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Abstract
Objective—To determine the relationship of HIV infection, demographic and cardiovascular
disease (CVD) risk factors with mortality in the recent HAART era.

Methods—Vital status was ascertained from 2004–2007 in 922 HIV-infected and 280 controls in
the Study of Fat Redistribution and Metabolic Change in HIV infection; 469 HIV-infected were
included in analysis comparing HIV to similar age controls. Multivariable exponential survival
regression (adjusting for demographic and CVD factors) estimated hazard ratios (HR) for death.

Results—After 5 years of follow-up, the overall adjusted mortality HR was 3.4[95% confidence
interval (CI):1.35,8.5]; HR was 6.3 among HIV-infected with CD4<200(95% CI:2.2,18.2), 4.3 with
CD4 200–350(95% CI:1.14,16.0), and 2.3 with CD4>350(95% CI:0.78,6.9). Among HIV-infected,
current smoking (HR=2.73 vs. never smokers, 95% CI:1.64,4.5) and older age (HR=1.61 per decade,
95% CI:1.27,2.1) were independent risk factors for death; higher baseline CD4 count was associated
with lower risk (HR=0.65 per CD4 doubling, 95% CI:0.58,0.73).

Conclusion—HIV infection was associated with a 3-fold mortality risk compared to controls after
adjustment for demographic and CVD risk factors. In addition to low baseline CD4 count, older age
and current smoking were strong and independent predictors of mortality in a US cohort of HIV-
infected participants in clinical care.
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INTRODUCTION
The introduction of highly active antiretroviral therapy (HAART) has led to marked reduction
in HIV-related mortality [1]. The decrease in HIV-related mortality, however has been
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accompanied by increases in non-HIV-related mortality including cardiovascular, hepatic and
pulmonary diseases, and non-AIDS malignancies [2–5]. Furthermore, studies in the HAART
era show that mortality in HIV-infected persons remains higher than in the general population
[6–8]. We evaluated the association of HIV infection with mortality risk relative to controls of
similar age over a 5-year follow up period in the recent HAART era. We studied a
geographically and ethnically diverse U.S. cohort of HIV-infected individuals in clinical care
and controls with detailed information on demographic and cardiovascular disease (CVD) risk
factors, allowing us to adjust for these factors. We also identified the HIV-related factors
associated with mortality.

METHODS
From June 2000 to September 2002, 1183 HIV-infected and 297 control participants were
enrolled into the study of Fat Redistribution and Metabolic Change in HIV infection (FRAM).
HIV-infected were recruited from 16 HIV or infectious disease clinics or cohorts throughout
the US. Control participants were recruited from 2 centers of the Coronary Artery Risk
Development in Young Adults (CARDIA) study [9,10], a population-based cohort that
recruited a sample of healthy 18- to 30-year old white and African American men and women
from 4 US cities in 1985-6 for a longitudinal study of cardiovascular risk factors. The FRAM
study design, recruitment, and data collection procedures have been described elsewhere
[11]. A follow-up exam (FRAM2) was conducted from 2004 to 2007. The institutional review
boards at all sites approved the protocols. Figure 1 shows FRAM2 retention outcomes.
Available for analysis were 922 HIV-infected and 280 control participants known to be alive
or dead.

After exclusion of HIV-infected participants with opportunistic infections or malignancies (OI/
OM) in the same or previous calendar month as the baseline examination, and with an age
outside of the 33 to 45 year age range of the controls, a total of 469 HIV-infected participants
were included in multivariable exponential regression analysis comparing HIV-infected to
controls. Among the 469, there were a total of 54 deaths. Follow-up time was defined as elapsed
time from baseline to follow-up exam or last contact. For deceased subjects, the left-censoring
time was defined using the median follow-up time for HIV-infected or control participants,
since death could have occurred at any time during this interval. Similar analyses were
conducted categorizing HIV-infected participants by their CD4 count (>350, 200 to ≤350, and
<200) compared with controls. Subsequent analyses of all 922 HIV-infected participants
determined the demographic, CVD, and HIV-related factors independently predictive of
mortality. We conducted sensitivity analyses using multiple imputation [12] to estimate
mortality status for participants with unknown vital status. In addition, sensitivity analysis
using an IPCW (inverse probability of censoring weight) approach was performed to adjust
estimates [13,14]. All analyses were conducted using the SAS system, version 9.1 (SAS
Institute, Inc., Cary, NC).

RESULTS
Table 1 shows the baseline characteristics of the 469 HIV-infected and 280 control participants
of similar age (as well as the 922 HIV-infected) with known vital status. Current smoking and
diabetes were more common in HIV-infected than controls; total and HDL cholesterol was
lower. Average elapsed time between exams was shorter in HIV-infected than control
participants; elapsed time ranged from 2.5 to 6.9 years. Among the 922 HIV-infected, 76%
were on HAART, 12% were HAART-naive, and 13% received HAART in the past.

Over the five-year period, the mortality rate was higher in HIV-infected than control
participants (12% vs. 2%, p<0.0001). In multivariable analysis controlling for demographic
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and traditional CVD risk factors, HIV infection remained associated with a higher risk of death
(HR=3.4, 95%CI: 1.35, 8.5, p=0.0094). Compared with controls, mortality risk was highest
for HIV-infected with CD4<200 (HR=6.3, 95% CI: 2.2, 18.2, p=0.0007), followed by CD4
200–350 (HR=4.3, 95% CI: 1.14, 16.0, p=0.031), and CD4>350 (HR=2.3, 95% CI: 0.78, 6.9,
p=0.13) (Figure 2). Mortality risk among HIV-infected participants with CD4>500 remained
higher than controls, although the association did not reach statistical significance (HR: 2.1;
95% CI: 0.60, 7.6, p=0.24). In sensitivity analyses to evaluate the potential effect of those with
unknown vital status, HIV-infection remained associated with higher risk of death (Multiple
Imputation: HR=4.2, 95%CI: 1.57–11.0, p=0.0046; IPCW: HR=3.6, 95%CI: 1.50–8.5,
p=0.0040).

In multivariable analysis of HIV-infected participants alone (Table 2), higher baseline CD4
count was strongly associated with lower risk of death. Factors associated with higher risk of
death included current smoking and older age. Mortality was highest among those with both
low CD4 counts and current smoking status (40%) compared with the lowest risk group of
high CD4 count non-smokers (5.3%). Higher non-HDL cholesterol was associated with lower
risk of death. There was little association between HAART use (i.e. current use, total duration
of use, and duration categorized by number of years used) and mortality risk (data not shown).
Sensitivity analyses showed similar results (data not shown).

DISCUSSION
In our cohort of HIV-infected individuals in clinical care in the US, we found that mortality
risk was three-fold higher among HIV-infected individuals compared to controls of a similar
age during an approximate 5-year period beginning from 2000 to 2002. As expected, HIV-
infected participants with advanced immunosuppression at the baseline exam (CD4 <200) had
a 6-fold risk of death compared to controls. Nonetheless, HIV-infected participants with less
advanced immunosuppression (CD4 >350) also appeared to have a higher risk of death than
controls. Among HIV-infected participants, in addition to a low baseline CD4 count, current
smoking and older age were strong independent predictors of mortality.

The findings of our study are important for several reasons. First, we observed a higher
mortality risk in a representative US population of HIV-infected persons compared to controls
of similar age in the recent HAART era. Our findings are consistent with European studies
[7,8,15,16] that have examined age-specific mortality risk in HIV-infected persons compared
to controls in the recent HAART era. The excess risk in these studies appeared somewhat higher
than our study, likely because they did not control for CVD risk factors such as smoking.

Second, we were able to estimate mortality risk stratified by the baseline CD4 count relative
to controls. We found a higher risk of death in HIV-infected participants compared to controls
in each CD4 stratum studied (CD4 <200, 200 to 350, >350); as expected, those in the lowest
CD4 strata had the highest risk of death. The findings of a 2-fold risk of death in those with a
CD4 >350 are notable as our HIV-infected participants were relatively young, were receiving
clinical care and most were receiving antiretroviral therapy. When we further stratified to a
CD4 >500, a 2-fold higher risk of death remained. In contrast, another study found that among
HIV-infected patients with a CD4 >500, the mortality rate after 6 years of follow-up was similar
to that of the general population [16]. We followed patients for 5 years, so may not have
observed this trend. Some have proposed that inflammatory changes related to HIV infection
may contribute to a premature increase in non-AIDS related deaths irrespective of CD4 count
[17]. HIV infection may also be associated with specific behaviors that lead to an increased
risk of death, although we were able to control for smoking, which is a major such behavior.
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Among the factors associated with death in HIV-infected participants in our study, we found
an independent association with cigarette smoking, older age and lower CD4 count. Smoking
is highly prevalent in HIV-infected individuals and is a known risk factor for CVD and
pulmonary diseases. A recent study found that cigarette smoking (current or past) (as well as
older age and lower CD4 count) were associated with an increased risk of death from non-
AIDS defining malignancy [18] ; lung cancer being the most common fatal non-AIDS defining
malignancy. While smoking could also indicate a less healthy lifestyle in general, the findings
of our study and others suggest that smoking cessation may be an important target for
intervention in individuals with HIV infection. Estimates from our multivariable model suggest
that those who quit smoking may see a lowered risk of death equivalent to a 2.7-fold increase
in CD4 count. Although the risk of death was 2-fold higher in those with HIV/HCV coinfection
compared to those with HIV monoinfection in unadjusted analysis, HCV infection did not
appear to be a strong independent risk factor for death, after controlling for HIV-related,
demographic and traditional CVD risk factors.

Our study has limitations. A large percentage of participants could not be contacted (23% of
HIV-infected and 5% of controls), which may have led to an underestimation in the mortality
rate; those not contacted, especially the HIV-infected, may have died during the five-year
follow-up period. We therefore performed sensitivity analyses to address missing death status
in those not contacted; all sensitivity analyses produced results that were similar to our primary
observed case approach. Cause of death was also unknown for our HIV-infected participants
and the sample size was relatively small with few deaths in controls.

In summary, mortality risk remains 3 times as high among HIV-infected persons in the recent
HAART era compared to controls of similar age. Cigarette smoking, older age and lower CD4
count were independent predictors of mortality in those with HIV infection. Furthermore, our
observation that HIV-infected patients were at greater risk of death compared to controls even
at higher CD4 levels could suggest a possible role of chronic inflammatory changes (from HIV
infection) leading to increased mortality risk, an association that needs further investigation.
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FIGURE 1.
Schema of results of FRAM 2 Retention
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FIGURE 2.
Association of HIV status and baseline CD4 count with mortality after adjustment for
demographic and CVD risk factors
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TABLE 1

Baseline Characteristics of HIV+ and Control Participants

HIV+ (age-restricted*) Controls (age-restricted*) HIV+ (all)

n 469 280 922

Age (y)** 40.0 (36.0–42.0) 41.0 (37.0–43.0) 43.0 (37.0–48.0)

Gender

 Female 152 (32%) 135 (48%) 279 (30%)

 Male 315 (67%) 145 (52%) 639 (69%)

 Transgender 2 (1%) 4 (1%)

Race

 African-American 191 (41%) 133 (48%) 377 (41%)

 Caucasian 225 (48%) 147 (53%) 449 (49%)

 Other 53 (11%) 96 (10%)

Smoking Status

 Current 206 (46%) 44 (16%) 366 (41%)

 Past 88 (20%) 34 (13%) 212 (24%)

 Never 152 (34%) 192 (71%) 307 (35%)

Diabetic 30 (7%) 8 (3%) 81 (9%)

Systolic BP (mmHg) 113 (104–122) 116 (108–125) 116 (106–124)

Diastolic BP (mmHg) 78 (70–84) 79 (71–85) 78 (71–84)

Total Cholesterol (mg/dL) 190 (156–226) 196 (177–224) 191 (159–229)

HDL Cholesterol (mg/dL) 41 (34–52) 51 (42–61) 41 (33–53)

HIV RNA (/1000) 0.4 (0.4–12.0) 0.4 (0.4–10.0)

Detectable HIV RNA 230 (50%) 442 (49%)

Current CD4 373 (222–548) 366 (215–547)

HCV infection 84 (18%) 192 (21%)

AIDS (by CD4 or OI/OM) 343 (74%) 657 (72%)

Elapsed Time (y) 4.6 (4.2–5.1) 5.7 (5.6–5.9) 4.6 (4.1–5.1)

BP, blood pressure; OI, opportunistic infection; OM, opportunistic malignancy

*
Participants were restricted to those between the ages of 33 and 45 y at baseline

**
Data are presented as Median (Interquartile range) for all continuous measures.
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