 7 (28%) patients. Women with PAD were older than 
men (53.43 ± 14.51 years vs. 50.88 ± 16.83 years, p = 0.5904). 

Compared with patient without PAD, patients with PAD were older (52.52 ± 
15.08 years vs. 46.14 ± 14.89 years), with a higher proportion of women (64% vs 
53.6%) but the statistical differences were not significant (Table 1). Pre-dialysis 
and post-dialysis diastolic BP were significantly lower (78.12 ± 11.04 mmHg vs 
84.39 ± 10.43 mmHg, p = 0.0384 and 75.44 ± 10.18 mmHg vs. 81.96 ± 12.58 
mmHg, p = 0.0447 respectively) in PAD patients. Significant differences were 
not found between the two groups of patients regarding hemodialysis duration, 
systolic BP, PP, MAP and BMI (Table 1). 

Serum albumin, total cholesterol, HDL-cholesterol and LDL-cholesterol were 
almost similar in the two groups (Table 2). PAD patients had higher blood levels 
of iPTH, CRP and triglycerides, without significant differences (p > 0.05) (Table 
2). 

 
Table 2. Laboratory parameters among patients with PAD and without PAD. 

Laboratory parameters 
Peripheral arterial disease 

Yes (n = 25) No (n = 28) p-value 

Urea (mg/dL) 1.21 ± 0.47 1.07 ± 0.42 0.2574 

Creatinine (mg/L) 84.47 ± 50.91 86.56 ± 36.38 0.8631 

Sodium (mEq/L) 138.72 ± 3.69 139.44 ± 3.62 0.4373 

Potassium (mEq/L) 4.79 ± 0.92 4.82 ± 0.97 0.9088 

Calcium (mg/L) 91.06 ± 18.68 92.99 ± 8.23 0.6221 

Phosphate (mg/L) 38.85 ± 16.68 44.16 ± 14.84 0.2256 

iPTH(pg/mL) 625.58 ± 666.13 599.23 ± 425.26 0.8629 

Hemoglobin (g/dL) 9.34 ± 1.73 9.35 ± 1.74 0.9834 

Hematocrit (%) 29.06 ± 5.34 29.72 ± 5.91 0.6729 

White blood cell counts (thousand/mL) 5908.4 ± 2041.94 5497.14 ± 1523.28 0.4066 

Albumin (g/L) 40.70 ± 5.49 41.72 ± 5.60 0.5071 

CRP (mg/L) 16.78 ± 33.31 11.37 ± 18.56 0.4622 

Fasting glucose (g/L) 0.90 ± 0.12 0.91 ± 0.10 0.7422 

Total cholesterol (g/L) 1.97 ± 0.45 1.91 ± 0.44 0.6260 

HDL-cholesterol (g/L) 0.44 ± 0.16 0.47 ± 0.10 0.4116 

LDL-cholesterol (g/L) 1.34 ± 0.44 1.35 ± 0.38 0.9296 

Triglycerides (g/L) 1.22 ± 0.99 0.89 ± 0.34 0.1032 

Total cholesterol/HDL ratio 4.87 ± 1.66 4.27 ± 1.31 0.1481 

URR (%) 74.51 ± 9.0 79.86 ± 10.27 0.0506 

Kt/V 1.46 ± 0.47 1.68 ± 0.63 0.1598 

iPTH: intact parathyroid hormone; URR: urea reduction ratio. Creatinine (mg × 8.8 = µmol/L). 
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4. Discussion 

In this study, PAD prevalence was 47.16%. This was higher than those reported 
by other authors [5] [13] [14] [15] especially when we compared some risk fac-
tors like age, diabetes mellitus and smoking (Table 3). PAD prevalence in he-
modialysis patients varies from 17% to 48% [1]. This large variability can be 
partly explained by the diagnostic criteria of PAD, which differ from one study 
to another. In some studies [14] [15], PAD was diagnosed at a clinical stage of 
the disease, based on data from patients’ medical records (presence or history of 
intermittent claudication, gangrene, history of revascularization, or limb ampu-
tation). However, 40% of PAD patients are asymptomatic [16]. In other studies, 
such as ours [5] [12] [17], PAD diagnosis was made at a subclinical stage by 
measuring the ABI. But in CKD, diabetes, or in elderly subjects, the presence of 
mediacalcosis resulted in abnormally normal or high ABI. Hence, the calculation 
of toe-brachial index (TBI) was combined with ABI in some studies to minimize 
this bias [13] [18] (Table 3): the toe blood vessels are less prone to mediacalo-
sis-related stiffening. 

On the other hand, ABI measurement protocols vary dependent on studies, 
making it difficult to compare results. For the calculation of ABI, the lowest, 
highest or average systolic BP of the ankle can be used [3]. Using the lowest sys-
tolic pressure in lower limb, as in our study, or the mean systolic BP of the post-
erior tibial arteries, allows to increase the sensitivity and the reproducibility of 
the measurements but overestimates the severity of PAD in asymptomatic pa-
tients [3].  

Age, hypertension, diabetes mellitus, smoking and dyslipidemia are known 
risk factors for PAD [12] [19]. Among those risk factors, diabetes mellitus and 
smoking have been identified as the most potent [16]. In our study, PAD sub-
jects were on average older (52.52 ± 15.08 years vs 46.14 ± 14.89) but diabetes 
prevalence was low (4%). As reported by Ono et al. [5], we found significant 
lower diastolic BP in PAD patients. 

  
Table 3. Prevalence of PAD according to some studies. 

Authors PAD assessment PAD (%) Mean age (years) HTN (%) Diabetes (%) Smokers (%) 

Our study, 2012 ABI 47.1 49.15 ± 15.18 83 4 20.75 

Ohtake et al. [18], 2011 ABI/TBI 47.2 67.8 ± 12.2 95.8 40 14.4 

Adragao et al. [17], 2012 ABI 41 65.6 ± 15 - 20 
22 
 

Chen et al. [12], 2016 ABI 18.6/52.8* 59.3 91.3 58.2 19.9 

Matsuzawa et al. [13], 2015 ABI/TBI 38.1 66 ± 11 - 48.6 57.6 

Ono et al. [5], 2003 ABI 16.5 60.6 ± 12.5 79 33.8 41.4 

O’Hare et al. [14], 2002 Symptomatic disease** 24 60 ± 16 - 43 47 

Sebastianski et al. [15], 2014 Symptomatic disease** 19.1 60.3 ± 15.6 87.2 51.4 58.4 

ABI: ankle-brachial index; HTN: hypertension; PAD: peripheral arterial disease; TBI: toe-brachial index. *African-americans, **: claudication symptoms, 
absent foot pulses, gangrene, previous vascular intervention or previous amputation due to vascular disease. 
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For dyslipidemia, the lipid fractions associated with PAD differ from one 
study to another. In some reports, high LDL cholesterol levels [13] or low HDL 
cholesterol levels [8] [13] were the most significant fractions, while in another 
[14], high total cholesterol and high triglycerides levels, identified in the univa-
riate analysis were not confirmed in the multivariate analysis. Thus, current data 
support the total cholesterol/HDL cholesterol ratio that was most correlated with 
PAD in the general population [19]. Like other authors [11] [17] [20], we did not 
find significant correlation between PAD and blood levels of total cholesterol, 
HDL cholesterol, LDL cholesterol, triglycerides or iPTH. 

We observed a higher prevalence of PAD in women, which is consistent with 
the literature data [12] [19]. In developing countries, PAD tends to be more fre-
quent among women in the general population, while in developed countries, 
the prevalence of PAD seemed to be similar between men and women [19]. 

Inflammation plays an important role in the occurrence of PAD [12] [19]. In 
our study, both CRP levels and white blood cell counts were higher in the 
PAD-patients group, but without significant difference. 

Other reasons could also explain this high prevalence. Apart from traditional 
CVRF, PAD is associated with non-traditional CVRF such as fibrinogen, mye-
loperoxidase, glycated hemoglobin, insulin resistance and alkaline phosphatase 
[12]. These new CVRF are common in chronic renal failure patients and have 
not been studied in this work. In addition, black subjects have a higher PAD 
prevalence compared to other ethnic groups [12] [19] [21]. For African-Americans, 
poor access to health care services due to low socio-economic status, poor quali-
ty of life and genetic factors could account for the high morbidity. In sub-Saharan 
Africa, difficulty for populations to access healthcare services due to the lack of 
sufficient human resources and limitation of the technical healthcare platforms 
is a reality. 

PAD is a powerful predictor of cardiovascular and global mortality in hemo-
dialysis patients [5]. Diagnosing it earlier could be integrated into strategies for 
preventing cardiovascular and global morbidity and mortality in this population 
by establishing therapeutic means such as smoking cessation, regular physical 
activity practice by hemodialysis patients with a good tolerance to efforts, and by 
initiating drug therapy with statins and/or antiplatelet agents (aspirin, clopido-
grel) [1] [16]. In patients with end stage chronic kidney disease (CKD), screen-
ing for PAD is recommended at the initiation of dialysis [1]. 

5. Conclusion 

In the present study we found a high PAD prevalence amounting to 47.16% with 
more than half of patients (52%) who were clinically asymptomatic. Also, screen-
ing for PAD should be systematic in groups of patients at high cardiovascular 
risk as in hemodialysis patients. This study had several limitations: a relatively 
small number of patients, the use of the smallest ankle systolic BP for the calcu-
lation of ABI and the fact that we did not study non-traditional cardiovascular 
risk factors. 
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