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Abstract

Introduction
• Successful ART has transformed HIV infection into a chronic disease.1
• While AIDS-related morbidity and mortality has declined, the burden of noncommunicable diseases has increased worldwide.2-6
• CVD risk is increased nearly 50% among persons with HIV infection7,8, and is most
prominent in traditionally low-risk demographic groups.9,10
• In Brazil, CVD incidence has risen more rapidly among HIV-infected persons than
the general population,11 and hospitalization costs for myocardial infarctions have
surpassed those for AIDS-related illnesses.12
• While ART is critical to successful control of HIV infection, several observational
studies have reported associations between specific antiretroviral agents and
increased CVD risk.13–17
• Data are conflicting and the evidence is predominantly derived from U.S. and
European cohorts, whose relevance to low- and middle-income countries that
routinely use ART with poorer metabolic profiles remains unclear.18
• This analysis aims to define traditional and HIV-specific risk factors for CVD in a
large cohort of HIV-infected adults on ART in Rio de Janeiro, Brazil, including
whether specific antiretroviral agents and classes confer additional risk of CVD
morbidity and mortality.

Methods
Study Design:
• Retrospective, longitudinal study of patients enrolled in HIV care at the Instituto
Nacional de Infectologia Evandro Chagas (INI) in Rio De Janeiro, Brazil.
• Inclusion criteria: all HIV-infected persons ≥18 years of age with ART exposure (and
without a history of Chagas disease) who were followed between January 1, 2000
and December 31, 2010 (see Figure 1).
• Primary outcome was a composite endpoint including hospitalizations and deaths
primarily related to CVD, whichever occurred first.
Statistical Considerations:
• Demographic and clinical variables were compared using Chi-squared and Wilcoxon
Rank sum tests for categorical and continuous variables, respectively, including
calculated cumulative and recent exposure to ART agents/classes.
• Poisson regression models explored associations between traditional and HIVspecific CVD risk factors (including ART exposure) and risk of cardiovascular
morbidity and/or mortality. Incidence rate ratios for CVD events were calculated.
• Multiple imputation was used for missing data. A Benjamini-Hochberg correction was
used. Stata (version 12·0, StataCorp, College Station, TX).

Figure 3: Adjusted* incidence rate ratios for associations between CVD events and specific ARVs by
cumulative and (B) recent ART exposure.

Figure 1: Study Participant Flowchart
5,503 patients enrolled in the INI cohort
from 1987-2013

A.

(A)

*Adjusted for all covariates in Figure 2 plus
calendar year of cohort entry and individual
ART agents (one per model).

B.

Applied initial exclusion criteria:
1· Entered cohort after December 31, 2010 (n= 918)
2· Died prior to January 1, 2000 (n= 529)
3· Last cohort visit before January 1, 2000 (n= 407)
4· Under 18 years of age at cohort enrollment (n= 44)
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Additional exclusion criteria applied:
1. Started ART after end of the study period (n=639)
2. History of Chagas disease (n=6)

2960 patients in INI cohort from Jan 1,
2000 to Dec 31, 2010 with ART
exposure
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Table 1: Characteristics and CVD Risk Profile of INI Cohort
Participants Exposed to ART from 2000-2010

Demographic & clinical characteristics

All study
participants

No CV-related
events

n (%)
2960

n (%)
2851 (96)

Median Age at study start (IQR)
37 (30, 43)
Age
<30 years
710 (24.0)
30-39 years
1107 (37.4)
≥ 40 years
1143 (38.6)
Male Gender
1924 (65.0)
White Race
1605 (54.2)
≤ 8 years of Education
1556 (53%)
History of IDU
61 (2.1)
History of Cocaine Use
262 (8.9)
Median years since HIV diagnosis, (IQR)
1.1 (0.1, 5.8)
Median % of time diagnosed on ART (IQR)
0.8 (0.5, 0.9)
Median nadir CD4+ T-cell count (IQR)
149 (52, 258)
Nadir CD4+ T -cell count ≤ 50 cells/mm3
705 (23.4)
Virally suppressed year before event
1771 (59.8)
Median viremia copy-years, log10 copyXyrs/mL (IQR) 4.7 (4.0, 5.3)

Cardiovascular risk factors
History of Diabetes Mellitus
History of Hypertension
History of Dyslipidemia*
History of Chronic kidney disease
>1 metabolic risk factors for CVD
Prior CVD**
Ever smoked
Median weight kg (IQR)~

36 (30, 43)
692 (24.3)
1080 (37.9)
1079 (37.8)
1849 (64.9)
1554 (54.5)
1487 (52.2)
58 (2.0)
255 (8.9)
1.1 (0.1, 5.7)
0.8 (0.5, 0.9)
152 (53, 259)
666 (23.4)
1734 (60.8)
4.7 (4.0, 5.3)

320 (10.8)
299 (10.5)
792 (26.8)
740 (26.0)
1487 (50.2)
1429 (50.1)
25 (0.8)
23 (0.8)
1813 (61.3)
1734 (60.8)
97 (3.3)
81 (2.8)
2013 (68.0)
1926 (67.6)
71.3 (62.5, 81.3) 71.6 (62.8, 81.4)

CVD Related Events
Composite CVD
CVD-related
CVD-related death
events
hospitalization
n (%)
n (%)
n (%)
109 (4)
89 (3)
33 (1)
42 (35, 51)a
18 (16.5)
27 (24.8)
64 (58.7)
75 (68.8)
51 (46.8)
69 (63.3)b
3 (2.8)
7 (6.4)
3.1 (0.2, 6.7)a
0.7 (0.4, 0.9)
97 (27, 189)a
39 (35.8)b
37 (33.9)b
4.9 (4.3, 5.7)

40 (35, 50)a
46 (37, 58)a
14 (15.7)
5 (15.2)
25 (28.1)
6 (18.2)b
50 (56.2)
22 (66.7)
64 (71.9)
21 (63.6)
40 (44.9)
15 (45.5)
b
57 (64.0)
24 (72.7)b
3 (3.4)
1 (3.0)
6 (6.7)
1 (3.0)
a
3.1 (0.3, 6.5)
4.7 (0.2, 7.6)
0.7 (0.4, 0.9)
0.9 (0.5, 1.0)
a
88.5 (23, 203) 104.5 (23.5, 188.5)a
33 (37.1)b
13 (39.4)b
29 (32.6)b
14 (42.4)b
4.9 (4.3, 5.7)a
4.4 (3.8, 5.6)

21 (19.3)b
18 (20.2)b
52 (47.7)b
42 (47.2)b
58 (53.2)
44 (49.4)
2 (1.8)
2 (2.2)
b
79 (72.5)
62 (69.7)
b
16 (14.7)
9 (10.1)b
87 (79.8)b
67 (75.3)
67.6 (60.5, 78.5) 67.5 (60.1, 78.5)

Table 2: Distribution of ICD-10 hospital diagnoses
and CoDe causes of death

5 (15.2)
19 (57.6)b
21 (63.6)
1 (3.0)
29 (87.9)b
11 (33.3)b
33 (100)b
68.6 (60.3, 88)

*includes any lab confirmed history of dyslipidemia, hypercholesterolemia, or hypertriglyceridemia, and patients on lipid-lowering drugs
**CVD= history of MI, CAD, or stroke
a
Rank sum test of comparison of event and non-event groups p<0.05
b
Chi square test of comparison of event and non-event groups p<0.05
~ based on the highest weight recorded prior to the end of follow-up or time of event

Figure 2: Adjusted* IRRs for associations between CVD events
and patient demographic and clinical characteristics.
*Adjusted for all covariates listed

!

ICD-10 Code
I82.9
I10 & I11
I50.0
I63.9
I20.9
I21.9
J81.0
I61.9
I24.8
I26.9
I42.9
I50.1
I81.0
CoDe No.
24
8
9
12

Hospital Discharge Diagnoses
Venous embolism and thrombosis
Hypertension
Congestive heart failure
Cerebral infarction
Angina pectoris
Acute myocardial infarction
Pulmonary edema
Intracerebral hemorrhage
Acute Ischemic heart disease
Pulmonary embolism
Cardiomyopathy
Left ventricular failure
Portal vein thrombosis
Cause of Death
Heart or vascular disease
Ischemic heart disease
Stroke
Lung embolus

N=89, n (%)
27 (30.3)
17 (19.1)
12 (13.5)
10 (11.2)
6 (6.7)
6 (6.7)
4 (4.5)
2 (2.3)
1 (1.1)
1 (1.1)
1 (1.1)
1 (1.1)
1 (1.1)
N=33, n (%)
18 (54.5)
10 (30.3)
4 (12.1)
1 (3.0)

Figure 4: INI Cohort ART Treatment History,
up to 2010
No. of Exposed Patients

Background: Cardiovascular disease (CVD) is a leading cause of morbidity and
mortality in HIV-infected (HIV+) persons. While relationships between antiretroviral
therapy (ART) and CVD remain unclear, agents possibly associated with increased
CVD risk are commonly used in low- and middle-income countries. We assessed risk
factors for CVD-related morbidity and mortality in a cohort of HIV+, ART-treated adults
from Rio de Janeiro, Brazil.
Methods: Hospital records and mortality data were examined for incident CVD events
among HIV+ persons >18 years of age who were on ART between 2000-2010.
Poisson regression models initially adjusted for age, sex, race, nadir CD4+ T-cell
count, HIV-1 RNA, time on ART, traditional CVD risk factors and year of cohort entry,
followed by the addition of individual ART agents.
Results: Of 2,960 eligible persons, 109 had a CVD event (89 hospitalizations, 20
deaths). Participants were 69% male, 47% white, and had a median age of 42 years
and time on ART 4.6 years. Age >40, non-white race, nadir CD4+ T-cell count <50
cells/mm3, detectable HIV-1 RNA prior to the event, less time on ART and a history of
hypertension and CVD were significantly associated with CVD event incidence
(p<0.05, Fig. 1). Cumulative tenofovir, zidovudine, efavirenz and ritonavir-boosted
atazanavir, darunavir and lopinavir use were associated with decreased CVD event
risk, with the strongest effects observed with tenofovir and boosted atazanavir (Fig.
2A). Recent tenofovir and boosted atazanavir use were also associated with
decreased risk, while recent stavudine, nevirapine and unboosted nelfinavir and
indinavir were associated with increased CVD event risk (Fig. 2B). Cumulative
lamivudine use was associated with decreased risk, although use was pervasive
(97%). Neither cumulative nor recent abacavir use influenced CVD event risk, though
use was low in this setting (7%).
Conclusion: Both recent and cumulative tenofovir and ritonavir-boosted atazanavir
exposure were associated with reduced CVD event risk while other commonly used
agents were associated with increased risk. These are the first data describing CVD
event risk and ART exposure in Latin America, and may inform international guidelines
for universal ART access in resource-limited settings.

Results
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Summary/Conclusions
• To our knowledge, this is the first study designed to evaluate the added contribution
of ART exposure to CVD risk in Latin America.
• We observed a significant burden of traditional CVD risk factors: 61% of
participants had at least one traditional CVD risk factor.
• While age ≥40 was associated with increased CVD event risk in multivariate
analysis, 41% of events occurred in persons less than 40 years of age.
• HIV-specific risk factors, including nadir CD4+ T lymphocyte count ≤50 cells/mm3
and detectable HIV-1 RNA in the year prior to the event, were more strongly
associated with incident CVD morbidity and mortality than traditional CVD risk
factors, even after controlling for time on ART.
• Our findings suggest an overall benefit of ART (and subsequent virologic
suppression) on CVD risk, with cumulative NRTI, NNRTI, and/or PI exposure
associated with a 12-23% decreased CVD event incidence per additional year of
exposure. Cumulative tenofovir and atazanavir use had the strongest associations.
• In contrast, recent stavudine, nevirapine, high-dose ritonavir, unboosted nelfinavir,
and unboosted indinavir exposure were associated with increased CVD event
incidence. Neither cumulative nor recent abacavir exposure were significantly
associated with CVD event incidence, although only 7% of participants had
abacavir exposure.
• Although ART is universally available in Brazil at no cost, late diagnosis remains a
problem, as evidenced by low nadir CD4+ T lymphocyte counts.
• Virologic suppression rates were sub-optimal at 60%, and poorer adherence may
be related to the toxicity of the available first and second line regimens.
• Our data highlight the importance of early HIV diagnosis and treatment, as well as
the need for resource allocation towards screening for and modification of
traditional CVD risk factors in HIV-infected persons in resource-limited settings.
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