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Abstract

Background: The aims of this study were to assess the frequency of lower extremity arterial occlusive disease in HIV-positive
patients on antiretroviral therapy by measuring the ankle-brachial index (ABI) and to examine the links between the HIV
condition, antiretroviral therapy administration, and associated cardiovascular risk factors. Methods: This was a descriptive and
analytical cross-sectional study with prospective data collection, conducted from May 1st to June 30th, 2022. Included were
HIV-positive patients on antiretroviral therapy after signing an informed consent. The collected data included particularly the
systematic and bilateral measurement of the ankle-brachial index. Any difference less than 0.05 was considered statistically
significant. Results: Our study was conducted on 150 patients. There was a female predominance with a sex ratio of 0.58. The
average age was 46.78+12.37 years. The main cardiovascular risk factors identified were dyslipidemia (51.6%), hypertension
(19.5%), smoking (6.9%), and diabetes (3.4%). The duration of HIV infection over 15 years was most represented at 37.6%.
The frequency of PAD was 55.2%. Among these, 37.6% had poorly compensated PAD. There was a correlation between PAD
and smoking (p=0.029), dyslipidemia (p=0.02), and the duration of HIV infection between 6 and 10 years (p=0.039).
Conclusion: Our study shows a very high frequency of PAD in patients living with HIV and highlights the importance of the ABI
in screening for PAD in this patient group.
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1. Introduction

Atherosclerosis is by far the main arterial disease affecting
humans today. Targeting large and medium-sized arteries, it is
defined as an obstructive disease of the lower limb vessels [1].
It involves an atheromatous obstruction of the arteries between
the abdominal aorta and the digital arteries supplying the lower
limbs. Due to its complications and systemic expression, ath-
erosclerosis is responsible for acute or chronic ischemic phe-
nomena, with the main targets being the myocardium, the brain,
and the lower limbs [1]. Indeed, one-third of atheromatous
patients are asymptomatic polyvascular individuals who are at
very high cardiovascular risk [1].

Peripheral Arterial Disease (PAD) is the third most com-
mon location for atherosclerosis, after coronary and cerebral
involvement, [2]. It is estimated that more than 200 million
individuals are affected by PAD worldwide. This prevalence
has increased by about 25% between 2000 and 2010, partic-
ularly in low/middle-income countries. Nearly two-thirds of
the PAD-affected population presents its asymptomatic form
[1]. Hence, the majority of epidemiological studies utilize the
measurement of the Ankle-Brachial Index (ABI) [3].

The ABI measurement is indicated as a first-intention
non-invasive test for screening and diagnosing PAD (I, C) [3].
Itis a simple, non-invasive, and cost-effective clinical measure.
An arterial component is suspected in case of an ABI lower
than 0.9, and confirmed if the ABI is below 0.5 [3]. Thus, lower
limb arterial occlusive disease serves as a severity marker of
atherothrombotic disease, whether symptomatic or not.

In patients living with HIV (PLWH) on Antiretroviral
(ARV), lower limb involvement is often overlooked, yet it
also represents a marker of poorer prognosis. The world re-
gions that have seen the most significant increase in PAD are
Southeast Asia and the Western Pacific, with global data on
PAD prevalence trends between 2000 and 2010 being recently
published. During this period, the number of individuals with
PAD rose by 28.7% in low and middle-income countries and
by 13.1% in high-income countries [4]. In 2018, there were
37.9 million people living with HIV (PLWH) globally [5].
Access to highly active antiretroviral therapy (HAART) and
its high efficacy has reduced global mortality by 45% since
2005 [5]. However, this improvement in survival has led to
the emergence of non-infectious comorbidities.

HIV-positive patients have twice the risk of cardiovascular
events (CVD) compared to non-HIV-infected individual [6].
Cardiovascular disease (CVD) remains one of the leading
causes of death among PLWH, along with cancer and infec-
tion [7]. It, therefore, seems pertinent to screen for this in-
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volvement, particularly by measuring the Ankle-Brachial
Index, to detect a patient subgroup at higher risk levels, thus
optimizing therapeutic management [5, 8].

The main objective of the study was to screen for lower
limb arterial occlusive disease by measuring the ABI in pa-
tients living with HIV on ART. The specific objectives were to
describe the epidemiological and diagnostic aspects of lower
limb arterial disease, to analyze ABI data, and to correlate
lower limb arterial disease with HIV status, ART administra-
tion, and associated cardiovascular risk factors in patients
living with HIV on ART.

2. Methodology

2.1. Study Design and Inclusion Criteria

This was a cross-sectional, descriptive, analytical study
with prospective data collection. The study was conducted
over a 2-month period from May 1 to June 30, 2022. Included
in our study were HIV-positive patients on ART aged at least
18 years, of all genders, followed at the regional research and
training center of the FANN University Hospital in Dakar. We
studied sociodemographic aspects, cardiovascular risk factors,
clinical, and paraclinical data. These various parameters were
collected based on a questionnaire and compiled into an ex-
ploitation sheet.

2.2. Ankle-Brachial Index Measurement
Method

The Ankle-Brachial Index (ABI) was obtained by calcu-
lating the ratio of the systolic blood pressure at the ankle
(anterior and posterior tibial arteries) to the brachial systolic
blood pressure. For this, a Spengler manual sphygmoma-
nometer and an EDAN SD3 VASCULAR pocket Doppler
(Hamburg, Germany) were used. The performance of the ABI,
ECG (Electrocardiogram), and cardiac ultrasound was free for
all patients. After joining, the PAD and the ABI were ex-
plained to them, as well as the measurement technique. The
duration of the measurement varied between 5 and 10 minutes.
Patients with pathological ABI values either received medical
treatment or were referred to cardiovascular surgery for op-
timal care.
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2.3. Ethical Considerations

This work was carried out in collaboration with the Director
of the Regional Research and Training Center (RRTC) after
obtaining the center's approval by signing the RRTC confiden-
tiality sheet. An information note was prepared for the patients,
summarizing the survey made available to each patient. The
two-page information letter mentioned the title, objectives,
target, duration, number of patients to include, advantages and
disadvantages of the survey, and contact details of the survey
leaders. Written consent was obtained from the patients; those
who refused to participate were excluded, and this did not
impact their care and follow-up in the service. All patients were
informed about the confidentiality of the study.

2.4. Statistical Analysis

Data analysis was performed using Epi Info software ver-
sion 7 and R studio version 4. In the descriptive analysis,
qualitative variables were described by frequency, percent-
ages, and quantitative variables by mean with standard devi-
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ation, extremes, and median. The bivariate analysis consisted
of correlating PAD with other variables. The Chi-square tests
(Fisher and Pearson) and Yates's corrected Chi-square were
used for proportion comparisons. The relationship was con-
sidered statistically significant when the p-value was strictly
less than 0.05.

3. Results

Our study was conducted on 150 patients. There was a
female predominance with a sex ratio of 0.58. The mean age
was 46.78 years +/- 12.37, with the median age at 47.5 years,
ranging from 18 to 83 years. The 50 to 59 age group was the
most represented (Figure 1). The majority of patients came
from the suburbs of Dakar, accounting for 49.4%. Patients
working in the private sector were more represented (54%).
The main cardiovascular risk factors identified were
dyslipidemia (51.6%), sedentary lifestyle (24.6%), hyperten-
sion (19.5%), obesity (15%), smoking (6.9%), and diabetes
(3.4%). The duration of HIV infection exceeding 15 years was
the most represented at 37.6% (Figure 2).
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Figure 1. Age group distribution of the population (N=150).
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Figure 2. Distribution of the sample based on the duration of HIV
infection (n=150).
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Clinically, 4.6% of patients had intermittent claudication.
Among them, 25% complained of numbness, and 75% had
cramps. Erectile dysfunction was observed in 16% of the
study patients. It was moderate in half of the cases and severe
in 21.4%, with a significant relationship (p value=0.03). The
examination of peripheral pulses did not reveal unilateral
abolition of pedal and retro-malleolar pulses. The main dis-
turbances in the lipid profile were elevated total cholesterol
(51.56%), LDL cholesterol (20.7%), and triglycerides
(26.1%). The anomalies detected on the electrocardiogram
were dominated by conduction disorders such as left anterior
hemiblock (62.5%) and complete right bundle branch block
(37.5%). Almost all patients had a normal left ventricular
ejection fraction (LVEF) at 98.2%.
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Figure 3. Distribution of the population based on the ABI of the
lower limbs (n=150).

The ABI in patients living with HIV on ARV revealed a
PAD frequency (ABI < 0.9) of 55.2%. Among these, 72.4%
had well-compensated PAD and 37.6% had poorly compen-
sated PAD. The right lower limb was most often affected, in-
volving the anterior tibial artery in 37.9% of cases (40.5%). The
left lower limb was affected in 25.3% of cases, predominantly
involving the anterior tibial artery (35.5%) (Figure 3). PAD was
more common in females, with a proportion of 68.8% and a sex
ratio of 0.45. It was also more frequent among those under 50
years, with 50.8% of cases (p=0.46) (Table 1). All patients were
on triple therapy with Tenofovir, Lamivudine, and Dolute-
gravir.

Table 1. Comparison between PAD and different age groups.

PAD
Years Total P
PAD (+) PAD (-)
20-29 14.3% 12.5% 13.8% 0.57
30-39 9.5% 12.5% 10.3% 0.47
40-49 27% 29.2% 27.6% 0.84
50-59 36.5% 37.5% 36.8% 0.93
60 - 69 7.9% 4.2% 6.9% 0.47
70+ 4.8% 4.2% 4.6% 0.7

Factors correlated with the occurrence of PAD were smoking
(p=0.03), dyslipidemia (p= 0.02) (Table 2), and the duration of
HIV infection between six and ten years (p=0.04) (Table 3).
There was no correlation between PAD and the duration of
ARV (Table 4) or with other cardiovascular risk factors, elec-
trocardiographic, and echocardiographic anomalies.
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Table 2. Distribution of PAD according to cardiovascular risk fac-
tors.

Cardiovascular risk PAD
factors Total P
PAD (+) PAD (-)

Tobacco Yes 11.1% 29.2% 16.1% 0.04
No 88.9% 70.8% 83.9%

Dyslipidemia ~ Yes 68.6% 55% 70.5% 0.02
No 98.4% 100% 29.5%

Sedentary Yes 27% 25% 26.4% 0.54

Lifestyle No 73% 75% 73.6%

Diabetes Yes 3.2% 4.2% 3.4% 0.62
No 96.8% 95.8% 96.6%

HTA Yes 19% 20.8% 19.5% 0.53
No 81% 79.2% 80.5%

Obé&ity (BMI) Yes 19% 4.2% 149%  0.07
No 81% 95.8% 85.1%

Table 3. Comparison between PAD and the duration of the Infection.

PAD
Durée d’infection Total P
Yes No
< 5 yaers 45.0% 55.0% 100.0% 0.35
6 - 10 years 76.5% 23.5% 100.0% 0.04
11-15 years 56.3% 43.8% 100.0% 0.85
> 15 years 46.9% 53.1% 100.0% 0.3

Table 4. Comparison between PAD and the Duration of ART Treat-
ment.

Durati f ART PAD

urg 1on o Total P
treaitment

Yes No

<5 years 47.8% 52.2% 100.0% 0.41
6 - 10 years 70.0% 30.0% 100.0% 0.12
11 - 15 years 57.1% 42.9% 100.0% 0.86
> 15 years 47.8% 52.2% 100.0% 0.41
4. Discussion

This study faced limitations due to its non-comparative
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nature, notably the absence of a control group not exposed to
antiretroviral (ARV) treatment, a situation complicated by the
universal treatment policy in Senegal. Despite these limita-
tions, our study sheds significant light on the prevalence of
peripheral artery disease (PAD) among people living with
HIV (PLWH) on ARV therapy. We observed a high preva-
lence of PAD, with 55.2% of participants presenting with an
ankle-brachial pressure index (ABPI) below 0.9, indicative of
obstructive artery disease. This prevalence significantly ex-
ceeds those reported in earlier studies, where rates varied from
2 to 10% [6, 9]. Furthermore, a Swiss study by Periard et al
[10] highlighted a prevalence rate of 20.7% of peripheral
arterial disease in HIV patients on ARV therapy, thus under-
scoring the magnitude of the issue.

Our analysis also reveals that certain cardiovascular risk
factors, such as dyslipidaemia (p=0.02) and smoking (p=0.04),
were significantly associated with PAD in our study popula-
tion. ARV treatments are known to impact the metabolism of
triglyceride-rich lipoproteins [4], which could explain the
observed association. A study in Dakar also reported elevated
levels of total cholesterol and LDL-cholesterol in PLWH,
suggesting an increased risk of cardiovascular diseases [11,
12]. Regarding smoking, its strong epidemiological correla-
tion with PAD has been established, with the risk being tripled
for smokers, proportionally to the extent of exposure [13, 14].

Although the association between PAD and other risk fac-
tors such as hypertension, obesity, diabetes, as well as de-
mographic variables, was not significantly established, these
elements contribute to a broader context of cardiovascular risk.
Interestingly, our study indicates that HIV infection itself,
independent of other cardiovascular risk factors, is a risk
factor for the reduction of the ABPI, suggesting that HIV
might promote atherosclerosis. This conclusion underscores
the importance of not limiting atherosclerotic therapeutic
strategies to the metabolic complications of ARVS alone but
also considering HIV infection [15, 16].

From a clinical perspective, we found that 16% of patients
presented with erectile dysfunction (p=0.03), a condition with
varied pathophysiological mechanisms often associated with
age and endothelial inflammation due to prolonged viral rep-
lication, thereby promoting atherosclerosis [17].

Finally, our study explored the correlation between PAD
and other indicators of cardiovascular or systemic health,
reaffirming the utility of the ECG as a screening tool in re-
source-limited settings, especially among seropositive pa-
tients. Although we did not observe any cases of prolonged
QTec, a precursor sign of potentially fatal cardiac arrhythmias,
monitoring these abnormalities remains crucial [18-20].

This study highlights the necessity of tailored screening and
management of PAD among PLWH on ARV therapy.

5. Conclusion

This study underscores the significance of the socioeco-
nomic context, comorbidities, and the comprehensive man-
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agement of HIV patients. It stresses the importance of tailored
prevention strategies and cardiovascular risk management for
this specific population. The research has highlighted the
utility of the Ankle-Brachial Pressure Index (ABPI) in
screening for Peripheral Arterial Disease (PAD) in individuals
living with HIV and has delineated the complexity of the
various variables associated with the elevated risk of cardio-
vascular events in people living with HIV (PLWH). These
include cardiovascular risk factors, inflammation, and the use
of antiretrovirals (ARVS).

PAD in a confirmed seropositive patient could be consid-
ered merely anecdotal, lacking specific prognostic value and
thus not having a particular impact. However, it is observed
that regardless of the stage of HIVV/AIDS, the presence of PAD
constitutes a factor of poor prognosis or at least an exacer-
bating factor. Nonetheless, the practice of ABPI measurement
remains limited due to a lack of awareness or knowledge
among physicians.

6. Recommendations

To enhance the management of Peripheral Arterial Disease
(PAD) among People Living with HIV (PLWH) in Africa, the
following actions are recommended:

1) Strengthen early screening by integrating An-
kle-Brachial Index (ABI) measurement into routine care
and organizing community-based campaigns supported
by community health workers.

2) Optimize cardiovascular management by actively ad-
dressing risk factors (smoking, dyslipidemia, hyperten-
sion) and tailoring antiretroviral therapy (ART) to
minimize cardiovascular side effects.

3) Develop infrastructure and specialized care networks,
including establishing integrated cardiovascular refer-
ence centers within HIV care facilities.

4) Train healthcare professionals on PAD and cardiovas-
cular risks in PLWH while promoting local research to
generate context-specific evidence.

5) Advocate to policymakers for the inclusion of PAD in
national HIV programs and allocate resources for pre-
vention campaigns.

6) Improve epidemiological surveillance by creating local
registries to monitor PAD prevalence and inform public
health strategies.

These measures aim to reduce cardiovascular complica-

tions, enhance the quality of life for PLWH, and strengthen
the capacity of African healthcare systems.

Abbreviation

ABPI Ankle-Brachial Pressure Index

ARV Antiretroviral

CVvD Cardiovascular Disease

RRTC Regional Research and Training Center
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ECG Electrocardiogram

LVEF Left Ventricular Ejection Fraction
HAART  Highly Active Antiretroviral Therapy
HIV Human Immunodeficiency Virus

AIDS Acquired Immunodeficiency Syndrome
PAD Peripheral Arterial Disease

PLWH People Living with HIV
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