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Abstract

OBJECTIVES—There is a paucity of data on cardiovascular disease (CVD) among people living
with HIV (PLHIV) in resource-limited countries. We assessed factors associated with CVD and
the impact of prevalent CVD on all-cause mortality in PLHIV on antiretroviral therapy in Brazil.

METHODS—Competing risk regression to assess factors associated with CVD and all-cause
mortality in the HIV-Brazil Cohort Study between 2003 and 2014.

RESULTS—Among 5614 patients, the rate of CVD was 3.5 (95% confidence interval [95% CI]
2.9-4.3) per 1000 person-years. CVD was associated with older age (adjusted hazard ratio [aHR]
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6.4 for >55 years vs. <35 years, 95% CI: 2.5-16.3, P<0.01), black race (aHR 1.8 vs. white race,
95% CI: 1.0-3.1, P=0.04), past CVD (aHR 3.0 vs. no past CVD, 95% CI: 1.4-6.2, P<0.01),
hypertension (aHR 1.8 vs. no hypertension, 95% CI: 1.0-3.1, P= 0.04), high-grade dyslipidemia
(aHR 9.3 vs. no high-grade dyslipidemia, 95% CI: 6.0-14.6, P<0.01), ever smoking (aHR 2.4 vs.
never, 95% CI: 1.2-5.0, P=0.02) and low nadir CD4 cell count (aHR 1.8 for 100-250 cells/mm?3
vs. >250 cells/mm?>, 95% CI: 1.0-3.2, P=0.05). The rate of death was 16.6 (95% CI: 15.1-18.3)
per 1000 person-years. Death was strongly associated with having had a past CVD event (aHR 1.7
vs. no past CVD event, 95% CI: 1.1-2.7, P=0.01).

CONCLUSIONS—Traditional and HIV-specific factors associated with CVD among PLHIV in
Brazil are similar to those identified among PLHIV in high-income countries. PLHIV in Brazil
with a history of CVD have a high risk of death. CVD care and treatment remain priorities for
PLHIV in Brazil as this population ages and antiretroviral therapy use expands.
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Introduction

Studies from high-income countries have shown that people living with HIV (PLHIV) have
about a twofold increased risk of cardiovascular disease (CVD) compared to their HI'V-
uninfected peers.[1] However, there is a paucity of data on CVD among PLHIV in resource-
limited countries.[2—4]

Brazil is an important country to study long-term health outcomes among PLHIV, given its
early availability of antiretroviral therapy (ART). Like many other middle-income countries,
the prevalence of CVD and other non-communicable diseases in Brazil is increasing in the
general population.[5—8] Despite this, recent evidence from the HIV-Brazil Cohort Study
suggests CVD incidence has plateaued among PLHIV.[9] Clinical factors that may be
influencing this trend have not been described. Further, it is uncertain to what extent past
CVD is a risk factor for mortality among PLHIV in Brazil. In the general population [10—
12] and among PLHIV [13] in high-income settings, past CVD has been shown to
approximately double the risk of all-cause mortality.

We sought to address these knowledge gaps. Determining key factors associated with CVD
and the influence of past CVD on all-cause mortality among PLHIV in Brazil will aid the
allocation of healthcare resources and allow policymakers and researchers to estimate the
effectiveness of potential CVD prevention methods in this population.

Methods
Study population

We used data collected between January 2003 and December 2014 from seven HIV clinics
with validated CVD outcomes in the HIV-Brazil Cohort Study, a longitudinal cohort study of
adults initiating ART.[14] The sites involved were Sdo Paulo State Department of Health
STD/AIDS Referral and Training Center, Sdo Paulo; Professor Edgard Santos University
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Hospital, Salvador; National Institute on Infectology Evandro Chagas — Fiocruz, Rio De
Janeiro; Hospital Sanatorio Partenon, Porto Alegre; Municipal Specialized Treatment
Facility, San Jose Rio Preto; Santana Municipal Network, Sdo Paulo; and Federal University
of Minas Gerais, Belo Horizonte.

The HIV-Brazil Cohort Study protocol was approved by the Institutional Review Boards of
participating sites according to the Brazilian regulation for research with human subjects.
Written informed consent was waived for retrospectively collected data; however, all
enrolled patients provided written informed consent to contribute prospectively collected
data.

Inclusion criteria

Definitions

Patients were included in our CVD analysis if they had documentation of at least one day of
follow-up on ART. Our mortality analysis focused on characterising the impact of prior
CVD in patients’ stable on ART (defined as having been on ART for at least six months) so
that our results would not be dominated by the high rate of AIDS-associated mortality early
after ART initiation.[15] Patients included in the CVD analysis who had, or developed, a
history of CVD were included in the mortality analysis from the date of their first CVD
event or 6 months after ART initiation, whichever came last, alongside those in the CVD
analysis who did not experience a CVD event who were included from six months after ART
initiation.

Baseline for our CVD analysis was defined as the date of ART initiation, and baseline for
our mortality analysis was defined as six months after ART initiation or the date of first
CVD event, whichever came last (6 months after ART initiation was defined as baseline for
those without documentation of a CVD event). ART was defined as three or more
antiretroviral drugs in a single regimen. The window period for baseline CD4 cell count,
CD4/CDS ratio and HIV viral load was between baseline and six months before baseline.
When more than one measurement was available in the window period, the measurement
taken closest to baseline was used. Nadir CD4 cell count was defined as the lowest CD4 cell
count documented prior to ART initiation. Time-updated data were not available on smoking
status, but we were able to define patients as ever or never having smoked based on
information documented at ART initiation.

CVD was defined as non-fatal myocardial infarction, cardiac ischaemia, angina, coronary
artery disease, angioplasty, non-fatal stroke or transient ischaemic attack. Cause of death
information was not available, and therefore, we were unable to include fatal myocardial
infarction or fatal stroke in our CVD definition. CVD, diabetes (fasting blood glucose > 126
mg/dL, random blood glucose > 200 mg/dL, or haemoglobin Alc > 6.5%) and high-grade
dyslipidemia (total cholesterol > 300 mg/dL, low-density lipoprotein > 190 mg/dL, or
triglyceride > 500 mg/dL) diagnoses were validated by chart review performed by clinicians
at contributing sites. Events were ‘confirmed’ where a definitive medical report, such as a
laboratory report or radiographic report, was present along with documentation of the
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diagnosis in the medical record. Events were defined as ‘probable’ when there was a
documented diagnosis in the medical record supported by the initiation of treatment for that
diagnosis or medical test data, or the diagnosis being cited as probable in a consultation
note, hospital discharge summary or autopsy report. Events were ‘possible’ when a
diagnosis was based on clinical examination without further investigation, or the patient self-
reported a diagnosis with evidence of receiving appropriate treatment. We included all levels
of certainty as a positive diagnosis. Hypertension diagnoses were not validated; however,
positive diagnoses were defined as confirmed systolic blood pressure >140 mmHg,
confirmed diastolic blood pressure >90 mmHg, treatment with an antihypertensive drug or
documentation of a positive diagnosis in the medical record.

Loss to follow-up was defined as the absence of patient contact for more than 12 months and
failure to identify the patient in the national death registry, as described in.[14]

Statistical analysis

Cumulative incidence plots and competing risk regression were used to assess factors
associated with CVD and all-cause mortality. In the CVD analysis, follow-up was censored
at the last recorded clinic visit, and loss to follow-up and death were considered competing
events. In the mortality analysis, follow-up was censored at the last recorded clinic visit, and
loss to follow-up was considered a competing event. Follow-up time was left truncated in the
mortality analysis so that patients who developed CVD after 6 months of ART would begin
contributing time on ART from a point consistent with their total duration of ART use at that
time rather than from the origin.

Sex, race, mode of HIV exposure, past CVD, smoking status at ART initiation, nadir CD4
cell count at ART initiation, AIDS diagnosis prior to ART initiation, year of ART initiation
and HIV clinic were analyzed as fixed covariates. Age, hypertension, dyslipidemia, diabetes,
CD4 cell count, CD4/CDS ratio, HIV viral load, abacavir use and protease inhibitor use
were evaluated as time-updated covariates. We focused our evaluation of ART in the CVD
analysis on abacavir and protease inhibitors as both have previously been found to be
associated with CVD.[16-18]

All evaluated covariates were included in our multivariate models unless there was
substantial correlation detected between covariates, in which case only the most statistically
significant covariate was retained. We did not include nadir CD4 cell count, CD4 cell count
or CD4/CD8 ratio together in our multivariate analyses given the clinical similarity of these
measures. For simplicity, we have labelled sub-distribution hazard ratios generated from our
competing risk regression models as hazard ratios (HRs). Patients with missing data were
included in all analyses, but we do not report HRs for missing categories.

Many studies of CVD in PLHIV have excluded patients with a history of CVD at ART
initiation.[2,16,18-20] We did not make this exclusion to make our results as relevant as
possible to physicians managing the CVD risk of all presenting PLHIV. Nevertheless, in the
interest of making our results more directly comparable with those of others, we conducted
an alternate CVD analysis whereby PLHIV with existing CVD at ART initiation were
excluded.
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All data management was conducted with SAS 9.4 (SAS Institute, Inc, Cary, North
Carolina) and all statistical analyses with Stata 14 (Stata Corp., College Station, Texas).

Of 6204 patients included in the HIV-Brazil Cohort Study, 5614 (90.5%) had at least one
day of follow-up on ART. Of these, 96 (1.7%) experienced a CVD event after ART
initiation; 58 events were due to coronary artery dysfunction and 38 events were due to
cerebrovascular dysfunction. The overall rate of CVD was 3.5 (95% confidence interval
[95% CI] 2.9-4.3) per 1000 person-years. Rates of coronary artery dysfunction and
cerebrovascular dysfunction were 2.1 (95% CI: 1.6-2.7) and 1.4 (95% CI: 1.0-1.9) per 1000
person-years, respectively. There were 5381 patients with more than six months of follow-up
on ART who were included in our mortality analysis, among whom 418 (7.8%) died during
follow-up. The overall rate of death was 16.6 (95% CI: 15.1-18.3) per 1000 person-years.
Table 1 displays the baseline characteristics of both our CVD analysis population and our
mortality analysis population. The rate of loss to follow-up in our CVD analysis was 4.4
(95% CI: 3.6-5.2) per 1000 person-years, and in our mortality analysis, it was 4.5 (95% CI:
3.7-5.4) per 1000 person-years.

CVD was associated with both traditional and HIV-specific risk factors (Figure 1 and Table
2). Traditional risk factors included older age (adjusted HR [aHR] 6.4 for >55 years vs. <35
years, 95% CI: 2.5-16.3, P<0.01), black race (aHR 1.8 vs. white race, 95% CI: 1.0-3.1, P=
0.04), past CVD (aHR 3.0 vs. no past CVD, 95% CI: 1.4-6.2, P<0.01), hypertension (aHR
1.8 vs. no hypertension, 95% CI: 1.0-3.1, P=0.04), high-grade dyslipidemia (aHR 9.3 vs.
no high-grade dyslipidemia, 95% CI: 6.0-14.6, P<0.01) and ever smoking (aHR 2.4 vs.
never, 95% CI: 1.2-5.0, P=0.02). The main HIV-specific risk factor was lower nadir CD4
cell count (aHR 1.8 for 100-250 cells/mm? vs. >250 cells/mm?3, 95% CI: 1.0-3.2, P=10.05).
Other immune markers, HIV viral load, abacavir use and protease inhibitor use were not
significantly associated with CVD. Similar results were seen in our alternate model
excluding PLHIV with existing CVD at ART initiation, although CVD rates were generally
lower (Figure S1 and Table S1).

Figure 2 and Table 3 show that death on ART was strongly associated with having had a past
CVD event (aHR 1.7 vs. no past CVD event, 95% CI: 1.1-2.7, P=0.01). Other predictive
factors included older age (aHR 2.0 for >55 years vs. <35 years, 95% CI: 1.4-3.0, < 0.01),
male sex (aHR 1.3 vs. female, 95% CI: 1.0-1.6, P=0.05), mixed black race (aHR 1.3 vs.
white race, 95% CI: 1.0-1.7, P=0.02), exposure to HIV via intravenous drug use (aHR 1.7
vs. heterosexual exposure, 95% CI: 1.2-2.5, P<0.01), diabetes (aHR 1.6 vs. no diabetes,
95% CI: 1.1-2.2, P=0.02), low CD4 cell count (aHR 7.7 for <200 cells/mm? vs. >500
cells/mm?3, 95% CI: 5.6-10.6, P< 0.01), low CD4/CDS ratio (aHR 2.5 for <0.4 vs. >0.7,
95% CI: 1.8-3.4, P<0.01), detectable HIV viral load (aHR 2.1 vs. undetectable, 95% CI:
1.7-2.7, P<0.01) and earlier year of ART initiation (aHR 1.5 for 2000-2004 vs. 2010-
2014, 95% CI: 1.0-2.1, P=0.04). There were also significant differences in mortality rate
among HIV clinics (see Table 3).
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Discussion

CVD events occur in approximately 0.35% of PLHIV per year in Brazil. We found events
were associated with both traditional and HIV-specific risk factors. Further, we have shown
that a history of CVD increases the hazard of all-cause mortality by approximately 70%
among PLHIV in Brazil.

Earlier work from the Data collection on Adverse events of Anti-HIV Drugs (D:A:D)
cohort, which follows PLHIV in Europe, the US, Australia and Argentina, found CVD
occurred at a rate of 5.4 per 1000 person-years.[16] This cohort was of a similar age to ours
but the analysis included fatal CVD events and coronary artery bypass graft in the definition
of CVD, neither of which were in our definition. This may explain why we found a lower
rate of CVD. Globally, estimated crude rates of myocardial infarction and stroke among
PLHIV are consistent with our findings for Brazil.[1] Unfortunately however, data from
resource-limited countries are scarce. In a single-centre study conducted in Rio de Janeiro,
in which a broad definition of CVD was employed (any death or hospitalisation associated
with heart or vascular disease, ischaemic heart disease, stroke, venous thromboembolism or
pulmonary embolism), the incidence of CVD among 2960 PLHIV was 6.8 per 1000 person-
years.[2] Among a cohort involving HIV clinics in high- and middle-income Asian
countries, Bijker et al found a CVD event rate of 2.2 per 1000 person-years.[3] The authors
of the Asian study suggest their low CVD rate may be explained by underdiagnosis of CVD.
In lower resource settings, limited accessibility of screening and diagnostic tools may result
in high rates of missed CVD diagnosis. Moreover, HIV-associated stigma has been described
as a major barrier to healthcare utilisation among PLHIV in resource-limited settings.[21]
Given our CVD event rate for Brazil was comparable to rates reported from high-income
areas, it may be that true rates of CVD and rates of missed diagnosis are similar for PLHIV
in these settings. Alternatively, this finding could also be explained by a high true rate of
CVD in Brazil being met by high rates of missed diagnosis.

The traditional risk factors we found associated with CVD in PLHIV were similar to those
reported in earlier studies from high-income and resource-limited settings.[2,3,16,19]
Consistent with our findings, Diaz et al also found that low nadir CD4 cell count was
associated with CVD among PLHIV in Rio de Janeiro.[2] Low CD4 levels and detectable
viral load are linked to chronic immune activation and inflammation in HIV-infected
persons, contributing to atherosclerosis development via HIV-mediated endothelial injury
and the promotion of a pro-thrombotic state.[22] Larger studies from high-income settings
have also found that CVD in PLHIV is associated with abacavir and protease inhibitor use.
[16,17,19] Results regarding the CVD risk of abacavir have been particularly controversial.
[20,23-29] However, given the very low rate of abacavir use in Brazil, our results do not
substantially influence this debate. Protease inhibitor use, although not significant in our
multivariate model, was associated with a small increase in the risk of CVD which is
consistent with earlier work.[16]

Short-term and long-term survival after myocardial infarction or stroke has improved
substantially over the past 20 years in high-income countries, most likely due to
improvements in revascularisation, effective acute treatment and long-term secondary
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prevention.[30,31] Nevertheless, current evidence indicates that CVD survivors remain at a
twofold higher risk of all-cause mortality for up to ten years after their event when compared
with age-matched members of the general population.[10—12] Our findings for PLHIV in
Brazil are consistent with this data, suggesting the added risk of mortality after a CVD event
is not influenced by HIV. Supporting this notion, a French study evaluating one-year
mortality rates in myocardial infarction survivors found no difference between patients with
and without HIV.[13] Although there is evidence among the English general population that
increased mortality associated with past CVD is strongly influenced by age and gender,[11]
the low number of patients with a history of CVD in our analysis precluded us from
investigating such differences.

This multisite study draws from a diverse clinical population in Brazil. The comprehensive
data collected were strengthened by standardised validation of CVD. Our study also
leveraged the Brazilian national systems of HIV laboratory data and death registry.
Nevertheless, there were some important limitations. Firstly, the low number of CVD events
meant our analysis was underpowered to detect a significant effect of some well-known
CVD risk factors, for example sex and CD4 cell count. We also had limited data on some
important variables including fatal myocardial infarction and fatal stroke, time-updated
smoking status and validated low-grade dyslipidemia.

This study emphasises the importance of managing both traditional and HIV-specific factors
to reduce CVD risk among ART users in Brazil. We have also demonstrated that PLHIV
with a history of CVD have a high risk of death on ART. CVD care and treatment remain
priorities for PLHIV in Brazil as this population ages and ART use expands.
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Probability of cardiovascular disease by sex and age. CVD, cardiovascular disease; yo, years

old.
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Probability of death on antiretroviral therapy with and without prior cardiovascular disease.
CVD, cardiovascular disease.
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