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Background. We determined the frequency of and factors associated with≥10% weight gain and its metabolic effects in virally
suppressed people with human immunodeficiency virus (PWH) from the Dutch national AIDS Therapy Evaluation in the
Netherlands (ATHENA) cohort switching to tenofovir alafenamide (TAF) and/or integrase strand transfer inhibitor (INSTI).

Methods. We identified antiretroviral therapy–experienced but TAF/INSTI-naive PWHwho switched to a TAF and/or INSTI-
containing regimen while virally suppressed for.12 months. Individuals with comorbidities/comedication associated with weight
change were excluded. Analyses were stratified by switch to only TAF, only INSTI, or TAF+ INSTI. Factors associated with ≥10%
weight gain were assessed using parametric survival models. Changes in glucose, lipids, and blood pressure postswitch were
modeled using mixed-effects linear regression and compared between those with and without ≥10% weight gain.

Results. Among 1544 PWH who switched to only TAF, 2629 to only INSTI, and 918 to combined TAF+ INSTI,≥10% weight
gain was observed in 8.8%, 10.6%, and 14.4%, respectively. Across these groups, weight gain was more frequent inWestern and sub-
Saharan African females than Western males. Weight gain was also more frequent in those with weight loss ≥1 kg/year before
switching, age ,40 years, and those discontinuing efavirenz. In those with ≥10% weight gain, 53.7% remained in the same
body mass index (BMI) category, while a BMI change from normal/overweight at baseline to obesity at 24 months postswitch
was seen in 13.9%, 11.7%, and 15.2% of those switching to only TAF, only INSTI, and TAF+ INSTI, respectively. PWH with
≥10% weight gain showed significantly larger, but small increases in glucose, blood pressure, and lipid levels. Lipid increases
were limited to those whose switch included TAF, whereas lipids decreased after switching to only INSTI.

Conclusions. Weight gain of ≥10% after switch to TAF and/or INSTI was common in virally suppressed PWH, particularly in
females and those starting both drugs simultaneously. Consequent changes in metabolic parameters were, however, modest.

Keywords. tenofovir alafenamide; antiretroviral therapy switch; integrase strand transfer inhibitor; metabolic parameters;
weight gain.

INTRODUCTION

Weight gain has been frequently reported in people with hu-
man immunodeficiency virus (PWH) after commencing

antiretroviral therapy (ART) that includes tenofovir alafena-
mide (TAF) and/or integrase strand transfer inhibitors
(INSTIs). The ADVANCE study, conducted in ART-naive in-
dividuals, demonstrated the most pronounced increase in
weight (median of+7.1 kg at 96 weeks) when treatment includ-
ed both TAF and dolutegravir [1]. One limitation of assessing
the effect of TAF or INSTIs on weight in those initiating
ART is that weight gain, in part, may reflect “return to health”
from the initial suppression of viral replication. This may be ab-
sent in PWH who are already virally suppressed when switch-
ing to TAF and/or INSTIs, yet the effect of discontinued
antiretrovirals (ARVs) on weight needs to be considered.
Black race and female sex have been associated withmore ab-

soluteweight gain after starting TAF and/or INSTIs, with effects
beingmost pronounced in Black females and when TAF and an
INSTI were combined [2–7]. Other factors associated with
greater weight gain are baseline weight (both lower weight [7–
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10] and obesity [4, 6]), CD4 count ,200 cells/µL [3, 7, 8], and
age (both younger [10, 11] and older [2, 4] age). In addition, 1
study including both ART-naive and ART-experienced PWH
starting dolutegravir found that ART-naive individuals had a
greater risk of ≥10% weight gain [8]. Last, certain polymor-
phisms in the CYP2B6 gene, leading to differences in efavirenz
(EFV) plasma levels [12], can affect weight in PWH starting
EFV-basedART.Weight loss was observed inCYP2B6 slowme-
tabolizers on EFV and weight gain similar to dolutegravir in
those with an extensive metabolizer phenotype [13]. This asso-
ciation was also found when switching from EFV to an INSTI,
with slow metabolizers gaining significantly greater amounts
of weight [14]. This suggests that EFV levels may mitigate
weight changes, whereby discontinuing efavirenz could lead
to a gain in weight among slow metabolizers.

There may also be a subset of individuals prone to gaining
more extreme amounts of weight when exposed to TAF and/
or an INSTI, and who may possibly suffer greater metabolic
consequences. Studies examining weight gains of more than
7% or 10%, for example, have not all been restricted to virally
suppressed individuals [7, 8, 15] or to those being exposed to
only TAF, only an INSTI and both simultaneously [10, 15, 16].

The aim of our study therefore was to determine, in a nation-
ally representative population of ART-experienced and virally
suppressed PWH in the Netherlands, the proportion of individ-
uals who gained ≥10% in weight after switching to only TAF,
only an INSTI, or both combined. We also assessed the factors
associated with ≥10% weight gain and examined the impact of
weight gain on glucose, lipids, and blood pressure.

METHODS

Study Population

Human immunodeficiency virus (HIV) care in the Netherlands
is provided by 24 treatment centers. The HIV Monitoring
Foundation (https://www.hiv-monitoring.nl/en) has been pro-
spectively collecting data on demographics, ART, and other
clinically relevant characteristics from PWH in the
Netherlands from 1998 onward, known as the AIDS Therapy
Evaluation in the Netherlands (ATHENA) cohort [17]. Data
collection is continuous and all data until 27 February 2020
(first COVID-19 diagnosis in the Netherlands) were used.

We identified ART-experienced adults (≥18 years) who were
virally suppressed for ≥12 months (isolated HIV type 1
[HIV-1] RNA ,200 copies/mL allowed) and switched to
TAF- and/or INSTI-containing ART. Participants were TAF-
and INSTI- naive prior to switch, while allowing ,90 days of
previous exposure. Individuals with .90 days’ exposure to
TAF and/or INSTI and with at least 1 available weight measure-
ment ≤24 months prior to switching and 1 weight measure-
ment ≥3 months after switching, but prior to censoring, were
included. Individuals who at the time of switch used

medication (corticosteroids, antidepressants, or antipsychot-
ics) or developed conditions associated with weight gain (hypo-
thyroidism, Cushing’s syndrome, congestive heart failure, renal
failure [including those on hemo- or peritoneal dialysis] or liver
cirrhosis) were excluded [18]. We also excluded individuals in
whom any of these conditions were diagnosed after switching
ART. These conditions could predispose individuals to weight
gains prior to switch that are unlikely to be attributed to switch-
ing ART. Females who were pregnant at the time of switch were
also excluded.

Data Collection

Baseline demographic characteristics included sex at birth, age,
region of origin, and years since HIV diagnosis and since first
initiation of ART. Time-updated data from routine care includ-
ed height, weight, blood pressure, smoking behavior, alcohol
consumption, CD4/CD8 cell counts, HIV-1 RNA, glucose
and lipid levels (total cholesterol, high-density lipoprotein
[HDL] and low-density lipoprotein [LDL] cholesterol, and tri-
glycerides), any changes in ART, comedication, and incident
relevant comorbidities.
Region of origin was categorized as Europe, North America,

Australia, and New Zealand (recategorized as “Western”);
sub-Saharan Africa; Latin America and the Caribbean; East
and Southeast Asia; and other. Weight gain prior to switch
was calculated as the mean change in weight prior to switch
in kilograms per year. Smoking and alcohol consumption
were categorized as never/former/current and changes as no
change/stopped/started.
Hypertension, diabetes mellitus, and metabolic syndrome

were defined according to criteria established by the Data
Collection on Adverse Events of Anti-HIV Drugs (D:A:D)
study [19]; diagnosis of lipodystrophy was reported by a health-
care provider.

Patient Consent

At its inception, the ATHENA cohort was approved by the in-
stitutional review boards of all participating HIV treatment
centers. After being informed by their treating physician of
the purpose of data and sample collection, individuals can
opt out. For our analysis, only existing data have been used
and therefore no additional review or consent was required
[17].

Statistical Analysis

Analyses were stratified according to whether individuals
(1) switched to a TAF-containing regimen; (2) switched to an
INSTI-containing regimen; or (3) switched simultaneously to
both a TAF- and INSTI-containing regimen (TAF+ INSTI).
Baseline was defined as the date of switching. Two follow-up
periods were defined: (1) prebaseline (,36 months prior to
baseline while on suppressive ART); and (2) postbaseline
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(from baseline until the date of pregnancy, virological failure,
use of medication associated with weight gain, discontinuing
ART .3 months [including discontinuation of either TAF or
INSTI for individuals who switched to TAF and INSTI],
switching to INSTI-based ART [for those in the
TAF-containing group], switching to TAF-containing ART
[for those in the INSTI-containing group], last available weight
measurement, death, or 24 months, whichever occurred first).
Switches within the INSTI class were allowed. Time was ana-
lyzed in discrete intervals of 6 months before and after baseline,
with each visit assigned to the closest 6-month date from
switch. Missing data were imputed with the most recent values
(ie, last observation carried forward).

Participant characteristics at baseline were compared using
Pearson χ2 test for categorical variables or Kruskal-Wallis test
for continuous variables. The most recent weight, blood pres-
sure, and laboratory values obtained ≤24 months prebaseline
period were used as baseline measurements. Mean weight
change in kilograms per year prebaseline was calculated from
a linear regression model fit to each individual, including
weight measurements during a maximum period of 36 months
prior to baseline. The main outcome was ≥10% gain in weight
postbaseline compared to baseline. Weight change in those
with≥10% weight gain was modeled using mixed-effects linear
regression, with random intercept for individuals and random
slope for discrete time (modeled using restricted cubic splines
with 5 knots). Mean weight changes were adjusted for baseline
age, baseline weight, sex, and region of origin, andmean change
at 24 months postbaseline was compared between groups using
a 2-sample t test.

The discrete time to ≥10% weight gain postbaseline was
modeled using a parametric survival model with Weibull sur-
vival distribution and robust variance estimations. The univari-
able hazard ratio and 95% confidence intervals (CIs) were
calculated across levels of time-constant and time-updated co-
variates. All univariable analyses were adjusted for baseline
weight. The multivariable model was built using backward
elimination, including all variables associated with a P, .20
in univariable analyses and subsequently removing all those
with a P ≥.05, while forcing baseline body mass index (BMI),
age, region of origin, and sex. Biologically plausible interactions
between variables were also assessed. Interaction terms were
only included in the final model if their addition resulted in bet-
ter fit, based on the likelihood-ratio test.

Last, the postbaseline changes in glucose, lipids, and blood
pressure were determined in all included participants. Mean
changes within 24 months postbaseline were modeled using
linear regression with random intercept for individuals and
random slope for discrete time, and a priori adjusted for
baseline age; baseline weight; sex; region of origin; baseline glu-
cose, lipids, or blood pressure; and use of antidiabetics,
lipid-lowering agents, or antihypertensive agents at baseline

and initiation or discontinuation of these medications postba-
seline. Predicted values and standard errors were calculated
and used to report mean change in glucose, lipid levels, and
blood pressure at 24 months postbaseline with 95% CI. Mean
changes at 24 months were compared between those with or
without ≥10% weight gain using a 2-sample t test.
Statistical significance was defined as 2-sided P, .05.

Statistical analyses were carried out using Stata/IC version
15.1 (StataCorp, College Station, Texas) and R version 4.1.1
(R Project for Statistical Computing, Vienna, Austria) software.

RESULTS

Description of the Study Population

A total of 6324 ART-experienced PWHwithout prior exposure
to TAF and INSTI switched to a TAF- and/or INSTI-based reg-
imen between May 2007 and November 2019, while having
been virally suppressed for at least 12 months. Of those, 829
people were excluded because of using predefined comedica-
tions or having predefined comorbidities at moment of switch
or developing such comorbidities after switch. Another 404
were censored prior to their first weight measurement after
switch and therefore also excluded (Supplementary Figure 1).
This resulted in 5091 PWH included in the analysis, of whom
1544 switched to a TAF-, 2629 to an INSTI-, and 918 to a com-
bined TAF- and INSTI-containing regimen.
Median prebaseline follow-up was 30 months (interquartile

[IQR], 24–36 months), 30 months (IQR, 18–36 months), and
30 months (IQR, 18–30 months) in the TAF, INSTI, and
TAF+ INSTI switch groups, respectively. The median number
of prebaseline weight measurements (given that each partici-
pant had at most 1 measurement per 6 months) was 4 (IQR,
2–5), 3 (IQR, 2–5), and 3 (IQR, 2–4) per group, respectively.
Median postbaseline follow-up was 18 months (IQR, 12–24
months) in TAF-switchers, 24 months (IQR, 18–24 months)
in INSTI-switchers, and 24 months (IQR, 12–24 months) in
those switching to both INSTI and TAF. At least 24 months
of postbaseline follow-up was available in 625 (40.5%), 1688
(64.2%), and 461 (50.2%) individuals, respectively. The median
number of postbaseline weight measurements was 2 (IQR, 1–3)
for all 3 groups.
The baseline characteristics per group are reported in

Table 1. Overall, 84.3% were males, 71.8% originated from
Western countries, median age was 49.3 years, and median
BMI was 24.2 kg/m2. The median time since HIV diagnosis
and since start of first ART was 10.7 and 8.6 years, respectively.

Weight Gain of ≥10%
Weight gain of ≥10% within 24 months after switch occurred
in 136 (8.8%), 279 (10.6%), and 132 (14.4%) of individuals
switching to a regimen that included TAF, an INSTI, or
TAF+ INSTI, respectively. Median time to reaching a weight
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Table 1. Baseline Characteristics of Included Participants at Moment of Switch to Tenofovir Alafenamide and/or Integrase Strand Transfer Inhibitor, by
Switch Group

Characteristic Switch to TAF (n=1544) Switch to INSTI (n=2629) Switch to TAF+ INSTI (n=918) P Value

Male sex at birth 1322 (85.6) 2197 (83.6) 773 (84.2) .210a

Age, y, median (IQR) 51.5 (44.0–58.3) 48.0 (41.3–55.3) 49.7 (41.9–55.5) ,.001b

,40 253 (16.4) 575 (21.8) 188 (20.5) ,.001a

40–49 y 430 (27.9) 948 (36.1) 277 (30.2)

50–59 y 541 (35.0) 735 (28.0) 329 (35.8)

≥60 320 (20.7) 371 (14.1) 124 (13.5)

Region of origin .065a

Western regions 1131 (73.3) 1888 (71.8) 638 (69.6)

Sub-Saharan Africa 150 (9.7) 306 (11.6) 99 (10.8)

Latin America and the Caribbean 166 (10.7) 260 (9.9) 104 (11.3)

East and Southeast Asia 62 (4.0) 110 (4.2) 39 (4.2)

Other regions 35 (2.3) 65 (2.5) 38 (4.1)

HIV characteristics, median (IQR)

Years since HIV diagnosis 11.7 (7.4–17.5) 9.9 (6.1–15.2) 11.1 (7.4–15.7) ,.001b

Years since start of first ART 9.3 (5.8–15.7) 7.9 (4.6–13.6) 8.7 (5.8–14.2) ,.001b

Prior years with UDT viral load 7.2 (4.6–11.0) 5.8 (3.3–9.4) 7.1 (4.5–10.0) ,.001b

CD4 count, cells/µL 665 (520–845) 630 (485–798) 690 (525–864) ,.001b

CD8 count, cells/µL 827 (630–1080) 847 (638–1100) 807 (622–1098) .250b

CD4/CD8 ratio 0.82 (0.60–1.13) 0.76 (0.54–1.06) 0.84 (0.61–1.12) .001b

Weight, kg, median (IQR) 78.0 (69.0–86.8) 76.0 (67.9–85.0) 78.0 (68.9–87.0) ,.001b

BMI, kg/m2, median (IQR) 24.4 (22.3–26.8) 24.1 (21.8–26.7) 24.3 (22.3–27.0) .003b

BMI categoryc

Underweight 44 (2.8) 89 (3.4) 27 (2.9) .310a

Normal weight 831 (53.9) 1481 (56.3) 489 (53.3)

Overweight 519 (33.6) 831 (31.6) 305 (33.2)

Obese 150 (9.7) 228 (8.7) 97 (10.6)

Weight change prebaseline, kg/y median (IQR) 0 (−0.67 to +1.07) 0 (−0.63 to +1.00) 0 (−0.62 to +1.13) .800b

Type of INSTI ,.001a

Raltegravir NA 525 (20.0) 4 (0.4)

Elvitegravir NA 360 (13.7) 778 (84.8)

Dolutegravir NA 1744 (66.3) 60 (6.5)

Bictegravir NA 0 (0.0) 76 (8.3)

Change third agent at baseline ,.001a

Stop efavirenz 99 (6.4) 840 (32.0) 384 (41.8)

Stop nevirapine 23 (1.5) 299 (11.4) 126 (13.7)

Stop darunavir 10 (0.7) 362 (13.8) 149 (16.2)

Stop atazanavir 66 (4.3) 398 (15.1) 121 (13.2)

Stop lopinavir 9 (0.6) 163 (6.2) 27 (2.9)

Stop other NNRTI 10 (0.7) 274 (10.4) 91 (9.9)

Stop other PI 1 (0.1) 33 (1.3) 5 (0.5)

No change in PI or NNRTI 1326 (85.9) 257 (9.8) 14 (1.5)

Unknown 0 (0.0) 3 (0.1) 1 (0.1)

Change NRTI at baseline ,.001a

Stop TDF 1472 (95.3) 979 (37.2) 834 (90.9)

Stop abacavir 36 (2.3) 91 (3.5) 52 (5.7)

Stop other NRTI 26 (1.7) 241 (9.2) 19 (2.1)

No change in NRTI 10 (0.7) 1315 (50.0) 12 (1.3)

Unknown 0 (0.0) 3 (0.1) 1 (0.1)

Current smokingd 288 (18.7) 647 (24.6) 186 (20.3) ,.001a

Current alcohol consumptione 421 (27.3) 941 (35.8) 260 (28.3) ,.001a

Comorbidities

Hypertension 339 (22.0) 465 (17.7) 157 (17.1) ,.001a

Diabetes mellitus 85 (5.5) 138 (5.2) 37 (4.0) .250a
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gain of≥10%was 12months (IQR, 6–18months) in each of the
3 groups. Generally, in each group a higher proportion of fe-
males than males experienced ≥10% weight gain, which was
the case similarly for females from Western or sub-Saharan
African regions (Table 2).

Absolute Change in Weight in Those With ≥10% Weight Gain
Postbaseline

As shown in Figure 1, the adjusted mean weight gain at 24
months postbaseline was +9.38 kg (95% CI, 7.93–10.83 kg)
for those switching to only TAF, +9.59 kg (95% CI, 8.69–
10.49 kg) for those switching to only INSTI, and +10.24 kg
(95% CI, 8.75–11.74 kg) for those switching to TAF+ INSTI.
The mean weight gain at 24 months was significantly greater
in those switching to TAF+ INSTI, compared to those switch-
ing to only TAF (P , .001) or to only INSTI (P , .001). The
absolute weight change in all participants per switch group is
depicted in Supplementary Figure 2.

Determinants of ≥10% Weight Gain

Among all switch groups, females from Western or sub-Saharan
African regions were at increased risk compared to males from
Western regions. In addition, weight loss of ≥1 kg/year prebase-
line (compared to ≥1 kg/year weight gain) and age ,40 years
(compared to age≥60 years) were each also associated with a sig-
nificantly higher risk of ≥10% weight gain (Table 3; univariable
analyses in Supplementary Tables 1–3). There were no significant
interactions in any of the final multivariable models.

In addition, among individuals switching to only TAF, being
underweight at baseline (compared to normal weight) and hav-
ing a higher baseline CD8 cell count were also associated with a
higher risk of ≥10% weight gain.

Among individuals switching to only an INSTI, being a cur-
rent smoker or starting smoking again were additional risk fac-
tors, as were discontinuation of EFV or lopinavir.

Among individuals switching to TAF+ INSTI, discontinua-
tion of EFV compared to discontinuation of atazanavir was
again significantly associated with a higher risk of≥10%weight

gain. There was no association between any particular INSTI
and weight increase of ≥10% in univariable analysis, either in
the only INSTI group or the TAF+ INSTI group.
In a sensitivity analysis, risk factors for ≥7% weight gain

were largely similar to those identified for ≥10% weight gain
(Supplementary Table 4), although change in smoking behav-
ior in individuals switching to an INSTI-based regimen was
no longer associated with≥7% weight gain in the multivariable
model. Discontinuation of abacavir (compared to discontinu-
ing tenofovir disoproxil fumarate [TDF]) was associated with
a higher risk of ≥7% weight gain in those switching to only
TAF or only an INSTI, although CIs were wide. In individuals
switching to TAF+ INSTI, use of dolutegravir vs elvitegravir
was associated with an increased risk of ≥7% weight gain.
In an additional sensitivity analysis, we excluded 103 indi-

viduals with limited exposure of ,90 days to TAF (n= 23)
and/or INSTI (n= 92) prior to the switch date in our analyses.
We found no differences in the results as compared to the pri-
mary analyses.

Change in BMI Category

Supplementary Figure 3 shows the postbaseline change in BMI
category in individuals with≥10% weight gain. Of the 547 par-
ticipants with ≥10% weight gain, 365 remained in follow-up at
24 months. Of those 365 individuals, 53.7% remained in the
same BMI category as at baseline. At 24 months after switch
to TAF, INSTI, or TAF+ INSTI, 29.2% (n= 21/72), 27.6%
(n= 59/214), and 26.6% (n= 21/79), respectively, had a BMI
change from normal to overweight and 13.9% (n= 10/72),
11.7% (n= 25/214), and 15.2% (n= 12/79), respectively, had
a BMI change from normal or overweight to obesity.

Changes in Glucose, Lipids, and Blood Pressure

At 24 months after switching, minor increases in nonfasting
glucose were observed across all 3 switch groups, being more
pronounced when the regimen switch included TAF
(Table 4). These increases were similar regardless of the degree

Table 1. Continued

Characteristic Switch to TAF (n=1544) Switch to INSTI (n=2629) Switch to TAF+ INSTI (n=918) P Value

Metabolic syndrome 29 (1.9) 44 (1.7) 19 (2.1) .720a

Lipodystrophy 240 (15.5) 609 (23.2) 144 (15.7) ,.001a

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; IQR, interquartile range; NA, not applicable;
NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil
fumarate; UDT, undetectable.
aPearson χ2 test.
bKruskal-Wallis test.
cBMI was categorized as underweight (,18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obese (≥30.0 kg/m2).
dInformation on smoking unknown in 814/1544, 1022/2629, and 464/918 individuals per switch group, respectively.
eInformation on alcohol consumption unknown in 956/1544, 1325/2629, and 537/918 individuals per switch group, respectively.
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of weight change, except for a statistically significantly greater
rise in glucose in those who switched to only TAF without
≥10% weight gain (P= .043).

Significant increases in nonfasting total and LDL cholesterol
as well as triglycerides for those with ≥10% weight gain were
only observed when the switch included TAF, but not when
switching to only INSTI. After switching to only INSTI, these
lipids declined and significantly more so in those who did
not gain ≥10% weight. Similar minor increases in systolic
and diastolic blood pressure were seen, which, with the excep-
tion of diastolic blood pressure in those switching to combined
TAF+ INSTI, were all statistically significantly greater in those
with ≥10% weight gain.

DISCUSSION

In this nationally representative observational cohort study of
virally suppressed PWH in the Netherlands, as many as 1 in
10 individuals had ≥10% weight gain after switch to TAF
and/or INSTI, and more frequently so in those switching to
TAF and INSTI simultaneously. Both Western and
sub-Saharan African females were at increased risk after switch
to either TAF, INSTI, or TAF+ INSTI. Finally, changes in

metabolic parameters including blood pressure, albeit modest,
were greater in those with than without ≥10% weight gain.
Our study is the first to report occurrence of≥10%weight gain

separately for PWH switching to only TAF, only an INSTI, and
combined TAF+ INSTI. Previous studies examining the effects
on weight in virally suppressed PWH switching to TAF or an
INSTI have reported similar overall percentages of ≥10% weight
gain as observed in our study during a maximum of 24 months
follow-up [10, 20]. Weight gain of ≥10% was not associated
with any particular INSTI in our study. However, the distribution
of INSTIs switched towas different in the only INSTI group vs the
combined TAF+ INSTI group, making it difficult to generalize
on the activity of any specific INSTI agent.
In line with results from a number of other studies [8, 10, 11,

15], Western and sub-Saharan African females, those younger
than 40 years, and those previously losing weight had a signifi-
cantly higher risk of ≥10% weight gain after switch to either
TAF, INSTI, or both. Moreover, those discontinuing EFV
(which was the case for approximately one-third of participants
starting an INSTI) were at increased risk of ≥10% weight gain
after switch to INSTI or TAF+ INSTI. This could potentially
be driven by individuals with a slow metabolizer phenotype as-
sociated with certain CYP2B6 polymorphisms. As previously

Table 2. Number and Proportion of Participants With ≥10% Weight Gain Postbaseline, by Switch Group and Region of Origin, Stratified by Sex

Characteristic

Switch to TAF (n= 1544) Switch to INSTI (n=2629) Switch to TAF+ INSTI (n=918)

Male Female Male Female Male Female

No. of patients 108/1322 (8.2) 28/222 (12.6) 220/2197 (10.0) 59/432 (13.7) 99/773 (12.8) 33/145 (22.8)

Region of origin

Western regions 86/1051 (8.2) 10/80 (12.5) 171/1717 (10.0) 24/171 (14.0) 68/590 (11.5) 10/48 (20.8)

Sub-Saharan Africa 2/65 (3.1) 11/85 (12.9) 13/138 (9.4) 22/168 (13.1) 7/43 (16.3) 13/56 (23.2)

Latin America and Caribbean 14/132 (10.6) 2/34 (5.9) 25/216 (11.6) 5/44 (11.4) 12/80 (15.0) 6/24 (25.0)

East and Southeast Asia 2/44 (4.5) 5/18 (27.8) 5/71 (7.0) 7/39 (17.9) 7/29 (24.1) 3/10 (30.0)

Other 4/30 (13.3) 0/5 (0.0) 6/55 (10.9) 1/10 (10.0) 5/31 (16.1) 1/7 (14.3)

All values are No./total No. (%).

Abbreviations: INSTI, integrase strand transfer inhibitor; TAF, tenofovir alafenamide.

Figure 1. Mean change in weight in the 24 months prior to and after antiretroviral therapy switch in participants with≥10% weight gain postbaseline after switch to only
tenofovir alafenamide (TAF) (n= 136), only integrase strand transfer inhibitor (INSTI) (n= 279), or both TAF and INSTI (n= 132). Mean change in weight in absolute kilo-
grams was adjusted for baseline age, baseline weight, sex, and region of origin. Predicted values and standard errors were calculated and used to plot mean change in weight
over time with 95% confidence interval.
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reported, such individuals are prone to lose weight on EFV and
to gain weight after switching away from EFV [13, 14]. The pro-
portion of EFV slow metabolizers is known to be higher among
individuals of African descent compared to Caucasians

[13, 21], but no correlation has been found between sex and
slow metabolizer phenotype [13, 22]. Of note, we did not ob-
serve an interaction between ethnicity or sex and discontinua-
tion of EFV in our analyses.

Table 3. Factors Associated With ≥10% Weight Gain Within 24 Months Postbaseline (Multivariable Parametric Survival Regression), by Switch Group

Factor

Switch to TAF (n=1171)a Switch to INSTI (n=2629) Switch to TAF+ INSTI (n=918)

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Baseline BMIb .003 .027 .046

Underweight 3.17 (1.36–7.38) 1.47 (.88–2.48) 2.10 (.98–4.53)

Normal weight Ref Ref Ref

Overweight 0.71 (.44–1.16) 0.75 (.56–1.00) 0.68 (.44–1.05)

Obese 0.34 (.12–.99) 0.59 (.34–1.02) 0.79 (.41–1.51)

Baseline age, y .015 .083 ,.001

,40 2.56 (1.21–5.42) 1.19 (.80–1.80) 2.43 (1.22–4.82)

40–49 1.56 (.80–3.06) 0.78 (.53–1.16) 1.63 (.82–3.23)

50–59 1.05 (.53–2.11) 0.97 (.65–1.46) 0.84 (.42–1.68)

≥60 Ref Ref Ref

Subgroup by region of origin ,.001 .169 .054

Western males Ref Ref Ref

Sub-Saharan African males 0.54 (.14–2.08) 1.07 (.61–1.90) 1.41 (.64–3.15)

Latin American or Caribbean males 1.02 (.53–1.95) 1.43 (.93–2.21) 1.39 (.73–2.66)

East or Southeast Asian males 0.32 (.04–2.63) 0.73 (.30–1.75) 1.69 (.71–4.03)

Males from other regions 2.32 (.67–7.96) 0.86 (.38–1.97) 1.20 (.45–3.21)

Western females 3.03 (1.49–6.15) 1.63 (1.03–2.58) 2.37 (1.21–4.63)

Sub-Saharan African females 3.36 (1.45–7.78) 1.84 (1.13–3.02) 3.12 (1.58–6.13)

Latin American or Caribbean females 0.67 (.09–5.10) 1.60 (.68–3.76) 2.10 (.92–4.80)

East or Southeast Asian females 2.69 (.61–11.77) 1.81 (.77–4.25) 1.20 (.40–3.60)

Females from other regions NS 1.08 (.13–8.77) 1.06 (.12–9.44)

Weight change prebaseline ,.001 ,.001 .004

≥1.0 kg/y weight loss 1.77 (1.04–2.99) 2.50 (1.74–3.61) 2.46 (1.42–4.26)

0.1–0.9 kg/y weight loss 1.06 (.58–1.95) 1.16 (.76–1.77) 1.42 (.80–2.51)

0–0.9 kg/y weight gain 0.55 (.30–1.03) 1.12 (.78–1.60) 1.18 (.70–2.01)

≥1.0 kg/y weight gain Ref Ref Ref

Change third agent at baseline .014 ,.001

Stop atazanavir NS Ref Ref

Stop efavirenz NS 1.63 (1.09–2.44) 2.21 (1.15–4.24)

Stop nevirapine NS 1.55 (.95–2.54) 1.77 (.82–3.83)

Stop darunavir NS 1.37 (.85–2.22) 1.64 (.78–3.44)

Stop lopinavir NS 1.74 (1.03–2.94) 1.69 (.55–5.17)

Stop other NNRTI NS 1.11 (.65–1.91) 1.30 (.54–3.09)

Stop other PI NS 1.05 (.32–3.42) 1.93 (.15–24.26)

No change in PI or NNRTI NS 0.73 (.41–1.30) 1.01 (.10–10.07)

Unknown NS 10.18 (.96–108.0) 63.20 (28.52–140.1)

Baseline CD8 cell count

(absolute; per 100 cells/µL higher) 1.08 (1.02–1.14) .004 NS NS

Change in smoking behavior postbaseline .039

Never NS Ref NS

No change (former) NS 0.89 (.45–1.75) NS

No change (current) NS 1.45 (1.04-2.04) NS

Stop smoking NS 1.60 (.88–2.92) NS

Start smoking (former) NS 3.55 (1.48–8.50) NS

Start smoking (never) NS 1.28 (.28–5.84) NS

Unknown NS 1.11 (.82–1.51) NS

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; NS, not
significant (thus not included in multivariable model); PI, protease inhibitor; Ref, reference group; TAF, tenofovir alafenamide.
aDue to missing CD8 cell counts in 373 individuals, 1171 of 1544 are included in the multivariable model.
bBMI was categorized as underweight (,18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obese (≥30.0 kg/m2).
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In our study we did not find switching from TDF to TAF to
be independently associated with an increased risk of ≥10%
weight gain, possibly because the large majority (.90%) who
started TAF discontinued TDF. Whether weight gain is related
to the removal of the weight-suppressive effect of TDF and/or
to a weight-increasing effect of TAF remains unclear. The use
of TDF as preexposure prophylaxis was associated with greater
odds of 5% weight loss compared to placebo [23], whereas the
use of TAF as preexposure prophylaxis was associated with
modest weight gain of 1.1 kg after 48 weeks [24]. This suggests
that weight gain after switch to TAF may well reflect the com-
posite of both of these independent features.
It remains to be clarified why females in particular are at in-

creased risk of weight gain after start of TAF and/or INSTIs
compared to males. Previous studies showed that females
have higher plasma concentrations of both EFV [22, 25] and
TDF [26, 27], which could cause more weight suppression
and subsequently a more pronounced increase in weight
when these compounds are discontinued. Higher plasma con-
centrations in females have also been described for dolutegravir
[28] and raltegravir [29], but such data are lacking for other
INSTIs. Proposed mechanisms by which INSTIs could increase
weight include an effect on adipocyte differentiation, adiponec-
tin, and the central melanocortin system [30, 31].
Mechanisms resulting in higher concentrations of ARVs in

females are unclear but couldbe causedbydifferences in absorp-
tion, distribution, metabolism, and elimination of ARVs, due to
sex-specific differences in body composition, sex-related differ-
ences in activity of CYP450 enzymes, or lower renal clearance
rates in females compared to males [32, 33]. Females generally
have a lower resting energy expenditure (REE, ie, the energy re-
quired to keep the body functioning at rest) compared to males
[34–36]. The major factor determining REE is lean body mass,
which may explain why females—who generally have a lower
lean mass and higher fat mass—have lower REE [35–37]. If
the effect of TAF and/or INSTIs on weight were to be driven
by increased calorie intake, the lower REE in females could ex-
plain why weight gain in females would be more pronounced.
Although individuals with ≥10% weight gain in our study

showed statistically significantly larger mean changes in blood
pressure and lipids than those without ≥10% weight gain,
changes were only modest. Similar observations have been re-
ported in individuals with and without≥10% weight gain com-
mencing dolutegravir [8]. In line with our results, small
increases in triglycerides, total cholesterol, and LDL cholesterol
following switch to TAF—either with or without an INSTI and
irrespective of weight change—have been reported previously
[3, 38]. The impact of such minor changes in metabolic param-
eters on the long-term risk of cardiovascular disease and diabe-
tes remains to be determined.
Our study has a number of strengths. First, the extensive

data collection made it possible to analyze a large numberTa
bl
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of individuals, while applying strict exclusion and censoring
criteria. It also allowed us to separately address≥10% weight
gain in individuals with similar observation time and demo-
graphic characteristics who switched to either only TAF,
only an INSTI, or to both simultaneously. To the best of
our knowledge, this is the first study to do so.

Our study also has several limitations. Weight was mea-
sured as part of routine clinical assessment, rather than
in a standardized manner and frequency, nor were we
able to adjust for lifestyle changes. Finally, adjustment for
changes in smoking and alcohol use was imperfect given
that time-updated data were missing in a majority of
participants.

In conclusion, our nationwide representative cohort of vi-
rally suppressed PWH confirmed that a ≥10% gain in weight
after switching to TAF and/or an INSTI is common and oc-
curs in approximately 1 in 10 individuals. The pathophysiol-
ogy underlying such degree of weight gain appears to be
multifactorial, with age, sex, the particular drugs being initi-
ated and those being switched away from, and genetic factors
influencing drug exposure and metabolism all contributing.
Studies focused on individuals susceptible to or experiencing
excessive weight gain and that include detailed assessments
of body composition and metabolism should be undertaken
to unravel its pathophysiology. Long-term follow-up will
be required to assess cardiometabolic risk and the benefit
of interventions aimed at reversing the weight gain and its
metabolic consequences.
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