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Integrase Strand Transfer Inhibitors Are Associated With
Lower Risk of Incident Cardiovascular Disease in People
Living With HIV

Jane A. O’Halloran, MD, PhD,* John Sahrmann, MA," Anne M. Butler, PhD,*"
Margaret A. Olsen, PhD,*" and William G. Powderly, MD"

Background: Several antiretroviral therapy (ART) classes have been
associated with increased myocardial infarction (MI) risk. Cardiovascular
disease in people living with HIV (PLWH) on integrase strand transfer
inhibitors (INSTI) has not been examined. Here we aim to examine this.

Setting: Retrospective cohort design study.

Methods: We used the IBMMarketScan databases for U.S. com-
mercially insured and Medicaid covered adults to identify PLWH
newly initiated on ART between January 1, 2008 and December 30,
2015. Major adverse cardiac event (MACE), a composite of acute MI,
ischemic stroke, coronary artery bypass grafting, and percutaneous
coronary intervention was the primary outcome. We used calendar
time-specific probability-weighted Cox proportional hazards models to
estimate hazard ratios and 95% confidence intervals for the association
between INSTI use and MACE. We used propensity score weighting
methods to account for potential confounding.

Results: Twenty thousand two hundred forty-two new ART
initiators were identified. 5069 (25%) PLWH initiated INSTI-based
regimens. 203 MACE events occurred; acute MI 16 (0.32%) vs 66
(0.43%), stroke 24 (0.47%) vs 54 (0.36), coronary artery bypass
grafting 2 (0.04%) vs 9 (0.06%), percutaneous coronary intervention
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7 (0.14%) vs 25 (0.16%) of INSTI users vs non-users. INSTI-based
ART was associated with significantly lower risk of MACE events
(hazard ratios 0.79; 95% confidence intervals: 0.64 to 0.96)
compared with non—-INSTI-based regimens.

Conclusion: In this cohort, INSTI-based regimens were associated
with a 21% decreased risk of incident cardiovascular disease. These
finding require validation in other cohorts and with longer follow-up.

Key Words: HIV, integrase strand transfer inhibitors, antiretroviral
therapy, cardiovascular disease, major adverse cardiovascular events
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INTRODUCTION

People living with HIV (PLWH) are at greater risk of
cardiovascular disease (CVD), in particular myocardial
infarction (MI).!? Like those without HIV, traditional risk
factors for CVD, such as smoking, hypertension, and
dyslipidemia, independently predict risk of MI in PLWH.3-#
In addition, both HIV and antiretroviral therapy (ART) effect
risk through multiple mechanisms.>-® ART has been associ-
ated with lipid abnormalities, a risk factor for CVD.%’
However, lipid abnormalities do not explain increased rates
of MI with all antiretroviral agents, for example, abacavir.?

Dyslipidemia has not been a notable feature of integrase
strand transfer inhibitors (INSTT)-based ART. Furthermore, a more
favorable lipid profile is generally seen when PLWH on Pl-based
therapy are switched to raltegravir.®!! Data on long-term effect of
INSTIs on lipid parameters and on the potential cardiovascular
implications of improved lipid profiles on the risk of major
cardiovascular events are limited. In fact, at present knowledge is
limited about the effect of INSTT use on risk of CVD.

Using administrative data, we sought to estimate the effect
of INSTI-based versus non—-INSTI-based regimens on the risk of
major adverse cardiac events (MACE) in a contemporary cohort
of U.S. adults with HIV who initiated ART using methods to
account for possible confounding bias due to changes in INSTI-
based regimen use over time (ie, channeling bias).!?

METHODS

Data Source
We used the IBM MarketScan Commercial Database
(2007-2017) and the Medicaid Multi-State Database
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(2010-2017) (IBM Watson Health, Ann Arbor, MI). These
databases contain individual-level health care information on
health insurance enrollment, inpatient and outpatient diagno-
ses and procedures, and outpatient pharmacy-dispensed
medications for commercially-insured persons from partici-
pating employers and health plans and individuals covered by
Medicaid from U.S states submitting data. The study was
considered not human subjects research by our institutional
review board.

Study Design and Population

Using a retrospective cohort study design, we identified
adults newly initiated on ART from January 1, 2008 through
December 30, 2015. We defined new ART initiators as persons
who had at least 6 months continuous enrollment (ie, baseline
period) before initiation of stable ART. Stable ART was
defined as (1) being consistently in possession of a particular
set of medication classes constituting an ART regimen without
having a period of 60 days or more in which a component of
the regimen was missing; and (2) a medication possession ratio
(the percentage of time a person has access to medications)
exceeding 80% for at least 180 days.'> We defined an ART
regimen as a regimen that contained (1) 2 nucleoside reverse
transcriptase inhibitors (NRTIs) plus an INSTI, or a protease
inhibitor (PI), or a non-nucleoside reverse transcriptase inhib-
itor (NNRTI), or an entry inhibitor, or a fusion inhibitor (2)
a PI plus an INSTI, or a PI and an NNRTI or (3) an NRTI plus
a PI and INSTI or NNRTI. We defined an ART regimen
switch, and thus the termination of a stable regimen, as the
addition, or removal of, a class of ART. In-class substitutions
were not considered a new regimen. We excluded persons with
a history of MACE events before the start of the first stable
regimen. To allow for the potential beneficial effect of an ART
regimen to manifest we excluded those who had MACE events
in the first 90 days after ART initiation.

Outcomes and Covariates

All outcomes and covariates were defined using Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) and 10th Revision, Clinical Modi-
fication (ICD-10-CM) diagnosis and procedure codes and
Current Procedural Terminology, fourth Edition (CPT-4)
codes as appropriate. The outcome, MACE, was a composite
of MI, ischemic stroke, coronary artery bypass grafting, and
percutaneous coronary intervention. Supplementary Table 1,
Supplemental Digital Content, http://links.lww.com/QAI/B456
includes codes and restrictions used to define outcomes.

A wide range of baseline covariates were identified using
all available claims data before initiation of a stable ART
regimen, including standard Elixhauser comorbidities and other
important comorbidities outlined in Supplementary Table 2,
Supplemental Digital Content, http://links.lww.com/QAI/B456.

Statistical Analysis

We used a calendar time-specific propensity score
model to account for possible confounding bias because of
changes in the use of INSTI-based regimens over time (ie,
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channeling bias).!*!> We used multivariable logistic regres-
sion to estimate propensity scores, with the propensity scores
representing the likelihood of initiating an INSTI-based
regimen. For the calendar time-specific propensity score, we
segmented ART initiation into 4 distinct time segments
(2008/2009, 2010/2011, 2012/2013, 2014/2015) and fitted
separate propensity score models for each two-year time
segment. The propensity score models included potential
predictors of MACE outcomes and INSTI use including age
(modeled using restricted quadratic splines), gender, under-
lying comorbidities, and CVD medications (complete list of
included variables in Supplementary Table 2, Supplemental
Digital Content, http:/links.lww.com/QAI/B456).

We transformed the propensity scores into inverse-
probability of treatment (IPT) weights,'® computed as 1/
(propensity score) for INSTI initiators and 1/(1-propensity score)
for non-INSTI initiators. The data sets were then recombined to
create the full study cohort. We trimmed the propensity scores at
the 0.5 and 99.5 percentiles (see Supplementary Fig. 1,
Supplemental Digital Content, http://links.lww.com/QAL/
B456). To evaluate confounding control, we assessed the
balance of baseline covariates between exposure groups within
the unweighted and weighted populations using standardized
mean differences, with differences of 10% or greater indicating
imbalance!” (see Supplementary Table 3, Supplemental Digital
Content, http:/links.lww.com/QAI/B456).

To examine the relationship between INSTI use and
MACE, we used Cox proportional hazards models to estimate
hazard ratios (HR) and 95% confidence intervals (CI). Individ-
uals were followed from the date of stable ART regimen until the
first occurrence of any MACE outcome or a censoring event. A
censoring event was considered the earliest of 90 days post-ART
regimen switch, health plan disenrollment, or end-of-study on
December 31, 2017. Censoring did not occur immediately at
regimen switch, but rather 90 days later, because events in this
timeframe could potentially be related to the index ART regimen.

Sensitivity Analyses

We conducted a sensitivity analysis in which a binary
variable indicating use of abacavir in the first stable regimen
was included in the model.

RESULTS

Between January 1, 2008 through December 30, 2015,
we identified 20,242 new ART initiators, including 5069
(25%) initiators of INSTI-based regimens [raltegravir 1658
(32.7%), elvitegravir 2475 (48.8%), and dolutegravir 936
(18.5%)]. In accordance with guideline changes, the annual
proportion initiating INSTI-based regimes increased signifi-
cantly over time, from 4.3% in 2008 to 60.6% in 2015 (see
Supplementary Fig. 2, Supplemental Digital Content, http:/
links.lww.com/QAI/B456).

Of the 15,173 non—INSTI-based ART initiators, 11,080
(73.0%) initiated NNRTIs and 4096 (27.0%) initiated PIs.
Abacavir was included in 853 (16.8%) in the INSTI group
and 978 (6.5%) in the non-INSTI group. Tenofovir was
included in 4146 (81.8%) in the INSTI group and 13,950
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(91.9%) in the non-INSTI group. Tenofovir disoproxil
fumarate accounted for 99.6% of tenofovir use.

Overall, the median age of new ART initiators was 40.5
[interquartile range (IQR) 32, 49] years, 79.2% were men, and
16.4% were Medicaid-insured. Comorbidities were common,
including hypertension [2368 (11.6%)] and diabetes mellitus
[1141 (5.6%)]. Almost 20% were receiving lipid lowering
agents (4,028) and 3648 (17.9%) had documented tobacco
use. The prevalence of comorbidities was generally higher in the
INSTI initiators (Table 1). Of note, the difference in the
proportion of INSTI-initiators with a CVD risk factor (composite
of hypertension, diabetes, tobacco and lipid lowering agent use)
was greater in the earlier study period (2008-2012) compared
with the later period (2013-2016). Among INSTI users, 51.6%
had one or more CVD risk factors compared with 45% among
non-INSTI users in the early study period, compared with 50.1%
vs 51.1%, respectively, from 2013 to 2016 (Mantel-Haenszel P
=< 0.001 for the interaction with time). This is consistent with
more channeling of individuals with one or more CVD risk
factors to INSTIs in the earlier time period.

In the unweighted population, INSTI-based ART
initiators were more likely to have documented tobacco use,
and to have Medicaid coverage (Table 1). The distribution of
observed covariates was well-balanced after propensity-score
weighting (see Supplementary Table 3, Supplemental Digital
Content, http://links.lww.com/QAI/B456).

The number of individual and composite MACE
events, censoring events, and person-time at risk are pre-
sented in Supplementary Table 4, Supplemental Digital
Content, http://links.lww.com/QAI/B456. The median dura-
tion of follow-up was 515 (IQR 263, 882) days for the INSTI-
based initiators and 524 (IQR 262, 1026) days for the non-
INSTI group. Overall MACE events occurred in 203 persons
(1.0%), including 49 (1.0%) events in the INSTI group and
154 (1.0%) in the non-INSTI group (see Supplementary Table
4, Supplemental Digital Content, http:/links.lww.com/QAI/
B456). The majority of these outcomes were MI (40.4%) and
stroke (38.4%), followed by percutaneous coronary interven-
tion (15.8%) and coronary artery bypass (5.4%).

TABLE 1. Baseline Study Characteristics
Non-INSTI-Based INSTI-Based

Regimens Regimens
Characteristics n = 15,173 n = 5069 P
Age in years (median, IQR) 41 (32, 49) 40 (30, 49) <0.0001

Males
Medicaid insured

11,985 (79.0%)
2359 (15.6%)

4050 (79.9%)  0.17
1004 (19.8%) <<0.0001

Hypertension 1677 (11.1%) 691 (13.6%) <0.0001
Diabetes mellitus 806 (5.3%) 335 (6.6%) 0.0005
Tobacco use 2650 (17.5%) 998 (19.7%)  0.0004
Lipid lowering therapy 2962 (19.5%) 1065 (21.0%)  0.022

Drug use 770 (5.1%) 352 (6.9%) <0.0001

Hepatitis B infection
Hepatitis C infection

322 (2.1%)
570 (3.8%)
661 (4.4%)

122 24%) 023
204 (4%) 0.39

Depression 325 (6.4%) <<0.0001

Unweighted standardized mean differences were <0.1, with the exceptions of
tobacco use, Hepatitis C infection, and Medicaid coverage.
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The unadjusted and weighted hazard ratios are presented
in Figure 1. In the unadjusted analysis, there was no difference
in risk of MACE events between initiators of INSTI or
non—INSTI-based regimens (HR 1.10; 95% CI: 0.80 to 1.52).
In the primary model, weighted using the calendar time-specific
propensity score, there was a 21% decreased risk of MACE
associated with INSTI-based therapy compared to non-INSTI-
based therapy (HR 0.79; 95% CI: 0.64 to 0.96) (Fig. 1).

In the sensitivity analysis, in which abacavir was added as
a covariate in the calendar time-specific inverse probability of
treatment-weighted Cox proportional hazards model, INSTI-
based therapy was associated with 26% decreased risk of
MACE compared with non—-INSTI-based treatment (HR 0.74;
95% CI: 0.60 to 0.90) (Fig. 1). In this model, abacavir was
associated with 2.6-fold increased risk of MACE (CI: 2.0 to 3.5).

DISCUSSION

In this study, we observed a lower risk of CVD, as
measured by MACE events, among users of INSTI-based
regimens, after accounting for demographic and clinical
characteristics. Insured persons on INSTI-based regimens
had higher prevalence of underlying conditions associated
with increased risk of CVD than non-INSTI users, which we
accounted for through use of inverse treatment weighting via
the propensity score.

Prescription of INSTI-based ART increased during the
study timeframe reflecting changes in prescribing guidelines
over the last decade.'® Now recommended for PLWH
initiating ART, when INSTIs initially became available, and
before their introduction into the guidelines as the regimen of
choice, they were prescribed in persons with greater preva-
lence of medical comorbidities because of their good side
effect profile and lack of interaction with other medications.
We confirmed this in our data, with a higher rate of
cardiovascular risk factors observed in people initiating
INSTIs from 2008 to 2012 compared to 2013-2016. It was
therefore not only important to account for imbalance in our
groups overall using propensity scores, but necessary to
account for changing prescribing patterns over time to avoid
bias introduced by the change in guideline recommendations
for INSTI use. In our unadjusted model, there was no effect of
INSTI-regimens on CVD, likely due to a higher risk of
MACE events in INSTI users because of their higher
prevalence of CVD-related comorbidities. However, after
weighting by the propensity score to balance covariates,
INSTI use was associated with significantly lower risk of
MACE events.

As mentioned, INSTIs have not been associated with
increased rates of cardiovascular risk factors, such as dyslipi-
demia. However, a number of recent studies have indicated that
INSTIs, in particular dolutegravir, may be associated with
increased weight gain compared with other contemporary ART
regimens.!2! Although obesity is an independent risk factor
for CVD, it is unclear as of yet whether INSTI-induced weight
gain is a significant predictor of CVD.

This study has several limitations. First, our study is not
a prospective randomized controlled trial. However, most data
relating to CVD with ART have not come from randomized
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HR (95% CI)

A) Unadjusted model 1.10 (0.80, 1.52) —
B) IPTW model 0.79 (0.64, 0.96) —a—
C) IPTW model plus abacavir  0.74 (0.60, 0.90) ——
I T 1
0.50 1.0 1.5

Hazard Ratio

FIGURE 1. Hazard ratio estimates of overall MACE events
associated with INSTI-based regimens versus non-INSTI-based
regimens using calendar time inverse probability of treatment-
weighted models. IPTW, inverse probability of treatment
weighted; PS, propensity score. A, Unadjusted model (B) IPTW
model using calendar time-specific PS (primary analysis). C,
IPTW model using calendar time-specific PS including addi-
tional variable (abacavir) (sensitivity analysis).

controlled trials, because the follow-up duration required for
randomized trials makes them cost prohibitive. Our observational
study design did not involve randomization of the exposure and
therefore our effect estimates are subject to potential confounding
by unobserved differences between exposure groups. However,
we attempted to control for confounding through restriction of
the study population to ART users, adjustment for a rich set of
covariates, and use of calendar-specific propensity scores to
account for possible channeling bias. Second, our study used
administrative data, collected for administrative and reimburse-
ment purposes, rather than for clinical research. This may impact
the generalizability of the results to those with similar demo-
graphics. In addition, our eligibility criteria were based on
continuous prescriptions of the same stable regimen rather than
HIV RNA test results to confirm virologic suppression. Also,
some important clinical factors associated with CVD (eg, body
mass index and tobacco use) are potentially subject to mis-
classification due to under-coded in billing data. Family history
was not included because of marked under-coding, although
there was no difference in the proportions coded for family
history between the groups. Finally, the overall rates of MACE
events observed in this study may be lower than other cohorts
because of the relatively young median age.

We report the first large-scale study examining the
effect of INSTIs on risk of cardiovascular disease and
demonstrate that as a class, INSTI use was associated with
decreased risk of MACE outcomes. As the widespread use of
these drugs continues, it will be important that the results of
our study are verified in other large cohorts of PLWH and
with individual INSTI drugs.
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