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Assessment of Obesity and Cardiometabolic Status by 
Integrase Inhibitor Use in REPRIEVE: A Propensity-
Weighted Analysis of a Multinational Primary 
Cardiovascular Prevention Cohort of People With Human 
Immunodeficiency Virus
Emma M. Kileel,1,a,  Janet Lo,1,a,  Carlos Malvestutto,2,  Kathleen V. Fitch,1,  Markella V. Zanni,1,  Carl J. Fichtenbaum,3 Edgar T. Overton,4,  

Nwora Lance Okeke,5,  Princy Kumar,6 Esau Joao,7 Judith A. Aberg,8 Esteban Martinez,9 Judith S. Currier,10,  Pamela S. Douglas,11,  Heather J. Ribaudo,12 
and Steven K. Grinspoon1

1Massachusetts General Hospital, Boston, Massachusetts, USA, 2Ohio State University, Columbus, Ohio, USA, 3University of Cincinnati, Cincinnati, Ohio, USA, 4University of Alabama, Birmingham, 
Alabama, USA, 5Duke University School of Medicine, Durham, North Carolina, USA, 6Division of Infectious Diseases and Travel Medicine, Georgetown University School of Medicine, Washington, 
District of Columbia, USA, 7Hospital Federal dos Servidores do Estado, Rio de Janeiro, Brazil, 8Icahn School of Medicine at Mount Sinai, New York, New York, USA, 9Hospital Clinic and University 
of Barcelona, Barcelona, Spain, 10University of California at Los Angeles, Los Angeles, California, USA, 11Duke Clinical Research Institute, Duke University School of Medicine, Durham, North 
Carolina, USA, 12Center for Biostatistics in AIDS Research, Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA

Background. Emerging data demonstrate that the use of integrase inhibitor (INSTI)-based antiretroviral treatment (ART) is 
associated with increased weight, but the cardiometabolic health consequences of increased weight remains poorly understood.

Methods. This analysis examined INSTI use (>6 months) at entry among REPRIEVE participants enrolled in High Income 
and Latin America/Caribbean Global Burden of Disease regions. Primary analyses used linear and logistic regression; secondary 
analyses used quantile regression to examine differences across the full data distribution. Characteristics of those with and without 
INSTI use were balanced using inverse probability of treatment weighting.

Results. Among 4500 REPRIEVE participants, 1848 were on an INSTI-based regimen at entry for an average of 2.1 ± 1.8 years. 
Integrase inhibitor use (vs no INSTI use) was associated with higher odds of obesity (odds ratio [OR], 1.63; 95% confidence interval 
[CI], 1.4–1.9) and higher mean body mass index ([BMI] +1.5 kg/m2; 95% CI, 1.0–1.9) and waist circumference (+3.6 cm; 95% CI, 
2.6–4.6). Differences in weight related to INSTI use were greater in the upper tails of the distribution (+3.1 kg/m2 [95% CI, 1.9–4.4] 
at the 90th centile vs +0.7 kg/m2 [95% CI, 0.2–1.2] at the 50th centile) and among women and nonwhite participants, with sex and 
race having an additive effect on BMI. Conversely, INSTI use was not associated with differences in glucose, low-density lipoprotein 
cholesterol, or higher odds of metabolic syndrome or hypertension.

Conclusions. Differences in weight and waist circumference associated with INSTI use are (1) not uniform across people with 
human immunodeficiency virus, (2) greatest among women and nonwhites, and (3) concentrated at the upper tails of weight dis-
tribution. These data identify at-risk subgroups for whom long-term cardiovascular disease outcomes should be carefully assessed.

Keywords. cardiovascular risk; HIV; integrase inhibitors; metabolic syndrome; obesity.

Integrase inhibitor (INSTI)-based antiretroviral regimens 
(ie, antiretroviral therapy [ART]) are highly effective in sup-
pressing human immunodeficiency virus (HIV) and are now 

the preferred regimens in most countries [1, 2]. Emerging epi-
demiologic data from multiple cohort studies and randomized 
controlled trials (RCTs) have demonstrated significant weight 
gain associated with INSTIs [3–5]. Although recent studies 
have started to evaluate cardiovascular disease (CVD) and di-
abetes risk among small cohorts of individuals taking various 
combinations of INSTI regimens [6], the cardiometabolic 
health consequences of weight gain associated with INSTI use 
remain largely unknown.

In this analysis, we aimed to simultaneously investigate the 
effects of INSTI use on weight and associated clinically relevant 
cardiometabolic parameters including central adiposity (waist 
circumference [WC]), glucose, low-density lipoprotein cho-
lesterol (LDL-C), metabolic syndrome, and hypertension. We 
leveraged baseline data from the Randomized Trial to Prevent 
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Vascular Events in HIV (REPRIEVE), a diverse, global, cohort 
of people with human immunodeficiency virus (PWH) eligible 
for primary prevention of CVD. The analysis population was 
sufficiently large to enable careful balancing of potential con-
founding characteristics using inverse probability treatment 
(IPT) weighting methodology, allowing for comparison of 
groups on similar duration of INSTI and non-INSTI regimens, 
and for sensitivity analyses assuring similar nucleoside reverse-
transcriptase inhibitor (NRTI) use among the comparison 
groups. The inclusion of natal females and males in the cohort 
allowed us to assess sex-specific associations between INSTI 
use and metabolic changes; these factors are important because 
emerging data suggest that greater weight gain was associated 
with INSTI use among females [4, 5, 7]. These data, taken to-
gether, significantly extend our understanding of increased 
weight and cardiometabolic effects associated with INSTI use 
in PWH.

METHODS

Selection of Analysis Population

The inclusion and exclusion criteria for REPRIEVE have been 
reported previously [8] and trial population characteristics 
were published (see [9]). In brief, REPRIEVE enrolled a global 
cohort of PWH on ART between March 2015 and July 2019 
with overall low to moderate traditional atherosclerotic cardi-
ovascular disease (ASCVD) risk based on the 2013 American 
College of Cardiology/American Heart Association pooled co-
hort equation risk score and LDL-C level (Supplemental Table 1), 
randomized to pitavastatin calcium or placebo. (ClinicalTrials.
gov Identifier NCT02344290.) Institutional review board (IRB) 
approval was obtained at each site for each participant. To en-
sure all participants had a nonzero probability of receiving an 
INSTI, this analysis was restricted to enrollment regions where 
at least 5% of the enrolled population was using INSTI-based 
regimens (High Income and Latin America/Caribbean Global 
Burden of Disease regions) (Supplemental Table 2). Participants 
with missing body mass index (BMI) at entry were excluded 
(n = 6) (Supplemental Figure 1). The final analysis set included 
baseline data from 4500 REPRIEVE participants who had been 
on a stable ART regimen for at least 6 months. We set the min-
imum duration of INSTI use to 6 months, in accordance with 
prior data showing that most weight gain was achieved during 
the first 6–12 months of initiation of INSTIs [10], and per-
formed sensitivity analyses for longer duration. Information 
was collected on the composition and duration of ART regimen 
at entry into REPRIEVE, but information on prior ART history 
was not collected. 

Patient Consent Statement

Each clinical research site obtained IRB/ethics committee ap-
proval and any other applicable regulatory entity approvals. 

Participants were provided with study information, including 
a discussion of risks and benefits, and were asked to sign the 
approved declaration of informed consent.

Data Sharing

Research data, with all patient identifiers removed, will be 
available as per National Institutes of Health policy to other re-
searchers through request to the principal investigator (S.K.G.).

Study Outcomes

The primary outcomes were BMI (kg/m2), calculated based 
on weight and height at entry using a standard formula, obe-
sity (BMI ≥30 kg/m2), and WC (cm), collected according to a 
standardized operating procedure across all sites [9]. Secondary 
outcomes included glucose, LDL-C, metabolic syndrome, and 
hypertension. Glucose and LDL-C were collected in the fasting 
state and run centrally at Quest Diagnostics. Metabolic syn-
drome and hypertension were defined using standard criteria 
(see Supplemental Table 3).

Statistical Analysis

To assess the relationship between INSTI use and outcomes of 
interest, primary analyses used linear and logistic regressions, 
secondary analyses used quantile regressions to examine differ-
ences across the full data distribution. Analyses were performed 
within the full sample and separately by natal sex. To control 
for potential confounding by indication in the choice of ART 
regimen, we used stabilized IPT weighting; a methodology in 
which covariates between participants on an INSTI versus not 
on an INSTI were balanced in a weighted population. A dir-
ected acyclic graph was used to assess likely causal relationships 
between the exposure (INSTI use) and the primary outcomes of 
interest (BMI and WC) to determine which baseline covariates 
to include in the propensity model used to estimate the treat-
ment weights. We carefully selected potential confounding vari-
ables for inclusion in propensity models and avoided selection 
of covariates that were part of an outcome measure or covariates 
that might influence treatment selection [11, 12]. The covariates 
included in the propensity model were natal sex, age, race, base-
line ART duration, CD4 count, estimated glomerular filtration 
rate, cigarette use, substance use, diet quality, physical activity 
level, and use of estrogen or testosterone containing medica-
tions (Supplemental Figure 2, Supplemental Table 4).

Upon final selection of covariates, propensity scores and 
stabilized IPT weights were estimated. Weights were constrained 
via trimming of extreme values at the 1st and 99th percentiles. 
Standardized differences and graphical distributions were used 
to assess the balance of covariates between participants on an 
INSTI versus not on an INSTI in the weighted sample. Analyses 
by sex used re-estimated weights excluding natal sex from the 
propensity model.
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The effect of specific INSTI-containing regimens was es-
timated using stabilized IPT weights for each type of INSTI 
(dolutegravir [DTG], elvitegravir [EVG], or raltegravir 
[RAL]) using an analogous procedure. The combination 
model weight was defined as the product of the stabilized 
weights from each propensity model. Due to the small 
number of participants on bictegravir (BIC) at entry (n = 7), 
we were unable to evaluate the potential effects of BIC in this 
analysis.

Crude and IPT-weighted regression models are presented 
in the results. Analyses adjusting for propensity score were 
also conducted showing consistent results. Formal statistical 
inference was guided by an alpha level of 0.05. Analyses were 
conducted using SAS software, version 9.4 (TS1M5, SAS/
STAT 14.3; SAS Institute Inc., Cary, NC) on a Linux operating 
environment.

Sensitivity Analyses

To account for differences in duration of entry ART reg-
imen between INSTI users and non-INSTI users, a sensitivity 

analysis was conducted restricting the analysis population to 
participants who had been on their entry regimen for 6 months 
to 5 years. In addition, because INSTI-associated weight gain 
tends to occur within the first 6–12 months of INSTI initiation, 
we conducted a sensitivity analysis restricting the population 
to those who had been on their entry ART regimen for at least 
12 months to ensure that INSTI-associated weight differences 
were not underestimated.

Three sensitivity analyses were conducted to address the po-
tential effects of tenofovir alafenamide (TAF). First, IPT weights 
were re-estimated to balance NRTI regimens between INSTI 
users in a reweighted analysis population. Second, we evaluated 
the effect of INSTIs on outcome measures excluding all TAF 
users from the analysis population. Third, we evaluated the ef-
fects of TAF versus no TAF on outcome measures among INSTI 
users. 

Finally, in post hoc analyses, we examined interaction terms 
to evaluate for potential differential effects of INSTI use by race 
(white vs nonwhite), ASCVD risk category (≤/>5%), and obe-
sity (BMI ≥30 kg/m2).

BMI 
All 
Female 
Male 

Waist circumference 
All 
Female 
Male 

Fasting glucose 
All 
Female 
Male 

Fasting LDL-C 
All 
Female 
Male 

All 
Female 
Male 

Metabolic syndrome 

Obesity

All 
Female 
Male 

Hypertension 
All 
Female 
Male 

Di�erence (INSTI users versus non-INSTI users) 

–2.5 

0.8 

0.0 2.5 5.0 

>> Higher for INSTI users 

>> Higher for INSTI users 

1.0 1.2 1.5 

7.5 

2.0 

Odds ratio (INSTI users versus non-INSTI users) 

Weighted Unweighted 
1.45 [1.03, 1.88] 1.31 [0.97, 1.66] 
2.47 [1.44, 3.49] 2.87 [1.90, 3.85] 
1.13 [0.77, 1.49] 1.14 [0.81, 1.46] 

3.62 [2.61, 4.64] 3.75 [2.91, 4.59] 
5.04 [2.76, 7.32] 6.62 [4.50, 8.74] 
2.82 [1.85, 3.80] 3.32 [2.44, 4.21] 

–0.019 [–0.96, 0.92] 0.18 [–0.67, 1.03] 
0.47 [–1.49, 2.42] 0.88 [–1.08, 2.85] 

–0.17 [–1.18, 0.83] –0.21 [–1.17. 0.74] 

–0.88 [–3.01, 1.25] –0.46 [–2.30, 1.39] 
0.25 [–4.12, 4.61] –0.11 [–4.23, 4.01] 

–0.72 [–2.93, 1.49] –0.16 [–2.22. 1.90] 

Weighted Unweighted 
1.63 [1.39, 1.91] 1.51 [1.32, 1.73] 
1.74 [1.32, 2.29] 1.96 [1.51, 2.54] 
1.58 [1.32, 1.89] 1.58 [1.33, 1.86] 

0.92 [0.79, 1.07] 0.89 [0.78, 1.01] 
1.23 [0.92, 1.64] 1.25 [0.96, 1.64] 
0.91 [0.77, 1.07] 0.82 [0.70, 0.95] 

1.14 [0.99, 1.32] 1.11 [0.98, 1.25] 
1.08 [0.82, 1.42] 1.18 [0.91, 1.52] 
1.10 [0.95, 1.28] 1.12 [0.98, 1.29] 

Figure 1. Inverse probability of treatment weighted linear and logistic regression estimates of integrase inhibitors on primary and secondary outcomes of interest. INSTI, 
integrase-strand transfer inhibitor; LDL-C, low-density lipoprotein cholesterol. 
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RESULTS

Study Population

The final analysis population included 4500 participants, 1848 
of whom were on an INSTI-based regimen at entry. Baseline 
demographics and behavioral characteristics are shown in Table 
1. Median age was 51 years. Twenty-three percent were natal 
female, 93% identified as cisgender, and 40% were black or 
African American. Table 2 highlights baseline metabolic char-
acteristics, including BMI (27.5  kg/m2 [±5.7]), WC (95.5  cm 
[±13.8]), fasting glucose (93.0  mg/dL [±14.0]), and LDL-C 
(108  mg/dL [±31]). Metabolic syndrome was present in 28% 
of the analysis population. Human immunodeficiency virus-
related health parameters and information on specific ART re-
gimens are shown in Table 3 and Table 4, respectively. Mean 
duration of entry ART regimen was 3.8 years overall (±3.4) 
and 2.1 years (±1.8) among participants on an INSTI-based 
regimen.

Propensity Scores and Inverse Probability Treatment Weighting

Baseline covariates included in the propensity model were suc-
cessfully balanced between participants on an INSTI versus not 
on an INSTI via IPT weighting (Supplemental Figures 3 and 4). 
Stabilized IPT weights ranged from 1.07 to 7.24 after trimming 
at the 1st and 99th percentiles.

In the sensitivity analysis accounting for differences in NRTI 
regimens, including TAF and TDF, re-estimated weights suc-
cessfully balanced NRTI regimens between INSTI users and 
non-INSTI users in the weighted sample.

Evaluating Integrase Inhibitor Effects on Weight Parameters

In the overall sample, INSTI use (vs no INSTI use) was associ-
ated with a higher mean BMI of +1.5 kg/m2 (95% confidence 
interval [CI], 1.0–1.9), 63% higher odds of obesity (odds ratio 
[OR], 1.63; 95% CI, 1.4–1.9), and a higher mean WC of +3.6 cm 
(2.6–4.6) (Figure 1). Integrase inhibitor-associated differences 

Quantile All Female Male 

BMI (kg/m2) 

8.0 

6.0 0.9 3.1 [2.0 , 4.3] 3.9 [1.3 , 6.6] 2.0 [1.0 , 2.9] 

4.0 0.75 1.6 [1.0 , 2.3] 3.0 [1.5 , 4.5] 1.2 [0.7 , 1.7] 

2.0 0.5 0.7 [0.2 , 1.2] 2.5 [1.3 , 3.8] 0.7 [0.3 , 1.1] 

0.000 

Waist circumference (cm) 

15.0 

0.9 7.2 [4.7 , 9.7] 9.8 [4.6 , 15.0] 5.6 [2.9 , 8.3] 
10.0 

0.75 5.1 [3.7 , 6.5] 6.4 [3.2 , 9.6] 3.6 [2.0 , 5.2] 
5.0 

0.5 2.9 [1.7 , 4.1] 4.5 [2.1 , 6.9] 2.1 [0.9 , 3.3] 

0.000 

E
st

im
at

e

Fasting glucose (mg/dL) 

20.0 

15.0 0.9 2.0 [–0.34 , 4.3] 0.000 [–4.93 , 4.9] 2.0 [–0.47 , 4.5] 

10.0 0.75 1.0 [–0.41 , 2.4] 0.000 [–3.10 , 3.1] –0.000 [–1.29 , 1.3] 

5.0 
0.5 –1.00 [–2.30 , 0.3] –1.00 [–2.65 , 0.6] –0.000 [–1.16 , 1.2] 

0.000 

–5.00 
Fasting LDL-C (mg/dL) 

15.0 

10.0 

5.0 
0.9 –1.00 [–4.45 , 2.4] 3.0 [–5.78 , 11.8] –1.00 [–4.61 , 2.6] 

0.75 –1.00 [–4.32 , 2.3] 2.0 [–4.31 , 8.3] –1.00 [–4.51 , 2.5] 
0.000 

0.5 –1.00 [–4.19 , 2.2] 1.0 [–4.73 , 6.7] –0.000 [–2.96 , 3.0] 
–5.00 

–10.00 

0.1 0.25 0.5 0.75 0.9 0.1 0.25 0.5 0.75 0.9 0.1 0.25 0.5 0.75 0.9 

Quantile level 

Natal sex All Female Male 

Figure 2. Inverse probability of treatment weighted quantile regression estimates of integrase inhibitors on body mass index (BMI), waist circumference, fasting glucose, 
and LDL-cholesterol (LDL-C).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab537#supplementary-data
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in BMI and WC were greatest among females, among whom 
INSTI use (vs no INSTI use) was associated with a higher mean 
BMI of + 2.5  kg/m2 (95% CI, 1.4–3.5) and 74% higher odds 
of obesity (OR, 1.74; 95% CI, 1.3–2.3). In comparison, among 
males, INSTI use was associated with a higher BMI of +1.1 kg/
m2 (95% CI, 0.8–1.5) and increased odds of obesity of 58% (OR, 
1.58; 95% CI, 1.3–1.9). Likewise, INSTI use was associated with 
a higher mean WC of +5.0  cm (95% CI, 2.8–7.3) in females 
compared to +2.8 cm (95% CI, 1.9–3.8) in males.

Quantile regressions revealed larger differences between 
INSTI users and non-INSTI users in the upper tails of the BMI 
and WC distributions, which were more pronounced among 
females compared to males. Comparing INSTI to non-INSTI 
users, differences in BMI of +0.7 kg/m2 and +2.5 kg/m2 were 
seen at the 50th centile of BMI among males and females, re-
spectively, whereas differences of +2.0  kg/m2 and +3.9  kg/m2 
were seen for males and females, respectively, at the 90th centile 
(Figure 2).

A similar effect was seen across the distribution of WC: com-
paring INSTI to non-INSTI users, differences of +2.1 cm and 
+4.5 cm were seen at the 50th centile and 5.6 cm and 9.8 cm 
were seen at the 90th centile for males and females, respec-
tively. The IPT-weighted histograms illustrate these findings, 
highlighting a more skewed and longer tailed distribution 
of BMI and WC among INSTI users compared to nonusers 
(Supplemental Figure 5).

Evaluating Integrase Inhibitor Effects on Cardiometabolic Parameters

In the overall sample, INSTI use was not associated with a dif-
ference in mean fasting glucose, LDL-C, higher odds of hyper-
tension, or metabolic syndrome (Figure 1). When stratified by 
natal sex, no association between INSTI use and fasting glucose, 
LDL-C, or hypertension among males or females was apparent.

Despite marked differences in the upper tails of the BMI and 
WC distributions in association with INSTI use, differences in 
the tails of the fasting glucose and LDL-C distributions were 
largely not apparent except among females, in whom higher 
fasting glucose associated with INSTI use was apparent at the 
highest (95th) centile of the glucose distribution (Figure 2 and 
Supplemental Figure 5). Among participants with the highest 
measures of BMI (≥30 kg/m2), we found no evidence of interac-
tion (P > .05) that would indicate a differential effect of INSTI 
use on LDL-C, glucose, metabolic syndrome, or hypertension.

Evaluating Effects of Specific Integrase Inhibitor-Containing Regimens

When evaluating the effects of specific INSTI regimens com-
pared with non-INSTI containing regimens, EVG-based regi-
mens were associated with the largest differences in BMI and 
WC (Table 5). However, higher weight and WC were seen 
across all INSTI regimens, and differential effects on BMI and 
WC were not apparent when comparing individual INSTIs to 
each other. Neither EVG-, DTG-, nor RAL-containing regimens Ta
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were associated with significant differences in fasting glucose or 
LDL-C levels at the mean. However, the DTG-containing re-
gimens (vs non-INSTI regimens) were associated with higher 
odds of hypertension (Table 5).

Sensitivity Analyses

The overall results did not differ when the analysis popula-
tion was restricted to participants on their entry regimen for 
6 months to 5 years. When restricted to participants on their 
entry regimen for at least 12 months, INSTI-associated differ-
ences in BMI and WC were only slightly higher compared to the 
differences seen in the unrestricted population (+1.7 kg/m2 vs 
+1.5 kg/m2 and +4.2 cm vs +3.6 cm).

When type of NRTI regimen—including TDF and TAF—was 
balanced between INSTI users and nonusers in a reweighted 
sample, the associations between INSTI use and higher BMI 
and WC remained consistent, as did the lack of associations be-
tween INSTI use and fasting glucose, metabolic syndrome, and 
hypertension. In this reweighted sample, INSTI use was associ-
ated with lower LDL-C levels at the mean (−3.3 mg/dL [95% CI, 
−5.5 to −1.0]). When TAF users were excluded from the anal-
ysis population, the overall results were not different (Table 6). 
Among INSTI users only, TAF use was associated with higher 
BMI, WC, and LDL-C but not with increased fasting glucose 
or odds of metabolic syndrome or hypertension (Supplemental 
Table 5).

In a post hoc analysis evaluating for differential effects of 
INSTI use and BMI by race (white vs nonwhite), in addition 
to the significant interaction between natal sex and INSTI use, 
we found significant interaction between race and INSTI use 
(P = .0007). Taken together, the smallest effect of INSTI use 
on BMI was seen among white men (+0.8  kg/m2 [95% CI, 
0.4–1.2]) then nonwhite men (+1.6 kg/m2 [95% CI, 1.1–2.1]), 
white women (+1.9 kg/m2 [95% CI, 0.1–3.6]), and finally non-
white women (+3.3  kg/m2 [95% CI, 2.2–4.5]) (Supplemental 
Figure 6). Finally, no differential effects of INSTIs by ASCVD 
risk score, on BMI, WC, glucose, or LDL, were seen (P for in-
teraction >.05).

DISCUSSION

In this baseline analysis of 4500 REPRIEVE participants with 
approximately 2000 participants on an INSTI-based entry reg-
imen for an average of 2.1 years, we observed that INSTI use was 
associated with higher BMI and WC and greater odds of obe-
sity. These associations were most pronounced among women. 
Despite these findings, INSTI use was not associated with a dif-
ference in fasting glucose, LDL-C, metabolic syndrome, or hy-
pertension overall.

Our data extend findings from prior studies demonstrating 
greater weight gain associated with INSTI-based regimens 
as observed in several cohort studies and RCTs including 

ADVANCE [4, 6], NAMSAL [13], and other studies [3, 5, 7, 
14–16]. Our analysis has one of the largest sample sizes to date 
and includes a multinational population. Leveraging the trial 
size, we performed novel analyses and demonstrated that the 
greater weight associated with INSTI use was most striking in 
the upper tail of the BMI distribution. These data on weight 
distribution highlight the important observation that for both 
men and women, those with higher BMI are at greater risk to 
be differentially affected by INSTI use. Further work is needed 
to identify the mechanistic factors contributing to increased 
weight associated with INSTI use among this smaller group of 
individuals, who will need to be carefully monitored for CVD 
and metabolic complications.

We further demonstrate a significant association between 
INSTI use and higher WC in sex-stratified analyses. Moreover, 
the sex-stratified analyses demonstrate a more skewed distri-
bution of WC among women on an INSTI, relative to men. 
Waist circumference, as an indicator of body fat distribu-
tion, is an important overall determinant of increased risk of 
cardiometabolic disease, above and beyond BMI [17]. In prior 
studies, AIDS Clinical Trials Group (ACTG) A5257 demon-
strated sex differences on WC with RAL [18], and the Women’s 
Interagency HIV Study (WIHS) showed INSTI effects on WC 
among women without a male comparator [19]. We extend 
these data by examining the distribution tails, the association 
of WC with multiple CVD indices, and the effects of multiple 
INSTI regimens on WC simultaneously in both males and fe-
males. It is notable that WC does not permit delineation of vis-
ceral and subcutaneous fat, which differ in terms of CVD risk 
promotion. Further studies on the relative distribution, compo-
sition, and functionality of added weight are needed to better 
understand (1) the mechanism of weight and WC gain associ-
ated with INSTI use in women and (2) associated future meta-
bolic and CVD risks [20].

Prior studies have demonstrated differential effects of INSTI 
use by race [4, 5, 18, 21]. In this study, we examined the impact 
of race in conjunction with sex, demonstrating a differential 
effect of INSTIs on BMI between white and nonwhite partici-
pants. These differential effects of INSTI use by race and sex 
were additive, with the greatest effect among nonwhite women. 
Thus, heightened awareness and focus on the potential side ef-
fects of weight gain are needed in women and nonwhite indi-
viduals with HIV who are taking INSTIs.

This analysis helps to fill an important knowledge gap in 
the field as to whether increased weight with INSTI use is as-
sociated with increased CVD risk. Our data did not identify 
any differences in key cardiometabolic parameters including 
fasting glucose, LDL-C, metabolic syndrome, and hyperten-
sion, comparing our overall populations of INSTI versus non-
INSTI users, nor any major overall differences in sex-stratified 
models, among patients with an average 2-year duration of 
INSTI use. In comparison, in a recent analysis among a subset 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab537#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab537#supplementary-data
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of ADVANCE trial participants, INSTI-associated weight 
gain resulted in increased CVD and type 2 diabetes risk 
[6]. However, this prior analysis did not have a non-INSTI 
comparator group and was restricted to sub-Saharan Africa 
where obesity and diabetes rates are on the rise among the 
general population [6, 22]; therefore, one cannot attribute 
the increased risk seen in this population solely to INSTI use. 
An analysis of the WIHS cohort showed slight increases in 
HbA1c (+0.05 vs −0.06) and blood pressure compared with 
non-INSTI users [23]. More importantly, however, the WIHS 
study enrolled only women in the United States and included 
a significant percentage of PWH with diabetes, all of whom 
were studied before 2017. In contrast, our study includes a 
large multinational cohort of PWH on more contemporary 
regimens, including TAF and newer INSTIs.

We performed sensitivity analyses to understand whether 
the INSTI effect on BMI and WC was related to TAF use. First, 
we balanced entry NRTI regimens and showed a similar as-
sociation of INSTI use and higher BMI and WC. Second, we 
excluded TAF users from the overall analysis population and 
again found that the association of INSTI use with higher BMI 
and WC remained significant. In contrast to the primary anal-
ysis, INSTI use was associated with lower LDL-C when TAF 
was excluded. Moreover, when evaluating TAF among INSTI 
users only in this study, TAF use was associated with higher 
BMI, WC, and LDL-C but not with higher fasting glucose or 
odds of metabolic syndrome or hypertension. These sensi-
tivity analyses demonstrate that both INSTI use and TAF use 
are associated with higher BMI and WC, and that the INSTI 
effects on weight occur independent of TAF use. However, the 
differential effects of TAF in these analyses may be due to the 
known cholesterol-lowering and potential weight-suppressing 
effects of TDF used more frequently among participants not 
on TAF [6, 24, 25].

These results suggest that the modest overall weight gain as-
sociated with INSTI use may be generally well tolerated from 
a metabolic and cardiovascular perspective in healthier PWH 
without known CVD. At the same time, these data point out the 
much larger differences associated with INSTI use at the highest 
quantiles of weight and WC. These data are a cautionary note 
that such patients may be a unique group, at greatest risk for in-
creased weight and WC, and related CVD complications, asso-
ciated with INSTI use, and thus should be monitored carefully 
over time. Longitudinal analyses of REPRIEVE will permit for 
assessment of the relationship of longer duration INSTI use to 
major adverse cardiac event among a primary CVD prevention 
cohort of PWH.

The majority of prior studies investigating INSTI effects 
on weight do not include multiple INSTIs in the same study 
to allow for comparison between INSTI agents. In our cur-
rent study, among different INSTIs, IPT-weighted regressions 
showed that compared with non-INSTI containing regimens, 

EVG-containing regimens exhibited the greatest association 
with higher BMI, higher odds of obesity, and higher WC, al-
though weight increases were associated consistently with 
use of all individual INSTIs. The DTG-containing regimens 
were associated with greater odds of hypertension and ele-
vated fasting glucose levels in the upper tail of the distribu-
tion. These findings are consistent with prior reports raising 
concern for hyperglycemia with DTG [26]. It is still uncer-
tain whether this is a class effect or DTG-specific effect. These 
findings on individual INSTIs require confirmation in further 
studies.

This analysis has strengths and some limitations. We ana-
lyzed baseline data from REPRIEVE, which recruited a diverse 
population of PWH eligible for primary CVD prevention, for 
whom it is critical to understand the CVD risk of increased 
weight and WC associated with contemporary INSTI use. 
We were able to consider the effects of important variables, 
including diet quality and physical activity in our analyses. 
However, we did not have access to pre-ART weight but exam-
ined associations of INSTI use with metabolic parameters 
over a broad range of current weight. This study was cross-sec-
tional and was not a randomized trial of INSTI versus non-
INSTI-based regimens. To account for this, we performed 
a rigorous analysis using IPT weighting methodology that 
successfully balanced measured confounders between INSTI 
users and nonusers in a weighted analysis population, re-
ducing potential bias of the treatment effect estimates [27]. 
We performed sensitivity analyses to account for differences 
in ART duration and NRTI regimens—specifically, TAF—be-
tween groups. Although larger effects of INSTI use on meta-
bolic dysregulation might be seen given a longer duration of 
follow-up and in a population with pre-existing CVD and re-
lated comorbidities, we did not see any differential effects in 
sensitivity analyses with longer duration of entry NRTI or by 
ASCVD risk stratification.

CONCLUSIONS

In conclusion, in this large multinational cohort of PWH, in-
cluding a large number of female participants, INSTI-based re-
gimens were associated with higher BMI, higher odds of obesity, 
and higher WC but not with differences in key cardiometabolic 
risk factors. Sex-stratified differences show that the effects are 
more consistent and concerning in women, in whom they may 
be more likely to be related to metabolic risk, with a similar 
worrisome signal for nonwhites. These data provide a degree of 
reassurance that, in general, for most PWH at low to moderate 
traditional CVD risk, higher weights associated with INSTI use 
are not associated with significant metabolic and cardiovascular 
risk. However, our data highlight several at-risk subgroups for 
whom such changes may be very concerning and for whom 
long-term CVD outcomes should be carefully assessed.
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