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Background: Risk of atherosclerosis among AIDS patients with a history of 
severe immunosuppression and long-term antiretroviral treatment is not well 
documented. 

Methods:  This study examined the actual and predicted incidence of verified 
CVD in 643 subjects with HAART-induced immune reconstitution (a 
sustained increase in CD4 cells from <50 to >100 cells/mm3) who were 
enrolled between 1997-1999 in a multicenter randomized study of stopping
azithromycin prophylaxis for MAC disease.  In 1999, 433 subjects agreed to 
remain in long term observational follow-up for evaluating risks of CVD and 
metabolic syndrome. Coronary heart disease (CHD) risk factors and lipid 
profiles were collected at entry to observational follow-up and every 32 weeks 
thereafter.

Incidence rates (IRs) and 95% confidence intervals (CIs) for CVD were 
calculated by calendar year and overall based on the Poisson distribution.  
Estimates of 10-year CHD risk were based on Framingham scoring, and 
compared between groups using Wilcoxon ranksum tests.  Cox proportional 
hazard models were used to evaluate risk factors for development of CVD, 
both among all subjects using baseline values, and among the 433 long-term 
subjects using CHD risk factors.

Results: Median follow-up was 4.8 and 5.6 years, and median treatment with 
HAART was 5.6 and 6.3 years (max=8.8 yrs) for the 643 original and 433 
long-term subjects, respectively. CVD developed in 18/643 (IR=7.2 per 1000 
person years, 95% CI: 4.3-11.3), with no significant increase over calendar 
time (p=0.19).  These 18 subjects experienced 20 atherosclerotic CVD 
events, including 10 myocardial infarctions and 3 with symptomatic CHD.  
Those randomized to azithromycin had a marginally significant decrease in 
risk of CVD (HR=0.45, p=0.099).  Of the 433 long-term subjects, metabolic 
syndrome (defined by NCEP ATP III criteria) was observed in 89 (21%).  
Framingham scoring predicted 10% of subjects to have ≥20% 10-year CHD 
risk, with significantly higher predicted risk for males (p<0.003) and a 
marginal association with observed CVD (p=0.087).  For the long-term 
subjects, a multivariate Cox model indicated significant increases in the risk 
of CVD for those with higher BMI (HR=1.19, p=0.003), increased age 
(HR=1.08, p=0.006), and total cholesterol (HR=1.007, p=0.015).

Conclusions: These findings suggest a higher rate of CHD than has been 
previously reported from cohorts with shorter durations of follow-up. 
Interventions targeted to those at increased risk for CVD are warranted in 
patients receiving HAART.
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ABSTRACT

BACKGROUND

METHODS

Data Collection and CVD Event Verification
At entry to the ACTG 362 observational follow-up initiated in 1999, subjects 
reported height, weight, family history of cardiovascular events and/or deaths, 
history of hypertension and/or diabetes, and smoking status.  In addition, lipid 
measures (including total cholesterol, LDL, and triglycerides), waist-hip 
measurements, weight, new diabetes diagnoses, and blood pressures were 
collected at entry to observational follow-up and every 32 weeks thereafter.

Cardiovascular events reported from the onset of the parent study, which 
opened in 1997, were reviewed and verified by the study chair as
atherosclerotic CVD, non-atherosclerotic CVD, or not a CVD event.  In this 
analysis, we focus only on those events reported as atherosclerotic CVD.

CONCLUSIONS

SUMMARY

RESULTS

Table 1: Demographic Characteristics of Study Participants at Study Entry

• Incidence rates (IRs) and 95% confidence intervals (CIs) for CVD were 
calculated by calendar year and overall based on the Poisson distribution.
• Cox proportional hazard models were used to evaluate risk factors for 
development of CVD, both among all subjects using entry characteristics (Tables 
1 & 2) and among the 433 long-term subjects using entry and CHD risk factors 
(Tables 1, 2, 4, 5).
• Estimates of 10-year CHD risk were based on Framingham scoring, as 
reflected by published scoring systems (NCEP ATP III6).  This approach uses 
age, sex, total cholesterol, HDL cholesterol, smoking status, systolic blood 
pressure, treatment for hypertension, and diabetes history to define risk scores 
and corresponding 10-year CHD risk estimates.  Estimated CHD risks were 
compared between groups using Wilcoxon ranksum tests.
• Metabolic syndrome was defined using NCEP ATP III criteria of having at least 
3 of the following: fasting triglycerides>150mg/dL, waist circumference >102cm 
(male) or 88cm (female), BP ≥ 130/85, fasting glucose≥110, and HDL<40 (male) 
or <50 (female).
• Incidence of hypercholesterolemia was defined as total cholesterol ≥240mg/dL
among subjects without hypercholesterolemia at entry to long-term observation.

There is growing concern that the metabolic complications associated with HIV 
and antiretroviral therapy (ARV) may lead to accelerated cardiovascular disease 
(CVD).  In particular, patients infected with HIV may present with premature 
atherosclerosis1,2 and with metabolic abnormalities3.  Genetic variants of 
chemokines may influence progression of HIV disease and atherosclerosis4, and 
cardiovascular risk factors may also be associated with antiretroviral therapy5.  
However, the risk of atherosclerosis among AIDS patients with a history of 
severe immunosuppression and long-term antiretroviral treatment is not well 
documented.  We examined actual and predicted incidence of cardiovascular 
disease among 643 subjects enrolled in ACTG 362.

ACTG 362 enrolled subjects with HAART-induced immune reconstitution (a 
sustained increase in CD4 cells from <50 to >100 cells/mm) to evaluate whether 
prophylaxis for MAC could be discontinued.  Subjects were randomized in a 1:1 
ratio to receive either azithromycin (continue MAC prophylaxis) or placebo.  After 
a median of 16 months of follow-up, only 2 MAC endpoints were observed and 
randomized study treatment was discontinued in October 1999.

At that time, 433 of the 643 subjects (77% of  those still on study) agreed to 
continue observational follow-up under a new protocol version, for the primary 
objectives of evaluating cardiovascular disease and metabolic complications.
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Definitions and Statistical Methods

Figure 1: Yearly Incidence Rates of Atherosclerotic CVD

Table 3: Multivariate Cox Model for Predicting Incidence of CVD
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OBJECTIVES

To examine the development of verified atherosclerotic CVD in 643 subjects with 
HAART-induced immune reconstitution, to evaluate predicted incidence of CHD in 
433 of these subjects who participated in observational follow-up using models 
developed from the Framingham Heart Study, to evaluate prevalence of metabolic 
syndrome, and to evaluate incidence of hypercholesterolemia in this study 
population.

Based on a Poisson regression model, there was no significant trend 
over time in atherosclerotic CVD (p=0.19).  However, the slight increase 
in 2003 may warrant future examination of such trends.

RESULTS

Observed CVD Events

A total of 18 of the 643 subjects developed atherosclerotic CVD 
(IR=7.2 per 1000 person years, 95% CI: 4.3-11.3).  These 18 
subjects experienced 20 atherosclerotic CVD events, including 10
myocardial infarctions and 3 with symptomatic CHD. 

Total
(N=643)

Long Term 
Observation

(N=433)

Age in years

Median 40 40

Over 55 41 (6%) 32 (7%)

Gender

Male 560 (87%) 386 (89%)

Female 83 (13%) 47 (11%)

Race/Ethnicity

White 370 (58%) 273 (63%)

Black 131 (20%) 80 (18%)

Hispanic 117 (18%) 63 (15%)

Other 25  (4%) 17 (4%)

Previous/Current IV Drug History

Yes 99 (16%) 62 (14%)

Long Term 
Observaton

(N=433)

40-49 208 (48%) 

History of Diabetes 39 (9%)

History of Hypertension 73 (17%)

Systolic Blood Pressure, mmHg

Missing/Unknown 93 (21%)

<120 136 (31%)

120-129 71 (16%)

130-139 67 (15%)

140-159 63 (15%)

160+ 3 (1%)

CVD event (maternal or paternal) 78  (18%)

Body Mass Index  (kg/m3)

CVD death (maternal or paternal) 33  (8%)

CVD event or death 85  (20%)

<0.90 79 (18%)

1.00+ 89  (21%)

0.90-0.95 129 (30%)

0.95-1.00 134 (31%)

Missing/Unknown 2  (<1%)

50-59 63 (15%) 

Current Smoker 135 (31%)

Age Group (years)

20-39 136 (31%) 

60-69 26 (6%) 

Family History of CVD (stroke or MI)

<25 220 (51%)

25-30 160 (37%)

30+ 48 (11%)

Missing/Unknown 5 (1%)

Waist/Hip Ratio

Table 2: Health Characteristics of Study Participants

Using both forward and backwards selection approaches for final 
multivariate Cox proportional hazards model, the predictors below 
were identified as having a significant association with time to first 
CVD event among the 433 long term observation subjects. For 
example, a subject with total cholesterol=240 would have a 32% 
higher risk of CVD than one with cholesterol=200.  

Predictor
Hazard 
Ratio

95% 
confidence 

interval P-value

Age (years) 1.082 (1.022-1.147)

Body Mass Index 1.190 (1.060-1.335) 0.003

(1.001-1.013)

0.006

Total Cholesterol 1.007 0.015

Table 4: Risk Factors for Cardiovascular Disease

Total
(N=643)

Long Term 
Observation

(N=433)

Randomized Treatment Assignment

Azithromycin 322 (50%) 227 (52%)

Placebo 321 (50%) 206 (48%)

Median 226 229

500-20,000 110 (17% ) 71 (16%)

20,000+ 96 (15%) 64 (15%)

200-299 208 (32%) 147 (34%)

Entry HIV-1 Viral Load (copies/ml)

500 copies or less 407 (63%) 279 (64%)

Unknown/Missing 30 (5%) 19 (4%)

Entry CD4 count (cells/mm3)

<200 240 (37%) 154 (36%)

300+ 195 (31%) 132 (30%)

Lowest pre-entry CD4 (cells/mm3)

Median 20 21
Duration on HAART at entry (weeks)

Median 40 40

Table 5: Lipid Profiles
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Figure 2: Estimated 10-year CHD Risk by CVD Event

Overall, 10% of subjects were estimated to have 20% or greater 
risk of CHD within the next 10 years, and 29% of subjects were 
estimated to have 10% or greater 10-year CHD risk.  There was 
a marginally significant difference between predicted risk for 
those with an observed CVD event versus those without 
(p=0.087); however, over 50% of those with CVD events were 
predicted to have low (<10%) 10-year CHD risk.  In addition, all 
but one female (98%) had low estimated 10-year CHD risk, as 
compared to 68% of males (p<0.001).

Prevalence of Metabolic Syndrome

Overall, metabolic syndrome was prevalent in 89 of 433 
subjects (21%), with a significantly higher prevalence among 
females than males (38% vs 18%, p<0.003).

Among all 643 subjects, randomization to azithromycin had a 
marginally protective effect (HR=0.45, p=0.099), but this effect did 
not persist when adjusted for age.

Incidence of Hypercholesterolemia

At entry to the long-term observation phase, 114 of 409 subjects with cholesterol 
data (28%) had prevalent hypercholesterolemia.  Among the 279 without prevalent 
hypercholesterolemia and with follow-up cholesterol measurements, 97 (35%) 
developed  hypercholesterolemia, for an incidence rate of 14.4 cases per 100 
person-years (95% CI: 11.7-17.6).

These findings suggest a higher rate of CHD than has been previously reported 
from cohorts with shorter durations of HAART therapy. Interventions targeted to 
those at increased risk for CVD are warranted in patients receiving HAART.

Total
(N=643)

Total Cholesterol, mg/dL

Median 211

<160 55 (13%)

50-59 38 (9%)

60+ 25 (6%)

160-199 106 (24%)

200-239 134 (31%)

240-279 73 (17%)

280+ 41 (9%)

Unknown/Missing 24 (6%)

Median 37

<100 41 (9%)

100-200 91 (21%)

40-49 93 (21%)

Fasting Triglycerides, mg/dL

Median 234

200-400 98 (23%)

HDL Cholesterol, mg/dL

<40 237 (55%)

Unknown/Missing 40 (9%)

400+ 70 (16%)

Unknown/Missing 133 (31%)

During long-term follow-up of 643 subjects with immune restoration over a median 
of 4.8 years, the overall incidence of atherosclerotic CVD was 7.2 events per 1000 
person-years (95% CI: 4.3-11.3).  This rate is slightly higher than has been 
reported in other studies, including the D:A:D study5, which reported a rate of 3.5 
events per 1000 person-years overall and 5.5 per 1000 person-years among those 
with more than 5 years HAART exposure, and the Kaiser study7, which reported a 
rate of 6.6 events per 1000 person-years.

The subjects that developed CVD did not all present with traditional CHD risk 
factors; over half were estimated to have low risk (<10%) of a CHD event over the 
next 10 years based on Framingham scoring using such risk factors.  However, in a 
subset of 433 subjects followed for long-term observation, prevalence of such CHD 
risk factors was high (26% with total cholesterol ≥240 mg/dL, 11% with BMI ≥ 30, 
9% with history of diabetes, 17% with history of hypertension, and 20% with family 
history of CVD event or death).  In addition, the prevalence of metabolic syndrome 
was 21% (38% in females), and the incidence of hypercholesterolemia was 14.4 
events/100 person-years (95% CI: 11.7-17.6), suggesting that this group of 
subjects with long term exposure to HAART (median=6.3 yrs) warrants future 
monitoring for cardiovascular complications and events.
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