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Introduction
There is increasing evidence that infection with Human 

Immunodeficiency Virus (HIV) is associated with occlusive arterial 
disease including myocardial infarction [1-3] and Peripheral 
Arterial Disease (PAD) [4,5]. A number of mechanisms may explain 
this relationship. Partly through antiretroviral therapy (protease 
inhibitors), patients with HIV infections have an increased prevalence 
of conventional cardiovascular risk factors [6]. The consequence may 
be endothelial dysfunction [7], and an enhanced degree of subclinical 
atherosclerosis as indexed by increases in carotid Intima-Media 
Thickness (IMT) [7-9]. However, vascular pathology in HIV may also 
occur through the virus infecting the arterial vasculature [10,11], and 
increasing the chances of vascular inflammatory changes occurring 
either directly [12] or through co-infections [13-15]. Thus, increases in 
carotid IMT in HIV infected patients may not only index the degree of 
atherosclerosis, but also alternative large artery phenotypes [16]. The 
measurement of carotid IMT may therefore be particularly useful at 
predicting cardiovascular risk beyond conventional risk factors in HIV 
infected patients. Presently however there is considerable uncertainty 
as to whether increases in carotid IMT occur in HIV independent of 
conventional risk factors.

A recent meta-analysis [9] and a large study [8] not included in 
this prior meta-analysis [9] have suggested that the conventional 
risk factor-independent effects of HIV or antiretroviral therapy on 

common carotid IMT are modest and that to some extent these 
positive relationships reflect a publication bias [9]. Thus, increases in 
carotid IMT previously reported on in HIV [7-9] are more likely to 
be attributed to atherosclerosis mediated by conventional risk factors. 
However, there are no studies that have explored the relationship 
between HIV and carotid IMT in patients with clinical manifestations 
of advanced occlusive arterial disease. In this regard, recent studies have 
indicated that HIV infected patients in Africa presenting with occlusive 
arterial disease may have fewer risk factors for atherosclerosis, and 
angiographically or at surgery they are more frequently noted to have 
a lower atherosclerotic burden [17,18]. Consequently, in the present 
study, we aimed to compare the extent to which IMT is increased 

Abstract
Background: The extent to which Human Immunodeficiency Virus (HIV) is associated with increases in carotid 

Intima-Media Thickness (IMT) independent of conventional cardiovascular risk factors is unclear. Hence, we 
evaluated whether independent of conventional risk factors, an increased carotid IMT occurs in African HIV infected 
patients with chronic Critical Limb Ischemia (CLI). 

Methods: Carotid IMT was measured in 217 sequentially recruited patients with CLI, 25 of whom were HIV 
positive and in 430 randomly selected controls from a community sample. 

Results: As compared to HIV negative patients with CLI, HIV positive patients were younger (49 ± 10 vs. 64 ± 
11 years, p<0.0001) and had a markedly lower prevalence of hypertension and diabetes mellitus (p<0.0001), but 
a similar proportion of patients smoked (76% vs 67%). However, as compared to patients with CLI who were HIV 
negative, HIV positive patients had a similar increase in carotid IMT (HIV positive= 0.75 ± 0.14 mm; HIV negative= 
0.79 ± 0.14 mm; Controls= 0.64 ± 0.15, p < 0.0001 versus Controls) even after adjustments for age, sex and 
conventional risk factors (HIV positive= 0.75 ± 0.13 mm; HIV negative=0.73 ± 0.15 mm, Controls=0.66 ± 0.15, p < 
0.005). IMT was similarly increased in HIV positive patients with CLI as compared to controls when assessed in men, 
smokers, and black African patients only (p < 0.05-0.0001), or in those who were receiving highly active antiretroviral 
therapy (n=12, 0.74 ± 0.10 mm) as compared to those not receiving therapy (0.75 ± 0.15 mm). As compared to 
controls, the age- sex- and conventional risk factor-adjusted odds of having an IMT ≥ 0.8 mm was similarly increased 
in patients with CLI who were HIV positive (odds ratio= 8.89, CI= 2.79-28.32, p= 0.0002) as those who were HIV 
negative (odds ratio= 2.70 CI= 1.51-4.81, p < 0.001). 

Conclusion: These results suggest that despite being of a younger age, with or without conventional risk factor 
adjustments, marked increases in carotid IMT in HIV in Africa are a risk factor for CLI.
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independent of conventional risk factors in African patients with 
Chronic Critical Lower Limb Ischemia (CLI) who are HIV infected as 
compared to those without evidence of HIV.

Methods
Study groups

The present study was conducted according to the principles 
outlined in the Helsinki declaration. The Committee for Research on 
Human Subjects of the University of the Witwatersrand approved the 
protocol (approval numbers: M11-08-29, M02-04-72, M07-04-69, M12-
04-108). Participants gave informed, written consent. Two-hundred 
and seventeen consecutive patients with CLI were recruited from the 
Divisions of Vascular Surgery at the Charlotte Maxeke Johannesburg 
Academic Hospital and the Chris Hani Baragwanath Hospital, 
Johannesburg, South Africa. The presence of chronic CLI was defined 
as the presence of ischemic pain at rest for more than two weeks, or the 
presence of ulcers or gangrene attributable to occlusive arterial disease 
[19]. Routine HIV serology (ELISA) was performed to determine HIV 
status and 25 patients with CLI were identified as having an HIV infection. 
Data obtained in patients with CLI were compared with data acquired 
in 430 participants older than 16 years, from randomly recruited nuclear 
families of black African descent with at least two parents or two siblings 
and living in the South West Township (SOWETO) of Johannesburg, 
South Africa, using the population census figures of 2001 [20-22]. In 
this regard, the Chris Hani Baragwanath Hospital serves the SOWETO 
community and patients attending the Charlotte Maxeke Johannesburg 
Academic Hospital are generally from a similar socioeconomic class and 
ethnic group as those living in the SOWETO community. Of the 1191 
participants recruited, in a substudy consisting of 452 participants, 430 
had complete and high quality common carotid intima-media thickness 
images and full lipid profile data.

Demographic and clinical data

A questionnaire was administered to obtain demographic 
information including each participant’s medical history, the use of 
medication and tobacco and alcohol use [20-22]. Obesity was defined 
as a Body Mass Index (BMI) ≥ 30 kg/m2. Blood tests were performed 
including fasting lipid profile and glycated hemoglobin (HbA1C). A CD4 
count was obtained in all HIV positive patients with CLI. Participants 
were considered to have diabetes mellitus if they had a fasting plasma 
glucose concentration ≥7mmol/l, or in whom glucose-lowering agents 
were prescribed. Brachial blood pressure (BP) was measured according 
to guidelines and taken as the mean of five measurements. Participants 
with a BP ≥ 140/90 mm Hg or in those receiving antihypertensive 
medication were considered to have hypertension. As all patients with 
CLI were receiving statins, dyslipidemia was diagnosed as the presence 
of either a raised triglyceride concentration (≥1.7 mmol/l) or a reduced 
High Density Lipoprotein (HDL) concentration (<1.0 mmol/l for males 
and <1.2 mmol/l for females).

Carotid Intima-Media Thickness (IMT)

Carotid IMT was determined using high resolution B-mode 
ultrasound (SonoCalc IMT, Sonosite Inc, Bothell, Washington) 
employing a linear array 7.5 MHz probe as previously described [22]. 
Images of at least 1 cm length of the far wall of the distal portion of 
the right common carotid artery from an optimal angle of incidence 
(defined as the longitudinal angle of approach where both branches of 
the internal and external carotid artery are visualized simultaneously) 
at least 1 cm proximal to the flow divider was obtained. Carotid 

IMT measurements were determined using semi-automated border-
detection and quality control software. A carotid IMT ≥ 0.8 mm was 
considered to be pathological [23].

Data analysis

Database management and statistical analysis was performed using 
SAS software version 9.2 (SAS Institute Inc., Cary, NC). To determine 
differences in IMT multiple regression analysis was performed using 
a general linear model and the adjusted means (least squared means) 
were compared. To identify the conventional risk factors for CLI in HIV 
infected or HIV negative patients, and to determine the relationship 
between increased carotid IMT and CLI multivariate logistic regression 
analysis was performed. Included in the multivariate models were 
age, sex, hypertension, diabetes mellitus, smoking, triglyceride 
concentrations and HDL cholesterol concentrations. Probability values 
were further adjusted for non-independence of family members using 
the method of maximum likelihood as implemented by the mixed 
procedure as defined in the SAS package. As patients with CLI with an 
HIV infection were younger than those without evidence of an HIV 
infection, sensitivity analysis was conducted in HIV negative patients 
with CLI that were <60 years of age. As more men than women had 
CLI, the majority of patients with CLI smoked, in comparisons against 
the community sample, sensitivity analysis was also conducted in men 
only and smokers only. As HIV infected patients were of black African 
descent, whilst a proportion of HIV negative patients with CLI were 
white or Asian, sensitivity analysis was also conducted in black Africans 
only. Except for proportions, all data are shown as mean ± SD.

Results
Participant characteristics

The demographic and clinical characteristics of the participants 

Community 
sample

Critical lower limb ischemia 
HIV infection

Yes No
Sample size 430 25 192
% Males 35.3 84.0 69.3
Age (years) 44  ±  18 49  ±  10*†† 64  ±  11*
Black African (%) 100 92 59
Body mass index (kg/m2) 29.5  ±  8.3 23.8  ±  4.2* 26.3  ±  5.2*
Waist circumference (cm) 90.6  ±  18.1 77.1  ±  14.6* 85.8  ±  17.1*
% Obese 41.4 8.0* 19.3*
% Hypertensive 44.7 16.0*† 67.7*
% Receiving antihypertensives 26.1 16.0*† 67.7*
% With diabetes mellitus 9.1 8.0† 49.5*
% Receiving glucose-lowering agents 6.3 4.0 10.9
% Receiving lipid-lowering agents 0 100 100
Current smoker (%) 15.8 72.0* 66.7*
Regular alcohol (%) 22.8 68.0* 55.2*
Systolic blood pressure (mm Hg) 128  ±  22 129  ±  20† 137  ±  21*
Diastolic blood pressure (mm Hg) 83  ±  13 79  ±  12 80  ±  12
Glycated hemoglobin (%) 6.05  ±  1.29 5.95  ±  0.51 7.74  ±  2.56*
Total/HDL cholesterol 3.49  ±  1.17 3.86  ±  1.29 4.06  ±  1.74
LDL cholesterol (mmol/l) 2.65  ±  0.90 2.32  ±  0.79 2.16  ±  0.99
HDL cholesterol (mmol/l) 1.41  ±  0.45 1.20  ±  0.44 1.09  ±  0.46*
Triglycerides (mmol/l) 1.16  ±  0.66 1.47  ±  0.78* 1.35  ±  0.64*
CD4 count (x106/l) - 325  ±  122 -

HIV- Human Immundeficiency Virus. * p<0.0001 versus community sample; † 
p<05, ††p<0.001 versus no evidence of HIV.

Table 1: Characteristics of participants.
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are shown in table 1. More men than women were noted to have CLI. 
As compared to randomly selected healthy participants from the 
community sample, patients with CLI who were HIV negative were 
older, fewer were of black African ancestry, and a higher prevalence 
of traditional risk factors, except for obesity, the prevalence of which 
was lower, was noted (Table 1). Whilst receiving statins, serum HDL 
cholesterol concentrations were markedly lower and triglyceride 
concentrations higher in HIV negative patients with CLI (Table 1).

More patients with as compared to without an HIV infection with 
CLI were of black African ancestry (Table 1). Patients with CLI infected 
with HIV had a markedly lower prevalence of traditional risk factors as 
compared to HIV negative patients with CLI, except for smoking, the 
prevalence of which was similar in HIV infected patients with CLI (Table 
1). As compared to healthy participants, patients with CLI infected with 
HIV had a markedly lower prevalence of hypertension and obesity and 
more patients smoked (Table 1). However, the prevalence of diabetes 
mellitus was similar to the control group (Table 1). As compared to the 
control group, whilst receiving statins, patients with CLI infected with 
HIV had higher triglyceride concentrations, although the mean values 
were not higher than accepted international thresholds (Table 1). No 
differences in triglyceride concentrations were noted between the HIV 
infected and the HIV negative patients with CLI.

The characteristics of the 12 HIV infected patients receiving 
Highly Active Anti Retroviral Therapy (HAART) were similar to those 
not receiving therapy (Table 2). In the clinics at Charlotte Maxeke 
Johannesburg Academic Hospital and Chris Hani Baragwanath 
Hospital, Johannesburg, South Africa, the current HAART first-line 
therapy consists of 3 agents, namely 2 nucleoside reverse transcriptase 
inhibitors and 1 non-nucleoside reverse transcriptase inhibitor. None 
of the patients were receiving protease inhibitors as they are not used 
as first-line therapy.

Comparison of conventional risk factors between patients 
with CLI<60 years without evidence of an HIV infection

As compared to patients with CLI and HIV infection (Table 1), a 
greater proportion of HIV negative patients with CLI <60 years of age 
(n=64, mean age=51.4 ±7.2 years, p=0.31 versus patients with CLI and 
an HIV infection) had hypertension (60.9%, p < 0.0005) and diabetes 
mellitus (56.3%, p < 0.0001). As compared to patients with CLI and an 
HIV infection (Table 1) a similar proportion of HIV negative patients 

CLI vs	 Subgroup (n)                 Odds ratios (OR) (95% Confidence intervals)
Unadjusted p value            Adjusted* p value

Smoking HIV- (192) 10.70 (7.16-15.83)  <0.0001     10.12 (6.01-17.08)  <0.0001
HIV- < 60 yrs (64)   10.90 (6.09-19.52)  <0.0001     7.75 (4.12-14.55)    <0.0001
HIV- ≥ 60  yrs (128) 10.52 (6.72-16.49) <0.0001    12.84 (6.74-24.47) <0.0001
HIV+(25)  16.86(6.50-43.75) <0.0001   10.87(3.96-29.78)  <0.0001

Hypertension HIV- (192) 2.60 (1.82-3.72) <0.0001 0.76 (0.47-1.21) =0.50
HIV-< 60 yrs (64) 1.93 (1.13-3.31) <0.05 1.15 (0.62-2.13) =0.06
HIV- ≥ 60 yrs(128) 3.05 (1.99-4.69) <0.0001 0.44 (0.25-0.79) <0.05
HIV+ (25) 0.24 (0.08-0.70)† <0.0001 0.12 (0.04-0.40)† <0.01

DM HIV- (192) 9.82 (6.36-15.16) <0.0001 6.71 (4.0-11.3) <0.0001
HIV-<60 yrs (64) 12.89 (7.12-23.53) <0.0001 15.06 (7.41-30.60) <0.0001
HIV- ≥ 60 yrs (128) 8.57 (5.31-13.84) <0.0001 3.93 (2.10-7.14) <0.0001
HIV+ (25) 0.87 (0.20-3.84)† =0.86 0.95 (0.20-4.54) =0.60

Increased TG HIV- (192) 1.56 (1.03-2.37) <0.05 0.88 (0.54-1.43) =0.59
HIV- < 60 yrs (64) 2.47 (1.38-4.43) <0.005 1.91 (1.02-3.58) <0.05
HIV- ≥ 60 yrs (128) 1.19 (0.72-1.98) =0.49 0.47 (0.26-0.86) <0.05
HIV+ (25) 0.69 (0.20-2.37) =0.55 0.53 (0.15-1.92) =0.28

Decreased HDL 
cholestrol

HIV- (192) 3.17 (2.18-4.59) <0.0001 3.73 (2.34-5.95) <0.0001

HIV-<60 yrs (64) 4.37 (2.50-7.63) <0.0001 5.81 (3.11-10.86) <0.0001
HIV- ≥ 60 yrs (128) 2.69 (1.76-4.13) <0.0001 2.66 (1.54-4.60) =0.001
HIV+ (25) 2.75 (1.17-6.47) <0.05 3.76 (1.51-9.36) <0.01

DM- Diabetes Mellitus; TG- Tryglycerides; HDL cholest- High Density Lipoprotein Fraction of Cholesterol. *Age and sex-adjusted. Probability values were further adjusted 
for non-independence of family members. Increased TG indicates values ≥ 1.7 mmol/l. Decreased HDL cholesterol indicates values <1.0 mmol/l for males and <1.2 mmol/l 
for females. †p<0.001 vs OR for HIV- group. 
Table 3. Conventional cardiovascular risk factors associated with Critical Limb Ischemia (CLI) in patients with (+) (n=25) or without (-) (n=192) a Human Immunodeficiency 
Virus (HIV) infection as compared to a community sample (n=430).

HAART	              non-HAART
Sample size 12 13
% Males 83.3 84.6
Age (years) 46  ±  8 52  ±  11
Black African (%) 100 84.6
Body mass index (kg/m2) 23.0  ±  5.0 24.5  ±  3.1
% Obese 8.3 7.7
% Hypertensive 8.3 23.1
% With diabetes mellitus 8.3 7.7
Current smoker (%) 75.0 69.0
Regular alcohol (%) 75.0 61.5
Systolic blood pressure (mm Hg) 130  ±  20 129  ±  21
Diastolic blood pressure (mm Hg) 82  ±  10 76  ±  13
Glycated hemoglobin (%) 5.95  ±  0.30 5.98  ±  0.97
Total/HDL cholesterol 3.35  ±  1.00 4.15  ±  1.30
LDL cholesterol (mmol/l) 2.10  ±  0.73 2.53  ±  0.83
HDL cholesterol (mmol/l) 1.36  ±  0.53 1.06  ±  0.27
Triglycerides (mmol/l) 1.47  ±  0.73 1.46  ±  0.85
CD4 count (x106/l) 334  ±  95 316  ±  149
Carotid IMT (mm) 0.74  ±  0.10 0.76  ±  0.14
Duration of treatment (years) 1.2  ±  0.9 (range 0.3 to 1.5) -

HIV- Human Immundeficiency Virus; IMT- Intima-Media Thickness. 
Table 2. Characteristics of treated (HAART) versus non-treated (non-HAART) 
HIV+ patients with critical limb ischemia.
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with CLI <60 years of age smoked (56.3%, p= 0.23).

Conventional cardiovascular risk factors associated with CLI 
in patients with versus without evidence of HIV infection

Table 3 shows the unadjusted and age- and sex-adjusted odds of 
conventional cardiovascular risk factors increasing the chances of CLI. 
As compared to the control group, in patients with HIV infection, 
smoking, and dyslipidemia as defined by reduced HDL cholesterol 
concentrations were the only conventional risk factors associated with 
CLI. In contrast, in HIV negative patients, irrespective of whether or 
not they were <60 years of age; smoking, diabetes mellitus, hypertension 
and dyslipidemia as defined by raised triglyceride concentrations (in 
patients <60 years of age) and a low HDL cholesterol concentration 
were all associated with CLI. The odds of hypertension being associated 
with CLI were reduced in patients with an HIV infection as compared 
to patients without evidence of an HIV infection. 

Carotid intima-media thickness

Table 4 shows unadjusted, and multivariate adjusted carotid IMT 
values. Without or with age- and sex-adjustments or age-, sex-, and 
conventional risk factor- adjustments, carotid IMT was markedly 
increased in both the HIV infected and HIV negative patients with 
CLI. Sensitivity analysis conducted in HIV negative patients with CLI 
<60 years of age, men only, smokers only and in black Africans only, 
showed similar differences as noted in all participants. Furthermore, 
multivariate adjusted IMT values in HIV positive patients with CLI 
who were <60 years of age (0.73 ± 0.12 mm) who had a mean ± SD age 
of 45 ± 6 years were higher than multivariate adjusted IMT values in all 
participants from the community sample (0.64 ± 0.11 mm, p < 0.0005) 

who had a mean ± SD age of 44 ± 18 years. Importantly, no differences 
in IMT were noted in patients with CLI with as compared to without 
evidence of an HIV infection. No differences were noted in the carotid 
IMT in patients receiving HAART (n=12, 0.74 ± 0.10 mm) as compared 
to those not receiving HAART (0.75 ± 0.15 mm).

An increased carotid intima-media thickness as a risk factor 
for CLI in HIV infected versus HIV negative patients

Table 5 shows the unadjusted; sex- and age-adjusted; and sex-, 
age- and conventional risk factor-adjusted odds of having an increased 
carotid IMT in patients with CLI as compared to controls in HIV 
infected and HIV negative patients. As compared to controls the 
presence of an increased carotid IMT increased the odds of having CLI 
irrespective of whether patients were HIV infected or HIV negative. 
As compared to controls, the odds of having an increased IMT in 
patients with CLI who were HIV infected were similar to those who 
were not infected with HIV. In sensitivity analysis these results were 
consistent when assessing HIV negative patients with CLI <60 years of 
age, men only, smokers only, and in black Africans only. Furthermore, 
as compared to all participants from the community sample who had a 
mean ± SD age of 44 ± 18 years, an increased multivariate adjusted odds 
of having an increased carotid IMT in HIV positive patients with CLI 
who were <60 years of age and who had a mean ± SD age of 45 ± 6 years 
was 11.54 (confidence intervals= 3.29-40.54, p < 0.0001).

Discussion
The main findings of the present study are as follows. As compared 

to patients with CLI who were HIV negative and had a number of 
conventional cardiovascular risk factors associated with CLI, patients 

Adjustments Community sample CLI HIV infection p-values community sample vs
Yes No HIV+ HIV-

All participants
Sample size n=430 n=25 n=192
    Unadjusted 0.63  ±  0.14 0.75  ±  0.14 0.79  ±  0.14 <0.0001 <0.0001
    Age- and sex- 0.66  ±  0.12 0.75  ±  0.13 0.73  ±  0.14 <0.0005 <0.0001
    Age-, sex- and other* 0.66  ±  0.15 0.75  ±  0.13 0.73  ±  0.15 <0.0005 =0.0001

HIV negative patients with CLI<60 years old
Sample size n=430 n=25 n=64
    Unadjusted 0.63  ±  0.14 0.75  ±  0.14 0.79  ±  0.14 <0.0001 <0.0001
    Age and sex-adjusted 0.64  ±  0.12 0.73  ±  0.12 0.75  ±  0.12 <0.0005 <0.0001
   Age-, sex- and other* 0.64  ±  0.12 0.72  ±  0.13 0.76  ±  0.15 <0.0005 <0.0001

Men
Sample size n=152 n=21 n=133
    Unadjusted 0.64  ±  0.16 0.75  ±  0.14 0.79  ±  0.14 <0.005 <0.0001
    Age- and sex- 0.68  ±  0.16 0.75  ±  0.13 0.73  ±  0.14 =0.017 <0.005
   Age-, sex- and other* 0.68  ±  0.17 0.76  ±  0.15 0.75  ±  0.17 =0.014 <0.05

Smokers
Sample size n=68 n=19 n=128
Unadjusted 0.63  ±  0.14 0.76  ±  0.14 0.80  ±  0.14 <0.0005 <0.0001
Age- and sex- 0.66  ±  0.16 0.77  ±  0.14 0.78  ±  0.15 <0.005 <0.0001
Age-, sex- and other* 0.66  ±  0.17 0.77  ±  0.15 0.78  ±  0.16 <0.005 <0.0001

Black Africans
Sample size n=430 n=23 n=113
Unadjusted 0.63  ±  0.14 0.75  ±  0.14 0.79  ±  0.14 <0.0001 <0.0001
Age- and sex- 0.66  ±  0.12 0.75  ±  0.12 0.71  ±  0.13 <0.0001 <0.0005
Age-, sex- and other* 0.65  ±  0.12 0.75  ±  0.13 0.72  ±  0.15 <0.0005 <0.0005

*Additional adjustments are for hypertension, diabetes mellitus, smoking (except for analysis conducted in smokers only), triglyceride concentrations and HDL cholesterol 
concentrations. Probability values were further adjusted for non-independence of family members. No differences were noted in groups with or without HIV infection.
Table 4. Comparisons of unadjusted and multivariate-adjusted carotid intima-media thickness (IMT) values in patients with critical limb ischemia (CLI) with (+) or without (-) 
a human immunodeficiency virus (HIV) infection and in apparently healthy participants from a community sample.
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with CLI who were HIV infected were approximately 15 years younger 
and other than smoking and dyslipidemia, had no other conventional 
risk factors (no diabetes mellitus or hypertension) for atherosclerosis. 
Despite the lower age and conventional risk factor profiles in patients 
with CLI who were HIV positive as compared to those who were 
HIV negative, patients with CLI who were HIV positive had similar 
unadjusted and age- and sex-adjusted increases in carotid IMT or the 
odds of having an increased IMT as compared to randomly selected 
participants from a community sample. With further adjustments for 
alternative conventional risk factors, patients with CLI infected with 
HIV retained as high a carotid IMT and odds of an increased IMT 
as HIV negative patients with CLI. Moreover, in sensitivity analysis 
the increased carotid IMT and odds of an increased IMT in HIV 
infected patients with CLI was consistent across a number of groups 
including men only, smokers only and those of black African descent. 
Furthermore, the increased IMT and odds of an increased IMT in HIV 
infected patients with CLI was comparable with the increased IMT and 
odds of an increased IMT in HIV negative patients with CLI <60 years 
of age. The use of HAART did not influence the extent of the increase in 
carotid IMT in patients with CLI infected with HIV.

Although previous studies have demonstrated that HIV is 
associated with an increased carotid IMT [7,8], the extent to which 
this occurs independent of conventional risk factors is controversial 
[7,8]. The present study is the first to show that in advanced occlusive 
arterial disease, such as occurs in CLI, HIV infected patients who are 
a distinct group both demographically (younger age) and with respect 
to the absence of important conventional cardiovascular risk factors 
(hypertension and diabetes mellitus) except smoking and dyslipidemia, 
have as extensive an increase in common carotid IMT as patients with 
CLI who are HIV negative. Even with adjustments for age, smoking 
and the presence of dyslipidemia, the increases in carotid IMT in 
patients with CLI and HIV infection were equivalent to that observed 
in HIV negative patients with CLI. As triglyceride concentrations were 
similarly increased in the HIV positive and negative patients with CLI, 
it is unlikely that the increased carotid IMT in HIV positive patients 

could be attributed to co-infection-induced hypertriglyceridaemia. In 
addition, in the present study, as none of the HIV infected patients were 
receiving protease inhibitors, the use of protease inhibitors could not 
account for the increased carotid IMT in the HIV positive patients with 
CLI. The relationship between carotid IMT and CLI in HIV infected 
patients in the present study therefore suggests that despite being of a 
younger age, independent of conventional cardiovascular risk factors, 
carotid IMT may serve as a strong risk factor for occlusive arterial 
disease in HIV.

The characteristics of the HIV positive patients with CLI in 
the present study were similar to those reported on in prior studies 
describing the presence of occlusive arterial disease in HIV infected 
African patients [17,18]. In this regard, as with these previous studies 
[17,18], HIV positive patients with occlusive arterial disease were 
younger and had considerably less conventional risk factors other 
than smoking than HIV negative patients. In prior studies conducted 
in HIV positive patients with occlusive arterial disease, the burden 
of atherosclerosis was considerably lower than HIV negative patients 
[17,18]. Thus, in the present study it is also possible that the burden of 
atherosclerosis was considerably lower in the HIV positive as compared 
to the HIV negative patients with CLI. It is therefore unlikely that the 
similarity in the extent of the increase in carotid IMT in HIV positive as 
compared to negative patients can be attributed to a comparable degree 
of carotid atherosclerosis. Rather, the extensive increase in carotid IMT 
in HIV positive patients is likely to reflect in-part a carotid phenotype 
other than typical atherosclerosis. In this regard, there is increasing 
evidence to support the view that carotid IMT is a measure of arterial 
phenotypes other than atherosclerosis [16].

Possible explanations for increases in IMT beyond that which 
can be explained by atherosclerotic risk factors require consideration. 
In this regard, a vascular inflammatory process mediated by 
cytomegalovirus (CMV)-induced immune responses may occur in 
HIV [13,14]. Indeed, CMV has been demonstrated to produce intimal 
thickening in experimental studies [15] and after controlling for CMV-

Carotid IMT ≥ 0.8 vs OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
All participants

Adjustments Unadjusted Age- and sex Age-, sex- and conventional risk factors*

CLI in patients
HIV- 6.34 (4.18-9.61) <0.0001 2.89 (1.79-4.66) <0.0001 2.70 (1.51-4.81) <0.0001
HIV+ 7.52 (3.24-17.44) <0.0001 7.69 (2.92-20.25) <0.0001 8.89 (2.79-28.32) <0.0001

HIV negative patients with CLI<60 years old
Adjustments Unadjusted Age-, and sex- Age-, sex- and conventional risk factors*

CLI in patients  HIV- 5.95 (3.33-10.63) <0.0001 5.16 (2.64-10.09) <0.0001 4.77 (1.91-11.88) <0.0001
Men

Adjustments Unadjusted Age- Age-, and conventional risk factors*

CLI in patients
HIV- 4.82 (2.72-8.57) <0.0001 2.73 (1.46-5.13) <0.005 1.88 (0.80-4.46) =0.15
HIV+ 6.86 (2.59-18.15) =0.0001 8.34 (2.81-24.76) <0.0001 8.83 (2.10-37.21) =0.001

Smokers
Adjustments Unadjusted Age, and sex- Age-, sex- and conventional risk factors (except smoking)*

CLI in patients
HIV- 10.12 (3.82-26.82) <0.0001 6.69 (2.25-19.92) <0.0005 5.03 (1.61-15.74) <0.01
HIV+ 14.00 (3.89-50.39) <0.0001 8.77 (2.15-35.72) <0.0005 11.29 (1.74-73.10) <0.01

Black African
Adjustments Unadjusted Age, and sex- Age-, sex- and conventional risk factors*

CLI in patients
HIV- 6.47 (4.01-10.44) <0.0001 2.69 (1.56-4.66) <0.001 2.96 (1.45-6.04) <0.005
HIV+ 7.47 (3.12-17.87) <0.0001 9.00 (3.32-24.40) <0.0001 9.90 (3.01-32.60) <0.0001

OR- Odds Ratio; CI- Confidence Interval. See Table 4 for sample sizes in subgroups. *Additional adjustments are for hypertension, diabetes mellitus, smoking, triglyceride 
concentrations and HDL cholesterol concentrations. Probability values were further adjusted for non-independence of family members.
Table 5: Relationship between an increased carotid intima-media thickness (IMT≥0.8 mm) with critical limb ischemia (CLI) in patients with (+) (n=25) or without (-) (n=192) 
a human immunodeficiency virus (HIV) infection as compared to a community sample (n=430).
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specific immune responses, HIV-related increases in carotid IMT are 
abolished [14]. Alternatively, HIV may be associated with an increased 
arterial inflammatory infiltrate [12] possibly mediated by increased 
concentrations of chemoattractant proteins such as monocyte 
chemoattractant protein 1 [24].

In the present study we evaluated common rather than internal 
carotid artery IMT. In this regard, a previous large study has provided 
evidence to show that as compared to data obtained in the common 
carotid artery, data obtained in the internal carotid artery shows a 
markedly greater conventional risk factor-independent effect of HIV on 
IMT [8]. Thus, the use of the common carotid artery may underestimate 
the quantitative effect of HIV independent of conventional risk factors. 
The design of the present study nevertheless provides an inherent 
control for this limitation as we were able to compare IMT in the 
common carotid artery in HIV infected patients with CLI to that noted 
in patients with advanced occlusive arterial disease (CLI) without 
evidence of HIV. In this regard, the extent of the increase in IMT in the 
common carotid was equivalent in the two groups.

When adjusting for the adverse effects of conventional 
cardiovascular risk factors on carotid IMT, we could not adjust 
for absolute blood pressure or low density lipoprotein cholesterol 
concentrations as continuous traits as a high proportion of patients 
with CLI were receiving antihypertensive and lipid lowering therapy. 
Thus we cannot discount the possibility of residual confounding effects 
explaining the independent relationships between CLI and carotid IMT 
in HIV infected patients. In this regard however, the same limitation 
applies to the HIV negative group with CLI as applies to the HIV 
infected patients with CLI, and yet the carotid IMT values in both of 
these groups were similarly increased as compared to the control group. 
Hence, we believe that by studying a group of patients with CLI without 
evidence of HIV infection, the chance of residual confounding effects 
produced by differences in blood pressure or lipid profiles is unlikely 
to have significantly contributed to the conventional risk factor-
independent relations between CLI and carotid IMT in HIV infected 
patients.

In the present study we noted that the majority (76%) of patients 
with CLI who were HIV infected were smokers. These data are consistent 
with the high prevalence of smoking in HIV infected individuals with 
occlusive arterial disease in previous reports [3,18,25,26]. Smoking 
therefore represents an important confounder when assessing 
relationships between HIV and carotid IMT. Although we showed 
similar increases in carotid IMT in HIV infected patients with CLI as 
compared to those without evidence of HIV infection after adjustments 
for smoking and in sensitivity analysis conducted in smokers only, 
the duration of smoking could not be adjusted for. However, as HIV 
infected patients with CLI were 15 years younger on average than HIV 
negative patients, it is more likely that those without HIV smoked for 
a longer duration and hence we are likely to have biased against the 
results of the present study.

The limitations of the present study are as follows. This was a 
cross-sectional study and hence no conclusions regarding cause and 
effect between HIV and carotid IMT can be drawn. It is therefore still 
possible that unidentified risk factors for carotid IMT other than the 
HIV infection could still account for the similarity in the increase in 
carotid IMT in patients with CLI infected as compared to uninfected 
with HIV. Only a longitudinal study will resolve this issue, but with the 
introduction of HAART as part of in routine clinical care in patients 
with HIV infections, a carefully controlled longitudinal study is not 
ethically feasible. Second, inherent in any study that assesses patients 

with advanced occlusive arterial disease indexed by the presence of CLI, 
the interpretation of the results of the present study are limited by the 
small number of patients with CLI identified as having an HIV infection 
(25 of 217 patients). However, the selection of sequential patients with 
CLI was necessary to attempt to avoid a selection bias. Moreover, the 
study sample reported on probably reflects as large a sample as one 
could expect given the advanced nature of the occlusive arterial disease 
studied and the overall prevalence of HIV. Importantly, the study was 
statistically powered to show the effects explored; we have a <1 to 1% 
chance of a type I error. As a consequence of the stigma linked to HIV 
infection in South Africa, we also could not perform tests of HIV status 
in the apparently healthy community sampled. Based on current trends 
of HIV prevalence in this community, we predict that approximately 
15% of the community would be HIV infected [27]. However, this 
would have biased against the results of the present study as the mean 
carotid IMT in the apparently healthy community may have been lower 
than that identified if we had excluded individuals with HIV infection. 
Last, we did not assess plaque scores or measures of plaque volume to 
assess the extent of the atherosclerotic burden in the present study. This 
may have assisted in distinguishing between the atherosclerotic versus 
non-atherosclerotic carotid phenotype [16].

In conclusion, in the present study we show that independent 
of conventional cardiovascular risk factors or HAART, IMT in the 
common carotid artery is increased to a similar extent in patients 
with CLI with as compared to those without an HIV infection. This 
was noted despite patients with CLI who were HIV infected being 
of a younger age (on average 15 years younger) and having fewer 
conventional risk factors for cardiovascular disease. Indeed, in contrast 
to the high prevalence of hypertension and diabetes mellitus in HIV 
negative patients with CLI even in those <60 years of age; in those 
patients with CLI who were HIV infected neither hypertension, nor 
diabetes mellitus were risk factors for CLI with or without adjustments 
for sex and age. However, patients with CLI whom were HIV infected 
did have as high a prevalence of smoking and possibly dyslipidemia 
as patients with CLI without evidence of HIV, but these factors were 
adjusted for in multivariate models. These results therefore suggest that 
an increased carotid IMT may be a strong independent risk factor for 
CLI in HIV infected African patients.
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