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ABSTRACT 

 

Objective: The objective of the study was to determine the prevalence of 

peripheral artery disease and its predictors among hypertensive patients 

attending the University of Ilorin Teaching Hospital. 

Design: Hospital-based comparative cross-sectional study. 

Setting: General outpatient clinic and cardiology clinic 

Participants:150 hypertensive patients and 150 normotensive patients were 

recruited.  

Main outcome measures: The participants were physically examined, and their 

blood samples were taken for analysis. Ankle-brachial index was determined 

among the participants using a handheld Doppler machine. Data obtained were 

analyzed using SPSS 20 computer software package. 

Results: The prevalence of peripheral artery disease among the hypertensive 

subjects and normotensive patients were 20% and 3.3% respectively. The predictors 

of peripheral artery disease were age of the patient (OR, 1.04; 95% CI, 1.01 - 1.08), 

duration of hypertension (OR, 1.08; 95% CI, 1.02 - 1.15), abnormal body mass index 

(OR, 1.10; 95% CI, 1.02 - 1.20), low-density lipoprotein cholesterol (OR, 3.41; 95% 

CI, 1.17 - 9.97) and total cholesterol (OR, 5.56; 95% CI, 2.33 - 13.27). 

Conclusion: Peripheral artery disease is a common complication among 

hypertensive patients studied. The predictors of peripheral artery disease among 
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these patients were the age of the patient, duration of hypertension, obesity, and 

dyslipidemia. 

 

 

INTRODUCTION 

 

Systemic hypertension(SH) is one of the most 

important modifiable risk factors for 

cardiovascular disease (CVD)1 and it 

contributes to significant risk factors for stroke, 

heart failure(HF), and peripheral artery 

disease(PAD).2 The prevalence of 

hypertension is increasing rapidly in 

developing countries, where the inadequate 

treatment and control of elevated blood 

pressure (BP) are contributing greatly to the 

growing epidemic of CVD.3 

Hypertension plays an important role in the 

pathogenesis of atherosclerotic vascular 

disease (AVD) and has been associated with an 

increased risk of PAD.4 Emdin et al. found that 

a 20mm Hg higher than usual systolic blood 

pressure (SBP) is associated with a 63% higher 

risk of PAD.5 It has also been found that 

individuals with SH and PAD are at an 

increased risk of chronic kidney disease, HF, 

and stroke .5 

In the past, it was reported that AVD was rare 

among Africans. However, a post-mortem 

study in Ethiopia demonstrated that 

atherosclerotic lesions of the aorta were 

present in 47% of the autopsied Ethiopians 

aged 10 years and above.6 Tracie et al. found a 

higher prevalence of PAD in African-

Americans (22.8%), compared to Whites 

(13.2%) and Hispanics (13.7%).7 In a study 

done in the Central African Republic using 

ankle-brachial index (ABI), a prevalence of 

between 15.0% and 32.4% of PAD was 

reported.8 

ABI of less than or equal to 0.9 has been 

strongly associated with cardiovascular events 

and mortality in a variety of populations. 

However, relatively little data exist regarding 

a high ABI.9 Moreover, the clinical implications 

of ABI greater than 1.40 remain controversial. 

Some cohort studies have reported that higher 

ABIs were related to more cardiovascular 

events.9 On the contrary, a general population 

study has shown that ABI greater than 1.40 did 

not identify individuals at increased risk of 

cardiovascular mortality.10 

Data on the prevalence and predictors of PAD 

using a handheld device for the assessment of 

ABI in Nigeria are sparse. The study therefore 

aimed at determining the patterns of ABI using 

handheld Doppler and the predictors of PAD 

among hypertensive patients attending 

University of Ilorin Teaching Hospital (UITH).  

 

METHODOLOGY 

 

Study design: 

This research work was a hospital-based 

comparative cross-sectional study. 

Study location: 

The study was carried out at the Cardiology 

Clinic and General outpatient Department 

(GOPD) of UITH.  

Study subjects: 

Adult patients with SH attending the 

Cardiology Clinic of UITH were recruited to 

participate in the study provided they met the 

inclusion criteria and signed the consent form. 

Patients with diabetes mellitus, chronic kidney 

disease, heart failure, and leg ulcers were 

excluded. 

Subject selection and method of sampling: 

A systematic random sampling method was 

used to recruit patients with SH for the study. 

A total of 150 patients and 150 controls were 

recruited. Patient participants were matched 
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with the controls in terms of age and gender. 

The controls were recruited from GOPD and 

among relatives of patients.  

Procedure & data acquisition: 

First visit: The study subjects recruited were 

informed about the study and its benefits and 

written informed consent was obtained. They 

were then scheduled for the second visit 

within 1-3 weeks. The following procedures 

were carried out: 

1. A semi-structured interviewer-administered 

questionnaires were used by the investigator 

to document the demographic and relevant 

clinical information of the participants.  

2. A detailed physical examination was carried 

out including an examination of the 

cardiovascular system.  

3. ABI was calculated by determining the 

brachial SBP and ankle SBP. These were 

determined by using an appropriate cuff and 

handheld Doppler probe (Summit Doppler 

LifeDop 250 Vascular Doppler 8MHz) 

The ABI for each leg was calculated using the 

formula; ABI = Highest pressure recorded at 

the ankle for that leg/Highest brachial pressure 

obtained for both arms.11 The ABI for each leg 

was calculated and the lower value was 

regarded as the overall ABI for that subject. 

The presence of PAD was defined by ABI of 

less than or equal to 0.9 while the absence of 

PAD was defined by ABI greater than 0.9.12 

Second visit: At this visit blood samples for 

investigation were taken after the participants 

had fasted for about 8 to 10 hours. Samples for 

the following investigations were taken; 

fasting blood sugar, fasting lipid profile, and 

serum electrolyte urea and creatinine. 

 

Data analysis: 

Data obtained were analyzed using the 

Statistical Package for Social Sciences version 

20 (SPSS 20, IBMR USA, Armonk, NY 10504) 

computer software package. The demographic 

and clinical data of the patients were 

summarized in tables using frequencies, and 

percentages. The mean and standard deviation 

were calculated for ABI among subjects with 

and without SH and the difference between 

these two values was tested using Student’s T-

test. The prevalence of PAD was calculated for 

each group and a Chi-square test was applied 

to test the difference. The association between 

the presence of PAD and other parameters was 

determined by the Chi-square test. Pearson’s 

correlation was done to determine the 

relationship between ABI and clinical, and 

biochemical profiles of hypertensive patients. 

Binary logistic regression analysis was 

conducted to determine the predictors of PAD 

in patients with SH. 

Ethical consideration: 

Ethical approval for the study was obtained 

from the ethical review committee of UITH. 

Informed consent was obtained from the 

prospective subjects using a consent form that 

stated in clear and simple terms, the purpose 

of the study and the procedures to be carried 

out on them. 

 

RESULTS 

 

Socio-demographic data, and clinical and 

biochemical profiles of the study participants. 

A total of three hundred participants were 

recruited for this study consisting of one 

hundred and fifty each for hypertensive and 

controls. The mean ages of both the 

hypertensive and normotensive subjects were 

similar (52.45 ± 13.46 versus 51.96 ± 13.81 years, 

P=0.99). The gender distribution between the 

two groups was also similar.  

The mean systolic BP was significantly higher 

in the hypertensive subjects than in the 

normotensive controls (142.90 ± 15.66 versus 

124.69 ± 9.10) with a P-value of <0.001. About 

45% of the hypertensive patients in this study 
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had been hypertensive for a period of between 

1 and 4 years while only 6.7% of them had 

hypertension for more than 20 years as shown 

in Figure 1.  

The mean ABI values of hypertensive subjects 

was significantly lower than that of the control 

(1.01 ± 0.11 versus 1.04±0.09; P-value = 0.009). 

While the mean BMI was significantly higher 

in hypertensive subjects compared to 

normotensive controls (28.09 ± 5.16 versus 

26.38 ± 5.39; P-value = 0.008).  

The mean values of serum creatinine, total 

cholesterol, LDL, and triglyceride levels were 

also significantly higher among hypertensive 

patients compared to the controls (P = 0.004, 

<0.001, <0.001, and <0.001 respectively). (Table 

1).

 
Table 1 

Socio-demographic characteristics, clinical and biochemical profiles of study participants 

Variable Hypertensives  

Mean±SD 

n= 150 

Normotensives 

Mean±SD 

n=150 

χ2 t-value P-value 

 

Mean age 52.45 ± 13.46 51.96 ± 13.81   0.99 

Gender 

Male 

Female 

 

53(35.3) 

97(64.7) 

 

56(37.3) 

94(62.7) 

 

0.13 

  

0.72 

Education 

None                    

Primary 

Secondary 

Tertiary 

 

17(11.3) 

21(14.0) 

29(19.3) 

83(55.3) 

 

25(16.7) 

14(9.3)   

43(28.7) 

 68(45.3)                                

 

7.14 

 

            

  

0.07 

SBP(mmHg) 142.90 ± 15.66 124.69 ± 9.14  12.97 <0.001* 

BMI(Kg/m2) 28.09 ± 5.16 26.38 ± 5.39  2.71 0.008* 

ABI 1.01 ± 0.11 1.04 ± 0.09  2.64 0.009* 

SC(umol/l) 83.47 ± 0.87 80.32 ± 0.74  2.90 0.004* 

FBS(mmol/l) 4.96 ± 0.68 5.07 ± 0.60  1.52 0.13 

LDL(mmol/l) 2.82 ± 0.56 2.27 ± 0.43  9.80 <0.001* 

HDL(mmol/l) 0.96 ± 0.14 0.99 ± 0.12  1.80 0.07 

TG(mmol/l) 1.46 ± 0.30 1.32 ± 0.01  4.31 <0.001* 

TC(mmol/l) 4.57 ± 0.87 4.15 ± 0.62  5.18 <0.001* 

*P is significant at < 0.05; χ2, chi-square, SD; standard deviation, BP, systolic blood pressure; BMI, body mass index; ABI, ankle 

brachial index; SC, serum creatinine; FBS, fasting blood sugar; LDL, low-density lipoprotein cholesterol; HDL, high-density 

lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol. 
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Figure 1: Bar chart showing the duration of hypertension among hypertensive patients 

 

Prevalence of PAD among the study participants 

The prevalence of PAD among hypertensive 

patients was 20% and 3.3% among the controls. 

The difference was statistically significant with 

a    P-value of < 0.001. (Table 2).

 
Table 2 

Prevalence of PAD among the hypertensive and non-hypertensive patients 
Variables Hypertensives  

n=150             

Normotensives 

n=150 

  χ2 T-value P-value 

Mean ABI 1.01 ± 0.11 1.04 ± 0.09  2.64 0.009* 

Normal ABI 99 (66.0) 115 (76.7) 20.642  <0.001* 

Borderline ABI 21 (14.0) 30 (20.0)  ,   

Low ABI 30 (20.0) 5 (3.3)    

PAD Present 30(20.0) 5(3.3) 20.216  <0.001* 

PAD Absent 120(80.0) 145(96.7)    

* P is significant at < 0.05; PAD, peripheral artery disease; χ2, chi-square 
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Socio-demographic characteristics, and clinical and 

biochemical profiles of the participants with PAD 

The mean age of the hypertensive patients 

with PAD was significantly higher than those 

without PAD (P = 0.01). The majority of 

patients with PAD among the hypertensive 

patients were between the age of 55 and 65 

years. While the majority of the controls with 

PAD were older than 65 years of age.  

The prevalence of PAD among hypertensive 

males was 17% while the prevalence of PAD 

among hypertensive females was 21.6% and no 

significant difference was found in the gender 

distribution of the hypertensive patients with 

PAD. 

The mean BMI among hypertensive patients 

with PAD was higher than that of hypertensive 

patients without PAD (P = 0.01). Only two out 

of thirty patients with PAD among the 

hypertensive patients had normal BMI and all 

the controls with PAD were obese.  

The mean difference in BP was not statistically 

significant between the hypertensive patients 

with PAD and those without PAD (P = 0.60 for 

SBP and P = 0.28 for DBP). The difference 

between the means of serum creatinine and 

FBS of the hypertensive patients with and 

without PAD were also similar (P values = 0.47 

and 0.39 respectively). While the mean LDL 

and total cholesterol were significantly higher 

among the hypertensive patients with PAD 

than those without PAD (P-value = <0.001 and 

<0.001 respectively) the serum HDL was lower 

among hypertensive patients with PAD than 

those without PAD (P-value of 0.04). (Tables 3 

and 4).

 
Table 3 

Clinical and biochemical profiles of subjects with PAD 

Variable Hypertensives 

PAD Absent 

n=120              

Mean ± SD 

Hypertensives 

PAD Present 

n=30              

Mean ± SD 

t-value P-value 

Age 51.03±14.16 58.13±8.09 2.64 0.01* 

BMI 27.98±5.17 30.46±4.55 2.41 0.01* 

ABI 1.05±0.07 0.84±0.08 13.68 <0.001* 

SBP (mmHg) 144.01 ± 14.90 145.68 ± 18.0  0.53 0.60 

DBP (mmHg) 86.73 ± 11.20 84.27 ± 5.98  1.08 0.28 

SC (umol/l) 83.79 ± 10.35 82.20 ± 11.93  0.73 0.47 

FBS (mmol/l) 4.99 ± 0.61 4.87 ± 0.92  0.89 0.39 

LDL (mmol/l) 2.62 ± 0.42 3.3 ± 0.74  6.67 <0.001* 

HDL (mmol/l) 0.97 ± 0.14 0.91 ± 0.13  2.13 0.04* 

TG (mmol/l) 1.44 ± 0.38 1.56 ± 0.30  1.61 0.11 

TC (mmol/l) 4.32 ± 0.73 5.44 ± 0.75  7.48 <0.001* 

*P is significant at < 0.05; SD; standard deviation, SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass 

index; SC, serum creatinine; FBS, fasting blood sugar; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein 

cholesterol; TG, triglyceride; TC, total cholesterol 
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Table 4 

Socio-demographic data and clinical profiles of the participants with PAD 

Variable 

 

 

Hypertensives 

PAD Present 

n = 30 

χ2 P-value Normotensives 

PAD Present 

n = 5 

χ2 P-value 

Gender 

Male 

Female 

 

9(17.0) 

21(21.6) 

 

0.47 

 

 

0.49 

 

3(5.36) 

2(.2.08) 

 

1.14 

 

0.29 

Age 

18-44 

45-54 

55-64 

>65 

 

0(0.0) 

10(25.6) 

16(40.0) 

4(12.9) 

 

21.75 

 

<0.001* 

 

0(0.0) 

0(0.0) 

1(10.52) 

4(3.03) 

 

16.33 

 

0.01* 

BMI 

Normal 

Overweight 

Mild Obesity 

Moderate obesity 

 

2(4.3) 

12(22.6) 

8(23.5) 

8(47.1) 

 

15.32 

 

0.002* 

 

0(0.0) 

0(0.0) 

1(4.3) 

4(26.7) 

 

29.28 

 

<0.001* 

*P is significant at < 0.05; χ2, chi-square; BMI, body mass index; LV, left ventricular 

 

Relationship between ABI, clinical and biochemical 

profiles of the hypertensive patients 

Table 5 shows the correlation between clinical 

and biochemical profiles of hypertensive 

patients with ABI. The age of the patients (r = -

0.2, P = 0.01), duration of hypertension (r = -

0.27, P = <0.001), and BMI (r = -0.20, P = 0.01) 

had weak negative correlations with ABI. 

While serum LDL (r = -0.45, P = <0.001) and 

total cholesterol (r= -0.44, P = <0.001) had 

moderate negative correlation with ABI. On 

the other hand, serum HDL had a weak 

positive correlation with ABI (r = 0.18, P = 0.03). 

The patient’s BP and serum triglyceride did 

not correlate with ABI.

  
Table 5 

Relationship between ABI and clinical and biochemical profiles of the hypertensive patients 
Risk Factor Correlation with ABI 

  n = 150 

      r 

P-value 

Age -0.2 0.01* 

SBP -0.08 0.33 

 DBP -0.02 0.86 

Duration of hypertension -0.27 <0.001* 

BMI -0.20 0.01* 

HDL 0.18 0.03* 

LDL -0.45 <0.001* 

TG -0.14 <0.09 

TC -0.44 <0.001* 

r, Pearson's correlation coefficient; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ABI, ankle 

brachial index; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglyceride; TC, total 

cholesterol. 
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Predictor of PAD among hypertensive patients 

To determine the predictors of PAD among the 

subjects, a binary logistic regression was done. 

The predictors of PAD were age of the patient 

(odds ratio (OR), 1.04; 95% confidence interval 

(CI), 1.01 - 1.08), duration of hypertension (OR, 

1.08; 95% CI, 1.02 - 1.15), BMI (OR, 1.10; 95% 

CI, 1.02 - 1.20), LDL (OR, 3.41; 95% CI, 1.17 - 

9.97) and total cholesterol (OR, 5.56; 95% CI, 

2.33 - 13.27). (Table 6)

 
Table 6 

Predictors of PAD among the hypertensive patients 

Variables  Odds Ratio 95% CI  P- value 

Age    1.04 1.01 - 1.08 0.01* 

Duration of HTN 1.08 1.02 - 1.15 0.01* 

BMI 1.10 1.02 - 1.20 0.02* 

HDL 0.02 0.01 - 0.07 0.001* 

LDL 3.41 1.17 - 9.97 0.03* 

TG 0.53 0.12 - 2.36 0.41 

TC 5.56 2.33 - 13.27 0.001* 

*P is significant at < 0.05; CI, confidence interval at 95%; HTN, hypertension; BMI, body mass index, LDL, low-density 

lipoprotein, HDL, high-density lipoprotein; TG, triglyceride; TC, total cholesterol. 

 

DISCUSSION 

 

The mean age for this study was 52.45 ± 13.46 

years for the hypertensive subjects and this is 

similar to findings from other studies in 

Nigeria13 14  and other African countries.15 In 

contrast, the studies done outside Africa 

reported higher ages16 17 and this may not be 

unconnected to the fact that systemic 

hypertension and its complications tend to 

occur much earlier among Africans than 

Caucasians.18 The sex distribution of the 

participants in this study has a female 

preponderance and this is similar to previous 

studies done both within and outside Nigeria4 
13 15 16 and this likely reflects better health-

seeking behaviour among the female  

population19. 

In this study, the prevalence of PAD using ABI 

of ≤0.9 was 20% and 3.3% among hypertensive 

and controls respectively. Studies on the 

prevalence of PAD among hypertensive and 

normotensive subjects in Nigeria are few. 

However, in southern Nigeria, a prevalence of 

24% and 8.7% was reported which is similar to 

this index study13. In the study by Newman et 

al, 19.7% of the participants (older adults with 

systolic hypertension) had PAD and this is also 

similar to this index study. 20  

The prevalence of PAD increased with age and 

also age is an independent predictor of PAD in 

this study. The relationship between age and 

PAD in this study is in tandem with earlier 

studies,4 20 atherosclerotic diseases are known 

to increase with age, this may explain why 

older hypertensive patients are more at risk 

compared with younger ones.  

The presence of PAD has no significant 

relationship with the distribution of gender in 

this study and this was similar to what was 

reported by Collins et al.21 Though some 

studies reported a higher prevalence among 

females.4 22 This discrepancy may not be 

unconnected to the fact that a small sample 

size was used in this study. 

Hypertension contributes to the pathogenesis 

of atherosclerosis, the basic underlying 

pathological process of PAD. Similarly, in this 

study the longer the duration of hypertension 

the higher the risk of PAD. Most studies on 
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PAD have little or no information on the 

duration of hypertension and the risk of 

developing PAD. There is a need for further 

research on this association. 

Ix et al. reported that an abnormally high BMI 

has a significant association with PAD even 

among those who have never smoked.23  This 

observation is similar to what was reported in 

this study.  

In a study conducted by Saidu et al, it was 

reported that total cholesterol, LDL, and 

triglycerides were significantly higher among 

hypertensive patients compared with the 

controls.24 This is similar to the observation in 

this study thus demonstrating that 

hypertension plays a significant role in the 

development of lipid disorders. 

This study also revealed that serum total 

cholesterol and LDL were associated with 

PAD and they were independent predictors of 

PAD among the hypertensive subjects. 

Similarly, Meijer et al. in a prospective study to 

determine the risk factors of PAD also reported 

serum total cholesterol as an independent 

predictor of PAD 1.15 0R, 95% CI 1.06 to 1.24 

after adjusting for age and sex.22  Emanuelsson 

et al also found a strong association between 

LDL and PAD in a study that involved over 

100,000 participants ( OR 1.96, 95% CI: 1.26–

3.06).25 It was concluded that lowering LDL 

reduces the risk of major adverse limb events 

among patients with PAD.  

 

CONCLUSION 

 

PAD is not an uncommon atherosclerotic 

disease among hypertensive patients of 

African origin and it portends a poor 

prognosis. The presence of dyslipidemia, old 

age, long duration of hypertension, and 

obesity increase the risk of PAD among 

hypertensive patients, and prompt screening 

among this group of patients may help in early 

diagnosis and treatment. 
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