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Background. Excess weight gain is an important health concern among people with HIV (PWH) on antiretroviral therapy 
(ART). The extent to which ART contributes to body mass index (BMI) changes is incompletely understood.

Methods. We conducted a retrospective study of PWH initiating ART and demographically matched people without HIV 
(PWoH). Data on baseline BMI (kg/m2; categorized as underweight/normal, overweight, or obese) and ART class (integrase 
strand transfer inhibitor [INSTI], non-nucleoside reverse transcriptase inhibitor [NNRTI], protease inhibitor [PI]) were obtained 
from electronic health records. BMI was evaluated longitudinally using piecewise linear splines in mixed effects models by HIV 
status, baseline BMI, and ART class. Models were adjusted for sociodemographics, comorbidities, and substance use.

Results. The study included 8256 PWH and 129 966 PWoH (mean baseline age, 40.9 and 42.2 years, respectively; 88% men). In 
adjusted models, the average annual change in BMI in the first 2 years after ART initiation was 0.53 for PWH and 0.12 for PWoH (P  
< .001). BMI increases among PWH were observed for all ART classes: 0.69 for INSTIs, 0.69 for PIs, and 0.40 for NNRTIs vs 0.12 
among PWoH. For PWH initiating INSTIs, BMI increases were observed regardless of baseline BMI. Overall BMI changes >2 
years after ART initiation were similar by HIV status (0.02 average annual increase for PWH and PWoH).

Conclusions. PWH initiating ART gained excess weight in the first 2 years, emphasizing the importance of monitoring weight and 
cardiometabolic health among ART-treated PWH.

Keywords. antiretroviral therapy; body mass index; cardiovascular disease; return to health; weight.

Received 12 July 2023; editorial decision 21 November 2023; accepted 01 December 2023; 
published online 6 February 2024

Presented in part: International AIDS Society Conference, 6–10 July 2020.
Correspondence: Jennifer Lam, PhD, MPH, Division of Research, Kaiser Permanente 

Northern California, 2000 Broadway, Oakland, CA 94612 (Jennifer.O.Lam@kp.org); Michael 
J. Silverberg, PhD, MPH, Division of Research, Kaiser Permanente Northern California, 2000 
Broadway, Oakland, CA 94612 (Michael.J.Silverberg@kp.org).

Open Forum Infectious Diseases® 

© The Author(s) 2024. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of 
the work, in any medium, provided the original work is not altered or transformed in any 
way, and that the work is properly cited. For commercial re-use, please contact journals.permis-
sions@oup.com 
https://doi.org/10.1093/ofid/ofad611

Excess weight gain and obesity are increasingly recognized as 
major health concerns among people with HIV (PWH) on anti-
retroviral therapy (ART) [1, 2]. Over the past 3 decades, the in-
cidence and prevalence of obesity among PWH have steadily 
increased [3, 4]. Factors contributing to these trends are incom-
pletely understood. Recent studies have focused on the cardio-
metabolic adverse effects of ART [5–10], but these are difficult 
to disentangle from other influences, including aging-related 
weight gain, systemic HIV-related inflammation, and concur-
rent non–HIV-related factors driving the obesity epidemic in 

the US population [11]. While the overall prevalence of obesity 
among PWH remains lower than among people without HIV 
(PWoH), weight gain in the HIV setting confers greater risk of 
metabolic disease, with a disproportionate burden borne by 
women and minorities [1].

Metabolic complications among PWH on ART are not a new 
issue. Older ART regimens (ie, early nucleoside reverse tran-
scriptase inhibitors [NRTIs] and protease inhibitors [PIs]) 
affected adipose distribution, increasing visceral fat in the 
midsection and decreasing peripheral adiposity, even in the 
absence of clinically apparent lipodystrophy or change in total 
body fat [1, 12]. Other side effects of these therapies included 
dysregulation of glucose and lipid metabolism, which increased 
risk of insulin resistance, dyslipidemia, and metabolic disease 
[13, 14]. With current-generation ART regimens, generalized 
weight gain has been associated with use of integrase strand 
transfer inhibitor (INSTI)-based and tenofovir alafenamide 
(TAF)-based regimens, which have become more broadly 
used as first-line ART [1, 4, 8, 15–24]. While weight gain among 
PWH who are underweight or normal weight at ART initiation 
is associated with reduced risk of mortality [25], excess weight 
gain and obesity are associated with increased risk of diabetes 
and cardiovascular disease [1, 26].
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Better characterizing weight gain among PWH in the context 
of interrelated HIV and non-HIV factors, as well as weight gain 
due to aging, is important given the pathophysiologic link of 
obesity with serious cardiometabolic health conditions and 
premature death [27]. The objectives of this study were to eval-
uate baseline and longitudinal differences in body mass index 
(BMI) in PWH initiating ART and comparator PWoH receiv-
ing care in 3 US integrated healthcare systems.

METHODS

Study Design, Setting, and Population

We conducted a retrospective cohort study of adults (≥21 years 
old) who were members of Kaiser Permanente in Northern 
California (KPNC), Southern California, and Mid-Atlantic 
States (includes Maryland, Virginia, and Washington, DC). 
These integrated healthcare systems provide comprehensive 
medical services to a diverse patient population that is demo-
graphically representative of the general insured population in 
its service areas [28]. Electronic health record (EHR) databases 
at Kaiser Permanente capture data from healthcare visits, labo-
ratory tests, and pharmacy fills. HIV registries include all known 
cases of HIV infection in the Kaiser Permanente patient 
population.

Study participants were drawn from an established cohort of 
PWH and PWoH who were frequency matched 1:10 by age (±2 
years), sex, race/ethnicity, and first year of follow-up. People 
were eligible for inclusion if they had at least 2 BMI values 
(kg/m2) in the EHR between 2005 and 2016. PWH were further 
restricted to those who initiated an ART regimen on or after 1 
January 2005 and did not previously have an HIV RNA level 
<200 copies/mL (which could indicate prior ART).

Patient Consent

The study was approved by the KPNC institutional review 
board with a waiver for informed consent. Kaiser 
Permanente in Southern California and Mid-Atlantic States 
ceded to the KPNC institutional review board.

Participant Follow-up

Study follow-up occurred from 1 January 2005 to 31 December 
2016. For PWH, baseline was defined as date of first ART pre-
scription fill. For PWoH, baseline was 1 January of the year in 
which they were selected as part of the frequency-matching 
process. Follow-up ended at health plan disenrollment, death, 
or last day of the study.

Measures

BMI was measured at baseline (defined as the BMI measure 
closest to baseline in the 4 years preceding baseline) and longi-
tudinally (all available BMI values in the EHR during follow- 
up). Categories of BMI were defined as follows: underweight 

(<18.5), normal (18.5–24.9), overweight (25.0–29.9), and obese 
(≥30).

ART regimen information was ascertained through pharma-
cy dispensation records and categorized by ART class: integrase 
strand transfer inhibitor [INSTI], non-nucleoside reverse tran-
scriptase inhibitor [NNRTI], and protease inhibitor [PI]. All 
regimens had an NRTI backbone (predominantly tenofovir 
disoproxil fumarate [TDF] during the study period).

Covariates

Data on sociodemographic and clinical factors that could be as-
sociated with weight change were obtained from the EHR. 
Sociodemographic covariates were age, sex, race/ethnicity 
(White, Black, Hispanic, Asian, other), census-based education 
and income (estimated with US Census residential block-level 
data), and insurance type (ie, commercial, Medicaid, Medicare, 
other/unknown). Comorbidities were cancer (any type), 
chronic kidney disease, cardiovascular disease (unstable angi-
na, acute myocardial infarction, and stroke), hypertension, dys-
lipidemia, diabetes mellitus, and liver disease (chronic liver 
disease, cirrhosis, hepatitis B infection, and hepatitis C infec-
tion). Comorbidities were identified by ICD codes, CPT codes, 
and laboratory results based on approaches previously de-
scribed [29–31] and were included in time-updated analyses 
(ie, incorporated new diagnoses during follow-up). Substance 
use factors were also time updated and included ICD-coded al-
cohol use disorder and other substance use disorder diagnoses 
as well as patient-reported smoking status.

Analyses

Baseline characteristics were compared descriptively by HIV 
status. Changes in BMI were evaluated longitudinally via linear 
mixed effects models with an autoregression covariance struc-
ture. Models were constructed to evaluate average annual 
BMI change (1) by HIV status; (2) by HIV status and baseline 
BMI category; and (3) by HIV status, baseline BMI category, 
and ART class at time of ART initiation. Models included piece-
wise linear splines with a knot at 2 years to evaluate BMI change 
in the first 2 years following ART initiation and >2 years after 
ART initiation. This approach was based on prior studies sug-
gesting the biphasic nature of weight gain following ART initi-
ation, with substantial weight gain occurring within the first 1 to 
2 years [3, 32]. Average annual BMI change was modeled for a 
12-year period in analyses by HIV status and by HIV status and 
baseline BMI category but only for a 7-year period in analyses by 
HIV status, baseline BMI category, and ART class, since INSTIs 
were not available until the latter part of the study period. 
Analyses did not account for ART class switching during 
follow-up. Since the proportion of study participants who 
were underweight at baseline was small (3% of PWH and 1% 
of PWoH), the “underweight” category was combined with 
the “normal weight” category in all analyses. Multivariable 
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models included adjustment for baseline year (ie, 2005–2007, 
2008–2009, 2010–2011, 2012–2013, 2014–2015, 2016), current 
age, race/ethnicity, sex, education, income, insurance type, co-
morbidities, substance use disorders, and smoking. To evaluate 
potential sex-specific differences in BMI change, subanalyses 
evaluated average annual BMI change by HIV status and sex. 
A sensitivity analysis was done excluding people who were un-
derweight at baseline. Analyses were performed with SAS ver-
sion 9.4 (SAS Institute).

RESULTS

Participant Characteristics at Baseline

The study included 8256 PWH and 129 966 demographically 
matched PWoH. PWH were followed for a mean ± SD 3.3 ± 2.8 
years, and PWoH were followed for 3.5 ± 2.6 years. The mean 
baseline age was 40.9 ± 11.7 years for PWH and 42.2 ± 12.1 for 
PWoH (Table 1). PWH were mostly men (88%), and 33% were 
White, 26% Black, 26% Hispanic, and 6% Asian. When compared 
with PWoH, a higher proportion of PWH had cancer, chronic kid-
ney disease, and liver disease, and a lower proportion had diabetes 
mellitus, dyslipidemia, and hypertension. A higher proportion of 
PWH than PWoH had a history of smoking, alcohol use disorder, 
or other substance use disorder. First ART regimens filled follow-
ing HIV diagnosis included NNRTIs (48.9%), INSTIs (26.6%), and 
PIs (24.5%).

BMI at Baseline and Changes Over Time by HIV Status

At baseline, mean BMI was lower for PWH (26.2 ± 5.3) than for 
PWoH (29.2 ± 6.2, P < .001). Among PWH, 35.5% were over-
weight and 17.9% were obese at baseline. In comparison, 38.2% 
of PWoH were overweight and 37.2% were obese at baseline.

In adjusted models, the average annual change in BMI in the 
first 2 years after ART initiation was 0.53 (95% CI, .47–.59) per 
year for PWH as compared with 0.12 (95% CI, .10–.13) per year 
for PWoH (P < .001; Figure 1A, Appendix Table 1). In the pe-
riod >2 years after ART initiation, BMI change was similar by 
HIV status (in PWH, 0.02 [95% CI, −.02 to .07]; in PWoH, 0.02 
[95% CI, .01–.04]). At the end of follow-up, the average BMI 
was 27.1 for PWH and 29.2 for PWoH. Excluding underweight 
people had minimal impact on results (data not shown).

In adjusted models stratified by sex, the average annual 
change in BMI in the first 2 years after ART initiation was 
0.53 (95% CI, .56–.59) per year for male PWH as compared 
with 0.13 (95% CI, .11–.14) per year for male PWoH (P < .001); 
it was 0.67 (95% CI, .48–.86) per year for female PWH vs 0.16 
(95% CI, .11–.21) per year for female PWoH (P < .001). In the pe-
riod >2 years after ART initiation, the average annual change in 
BMI was 0.02 (95% CI, −.02 to .07) per year for male PWH and 
0.03 (95% CI, .01–.04) per year for male PWoH (P = .33); it was 
0.04 (95% CI, −.10 to .18) per year for female PWH as compared 
with 0.04 (95% CI, .004–.08) per year for female PWoH (P = .54).

BMI Changes Over Time by HIV Status and Baseline BMI

In the first 2 years after ART initiation, PWH in all baseline 
BMI categories had greater adjusted average annual increases 
in BMI than PWoH (Figure 1B–D, Appendix Table 1). 

Table 1. Characteristics of Study Participants at Baseline by HIV Status

Participants, No. (%)

Characteristic
With HIV  
(n = 8256)

Without HIV  
(n = 129 966)

Male 7229 (87.6) 112 501 (86.6)

Age, y, mean (SD) 40.9 (11.7) 42.2 (12.1)

Race/ethnicity

White 2725 (33.0) 49 033 (37.7)

Black 2180 (26.4) 33 886 (26.1)

Hispanic 2124 (25.7) 31 747 (24.4)

Asian 474 (5.7) 6763 (5.2)

Other/unknown 753 (9.1) 8537 (6.6)

Body mass index, kg/m2

Underweight, <18.5 227 (2.8) 877 (0.7)

Normal, 18.5–24.9 3625 (43.9) 31 161 (24.0)

Overweight, 25.0–29.9 2927 (35.5) 49 602 (38.2)

Obese, ≥30.0 1477 (17.9) 48 326 (37.2)

Neighborhood-level factors

Lower educationa 1946 (27.4) 28 637 (23.1)

Lower incomeb 1040 (14.6) 11 703 (9.5)

Insurance type

Commercial 7609 (92.2) 121 242 (93.3)

Medicare 358 (4.3) 5128 (4.0)

Medicaid 256 (3.1) 3134 (2.4)

Other/unknown 33 (0.4) 462 (0.4)

History of cancer, any type 213 (2.6) 1161 (0.9)

Cardiovascular diseasec 46 (0.6) 815 (0.6)

Hypertension 1338 (16.2) 26 955 (20.7)

Chronic kidney disease 194 (2.4) 2216 (1.7)

Diabetes mellitus 435 (5.3) 10 646 (8.2)

Dyslipidemia 1436 (17.4) 38 491 (29.6)

Liver disease 632 (7.7) 3854 (3.0)

Current or past smoking 3893 (47.2) 48 328 (37.2)

Alcohol use disorderd 912 (11.1) 9175 (7.1)

Other substance use disorderd 1323 (16.0) 7215 (5.6)

HIV risk group …

Men who have sex with men 4285 (51.9)

Heterosexual 1528 (18.5)

Injection drug use 428 (5.2)

Other/unknown 2015 (24.4)

First ART regimen …

NNRTI 4037 (48.9)

INSTI 2199 (26.6)

PI 2020 (24.5)

Abbreviations: ART, antiretroviral therapy; INSTI, integrase strand transfer inhibitor; NNRTI, 
non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.  
aLower neighborhood-level education defined as ≥25% of the population in the patient’s 
census block group having no high school diploma.  
bLower neighborhood-level income defined as census block group having an annual average 
income <$35 000 (https://www.payingforseniorcare.com/federal-poverty-level).  
cCardiovascular disease included unstable angina, acute myocardial infarction, and stroke.  
dAlcohol and other substance use disorders were identified according to ICD-9 and ICD-10 
diagnoses in the electronic health record.
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Among people who were underweight or had normal weight at 
baseline, average annual increases in BMI in the first 2 years 
were 0.78 (95% CI, .73–.83) per year for PWH as opposed to 
0.41 (95% CI, .39–.43) per year for PWoH, after adjustment 
for the same covariates as in prior models (P < .001). Among 
people who were overweight at baseline, BMI increased on av-
erage 0.44 (95% CI, .38–.50) per year in the first 2 years for 
PWH as compared with 0.18 (95% CI, .16–.20) per year for 
PWoH (P < .001). Among people who were obese at baseline, 
BMI increased 0.28 (95% CI, .11–.44) per year in the first 2 
years for PWH but decreased slightly among PWoH (−0.05 
[95% CI, −.08 to −.02]; P = .01). In the period >2 years after 
ART initiation, BMI change was similar by HIV status in all 
BMI categories.

BMI Changes Over Time by HIV Status, Baseline BMI, and First ART Class

PWH on each ART regimen had greater average annual in-
creases in BMI during the first 2 years of follow-up when com-
pared with PWoH. PWoH (reference) had an average annual 
change in BMI of 0.12. In the first 2 years after ART initiation, 
average annual increases in BMI among PWH were 0.69 (95% 
CI, .56–.83) for PWH initiating INSTIs, 0.40 (95% CI, .32–.48) 
for PWH initiating NNRTIs, and 0.69 (95% CI, .57–.81) for 
PWH initiating PIs, after adjustment for covariates 
(Figure 2A, Appendix Table 1). In the period >2 years after 

ART initiation, BMI was stable among PWH and increased 
slightly among PWoH.

In analyses stratified by baseline BMI and ART class, PWH 
who were underweight/normal weight or overweight at ART 
initiation had significant average annual increases in BMI in 
the first 2 years after ART initiation (Figure 2B and 2C, 
Appendix Table 1; P < .001 for all ART classes). During this 
time frame, obese PWH initiating INSTIs had significant 
BMI increases (0.67; 95% CI, .30–1.04), but PWH initiating 
NNRTIs or PIs had nonsignificant BMI increases (0.14 [95% 
CI, −.09 to .37] and 0.29 [95% CI, −.04 to .62], respectively; 
Figure 2D).

In the period >2 years after ART initiation, PWH who were 
overweight at INSTI initiation experienced significant decreas-
es in BMI (−0.15; 95% CI, −.29 to −.02). In contrast, over-
weight PWH initiating NNRTIs had increasing BMI (0.11; 
95% CI, .07–.15); PWH initiating PIs had stable BMI (0.06; 
95% CI, −.0003 to .11); and PWoH had slightly increasing 
BMI (0.05; 95% CI, .04–.06) during this same period 
(Figure 2C and 2D). All unadjusted results are in Appendix 
Table 2. All adjusted results are in Appendix Table 1.

DISCUSSION

In this study of weight gain among PWH and demographically 
matched PWoH receiving health care in the same setting, we 

Figure 1. Adjusted changes in BMI by HIV status and baseline BMI. Adjusted for age, sex, race/ethnicity, calendar period, neighborhood-level education, neighborho-
od-level income, insurance type, history of cancer (any type), cardiovascular disease, hypertension, chronic kidney disease, diabetes mellitus, dyslipidemia, liver disease, 
smoking, alcohol use disorders, and other substance use disorders. A, all participants; B, underweight/normal; C, overweight; D, obese. BMI, body mass index.

4 • OFID • Lam et al



report several key findings. First, PWH experienced greater in-
creases in BMI during the first 2 years after ART initiation 
than PWoH, consistent with hypotheses that HIV-specific fac-
tors such as ART use may contribute to initial weight gain. 
Second, PWH initiating ART gained weight in the first 2 years 
regardless of baseline BMI, emphasizing the importance of mon-
itoring relative weight change, not just development of obesity. 
Last, early increases in BMI among PWH were consistently ob-
served among PWH initiating INSTIs, which highlights the im-
portance of monitoring weight change following ART initiation, 
especially since INSTIs are now the primary first-line ART reg-
imen. Importantly, even though PWH initiating ART had lower 
BMIs than PWoH, they ended up with BMIs similar to those of 
PWoH, which could represent healthy weight gain for some in-
dividuals but development of obesity for others.

In the first 2 years after ART initiation, BMI increased on av-
erage >4 times as fast for PWH (0.53 per year) vs PWoH (0.12 
per year). This finding of weight gain following ART initiation 
is consistent with results of many prior studies [16–18, 20], 
though not all [2, 3, 33]. Differences in weight gain detected 
among PWH across cohorts may be due to differences in demo-
graphics, access to care, and/or background prevalence of 
obesity in the general population, which could obscure charac-
terization of obesity among PWH. Indeed, there are wide 

geographic differences in risk of obesity given disparities in 
healthcare resources, healthy food environments, and other 
non–HIV-related factors. By comparing BMI change against 
matched PWoH with access to care in the same setting and ad-
justing analytically for confounding factors for weight change, 
our study extends findings in prior studies conducted among 
PWH only [2, 3, 16–18] and strengthens the hypothesis that 
ART use may contribute to weight gain.

In the period >2 years after ART initiation, BMI stabilized 
for most PWH and PWoH. However, PWH who were over-
weight at INSTI initiation experienced significant BMI decreas-
es during this period, which could reflect discontinuation of 
INSTI, improved weight management, or a combination of 
these factors. Investigating the extent to which ART regimen 
changes contributed to BMI changes over time was beyond 
the scope of this study but would be important to investigate 
in future studies.

Even though PWH started off at a lower average BMI than 
PWoH, by 12 years of follow-up, average BMI was in the over-
weight category for PWH (27.1) and PWoH (29.2). While more 
rapid weight gain among PWH accounts for much of this trend, 
changes in HIV diagnosis and management may contribute in 
part. In recent years, HIV testing has been expanded, and rapid 
ART initiation has become standard practice. As a result, a 

Figure 2. Adjusted changes in BMI by HIV status, baseline BMI, and first ART class. Adjusted for age, sex, race/ethnicity, calendar period, neighborhood-level education, 
neighborhood-level income, insurance type, history of cancer (any type), cardiovascular disease, hypertension, chronic kidney disease, diabetes mellitus, dyslipidemia, liver 
disease, smoking, alcohol use disorders, and other substance use disorders. A, all participants; B, underweight/normal; C, overweight; D, obese. ART, antiretroviral therapy; 
BMI, body mass index; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
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greater proportion of PWH are being diagnosed earlier and ini-
tiating ART at higher CD4 counts and BMI. Among PWH in 
our cohort, 35.5% were overweight and 17.9% were obese at 
baseline, aligning more closely with the prevalence of high 
BMI in the general population than HIV-associated weight 
loss and wasting. This is consistent with other studies showing 
an increasing likelihood of PWH being overweight or obese at 
HIV diagnosis and ART initiation [2, 4]. As ART use becomes 
more widespread and PWH remain on lifelong treatment start-
ing from younger ages and higher baseline BMI, better under-
standing the weight-related consequences of long-term ART 
and distinguishing healthy from unhealthy weight gain will 
be important.

Related to this concept is our observation that PWH gained 
more weight than matched PWoH across all categories of base-
line BMI, although the type of ART initiated played an impor-
tant role. To some extent, normal aging contributes to weight 
gain [34]: increases in BMI were observed among PWH and 
PWoH over time, even after adjustment for risk factors for 
weight gain. However, weight gain was slowest among PWoH 
who were obese, possibly due to heightened medical attention 
and prioritization of weight loss in this group [35, 36]. Our 
findings highlight the importance of tracking weight change 
among PWH initiating ART, even among those at a healthy 
weight to start, particularly since some other studies suggest 
that obesity-related health risks may occur at a lower BMI 
among PWH [11].

We found that PWH initiating INSTIs had >5-fold greater 
annual weight gain in the first 2 years after ART initiation 
than PWoH. These findings are similar to INSTI-related weight 
gain reported in clinical trials of INSTIs [5], observational co-
horts of treatment-naive PWH initiating INSTIs [16, 17, 22], 
and studies of PWH switching from other regimens to 
INSTIs [9, 10, 23, 24, 37]. More recent studies report heteroge-
neity in presence and magnitude of weight gain across popula-
tion subgroups [38, 39], including one study that found no 
significant weight gain among people aged >65 years who ini-
tiated INSTIs [38–41]. Now that INSTI-based regimens are rec-
ommended first-line treatment for most PWH [42] and 
oftentimes prescribed with TAF, which is also associated with 
excess weight gain [23, 24, 43], it is especially critical to monitor 
for clinically relevant weight change among PWH undergoing 
ART [9, 15]. Our study was conducted with data from 2005 to 
2016 and primarily included regimens with TDF and not TAF 
(which was not approved in the United States until November 
2015) [1].

The clinical implications of excess weight gain among PWH 
are multiple. In the context of ART use in an aging HIV pop-
ulation, obesity could lead to significant cardiometabolic health 
complications and related health challenges [14]. Of particular 
concern is that the metabolic effects of excess weight and obe-
sity appear to be compounded in the HIV setting [14]. This may 

be due to the contributing effects of HIV-related chronic in-
flammation and unique pathophysiologic processes and path-
ways underlying the development of metabolic syndromes in 
PWH [14]. As compared with PWoH, weight gain, increased 
central adiposity, and other metabolic risk factors among 
PWH confer a heightened risk for health issues such as neuro-
cognitive impairment [44], diabetes [7, 45], cardiovascular dis-
ease [46], and nonalcoholic fatty liver disease [1, 47]. Obesity is 
also associated with reduced quality of life, excess medical care 
expenditures, discrimination, and social stigmatization [48].

This study had some limitations. First, analyses were based 
on information collected during routine health care encoun-
ters. We were unable to account for some lifestyle and behav-
ioral factors, such as caloric intake and level of physical 
activity, that were not routinely recorded in the EHR but could 
have affected BMI. Second, we recognize that BMI is an impre-
cise measure of body composition [49–51]. The use of BMI as a 
proxy anthropometric measure for overall body composition 
allowed us to conduct longitudinal analyses on a large sample 
of PWH and PWoH. Future studies of cardiometabolic risk 
may consider use of central adiposity or waist circumference 
measures. Third, we did not evaluate concomitant usage of 
medications that could have contributed to weight changes, 
but models were adjusted for common comorbidities and 
would likely have accounted for some of these confounding ef-
fects. Future studies evaluating the metabolic effects of individ-
ual drugs would be important since polypharmacy is common 
among PWH [13]. Fourth, we could not fully account for in-
stances where participants may have switched ART regimens 
or become less adherent to ART following noticeable weight 
gain. However, we note that switching to abacavir, an NRTI 
that has not been associated with weight gain, would have 
been unlikely since clinicians at KPNC were concerned about 
its cardiovascular effects [52]. Future studies that capture 
ART switching would be important to address full ART expo-
sure history and its effects on BMI. Also, while analyses were 
stratified by ART class, we were unable to substratify by indi-
vidual ART type or evaluate the weight-related side effects of 
regimen components. Last, our study period did not include 
bictegravir, the most prescribed INSTI used in practice today, 
since it was not approved by the US Food and Drug 
Administration until 2018 and the study period ended in 2016.

This study builds on prior work in several key ways: 

• Use of HIV registries that contain comprehensive data on 
ART prescription fills for all PWH in 3 large health systems

• Comparison with PWoH in the same setting to better under-
stand weight gain independent of aging and other structural 
non–HIV-related risk factors that could affect BMI

• Use of EHR data to account for multiple individual-level car-
diometabolic risk factors that were insufficiently captured in 
some prior studies
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• Longitudinal follow-up in a contemporary ART-treated co-
hort of PWH, which enabled evaluation of weight change 
over time by ART class.

In conclusion, PWH initiating ART gained more weight over 
time when compared with PWoH receiving care in the same 
setting and after adjustment for confounding sociodemo-
graphic and clinical risk factors. Weight gain during ART could 
offset some of the benefits of ART, such as virologic suppres-
sion and reduced inflammation. INSTIs are well tolerated 
and offer convenient dosing, but the weight gain associated 
with these agents could have important implications for cardi-
ometabolic health. The findings from this study highlight the 
need to investigate remaining uncertainties regarding ideal tar-
get weight among ART-treated PWH, approaches for weight 
management, and the extent that individual ART classes con-
tribute to long-term metabolic changes and cardiometabolic 
health.
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Appendix

Table 1. Adjusteda Annual BMI Change and 95% Confidence Intervals, by HIV Status, Baseline BMI, and ART Class

First 2 years After ART Initiation >2 years After ART Initiation

With HIV Without HIV With HIV Without HIV
N = 8256 n = 129 966 N = 8256 n = 129 966

Overall (Figure 1, panel a) 0.53 (0.47, 0.59) 0.12 (0.10, 0.13) 0.02 (−0.02, 0.07) 0.02 (0.01, 0.04)

By baseline BMI (Figure 1, panels b to d)

Underweight/normal 0.78 (0.73, 0.83) 0.41 (0.39, 0.43) 0.09 (0.06, 0.12) 0.08 (0.07, 0.10)

Overweight 0.44 (0.38, 0.50) 0.18 (0.16, 0.20) 0.07 (0.04, 0.11) 0.05 (0.04, 0.06)

Obese 0.28 (0.11, 0.44) −0.05 (−0.08, −0.02) −0.04 (−0.16, 0.07) 0.002 (−0.02, 0.02)

By ART class (Figure 2, panel a) 0.12 (0.10, 0.13) 0.02 (0.01, 0.04)

INSTI 0.69 (0.56, 0.83) −0.003 (−0.18, 0.17)

NNRTI 0.40 (0.32, 0.48) 0.05 (−0.006, 0.11)

PI 0.69 (0.57, 0.81) −0.007 (−0.09, 0.08)

By ART class, among underweight/normal (Figure 2, panel b) 0.41 (0.39, 0.43) 0.08 (0.07, 0.10)

INSTI 0.86 (0.74, 0.98) 0.07 (−0.05, 0.20)

NNRTI 0.65 (0.58, 0.73) 0.12 (0.08, 0.16)

PI 1.01 (0.90, 1.11) 0.06 (0.004, 0.11)

By ART class, among overweight (Figure 2, panel c) 0.18 (0.16, 0.20) 0.05 (0.04, 0.06)

INSTI 0.64 (0.50, 0.77) −0.15 (−0.29, −0.02)

NNRTI 0.32 (0.24, 0.40) 0.11 (0.07, 0.15)

PI 0.60 (0.49, 0.72) 0.06 (−0.0003, 0.11)

By ART class, among obese (Figure 2, panel d) −0.05 (−0.08, −0.02) 0.002 (−0.02, 0.02)

INSTI 0.67 (0.30, 1.04) −0.14 (−0.58, 0.31)

NNRTI 0.14 (−0.09, 0.37) 0.05 (−0.09, 0.20)

PI 0.29 (−0.04, 0.62) −0.11 (−0.31, 0.09)
aAdjusted for age, sex, race/ethnicity, calendar period, neighborhood-level education, neighborhood-level income, insurance type, history of cancer (any type), cardiovascular disease, 
hypertension, chronic kidney disease, diabetes mellitus, dyslipidemia, liver disease, smoking, alcohol use disorder, and other substance use disorders.
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Table 2. Unadjusted Annual BMI Change and 95% Confidence Intervals, by HIV Status, Baseline BMI, and ART Class

First 2 Years After ART Initiation >2 Years After ART Initiation

With HIV Without HIV With HIV Without HIV
N = 8256 n = 129 966 N = 8256 n = 129 966

Overall 0.61 (0.55, 0.67) 0.19 (0.17, 0.20) 0.08 (0.04, 0.13) 0.09 (0.07, 0.10)

By baseline BMI

Underweight/normal 0.81 (0.76, 0.86) 0.43 (0.41, 0.45) 0.10 (0.07, 0.14) 0.10 (0.08, 0.11)

Overweight 0.46 (0.40, 0.52) 0.19 (0.17, 0.20) 0.08 (0.05, 0.11) 0.05 (0.04, 0.06)

Obese 0.29 (0.12, 0.46) −0.04 (−0.07, −0.01) −0.04 (−0.15, 0.08) 0.02 (−0.004, 0.04)

By ART class 0.19 (0.17, 0.20) 0.09 (0.07, 0.10)

INSTI 0.78 (0.65, 0.92) 0.06 (−0.11, 0.24)

NNRTI 0.47 (0.39, 0.56) 0.11 (0.05, 0.17)

PI 0.77 (0.65, 0.89) 0.06 (−0.02, 0.15)

By ART class, among underweight/normal 0.43 (0.41, 0.45) 0.10 (0.08, 0.11)

INSTI 0.89 (0.77, 1.01) 0.09 (−0.04, 0.21)

NNRTI 0.68 (0.61, 0.76) 0.13 (0.10, 0.17)

PI 1.03 (0.92, 1.14) 0.07 (0.01, 0.12)

By ART class, among overweight 0.19 (0.17, 0.20) 0.05 (0.05, 0.06)

INSTI 0.65 (0.52, 0.79) −0.16 (−0.29, −0.02)

NNRTI 0.34 (0.26, 0.42) 0.11 (0.07, 0.16)

PI 0.62 (0.50, 0.73) 0.06 (0.01, 0.12)

By ART class, among obese −0.04 (−0.07, −0.01) 0.02 (−0.004, 0.04)

INSTI 0.70 (0.33, 1.07) −0.14 (−0.60, 0.31)

NNRTI 0.15 (−0.08, 0.38) 0.05 (−0.10, 0.20)

PI 0.31 (−0.02, 0.64) −0.09 (−0.29, 0.12)
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