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a multi-stage approach
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Yara Hahr Marques Hökerberga, Flaviana Pavan Victoriano a, Sayonara Ribeiro a,
Valdiléa G. Velosoa, Beatriz Grinsztejn a and Marilia Sá Carvalho c

aInstituto Nacional de Infectologia Evandro Chagas, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil; bSetor de Ciências Exatas, Universidade
Federal do Paraná, Curitiba, Brazil; cPrograma de Computação Científica, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil

ABSTRACT
The use of highly active antiretroviral therapy has resulted in changes of comorbidity profile in
people living with HIV (PLHIV), increasing non-AIDS-related events. The occurrence of
cardiovascular events is greater in PLHIV, but the mechanism responsible for it is still
controversial. This article aimed to investigate factors associated with the progression to
cardiovascular events in PLHIV using HAART. A 15-years cohort study with 1135 PLHIV was
conducted in Rio de Janeiro-Brazil. Clinical progression was stratified in five states: No
comorbidities (s1), arterial hypertension (s2), lipid abnormalities (s3), hypertension and lipid
abnormalities (s4) and major cardiovascular events (stroke, coronary artery disease, thrombosis or
death) (s5). Semi-Markov models evaluated the effects of cardiovascular traditional factors,
treatment and clinical covariates on transitions between these states. Hazard Ratios (HR) and
95% confidence intervals (CI) were provided. In addition to traditional factors (age, sex,
educational level and skin color), the development of one comorbidity (lipid abnormalities or
hypertension) increased in patients with low nadir CD4 (<50 cells/mm3), (HR = 1.59, CI 1.11–2.28
and 1.36, CI 1.11–1.66, respectively). The risk to experience a second comorbidity (s3→s4)
increased 75% with low nadir CD4. Age was the only factor that increased the risk of major
cardiovascular events once having lipid abnormalities with or without hypertension (s3,s4→s5).
The prolonged use of certain antiretroviral drugs (abacavir, didanosine, ritonavir, lopinavir,
amprenavir and fosamprenavir) increased the risk of direct transition (s1→s5) to major
cardiovascular events (HR = 5.29, CI 1.16–24.05). This analysis suggests that prolonged use of
certain antiretroviral drugs led directly to major cardiovascular events, while low nadir CD4 only
affected the occurrence of lipid abnormalities and hypertension. Management strategies,
including rational use of complex exams (such as, computed-tomography angiography), statins
and antihypertensives, should be developed based on the distinct roles of antiretroviral use and
of HIV infection itself on the progression to cardiovascular events.
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Introduction

The use of highly active antiretroviral therapy (HAART)
resulted in a significant reduction in morbidity and mor-
tality of HIV infection, and improved quality of life for
people living with HIV (PLHIV). In this context, the
incidence of HIV-related events decreased with an
increasing incidence of HIV non-related events, includ-
ing cardiovascular diseases. Although these diseases are
expected due to the extended survival, there is evidence
that their incidences and mortality rates are higher
than in the general population (Feinstein et al., 2016).

This may be due directly to HIV infection, and in part
boosted by a longer exposure to drug therapy and its

possible adverse effects, such as lipid abnormalities and
hypertension. The mechanism by which HIV infection
induces CVD, lipid abnormalities, lipodystrophy and
thrombosis is still controversial in the literature. The
more accepted assumption is that the process of HIV
infection accelerates atherosclerosis through the effect
on cholesterol transport, infection of endothelial cells
or cardiac myocytes (Arildsen, Sørensen, Ingerslev,
Østergaard, & Laursen, 2013; Martin-Iguacel, Llibre, &
Friis-Moller, 2015; Triant, 2012).

Some antiretroviral drugs might be involved in the
mechanism of CVDs in PLHIV, especially for those
using protease inhibitors (PI). They would be prone to
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develop lipid disorders, coronary artery disease (CVDs),
stroke, and thrombosis (Gomo et al., 2014; Islam, Wu,
Jansson, & Wilson, 2012; Reyskens & Faadiel Essop,
2014). One rationale was that some PI drugs (indinavir,
lopinavir/ritonavir, saquinavir) activate the formation of
adipocytes by the renin-angiotensin system, in addition
to cause oxidative stress and the increase of ubiquitin-
protein within cells, leading to insulin resistance, lipody-
strophy, hypertension and cardiovascular events (Rey-
skens & Faadiel Essop, 2014). Subsequently, studies
with higher numbers of individuals demonstrated that
other drug classes, such as nucleoside and non-nucleo-
side reverse transcriptase inhibitors (NRTI and
NNRTI), also lead to atherosclerosis through lipid imbal-
ance and platelet activation (D:A:D Study Group, 2008;
Islam et al., 2012; Martin-Iguacel et al., 2015; Trevillyan
et al., 2015).

At the same time, the SMART clinical trial showed a
significant increase in major cardiovascular events in
individuals using intermittent HAART with CD4 < 250
cells, compared to those on continued therapy, suggesting
that the infection itself increases the risk of metabolic
changes (e.g., decreased HDL cholesterol) and cardiovas-
cular events (The SMART Study Group, 2006). Although
not showing difference per cardiovascular events, a study
reported that patients with immediate initiation of
HAART presented less HIV non-related events (The
INSIGHT START Study Group, 2015). Moreover,
Zanni et al. (2014) have found coronary plaques by com-
puted-tomography angiography in PLHIV without signs
of CVD or lipid-lowering treatment.

Multi-state, Markovian and semi-Markovian models
are adequate to evaluate the progression of chronic dis-
eases. However, most studies on AIDS focused on the
progression of immune or virological status, (Foucher,
Mathieu, Saint-Pierre, Durand, & Daurès, 2005;
Kousignian et al., 2003; Lawless & Rad, 2015; Mathieu,
Foucher, Dellamonica, & Daures, 2007; Oliveira et al.,
2013) and we did not find any study focusing on the
comorbidities prior to the onset of CVD (e.g., dyslipide-
mia/hypertension). Multi-state models may be useful
in estimating different risk factors associated with
progression to CVD (from a mild status, without comor-
bidities, passing through intermediate statuses with
comorbidities to more serious conditions, with a cardio-
vascular event), since it allows each individual to be
observed in a chain of multiple events.

In Brazil, there is a pioneer public program to pro-
mote universal access to HAART for PLHIV since
1996. Therefore, since the benefit of HAART drugs are
unquestionable for HIV treatment, we intend to investi-
gate the role of a poor immune recovery based on nadir
CD4 count and ARV classes to progression to major

cardiovascular events or related deaths in people living
with HIV.

Methods

Setting

A large cohort of PLHIV have been treated since 1986 at
the Evandro Chagas National Institute of Infectious Dis-
eases – INI/FIOCRUZ, a research center in Rio de
Janeiro, Brazil. Most of them were referred after their
first positive ELISA in other public health units to par-
ticipate in clinical trials.

This study is a retrospective cohort of PLHIV older
than or equal to 18 years with at least one prescription
of highly active antiretroviral therapy (HAART).
PLHIV eligible for this study were those naive to antire-
troviral therapy with a follow-up of at least 60 days
between January 1, 1996 and December 31, 2010. We
excluded individuals with previous diagnosis, clinical
signs, or laboratory tests at entry, such as: hypertension,
dyslipidemia, lipodystrophy, thrombosis, coronary
artery disease (CVD), and stroke. Health professionals
supervised by a specialized physician collected data
from medical records on a standardized form (Campos
et al., 2005).

This study was approved by the INI/Fiocruz Research
Ethics Committee.

Outcome

Five states were determined to investigate the risk factors
for the progression to CVD or death, based on historical
conditions related to the development of cardiovascular
events: No CVD-related comorbidities (thereafter, “No
comorbidities”)- lipid abnormalities and arterial hyper-
tension (s1), arterial hypertension (s2), lipid abnormal-
ities (s3), hypertension + lipid abnormalities (s4), and
major cardiovascular events (s5) – stroke, coronary artery
disease, thrombosis or death non related to HIV
(Figure 1). The “No comorbidities” state was defined at
the study entry, i.e., in the first HIV+ test result or at
the first visit to INI, whichever came first. Although
some conditions may be temporary (e.g., hyperlipide-
mia), a reversion to the state “No comorbidities” was
not considered. Major cardiovascular events and death
not related to HIV could only be evaluated all together
due to the small number of specific conditions. Censor-
ing was defined by the last date of medical visit or the
date of death from causes directly related to immunode-
ficiency or from external causes.

Diagnosis of hypertension, dyslipidemia, lipodystro-
phy, stroke, CVD, and arterial thrombosis, performed

2 R. V. C. OLIVEIRA ET AL.



at INI or prior to the initiation of follow-up, were classi-
fied in accordance to the International Classification of
Diseases 10th revision (ICD-10). Dyslipidemia (E78)
was defined by: LDL > 159 mg/dl, HDL < 40 mg/dl,
total cholesterol > 239 mg/dl or triglycerides > 199 mg/
dl. Lipodystrophy (E88.1) was clinically defined by the
disappearance of subcutaneous adipose tissue, and arter-
ial hypertension as (WHO, 2003). The CVD occurred
due to the following events: stable angina, unstable
angina, and myocardial infarction (I77.9). Stroke (I64)
was defined as the occurrence of at least one ischemic
episode and arterial thrombosis as an ischemic disease
of the lower limbs (I82.9). Trained physicians revised
all causes of death.

The sojourn time (time spent in each state) was calcu-
lated as the number of days until the next state or censor-
ing.Explanatory variables.

The following explanatory variables were analyzed:
sex, age, skin color, education, nadir CD4 count prior
to treatment initiation as a proxy of poor immune recov-
ery (Negredo et al., 2010), use of prophylaxis for oppor-
tunistic infections, participation in clinical trials, use of
ARV related to CVD (lipid abnormalities, diastolic
hypertension and major CVD events), hospitalization,
type of exposure (sexual and non-sexual), death, and
cause of death (related or non-related to HIV infection).

The nadir CD4 count was obtained as the lowest CD4
count measurement prior to the initiation of the antire-
troviral (ARV) therapy. In 166 individuals who had CD4
counts only after the initiation of HAART, CD4 nadir
was ascribed to the first CD4 count available within
180 days of treatment initiation. Two cutoffs were used
50 and 200 cells/mm3, the latter considered the threshold
for starting HAART and for monitoring opportunistic
diseases between 1996 and 2010 (WHO, 2006).

During the follow-up 30 ARVs of several classes were
used according to the Brazilian Guidelines for HIV/AIDS
treatment: Protease Inhibitor (PI), Nucleoside Reverse
Transcriptase Inhibitor (NRTI), Non-Nucleoside
Reverse Transcriptase Inhibitor (NNRTI), Fusion inhibi-
tor, and CCR5 inhibitor. There were different ARV regi-
mens prescribed per the availability and changes in
recommendations of the Brazilian guidelines for HIV
treatment (Ministério da Saúde, 2008). Most patients
started HAART with the following ARV: NRTI (Zidovu-
dine, Lamivudine, Tenofovir), NNRTI (Efavirenz and
Nevirapine) and PI (Atazanavir, Lopinavir + Ritonavir
and Ritonavir Boosted). The two HAART regimens
more frequently prescribed were Zidovudine + Lamivu-
dine + Efavirenz and Lamivudine + Efavirenz + Tenofo-
vir (33,84% and 5,81%, respectively).

Use of ARVs related to CVD was defined by a cumu-
lative use >6 months of at least one of the six ARVs as per
prescriptions dispensed by the pharmacy: abacavir, dida-
nosine, ritonavir, lopinavir, amprenavir, and fosampre-
navir, all showing indicators of cardiovascular effects
according to the literature (D:A:D Study Group, 2008;
Islam et al., 2012; Martin-Iguacel et al., 2015). The use
of ARVs related to CVD was estimated for each state
transition, considering previous times of use of these
six ARVs.

The use of prophylaxis for opportunistic infections
(such as Pneumocystosis, Tuberculosis and Toxoplas-
mosis) was considered when applied at least one time.
Hospitalization was considered when it occurred at
least once during the study period, regardless of the
cause for admission. Participation in clinical trials was

Figure 1. Progression according to lipid abnormalities, major car-
diovascular diseases, and death in 1135 people living with HIV,
Rio de Janeiro, 1996–2010.
Notes: s1 = No Comorbidities, s2 = Hypertension, s3 = Lipid Abnormalities
(Dyslipidemia or Lipodystrophy), s4 = s2+s3, s5 = CVD or stroke or thrombosis
or death.
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considered when present after the entry date. Sociode-
mographic variables (such as sex, age, skin color, edu-
cation) and nadir CD4 were obtained at the baseline
(inclusion date), and others were considered time-
dependent variables.

Semi-Markov model

The progressive model proposed here allows us to study
the evolution of some comorbidities up to the occurrence
of cardiovascular events or death, using extensions of
Cox semi-parametric model, which allows for risk
interpretation as a Hazard Ratio (HR).This is a multi-
state model that estimates the transition intensities
between states based only on the current state (Ander-
sen, 2002; Huzurbazar, 2005; Titman & Sharples,
2010), and the sojourn time in each state (Foucher
et al., 2005), named Semi-Markov model.

Firstly, single covariate multi-state models were used
for each explanatory variable, and then a multi-covariate
multi-state model was adjusted based on the theoretical
relevance of the nine explanatory variables selected, irre-
spective of statistical significance. Participation in clini-
cal trials, hospitalization and use of prophylaxis were
maintained in the multi-covariate model as control vari-
ables. Age was treated as a continuous variable based on
exploratory analysis for penalized splines of eight tran-
sition intensities and the ANOVA test (p = 0.2494). Con-
fidence intervals at 95% were provided for Adjusted and
Crude HR. The quality of the model adjustment was sat-
isfactory regarding proportionality by Schoenfeld
residuals, and we found few outliers by the deviance
residuals (data not shown).

Cases with missing data at least one variable were
excluded in the analysis. The analysis was performed in
mstate library of the R statistical package, version 3.23
(R Core Team, 2015; Wreede, Fiocco, & Putter, 2011).

Results

Participant characteristics

From 1391 PLHIV met the inclusion criteria, 1135 indi-
viduals were included in the analysis (Figure 2).

From the 1135 PLHIV included, the majority was
men (65.5%), white (57.3%), had low educational level
(53.5%), with sexual exposure (83.1%). Median age was
34.7 years, ranging from 18.0–74.6 years. During fol-
low-up (mean = 2902 days, 64–9314 days), 38.1%
reported hospitalization and 40.0% had participated in
clinical trials. The maximum number of state transitions
per individual was 3. Table 1 shows the descriptive analy-
sis according to the order of the transition in the
individual.

Most transitions (n=1102, 75.0%) were from the no
comorbidities state (s1) to states with abnormal labora-
tory/clinical signs (hypertension – s2, Lipid Abnormal-
ities – s3, and hypertension and lipid abnormalities –
s4), see Figure 1. Among the 87 transitions to a more
serious state (major cardiovascular events- s5), 16 were
manifestations of CVD, 23 of stroke, 3 of thrombosis,
1 CVD with subsequent stroke, and 44 were deaths
non-related to HIV. Many deaths occurred after passing
through states with abnormal laboratory results/clinical
signs (n=25; 56.8%).

Predictors of progression to CVD

Incidence rates of some transitions states for the vari-
ables sex, age, race/skin color, education, nadir CD4
count and use of ARVs related to CVD remain stat-
istically significant and with similar effect in single
and multi-covariate, multi-state models (Tables 2
and 3).

As for the multi-covariate, multi-state model, men
had a 25% lower risk to transition from s1 to s2; but
with a 30% increased risk of transition to state s3. Age
showed a linear increase of risk for transitions s1→s2,
s1→s3, s3→s4, s3→s5, and s4→s5. A one-year increase in
use of HAART raised risks to 6% and 2% for s1→s2
and s1→s3 transitions, respectively. The risk of transition
from state s3 to the states s4 and s5 is higher for older
patients (HR = 1.03 and 1.08, respectively). Age also
increased the risk of transition from state s4 to the

Figure 2. Flow chart of people living with HIV who met
inclusion/exclusion criteria, Rio de Janeiro, 1996–2010.
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most serious state (s5) to 7% per one-year increase
(Table 3).

Non-white subjects had a risk 16% higher in the
transition s1→s3. Those with at least elementary edu-
cation had lower transition risk s1→s2 and s1→s5 than
those with lower education (HR = 0.74 and 0.37,
respectively). Nadir CD4 below 50 cells/mm3 increased
the risk by 59% and 36%, respectively, in transitions
s1→s2 and s1→s3, and by 75% in the transition s3→s4,
when compared to individuals with cells count between
50 and 200 cells/mm3. Subjects using any ARV related
to CVD for more than six months (abacavir, didano-
sine, ritonavir, lopinavir, amprenavir, fosamprenavir),
increased the risk (HR = 5.29) of moving from no
comorbidities state (s1) straight to a more serious
state (s5) (Table 3).

Discussion

This study showed that the clinical evolution of people
living with HIV should not be limited to traditional
risk factors to develop major cardiovascular events.
Despite our assumption that management and treatment
of PLHIV firstly contributes to the occurrence of CVD-

related comorbidities, we observe that these factors dif-
ferently affect the progression to major cardiovascular
events. Our results suggest that the role of HIV infection
is restricted to the development of lipid abnormalities
and hypertension, while the prolonged use of certain
ARVs leads to major cardiovascular events in individuals
without previous signs of lipid abnormalities or arterial
hypertension.

The incidence of complications in PLHIV in our
cohort, such as stroke, CVD or death was 4.2% and the
age median was 37.7 years, a figure close to that found
by Triant et al. to myocardial infarction (4.9% and 38
years) (Triant, Lee, Hadigan, & Grinspoon, 2007). Pre-
vious studies showed the importance of investigating
CVD and other diseases in PLHIV, since they have
higher incidence of CVD and other HIV non-related dis-
eases than the general population (Feinstein et al., 2016;
Islam et al., 2012; Martin-Iguacel et al., 2015; Paisible
et al., 2015; Triant et al., 2007). Most guidelines to man-
age patients with high level of CVD risk and cholesterol
do not mention the particularities of PLHIV, despite the
higher incidence of cardiovascular events in PLHIV and
the interaction between statins and ARVs (Josephson,
2010).

Table 1. Descriptive analysis of the transitions regarding progression to cardiovascular events (CVD) in 1135 HIV+ individuals at Rio de
Janeiro, Brazil, 1996–2010.

Variables Categories

1st Transition
(N = 1135)

2nd Transition
(N = 306)

3rd Transition
(N = 28)

n(%) n(%) n(%)

Sex Male 743(65.5) 186(60.8) 17(60.7)
Female 392(34.5) 120(39.2) 11(39.3)

Age (years) Median (Interquartile Range) 34.7(28.4–41.8) 37.5(30.2–44.2) 41.9(39.1–47.8)
Skin color White 650(57.3) 177(57.8) 17(60.7)

Non-White 485(42.7) 129(42.2) 11(39.3)
Education Less than High School 607(53.5) 165(53.9) 17(60.7)

High School or more 528(46.5) 141(46.1) 11(39.3)
Category of exposure Sexual 943(83.1) 254(83.0) 24(85.7)

Non-sexual 37(3.3) 9(2.9) 1(3.6)
Missing 155(13.7) 43(14.1) 3(10.7)

Use of ARVs related to CVD >180 days No 1124(99.0) 241(78.8) 21(75.0)
Yes 11(1.0) 65(21.2) 7(25.0)

CD4 nadir (cells/mm3) <50 214(18.9) 64(20.9) 4 (14.3)
50–200 362(31.9) 92(30.1) 8(28.6)
>200 559(49.3) 150(49.0) 16(57.1)

Prophylaxis for opportunistic infections Yes 41(3.6) 106(34.6) 9(32.1)
No 1094(96.4) 200(65.4) 19(67.9)

Clinical Trial Yes 454(40.0) 118(38.6) 8(28.6)
No 681(60.0) 188(61.4) 20(71.4)

Death Yes 125(11.0) 38(12.4) 13(46.4)
No /Missing 1010(89.0) 268(87.6) 15(53.6)

Cause of Death HIV Not-Related 18(1.6) 14(4.6) 9(32.1)
Undetermined 28(2.5) 12(3.9) 4(14.3)
HIV Related 77(6.8) 12(3.9) –
External Causes 2 (0.2) – –
Not Applicable 1010(89.0) 268(87.6) 15(53.6)

Hospitalization during study No 702(61.9) 173(56.5) 10(35.7)
Yes 433(38.1) 133(43.5) 18(64.3)

Initial Event No comorbidities (s1) 1135(100.0) – –
Hypertension (s2) – 124(40.5) –
Lipid Abnormalities(s3) 182(59.5)
Hypertension + Lipid
Abnormalities (s2+s3) – – 28(100.0)
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Table 2. Single-covariate Semi-Markov model to major cardiovascular events progression in 1135 HIV+ individuals. Rio de Janeiro, Brazil, 1996–2010.

Variables Categories

Crude HR (IC95%)

s1→s2 s1→s3 s1→s5 s2→s4 s2→s5 s3→s4 s3→s5 s4→s5

Sex Male vs Female 0.71 (0.55–0.90) 1.25 (1.08–1.45) 1.01 (0.49–2.05) 1.29 (0.89–1.87) 0.46 (0.12–1.84) 0.97 (0.70–1.34) 0.56 (0.22–1.46) 1.19 (0.56–2.55)
Age (in years) – 1.06 (1.04–1.07) 1.02 (1.01–1.03) 1.01 (0.95–1.07) 1.01 (0.99–1.03) 1.03 (0.95–1.11) 1.03 (1.01–1.05) 1.08 (1.01–1.15) 1.06 (1.02–1.11)
Skin color Non-white vs White 1.26 (0.99–1.60) 1.17 (1.02–1.35) 2.29 (1.14–4.62) 0.86 (0.59–1.25) 1.63 (0.43–6.17) 1.22 (0.90–1.66) 1.11 (0.42–2.92) 0.97 (0.45–2.07)
Education High School or more vs Less than

High School
0.62 (0.49–0.80) 0.94 (0.82–1.08) 0.35 (0.16–0.75) 1.12 (0.78–1.63) 0.48 (0.10–2.33) 0.96 (0.71–1.30) 0.89 (0.34–2.30) 0.69 (0.32–1.48)

CD4 nadir (cells/mm3) <50 vs 50–200 1.65 (1.16–2.36) 1.40 (1.15–1.71) 1.76 (0.68–4.57) 0.72 (0.41–1.25) 1.95 (0.32–12.02) 1.85 (1.22–2.82) 1.80 (0.40–8.04) 0.76 (0.23–2.52)
>200 vs 50–200 1.09 (0.82–1.44) 0.89 (0.76–1.03) 0.83 (0.38–1.80) 0.71 (0.47–1.08) 0.81 (0.15–4.44) 1.04 (0.73–1.49) 1.72 (0.54–5.47) 1.07 (0.46–2.05)

Use of ARVs related to
CVD >180 days

Yes vs No 0.89 (0.28–2.76) 0.56 (0.25–1.26) 5.21 (1.24–21.84) 0.93 (0.58–1.49) 1.23 (0.25–5.93) 0.88 (0.61–1.26) 1.24 (0.44–3.52) 0.73 (0.31–1.70)

Notes: Crude HR = Hazard Ratio in single covariate multi-state models; s1=No Comorbidities, s2=Hypertension, s3=Lipid Abnormalities (Dyslipidemia or Lipodystrophy), s4= s2+s3, s5= CVD or stroke or thrombosis or death. Values
in bold indicate p-values <0.05.

Table 3. Multi-covariate Semi-Markov model to major cardiovascular events progression in 1135 HIV+ individuals. Rio de Janeiro, Brazil (1996–2010).

Variables Categories

Adjusted HRa (IC95%)

s1→s2 s1→s3 s1→s5 s2→s4 s2→s5 s3→s4 s3→s5 s4→s5

Sex Male vs Female 0.75 (0.58–0.97) 1.30 (1.11–1.51) 1.48 (0.70–3.13) 1.19 (0.80–1.78) 0.41 (0.09–1.88) 0.99 (0.71–1.40) 0.54 (0.20–1.46) 1.43 (0.62–3.28)
Age (in years) – 1.06 (1.05–1.07) 1.02 (1.01–1.03) 1.00 (0.94–1.06) 1.01 (0.99–1.03) 1.05 (0.96–1.15) 1.03 (1.01–1.04) 1.08 (1.01–1.16) 1.07 (1.02–1.11)
Skin color Non-white vs White 1.09 (0.84–1.40) 1.16 (1.01–1.34) 2.06 (1.98–4.30) 0.91 (0.62–1.34) 1.18 (0.26–5.44) 1.19 (0.86–1.65) 0.98 (0.35–2.77) 0.72 (0.33–1.60)
Education High School or more vs

Less than High School
0.74 (0.57–0.97) 0.92 (0.80–1.07) 0.37 (0.17–0.83) 1.09 (0.74–1.61) 0.47 (0.09–2.49) 1.16 (0.83–1.61) 1.43 (0.50–4.09) 0.60 (0.26–1.37)

CD4 nadir (cells/mm3) <50 vs 50–200 1.59 (1.11––2.28) 1.36 (1.11––1.66) 1.16 (0.43–3.15) 0.72 (0.41–1.27) 2.27 (0.30–17.16) 1.75 (1.13–2.70) 1.63 (0.19–7.68) 0.70 (0.21–2.39)
>200 vs 50–200 1.16 (0.87–1.54) 0.91 (0.78–1.07) 0.82 (0.37–1.81) 0.78 (0.49–1.24) 0.32 (0.04–2.48) 1.14 (0.79–1.64) 2.09 (0.65–6.78) 1.32 (0.54–3.26)

Use of ARVs related to CVD >180 days Yes vs No 0.58 (0.18–1.81) 0.46 (0.21–1.03) 5.29 (1.16–24.05) 0.98 (0.59–1.61) 1.35 (0.25–7.26) 0.86 (0.60–1.25) 1.11 (0.38–3.22) 0.92 (0.38–2.24)

Notes: Adjusted HR = Hazard Ratio in multi-covariate multi-state models; s1=No comorbidities, s2=Hypertension, s3=Lipid Abnormalities (Dyslipidemia or Lipodystrophy), s4= s2+s3, s5= CVD or stroke or thrombosis or death.
Values in bold indicate p-values <0.05.

aAdjusted by hospitalization, use of prophylaxis for opportunistic diseases and participation in clinical trials.
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In the analysis of traditional CVD risk factors (sex,
age, skin color and education), our results are consistent
with previous studies (Albuquerque et al., 2013; Brignol,
Dourado, Amorim, & Kerr, 2015; Malta et al., 2015;
Nam, Whittemore, Jeon, Davey-Rothwell, & Latkin,
2016; Santos et al., 2015). The HIV itself would be
involved in the development of lipid abnormalities and
CVD events (Arildsen et al., 2013; Islam et al., 2012;
Martin-Iguacel et al., 2015; The SMART Study Group,
2006). According Albuquerque et al. (2013), the effect
of low CD4 count in atherosclerosis occurs in PLHIV
older than 40 years. We found an increased risk of devel-
oping hypertension and/or lipid disorders associated to
lowest nadir CD4 count but no direct risk to develop
major cardiovascular events or death, thus confirming
the indirect influence of HIV on the clinical progression
of the disease.

Regarding antiretroviral therapy, our study suggests
that the use of ARVs related to CVD (abacavir, didano-
sine, ritonavir, lopinavir, amprenavir, and fosamprena-
vir) for more than 180 days was only associated to
direct development of major cardiovascular events and
death. These patients did not show any signs of hyper-
tension or lipid disorders before these serious events.
We highlight that the literature diverges about the mech-
anism responsible for increasing risk of cardiovascular
events and lipid disorders in PLHIV, whether it is caused
by use of individual ARVs, a particular ARV class or by
the cummulative use of ARVs (Albuquerque et al., 2013;
Islam et al., 2012; Reyskens & Faadiel Essop, 2014; Tre-
villyan et al., 2015). Previous study showed the occur-
rence of subclinical coronary plaque in PLHIV without
previous CVD or lipid-lowering abnormalities (Zanni
et al., 2014).

A reason for the absence of risk to develop lipid
abnormalities and hypertension may be a better medical
care during antiretroviral treatment, which may include
recommendations on dietary intake, physical exercises,
and the use of statins.

This study is the one that evaluates the progression of
PLHIV regarding to development of cardiovascular
events through previous comorbidities by multistate
models. The main advantage of this model was to ident-
ify different risk factors as the development of comorbid-
ities (lipid abnormalities and hypertension) as major
cardiovascular events. Other strength of this study was
the 15-year follow-up of a large cohort of 1135 PLHIV
to evaluate a chronic event. Although, our study did
not include latter years, as the time window is short to
estimate cardiovascular events for new ARVs developed
in recent years. A limitation of the study is the lack of
evaluation of smoking, family history of CVD, use of sta-
tins and other factors related to metabolic syndrome

(diabetes and obesity), which are often associated to dys-
lipidemia or arterial hypertension (Nam et al., 2016;
Wang et al., 2011). A second limitation is the fact that
information on comorbidities and causes of death was
retrospective, which could underestimate the number
of comorbidities. Another limitation is that the close
monitoring in HIV reference centers can reduce the
number of individuals with major events and conse-
quently reduces the precision of some effects involving
major cardiovascular events and deaths.This study
suggests the importance to design HIV specific guide-
lines to reduce major cardiovascular risk and related-
comorbidities, since the distinct roles of HIV infection
and of antiretroviral use on the development of major
cardiovascular events and related comorbidities. The
use of strategies to control lipid levels, such as physical
activities and diet, as well as the rational use of statins
could be intensified in patients with low nadir CD4
count at HAART initiation to prevent lipid abnormal-
ities and hypertension. Due to the risk of major cardio-
vascular events, in the absence of lipid abnormalities
and arterial hypertension, the prolonged use of certain
ARV should be cautious and followed by a close moni-
toring via diagnostic medical imaging.
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