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Abstract

Introduction—The Strategic Timing of AntiRetroviral Treatment (START) trial has recruited 

antiretroviral-naïve individuals with high CD4 cell counts from all world regions. We describe the 

distribution of cardiovascular (CVD) risk factors, overall and by geographic region, at study 

baseline.

Methods—The distribution of CVD risk factors was assessed and compared by geographic 

region among START participants who had baseline electrocardiogram (n=4019; 11% North 
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America; 36% Europe/Australia/Israel; 26% South America; 4% Asia; 23% Africa; median age 36 

years; 26% females).

Results—About 58.3% (n=2344) of the participants had at least one CVD risk factor and 18.9% 

(n=761) had two or more. The most common CVD risk factors were current smoking (32%), 

hypertension (19.3%) and obesity (16.5%). There were significant differences in the prevalence of 

CVD risk factors among geographic regions. The prevalence of at least one risk factor across 

regions was as follows: 70.0% North America, 65.1% Europe/Australia/Israel, 49.4% South 

America, 37.0% Asia, and 55.8% Africa (p-value<0.001). Significant regional differences were 

also observed when risk factors were used as part of the Framingham and D:A:D risk scores or 

used to define favourable risk profile.

Conclusions—CVD risk factors are common among START participants, and their distribution 

varies by geographic region. Better understanding of how and why CVD risk factors develop in 

people with HIV and their geographical distributions could shed light on appropriate strategies for 

CVD prevention and may inform the interpretation of the results of START as CVD is expected to 

be a major fraction of the primary endpoints observed.
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INTRODUCTION

The survival of individuals with HIV infection who have access to highly active 

antiretroviral therapy has dramatically increased. This increase in survival has been 

associated with emergence of cardiovascular disease (CVD) as a significant contributor to 

mortality. About 8–22% of deaths occuring in HIV-positive individuals have been attributed 

to CVD, and the number of individuals at significant risk appears to be increasing as the 

HIV-positive population ages (1–4).

Several studies, largely from the United States and Europe, have already shown that there is 

an increased risk of CVD in HIV-positive populations compared to HIV-negative 

populations (5–10). This increased risk has been attributed to different distributions of 

traditional CVD risk factors in HIV or the presence of additional risk factors related to HIV 

infection such as the impact of the HIV virus itself on the myocardium and arteries, 

inflammation, immune activation, or the metabolic abnormalities associated with 

antiretroviral therapy (ART) (11, 12). Nevertheless, the distribution of CVD risk factors in 

asymptomatic HIV-positive individuals with high CD4 cell counts, and how this varies by 

geographic region, has not been studied. A better understanding of the regional differences 

in the distribution of CVD risk factors could shed light on the appropriate cost-effective 

strategies that should be pursued for CVD prevention in this high-risk population group.

In this report, we describe the baseline distribution of CVD risk factors, overall and by 

geographic region, in HIV-positive individuals enrolled in the international Strategic Timing 

of AntiRetroviral Treatment (START) trial. Understanding the distribution of CVD risk 
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factors may ultimately inform the interpretation of the results of START as CVD is expected 

to be a major fraction of the primary endpoints observed.

METHODS

The design and rationale of the START trial have been described in detail elsewhere (13). 

Briefly, START is an ongoing multicentre international trial designed to assess the risks and 

benefits of early initiation of ART. A total of 4685 ART-naïve HIV-positive individuals 

with CD4 cell counts >500 cells/μL from 215 clinical sites in 35 countries were randomised 

in a 1:1 ratio to start ART immediately (early ART) or defer treatment until CD4 cell count 

is <350 cells/μL (deferred ART). It is estimated that a minimum follow up of three years 

will result in the targeted number of primary events (13).

For the purpose of this report, we included only START participants who underwent 12-lead 

electrocardiogram (ECG). Due to budgetary limitations, ECGs were not obtained in certain 

countries (Czech Republic [n=13], India [n=91], Malaysia [n=18], Mexico [n=48], and 

Nigeria [n=49]; total = 219 participants) and select sites in some countries (Argentina 

[n=49], Australia [n=33], Belgium [n=18], France [n=8], Italy [n=3], Portugal [n=23], South 

Africa [n=17], Sweden [n=1], Switzerland [n=1], Thailand [n=92], United Kingdom [n=52], 

United States [n=46]; total = 343 participants). Participants with expected but missing 

(n=56) or poor-quality ECG (n=48) were excluded from the analysis. After all exclusions 

(n=666), 4019 participants remained and were included in the analysis (Figure 1). In 

additional analyses (provided as online supplemental tables), we utilised all randomised 

HIV-positive START participants (n=4685) to present the distribution of CVD risk factors 

and other data that are not dependent on the availability of ECG.

Before study entry the following data were collected: demographics, data on diagnosis and 

mode of HIV infection, medical history including concomitant medications, self-reported 

cigarette smoking status, CD4 cell count and HIV RNA, fasting glucose and lipids, a brief 

clinical evaluation including blood pressure measurements, and a 12-lead resting ECG.

Electrocardiograms were recorded by identical ECG machines (GE MAC 1200 model, GE, 

Milwaukee, Wisconsin, United States) in all of the study clinical sites using strictly 

standardised procedures. The digital ECG tracings stored in the electrocardiographs were 

transmitted regularly over analogue phone lines to the START ECG Reading Center (The 

Epidemiological Cardiology Research Center [EPICARE], Wake Forest School of 

Medicine, Winston Salem, North Carolina, United States) for analysis. ECGs were evaluated 

by readers blinded to treatment strategy. After being visually checked for quality, the study 

ECGs were automatically processed using the 2001 version of the GE Marquette 12-SL 

program (GE, Milwaukee, Wisconsin, United States). ECG abnormalities were classified 

using the standard Minnesota ECG Classification (14). These abnormalities included ECG 

evidence of myocardial infarction (MI) and myocardial ischaemia (major ST/T 

abnormalities) (15).

Body mass index (BMI) values of 18.5–24.9 kg/m2 were considered as normal weight, 

<18.5 kg/m2 as underweight, 25.0–29.9 kg/m2 as overweight, and ≥30 kg/m2 as obese. 
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Diabetes was defined by self-report or documentation of a prior diagnosis, use of 

medications, or fasting glucose ≥126 mg/dL. Hypertension was defined as systolic blood 

pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of blood-pressure-

lowering medications. Dyslipidemia was defined as LDL cholesterol ≥160 mg/dL or use of 

cholesterol-lowering medications. Prior CVD was defined as self-reported history or 

documentation of a prior MI, coronary revascularisation or stroke as well as baseline ECG 

evidence of MI or myocardial ischaemia. Favourable CVD risk profile was defined on the 

basis of a number of modifiable risk factors as follows: total cholesterol <200 mg/dL, 

systolic blood pressure ≤120 mmHg, diastolic blood pressure ≤80 mmHg, no current 

smoking, no diabetes and no prior CVD (16).

The following risk prediction equations were also calculated: 1) The Framingham 10-year 

estimated CVD risk score, which is based on age, gender, total cholesterol, HDL cholesterol, 

systolic blood pressure, use of blood-pressure-lowering medications, current smoking, and 

diabetes (17); 2) the Framingham 10-year estimated coronary heart disease (CHD) risk 

score, which is based on age, gender, the Joint National Committee (JNC-V) blood pressure 

categories, the National Cholesterol Education Program (NCEP) total cholesterol and HDL 

categories, current smoking, and diabetes (18); and 3) the Data Collection on Adverse events 

of Anti-HIV Drugs (D:A:D) 10-year estimated CVD and CHD risk scores, which are based 

on age, gender, current smoking, ex-smoking status, total and HDL cholesterol, systolic 

blood pressure, diabetes, family history of CVD and prior use of specific ART (19). START 

participants were ART-naive at enrolment and data on family history of CVD were not 

collected in START. Therefore, the specific ART drugs were set to zero and no prior family 

history of CVD was assumed in the calculation of the D:A:D risk prediction equations.

Statistical Methods

Continuous variables are presented as medians with the interquartile ranges (IQR) and 

categorical variables as percentages. Unadjusted regional comparisons of demographics and 

HIV characteristics were performed using Kruskal Wallis tests or chi-square tests. 

Individual CVD risk factors, favourable CVD risk profile, and the Framingham and D:A:D 

CHD and CVD risk scores were tabulated and compared across regions with age- and 

gender-adjusted models using quantile regression (medians) and logistic regression (binary 

outcomes).

As sensitivity analysis, we repeated all the analyses after including all START participants 

regardless of the availability of ECG data (data presented as online supplemental tables).

All reported p-values are 2-sided, and a p-value <0.05 was considered statistically 

significant. SAS software version 9.3 (SAS Institute Inc., Cary, North Carolina, United 

States, 2002–2010) was used.

RESULTS

A total of 4019 START participants (median age 36 years; 25.9% females, 32.4% black, 

13.3% Latino/Hispanics, 4.5% Asians, 45.9% whites and 3.9% others) with available ECG 

data were included in this analysis. There were significant differences in the participants’ 
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characteristics across geographic regions (Table 1). Compared to participants from other 

regions, especially North America, participants from Asia were more likely to be younger in 

age and with lower median values of BMI, systolic blood pressure, diastolic blood pressure 

and CD4 cell count, but with higher median values of total cholesterol, LDL cholesterol and 

HDL cholesterol (Table 1). Not surprisingly, race/ethnicity was highly correlated with 

region; blacks were the majority (93.5%) in Africa, Asians were the majority (97.4%) in 

Asia, and whites were the majority (86.1%) in Europe/Australia/Israel.

More than half (58.3%) of the START participants included in this analysis had at least one 

risk factor (current smoking, obesity, diabetes, prior CVD, hypertension or dyslipidemia), 

and 18.9% had two or more risk factors (Table 2). The most common risk factors were 

current smoking (32.0%), hypertension (19.3%) and obesity (16.5%). Significant differences 

in the prevalence of CVD risk factors among regions were observed. The highest prevalence 

of CVD risk factors was observed in North America (70.0% had at least one CVD risk 

factor) followed by Europe/Australia/Israel (65.1% had at least one CVD risk factor). On the 

other hand, the lowest prevalence of CVD risk factors was observed in Asia (37.0% had at 

least one CVD risk factor).

Prevalent CVD was detected in 182 (4.5%) of the participants (37 with MI [ECG evidence 

and/or past history], 10 with history of coronary revascularisation, 6 with history of stroke, 

and 146 with ECG evidence of myocardial ischaemia). The highest prevalence of CVD was 

observed in Africa (6.1%) followed by Europe/Australia/Israel and North America (both 

4.6%), Asia (3.9%) and South America (3.1%) (age and sex adjusted p=0.427) (Table 2).

About 24.6% (n=988) of the participants had favourable CVD risk profile, with women 

being more likely to have a favourable risk profile compared to men (Table 3). Significant 

regional differences in the favourable risk profile, overall and by gender, were observed 

(p<0.001)

Table 4 shows the 10-year estimated CVD and CHD risks using Framingham and D:A:D 

risk equations. Overall, the median values of CVD and CHD 10-year estimated risk using 

Framingham equations were 2.9% and 3.0%, respectively. This compares to only 1.8% and 

1.4% estimated 10-year risk using D:A:D risk equations. The proportions of START 

participants with >10% estimated 10-year risk of CVD and CHD were 13.7% and 9.4% 

using Framingham and 4.4% and 2.9% using D:A:D. The estimated 10-year CVD and CHD 

risks varied by region with higher estimates in North America and Europe/Australia/Israel 

compared to Africa and Asia (p<0.001).

Similar trends in the regional differences in the distribution of CVD risk factors, favourable 

risk profile, and risk prediction scores were also observed when all analyses were repeated 

using all START participants (n=4685) regardless of the availability of ECG data (Tables 

S1–S4). As expected, however, the prevalence of risk factors became slightly lower and the 

favourable risk profile became slightly higher (especially in Asia) when ECG abnormalities 

(MI and ischaemia) were not considered in this sensitivity analysis.
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DISCUSSION

We described the baseline distribution of CVD risk factors, overall and by geographic 

region, in the START trial. The key findings are: 1) CVD risk factors are common in HIV-

positive individuals; at least one in every two participants had one or more CVD risk factors; 

2) there are significant regional differences in the distribution of CVD risk factors and in 

risk prediction scores; and 3) the distribution of favourable CVD risk profile varies by sex 

and region.

The observed prevalence of CVD risk factors in START accords with the previous studies 

that examined the epidemiology of CVD in HIV-positive patients (20–23). We have shown, 

however, that these risk factors vary significantly by geographic region. Better 

understanding of how and why CVD risk factors develop in HIV and their geographical 

distributions could shed light on the appropriate strategies for CVD prevention.

In START, it is expected that CVD will account for a large fraction of non-AIDS endpoints, 

and our results of regional differences in CVD risk factors indicate that the incidence of 

CVD endpoints (MI, stroke and coronary revascularisation) might vary considerably by 

geographic region. Another factor that may impact the CVD endpoints expected to occur in 

START is the regional differences in the favourable risk profile. Previous studies have 

shown that favourable risk profile is associated with significantly lower risk of CVD events 

(16, 24). As we showed, about 24.6% of START participants have a favourable risk profile; 

this varied significantly by region ranging from 15.0% in Europe/Australia/Israel to 32.8% 

in South America. Interestingly, although the South America region had the highest 

prevalence of favourable risk profile (which aims to identify low-risk group based on 

prevalence of favourable levels of modifiable risk factors), this region is not the one with 

lowest average 10-year estimated risk based on risk prediction equations (which aim to 

identify high-risk group). There were also differences by gender in favourable risk profile, 

with a particularly low proportion of women having a favourable risk profile in North 

America (13.2%, compared with 32.6% overall), while in men the proportion (20.3%) was 

similar to the overall average (21.8%).

Regional differences in CVD risk factors could be due to differences in lifestyle and health 

behaviours across regions. Although the fold increase in risk associated with each CVD risk 

factor should be similar in all HIV-positive populations regardless of region, regional 

differences in the prevalence of risk factors would yield differences in the population-

attributable risk associated with these CVD risk factors. This may require different 

prevention strategies and/or risk assessment tools that take into account the most highly 

prevalent risk factors in each region.

CVD risk assessment equations play an important role in CVD prevention by identifying 

high-risk groups that would benefit from careful evaluation and management of their risk 

factors. The estimated 10-year CVD and CHD risks by Framingham risk scores (developed 

in the general population) were consistently higher than the estimated risk by D:A:D score 

(developed in HIV-positive individuals) as has been previously noted (19). These findings 

suggest that although risk assessment models developed in the general population may still 
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work in an HIV-positive population, they may not be optimal for risk stratification in HIV-

positive individuals. Reasons for differences in the risk estimates by the Framingham and 

D:A:D scores could be related to the inherent differences in the source populations of and 

the methodology applied in the Framingham and D:A:D studies. Also, the START trial did 

not collect data on family history of CVD, and all participants were ART-naïve at the time 

of enrolment. Both family history of CVD and ART use are components of the D:A:D 

scores, which may explain the lower estimated 10-year CVD and CHD risk by D:A:D risk 

score. When the START trial accumulates CVD events in the upcoming years of follow-up, 

it will be possible to compare calibration of the D:A:D, Framingham and other risk 

assessment scores. Notably, none of the risk prediction equations includes inflammatory 

markers. Results from the SMART, ESPRIT and SILCAAT trials have shown that HIV-

positive individuals have higher levels of inflammatory markers even on suppressive 

treatment (25, 26) and that these markers are associated with CVD (27) and CVD severity 

(28). With this in mind, future data from the START trial may provide useful information on 

the risk of CVD in the absence of traditional risk factor elevations but in the presence of 

elevated inflammatory markers.

The findings we provided in this report should be read in the context of certain limitations. 

The main analysis was limited to START participants who underwent ECG recording so that 

we can have an objective tool to assess CVD status (MI and ischaemia). This might have 

limited the generalisability of our findings to all of START participants as sites in some 

countries did not collect ECGs. Nevertheless, the majority of START participants already 

underwent ECG (about 88%), and the results were in the same direction when all START 

participants were included in the analyses. Another limitation is that we could not examine 

the association between CVD risk factors and prevalent CVD because of the small number 

of CVD cases that were mainly driven by ECG abnormalities (MI and myocardial 

ischaemia).

In summary, this report provides the first comprehensive summary of CVD risk factors, 

overall and by geographic region, for HIV-positive participants who are ART-naïve and 

have CD4 cell counts >500 cells/μL. These data may inform the interpretation of the results 

of START and could guide future studies addressing CVD prevention in HIV-positive 

individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of inclusion and exclusion criteria
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