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Abstract

Background: The actual prevalence of Peripheral Arterial Disease (PAD) in Human Immunodeficiency Virus 
(HIV) infected patients is still unknown. 

Aim: The aim of our study was to assess the prevalence of PAD using Ankle Brachial Index (ABI) (both rest 
and exercise) measurement in HIV infected patients with head-to-head comparison with the sex-matched non-HIV 
controls.

Methods: We randomly enrolled total of 214 patients (70 HIV patients and 144 non-HIV controls), from March 
2009 to December 2009. The Edinburg Claudication Questionnaire and ABI were used as study tools. Normal ABI 
was defined as 0.9 to 1.3. Data was analyzed using the Fischer’s Exact Test. Various cardiovascular and infectious 
risk factors for PAD were also analyzed. 

Results: Claudication was reported using Edinburgh questionnaire in 28.5% HIV patients as compared to 12.5 
% patients in non-HIV group (p value 0.0069). Abnormal ABI suggestive of PAD i.e. ABI < 0.9 or >15% absolute 
drop on exercise was reported in 10% HIV patients as compared to 1.3% in non-HIV group (p value 0.006). Based 
on multivariate analysis, age, Caucasian race, hypertension, diabetes mellitus, hyperlipidemia, metabolic syndrome 
and low CD4 count were found to be independent predictors of PAD. 

Conclusions: The prevalence of PAD is higher in HIV patients as compared to sex-matched non-HIV controls. 
Hence, HIV patients should be routinely screened for PAD using rest and exercise ABI. Apart from correlation with 
cardiovascular risk factors, strong association between lower CD4 cell count and abnormal ABI exists. This warrants 
more aggressive approach in managing cardiovascular and infectious markers in HIV patients with abnormal ABI. 
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Background 
The life expectancy in Human Immunodeficiency Virus (HIV) 

infected patients is increased after the introduction of Highly Active 
Antiretroviral Therapy (HAART). However, there is a growing concern 
of cardiovascular disease, in general and peripheral arterial disease 
(PAD), in particular in this population [1-3]. A variety of atherogenic 
metabolic abnormalities including dyslipidemia, lipodystrophy and 
insulin resistance have been reported after the use of protease inhibitors 
(PI) [4,5]. Moreover, HIV causes direct injury to the arterial wall resulting 
in inflammation and atherosclerosis [6,7]. This has led to the greater interest 
in detection of atherosclerosis by measuring carotid intimal thickening, 
endothelial dysfunction and coronary calcification [8-10]. 

PAD is a focal manifestation of atherosclerosis and is a predictor 
of cardiovascular outcomes [11]. In the majority of cases, patients 
with PAD remain asymptomatic. Therefore, early diagnosis of PAD 
may provide an opportunity for physicians to identify and prevent 
cardiovascular events in high-risk patients. 

The actual prevalence of PAD in HIV patients is still unknown. 
Various studies have reported the prevalence in HIV patients ranging 
from 0.9% to around 30% [12-18]. This can be partly explained by 
heterogeneous selection of patients, gender-specific variations and 
the lack of high volume non-HIV control population group [19]. The 
primary objective of our study was to assess the prevalence of PAD 
using Ankle Brachial Index (ABI) (both rest and exercise) measurement 

in HIV patients with head-to-head comparison with the sex-matched 
non-HIV control group.

Methods
Study setting

This study was conducted at a 700-bed tertiary care teaching 
hospital in Northern New Jersey, USA. The protocol was approved by 
the Institution Review Board (St. Joseph’s Health Care System IRB). All 
the participants provided written informed consent and rationale for 
the study was explained.

Study design and subjects

We enrolled total of 214 consecutive patients (70 in HIV group 
and 144 as non-HIV controls) from March, 2009 to December, 2009. 
The study group comprised 70 HIV-infected patients, who were seen 
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Figure 1: Patient Distribution and Study Methodology. 
This figure depicts distribution of HIV and non-HIV patients with normal and 
abnormal ABI. ABI – Ankle Brachial Index; PAD –Peripheral Arterial Disease.

included: age, gender, ethnicity/Race, previous history of hypertension 
(defined as brachial blood pressure of >140/90 mmHg, as measured 
after 5 minutes of rest or being on any antihypertensive drugs), previous 
history of diabetes mellitus (defined as either a self reported diagnosis or 
treatment with medications), previous history of dyslipidemia (defined 
as high density lipoprotein (HDL) ≤ 1.03 mmol/l, Non-HDL cholesterol 
≥ 4.91 mmol/l, triglycerides ≥ 2.25 mmol/l or on current treatment) 
[23], family history of cardiovascular disease, active smoking and the 
presence of metabolic syndrome (based on International Diabetes 
Federation Criteria) [24] (Table 1). Cutoff values were determined by 
receiver-operating characteristic (ROC) curve analysis. For example, 
the cutoff values for the age as 53, CD4 count as 250 cells/microlitre 
and HIV Viral load as 1500 IU/L were based on ROC curve analysis 
(Table 1 and 2). Following infectious disease parameters were collected: 
Mode of HIV transmission, CD4 count, HIV viral load, duration of 
seropositivity, and exposure to Protease Inhibitors (PI). 

Statistical Analysis 
The association between two groups of categorical variables was 

reviewed by 2×2 contingency tables and analyzed by Fischer’s exact 
test with two-sided p-values <0.05 being considered statistically 
significant. Relative Risk (RR) and 95% confidence intervals were 
similarly calculated. Baseline characteristic differences for which 
p-values were <0.25 were added to a multivariate logistic regression 
model and adjusted odds ratio and p-values were computed. Univariate 
calculations were performed using Prism software (Graph Pad Cap, San 
Diego, CA, USA). Multivariate logistic regression was performed using 
Web-based routine software (www.statpages.org/logistic; Last accessed 
1/15/2011).

Results 
Out of a total of 214 patients, 70 HIV-infected patients and 144 

non-HIV patients from the general population were evaluated for 
the prevalence of PAD. Claudication was reported using Edinburgh 
questionnaire in 28.5% (n=20) HIV-infected patients as compared to 
12.5% (n=18) patients in non-HIV group (p value 0.0069). Abnormal 
ABI suggestive of PAD i.e. ABI <0.9 or >0.15 absolute drop on exercise 
was reported in 10% (n=7) HIV-infected patients as compared to 1.3% 
(n=2) in non-HIV group (p value 0.006) (Figure 2). The results remained 
statistically significant after adjusting for other risk factors for PAD. We 
found a trend towards higher (statistically non-significant) prevalence 
of high ABI >1.3 in HIV population when compared to non-HIV group 
(14.2% Vs 10.4%). Total Abnormal ABI (Abnormal ABI+ABI>1.3) was 
recorded in 24.3% (n=17) HIV-infected patients versus 11.8% (n=17) 
non-HIV patients (p value 0.02) (Figure 3). 

All the patients were appropriately sex-matched among both 
groups. The comparison of clinical characteristics demonstrated that 
there were statistically higher number of patients with Caucasian race, 
hypertension, diabetes mellitus and low HDL in non-HIV group when 
compared to HIV group. In contrast, there were more patients with 
younger age and metabolic syndrome in HIV group as compared to 
non-HIV patients (Table 1). Based on multivariate logistic regression 
analysis of the clinical characteristics, age, Caucasian race, hypertension, 
diabetes mellitus, hyperlipidemia (Non-HDL Cholesterol ≥ 190, HDL≤ 
40, Triglycerides ≥ 200) and metabolic syndrome were found to be 
independent predictors of PAD (Figure 4). 

The comparison of Infectious Disease markers among the HIV-
infected patients with ABI<0.9 compared to ≥0.9 showed that low 
CD4 count (CD4<250 cells/microlitre) was an independent predictor 

in HIV Comprehensive Care Clinic or were admitted in St. Joseph’s 
Regional Medical Center, New Jersey. The patients were excluded if 
they were active intravenous drug abusers, <40 years of age or if they 
were previously diagnosed with PAD (confirmed by arteriography or 
vascular Doppler ultrasound). Symptoms potentially related to PAD 
(claudication, rest pain, and non healing leg wounds) were recorded 
using the Edinburgh Claudication Questionnaire [20]. The patient 
distribution is further elaborated in Figure 1. 

The comparison was done with sex-matched non-HIV controls 
(n=144) from the same population group. In addition, various 
infectious disease parameters such as mode of HIV transmission, CD4 
count, HIV viral load, duration of seropositivity (since diagnosis, in 
years), Exposure to Protease Inhibitors (PI) were compared among 
HIV population who had ABI<0.9 Vs ABI ≥ 0.9.

ABI was obtained using a high sensitivity 8-MHz Doppler 
ultrasound probe and a sphygmomanometer with appropriate blood-
pressure cuff size by a single certified experienced vascular laboratory 
technician. The patient would lie in a supine position for at least 5 min 
prior to blood pressure measurements. The higher of the two blood 
pressure readings measured in the lower extremities (dorsalis pedis or 
posterior tibial) and the higher of the two brachial pressures were used 
to calculate the ABI for each lower limb and the lower of the two ABI 
readings was recorded as the patient’s overall resting ABI. Exercise ABI 
was defined as ABI measured after performing 20 squats slowly under 
supervision [21]. Squatting was used because of its simplicity and it 
does not require a treadmill in the clinical settings. 

Peripheral arterial disease definition 

Based on American Heart Association and American College of 
Cardiology guidelines, abnormal ABI suggestive of PAD was defined 
as ABI <0.9 or if there was absolute decrease of >0.15 on exercise 
[21,22]. Total abnormal ABI was calculated by adding ABI>1.3 to 
the abnormal ABI. Different studies have used different thresholds to 
define exercise related decrease in ABI [12]. As all the measurements 
were performed by the same observer, we kept the absolute decrease of 
>0.15 as abnormal. 

Clinical Characteristics and Infectious Disease 
Parameters 

Data on various baseline clinical characteristics were obtained from 
patients and the institutional electronic database. These characteristics 
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of PAD. Although, there was a trend towards high viral load among 
patients with PAD, but it did not reach statistical significance (Table 
2). Also, no difference was noticed among both groups in terms of 
exposure to protease inhibitors (PI), duration of exposure to PIs or 
mode of HIV transmission. 

Discussion
We found that the prevalence of PAD is significantly higher in 

HIV population as compared to sex matched controls based on the 
abnormal ABI (10% Vs 1.3%; p Value 0.006) and the Claudication 
Questionaire (28.5% Vs 12.5%; p Value 0.0069). We also noticed that 
the age, Caucasian race, hypertension, diabetes mellitus, Non-HDL 
Cholesterol ≥ 4.91 mmol/l, HDL ≤ 1.03 mmol/l, Triglycerides ≥ 2.25 

mmol/l, metabolic syndrome and low CD4 counts were identified as 
independent predictors of PAD in HIV-infected patients. 

Analysis of different series report marked variation in the prevalence 

Figure 2: Comparison of Abnormal ABI in HIV vs. non-HIV patients.
This figure shows percentage of abnormal ABI (<0.9) in HIV and non-HIV 
patients. ABI – Ankle Brachial Index.

Figure 3: Comparison of Total abnormal ABI in HIV vs. non-HIV patients.
This figure shows percentage of total abnormal ABI (<0.9 plus >1.3) in HIV and 
non-HIV patients. ABI – Ankle Brachial Index.

† Cardiovascular Disease; ‡High Density Lipoprotein
Table 1: Comparison of the baseline characteristics of HIV Patients Vs. Non-HIV 
Patients.

Characteristics HIV Non-HIV P Value
Gender n=70  n=144  
Male 41(58.6%) 77(53.5%) 0.56
Female 29(41.4%) 67(46.5%)  
Age(years)    
Mean 52 55
<53 38(54.3%) 58(40.3%) 0.058
≥ 53 32(45.7%) 86(59.7%)  
Ethnicity/Race    
Caucasian 9(12.9%) 44(30.6%) 0.006
Hispanic 29(41.4%) 48(33.3%) 0.288
African American 32(45.7%) 52(36.1%) 0.18
Risk Factors  
Family History of CVD† 22(31.4%) 55(38.2%) 0.36
Hypertension 27(38.6%) 96(66.7%) 0.001
Diabetes Mellitus 14(20.0%) 62(43.1%) 0.0008
Non-HDL 
Cholesterol≥4.91mmol/l 9(12.9%) 29(20.1%) 0.25

HDL≤1.03mmol/l‡ 20(28.6%) 66(45.8%) 0.02
Triglycerides ≥2.25mmol/l 11(15.7%) 13(9.0%) 0.17
Smoking 26(37.1%) 44(30.6%) 0.35
Metabolic Syndrome 9(12.9%) 6(4.2%) 0.04

Figure 4: Odds of PAD in HIV patients after multivariate logistic regression.
This figure forest plot graph indicating odds of Peripheral Arterial Disease in 
HIV patients after multivariate regression analysis for various risk factors. HDL 
– High Density Lipoprotein 

Table 2: Comparison of Infectious disease (ID) markers between HIV patients 
with  ABI<0.9 Vs. ABI ≥ 0.9

ID Markers ABI<0.9 
(n=7)

ABI≥0.9 
(n=63)

P 
Value RR(95%CI)

Mode of Transmission     
Heterosexual Sex 4 32 1 1.259(0.30 - 5.22)
IVDA 1 10 1 0.89(0.11 - 6.7)
Homosexual Sex 1 13 1 0.66(0.087 - 5.1)
Others* 1 8 1 1.13(0.15 - 8.33)
CD4 count <250 cells/
microlitre 6 13 0.0012 16.11(2.071 - 125.2)

HIV Viral load >1500 IU/L 5 20 0.08 4.5(0.94 - 21.54)
Exposure to PIs 6 53 1 1.11(0.14 - 8.4)
Duration of Seropositivity 5.5 ± 2.98 5.9 ± 3.9 0.79 (-3.44 - 2.64)
since diagnosis of HIV Infection.(In years)(Mean ± SD)
ABI: Ankle Brachial Index; PI: Protease Inhibitors; IVDA: Intravenous Drug 
Abusers; SD: Standard Deviation 
*Needle Stick, Blood Transfusion, Transplacental etc.
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among HIV-infected patients in the literature [12-18]. Periard et al. [12] 
reported the prevalence of PAD in HIV-infected patients as 20.7% (9.8% 
with ABI<0.9 at rest and 10.9% with >25% decrease with exercise). On 
the contrary, Sharma et al reported the prevalence in HIV infected 
women as only 0.9% [15]. This variation in the prevalence is possibly 
related to lack of high volume sex-matched controls. The former did 
not compare the prevalence with high volume non-HIV controls and 
the latter had only selected women population for comparison. In our 
study, we report the prevalence in high volume sex-matched controls. 

Although, Palacios et al. [13] and Sharma et al. [15] reported the 
prevalence in both HIV and non-HIV patients, they were in different 
patient groups. Sharma reported it in women population only with an 
average age of less than 40 years and Palacios used population mainly 
comprising of male patients (82.8% males). In the present study, we 
report the prevalence in more homogenously comparable gender 
groups. The mean age in HIV-infected patients was 52 years with 58.6% 
male patients as compared to mean age of 55 years with 53.5% males in 
non-HIV group. 

In the recent times, post exercise ABI in HIV-infected patients is 
gaining attention as it has been reported that milder form of PAD can 
be missed by measuring resting ABI alone [25]. In this study, we have 
reported the changes in post exercise ABI consistent with PAD (drop of 
>0.15) in 4.3% patients. Periard et al. [12] and Qaqa et al. [18] reported 
similar findings in HIV-infected patients, 10.9% and 26.5% respectively. 
Although, Periard et al. [12] used the same post exercise criteria, the 
variation in our study compared to Qaqa et al. [18] is partly because 
of the use of different post exercise criteria to diagnose PAD (treadmill 
or pedal planter flexion test). Also, both Periard et al. [12] and Qaqa et 
al. [18] had higher number of males (76.1% and 83% respectively). The 
variation of greater than 15% in the reported literature (10.9% Vs 26.5%) 
suggests the need for high volume control population for comparison. 
Despite the fact that we had lower number of HIV-infected patients in 
our study, the higher volume of sex matched controls, a single vascular 
specialist to perform all the ABI measurements and proportionate 
number of male population in both the groups set us apart from prior 
studies. 

The prevalence of PAD in general population has been reported 
as 1% at 50 years and 3% at 60 years of age [26,27]. In our data, the 
prevalence reported in the non-HIV patients is 1.3% at mean age of 55 
years. This result matches with the reported prevalence of 1-3% from 
50-60 years of age in the literature.

Despite the fact that the prevalence of ABI<0.9 is higher in HIV 
infected persons than among the general population, high ABI is 
also more prevalent. There has been reported association of greater 
mortality (both total and cardiovascular) with ABI ≥ 1.4 [28]. However, 
clinical practice guidelines still retain the cut-off point for abnormal 
high ABI as ≥ 1.3 [22].

We found a trend towards higher (statistically non-significant) 
prevalence of high ABI ≥1.3 in HIV population as compared to non-
HIV group (14.2% Vs 10.4%). So far, only Sharma et al. [15] and Olalla 
et al. [17] have reported the prevalence of high ABI. Our study results 
match with Sharma et al in reporting the similar prevalence of high ABI 
(ABI ≥ 1.4) in HIV infected Vs uninfected patients (7.2% Vs 6.3%). The 
higher percentage found in our patients can be explained because of the 
use of cut-off for high ABI as ≥1.3 and by inclusion of patients of both 
sex. Olalla et al. also reported the prevalence of ABI ≥ 1.3 as 19.7%. This 
difference compared to our results can be partly explained by higher 
number of males (82%) and smokers (59%) in their patients [19]. 

Various studies have suggested a possible association between 
higher degree of immunosuppression and abnormal ABI [12,16,17]. 
Periad et al. [12] found that CD4 cell count below 200 cells per microlitre 
was a strong predictor of low ABI (p value 0.006). Similarly, Gutierrez 
et al. [16] and Olalla et al. [17] also found significant difference in CD4 
cells in patients with abnormal ABI. In the present study, we found 
strong association between lower CD4 cell count (CD4<250 cells/
microlitre) and abnormal ABI (p value 0.0012) (Table 2). Although, 
the association between high viral load and abnormal ABI could not 
reach statistical significance, there was a trend towards this association. 
These associations were found to be independent of PI use, indicating 
vascular damage by HIV independent of HAART. 

In spite of having a lower number of patients with traditional 
cardiovascular risk factors like hypertension, diabetes mellitus and 
family history of cardiovascular disease in our HIV group, there was 
a higher prevalence of PAD as compared to non-HIV patients. This 
supports the fact that HIV infection itself plays a major and independent 
role in atherosclerotic process [29]. Based on the multivariate analysis 
of various cardiovascular risk factors associated with abnormal ABI, we 
found that age, Caucasian race, hypertension, diabetes mellitus, Non-
HDL Cholesterol ≥ 4.91 mmol/l, HDL ≤ 1.03 mmol/l, Triglycerides ≥ 
2.25 mmol/l, metabolic syndrome were independent predictors of PAD. 

An abnormal ABI is a marker of high vascular mortality and has been 
associated with lower 5-year survival rate. Therefore, it is very essential 
to identify patients with abnormal ABI to aggressively manage them 
to prolong survival [30]. As mentioned previously, ABI measurements 
were performed by a single vascular specialist in the present study 
to negate the inter-observer bias. However, ABI testing can be easily 
performed by primary care physicians after minimal training [31], and 
should be routinely done for HIV patients. If abnormal ABI is found in 
HIV patients, their cardiovascular and infectious disease risk factors 
should be managed more aggressively. 

Study Limitations 
The results of this study should be interpreted within the scope and 

limitations of its design. Ours is a single center study with data collected 
specific to our institution. Even though, there was a large volume of 
sex-matched control group, the sample size in the HIV group was small. 
Finally, the claudication score and ABI results were not confirmed with 
arterial ultrasound.

Conclusions 
The prevalence of PAD is higher in HIV-infected patients as 

compared to sex-matched non-HIV controls. Clinicians should 
routinely screen for PAD in HIV patients using simple tool like ABI 
measurement. Apart from correlation with cardiovascular risk factors, 
strong association between lower CD4 cell count and abnormal 
ABI exists. This warrants more aggressive approach in managing 
cardiovascular and infectious markers in HIV-infected patients with 
abnormal ABI. 
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