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Longitudinal trajectories of weight changes among
people living with HIV on antiretroviral
therapy: A group-based study

Xinsheng Wu, "¢ Lukun Zhang,?® Zhen Lu,’ Yuwei Li," Yun He,? Fang Zhao,? Qiaoli Peng,? Xinyi Zhou,'
Hui Wang,?* and Huachun Zou34>7*

SUMMARY

Weight changes vary among people living with HIV (PLHIV) on different antiretroviral therapy (ART) reg-
imens. Here, we performed multi-trajectory modeling fitting growth mixture models (GMM) to identify
longitudinal weight change trajectories of PLHIV. Multiple logistic regression was used to assess corre-
lates of rapid weight gains; 12,683 PLHIV (median age: 34 years [interquartile range 29-42], 91.1%
male) who initiated ART at the Third People’s Hospital of Shenzhen, China, between January 2003 and
September 2022 were included. We identified two trajectories: slow (70.5%) and rapid weight gains
(29.5%). PLHIV who initiated ART with dolutegravir- (adjusted odds ratio [aOR] 2.46, 1.92-3.15), raltegra-
vir- (2.74, 1.96-3.82), and lopinavir (1.62, 1.36-1.94)-based regimens were more likely to have rapid
weight gains compared with efavirenz-based regimen. The monitoring of nutritional status should be
strengthened for PLHIV who initiated these regimens during regular ART follow-ups.

INTRODUCTION

Antiretroviral therapy (ART) has revolutionized the management of and clinical outcomes in people living with HIV (PLHIV). Over the past few
decades, the introduction and implementation of ART has been demonstrated to contribute to a reduction in HIV-related morbidity and
mortality."?

In recent years, the utilization of integrase strand transfer inhibitor (INSTI) class drugs, particularly dolutegravir (DTG), as the modern first-
line treatment for PLHIV has been widely recommended not only in the treatment-naive but also the treatment-switching settings since its
global introduction.®" However, despite their established favorable efficacy and superior safety profile compared to other drug classes ac-
cording to randomized trials,””’ there have been some emerging concerns regarding the use of INSTls in routine clinical care for PLHIV.>7 As
the population continues to age, the incidence of non-AlDS comorbidities and associated risk factors is becoming more prevalent.'® Over the
past 20 years, weight gain or obesity has been observed in several PLHIV on ART.""'? Increasing data suggest that PLHIV who started INSTI or
protease-inhibitor (Pl)-based first-line ART experience more substantial weight gain compared with those who initiated non-nucleoside
reverse-transcriptase inhibitor (NNRTI)."*"" Practitioners must now take it into account a post-marketing safety signal when making clinical
decisions because obesity is proven a significant risk factor for several critical comorbidities, such as cardiovascular disease, diabetes, and
cognitive impairment.'® A recent multicentre prospective study among 29,340 PLHIV'/ found that INSTIs initiation was associated with an
early onset, excess incidence of cardiovascular disease in the first 2 years of exposure, after accounting for known cardiovascular disease
risk factors.

This post-approval observation of weight gains in PLHIV has presented a clinical conundrum. However, existing studies on this topic have
some limitations. First, almost all studies have assumed a differential impact of different ART class use on PLHIV weight changes and then
conducted subsequent verification, rather than conducting an exploratory analysis of the effects of different drugs based on differences in
patient weight changes. Moreover, existing studies have not elucidated the impact of the nucleotide reverse-transcriptase inhibitors
(NRTIs), such as tenofovir alafenamide fumarate (TAF) and tenofovir disoproxil fumarate (TDF), on PLHIV weight changes in combination
with the third drug.'® %" Finally, although some existing studies provide evidence on this topic partly, longer-term studies would yield results
that are more practical and clinically relevant for PLHIV, given that HIV/AIDS has gradually become a chronic disease.
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Figure 1. Patient flowchart
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12,683 patients

In this study, we introduced a novel statistical method. We used multi-trajectory modeling”' fitting growth mixture models (GMM)*? to
characterize how weight of PLHIV changes over time in Shenzhen, China. We further examined the factors of different weight gain groups,
focusing on the regimens at ART initiation

RESULTS

Patient characteristics

We obtained 433,108 ART collection data for 17,681 PLHIV in the Third People’s Hospital of Shenzhen, China between January 2003 and
September 2022. After accounting for the inclusion and exclusion criteria, 60,935 observations for 12,683 patients were included in the analysis
(Figure 1). Overall, 11,555 patients were male (91.1%), and the median age at enrollment into HIV care (baseline) was 34 years (IQR 29-42)
(Table 1). The median observation time for each individual was 5.0 years (2.8-7.1).

Description of trajectory groups

The model identifying two trajectory groups had the most optimal data fit according to the Bayes Information Criteria (BIC) (Figure 2).
The first trajectory group was individuals with rapid weight gain (“rapid gain” group, an average gain of 8.1 kg after 10 years) and was
predicted to account for 29.5% of the population. And the second trajectory group was patients with slow weight gain (“slow gain” group,
an average gain of 3.1 kg after 10 years) and was predicted to account for 70.5% of the population. Table ST showed diagnostic metrics
for the final model, indicating that it had a good data fit and an excellent separation of trajectory groups based on well-established
metrics.

Incidence of transition to a higher BMI category by trajectory group membership

There were significantly different risks of incidence of transition to a higher BMI category by trajectory group membership (Figure 3 and
Table 2). In the adjusted Poisson regression model, the rapid gain group had significantly increased rates of incidence of transition from
underweight to normal weight (adjusted incidence rate ratio [alRR] 4.08, 3.24-5.14), from normal weight to overweight (3.71, 3.14-4.38), and
from overweight to obesity (3.24, 1.99-5.29) as compared with the slow weight gain group (Table 2). For PLHIV who had baseline CD4 <
200, the rapid gain group had significantly increased rates of incidence of transition from underweight to normal weight (4.21, 3.08-5.74),
from normal weight to overweight (3.79, 3.09-4.66), and from overweight to obesity (4.00, 2.18-7.32) as compared with the slow weight
gain group. For PLHIV who had baseline CD4 >200, the rapid gain group had significantly increased rates of incidence of transition
from underweight to normal weight (3.98, 2.82-5.62) and from normal weight to overweight (3.53, 2.67-4.67) as compared with the
slow weight gain group.
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Table 1. Baseline and follow-up characteristics of patients included in the study

Value in trajectories

Characteristic Value Rapid gain Slow gain p value
Total 12683 3742 8941
Baseline age (%) 0.153
Median (IQR) 34(29-42) 34(29-41) 34(29-42)
18-24 949(7.5) 232 (6.2) 717 (8.0)
25-34 5580(44.0) 1752 (46.8) 3828 (42.8)
35+ 6154(48.5) 1758 (47.0) 4396 (49.2)
Risk group (%) <0.001
MSM 8444(66.6) 2480 (66.3) 5964 (66.7)
Heterosexual male 3111(24.5) 992 (26.5) 2119 (23.7)
Female 1128(8.9) 270(7.2) 858 (9.6)
Baseline height (cm) 170(165-174) 170(167-175) 170(165-174) <0.001
Baseline weight (kg) 60(55-68) 60(55-67) 61(55-68) <0.001
Baseline BMI status (%) <0.001
Underweight 1327(10.5) 259 (6.9) 1068 (11.9)
Normal weight 9290(73.2) 2641 (70.6) 6649 (74.4)
Overweight 1873(14.8) 752 (20.1) 1121 (12.5)
Obesity 193(1.5) 90 (2.4) 103 (1.2)
Regimen at ART initiation (%) <0.001
EFV 9973 (78.6) 2714 (72.5) 7259 (81.2)
NVP 598 (4.7) 160 (4.3) 438 (4.9)
Other NNRTIs 44 (0.3) 5(0.1) 39 (0.4)
DTG 301 (2.4) 166 (4.4) 135 (1.5)
RAL 160 (1.3) 94 (2.5) 66 (0.7)
EVG 606 (4.8) 268 (7.2) 338(3.8)
BIC 402 (3.2) 100 (2.7) 302 (3.4)
LPV 599 (4.7) 235 (6.3) 364 (4.1)
NRTI backbone (%) <0.001
TAF-containing 1039 (8.2) 384 (10.3) 655 (7.3)
TDF-containing 9403 (74.1) 2719 (72.7) 6684 (74.8)
Others 2241 (17.7) 639 (17.1) 1602 (17.9)
Virological failure during follow-up® (%) 787(6.2) 254 (6.8) 533 (6.0) 0.086
Year of ART initiation (%) 0.999
After 2016 8743(68.9) 2579 (68.9) 6164 (68.9)
CD4 at ART initiation (cells/ul) <0.001
Median (IQR) 248(176-365) 237(109-340) 263(196-376)
HIV viral load at ART initiation <0.001
(copies/mL log10-transformed)
Median (IQR) 5.1(4.8-5.2) 5.1(5.0-5.3) 5.1(4.7-5.2)

ART, antiretroviral therapy; IQR, interquartile range; NNRTI, non-nucleoside reverse-transcriptase inhibitor; NNRTI, non-nucleoside reverse-transcriptase inhib-
itor; EFV, efavirenz; NVP, nevirapine; Other NNRTIs: rilpivirine, doravirine, ainuovirine; DTG, dolutegravir; RAL, raltegravir; EVG, elvitegravir; BIC, bictegravir; LPV,
lopinavir; NRTI, nucleotide reverse-transcriptase inhibitor; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil fumarate.

?Subjects were censored on the date when virological failure was confirmed.

Characteristics associated with trajectory group membership

The characteristics of PLHIV in different trajectory groups were shown in Table 1. Multiple logistic regression showed that using efavirenz
(EFV)-based regimen at ART initiation as the reference, participants who initiated DTG- (adjusted odds ratio [aOR] 2.46, 1.92-3.15; Table 3),
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Figure 2. Trajectories of weight change among people living with HIV after antiretroviral therapy initiation
The figure shows trajectories of weight change among people living with HIV after ART initiation from 12,683 individuals. Shading around the lines represents
confidence bands for the calculated trajectory.

raltegravir (RAL)- (2.74, 1.96-3.82), and lopinavir (LPV) (1.62, 1.36-1.94)-based regimens were more likely to be in the rapid weight gain group.
Other factors associated with the increased risk of being in the rapid weight gain group included baseline age group (25-34: 1.42, 1.20-1.67;
35+:1.27,1.07-1.50), baseline height (1.05, 1.04-1.06), baseline weight (0.98, 0.97-0.98), baseline CD4 (0.94, 0.93-0.95), and baseline HIV viral
load (1.14, 1.07-1.22).

Sensitivity analyses

Sensitivity analysis using Bolck-Croon-Hagenaars (BCH) method showed that the results were about consistent with the primary analyses
(Table S2). However, compared with initiating ART regimens containing TAF, PLHIV who initiate ART regimens without both TAF and TDF
have a lower risk of being in the rapid weight gain group (0.42, 0.20-0.92). Sensitivity analysis redefining the criteria for transition to a higher
BMI category showed that the results were about consistent with the primary analyses (Table 2).

DISCUSSION

In this study, we identified two trajectories of weight change of PLHIV on ART: slow (70.5%) and rapid weight gains (29.5%). The rapid gain
group had significantly increased rates of incidence of transition from underweight to normal weight (+308%), from normal weight to over-
weight (+271%), and from overweight to obesity (+224%), as compared with the slow gain group. PLHIV who initiated ART with DTG- (+146%),
RAL- (+174%), and LPV (+62%)-based regimens were more likely to have rapid weight gains compared with EFV-based regimen. Our study
highlights the need to strengthen nutritional status monitoring for PLHIV who initiated these regimens during regular ART collections.
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Figure 3. Kaplan-Meier estimates of the cumulative incidence for transition to a higher BMI category by trajectory group with bootstrapped 95%
confidence intervals

ART, antiretroviral therapy. Underweight = BMI <18.5 kg/m?. Normal weight = BMI from 18.5 to 24.9 kg/m?. Overweight = BMI from 25 to 29.9 kg/m?. Obesity =
BMI >30 kg/m? p-values were calculated using the log-rank test.
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Table 2. Poisson regression model for transition to a higher BMI category by trajectory of weight gain

Underweight to normal Normal weight to
weight overweight Overweight to obesity
Trajectory of weight gain alRR (95% Cl) p alRR (95% Cl) p alRR (95% Cl) P
Total
Slow weight gain Ref. Ref. Ref.
Rapid weight gain 4.08(3.24-5.14) <0.001 3.71(3.14-4.38) <0.001 3.24(1.99-5.29) <0.001
Baseline CD4 < 200
Slow weight gain Ref. Ref. Ref.
Rapid weight gain 4.21(3.08-5.74) <0.001 3.79(3.09-4.66) <0.001 4.00(2.18-7.32) <0.001
Baseline CD4 > 200
Slow weight gain Ref. Ref. Ref.
Rapid weight gain 3.98(2.82-5.62) <0.001 3.53(2.67-4.67) <0.001 2.16(0.97-4.83) 0.059
Sensitivity analysis
Slow weight gain Ref. Ref. Ref.
Rapid weight gain 4.38(3.55-5.41) <0.001 3.33(2.73-4.07) <0.001 3.28(1.78-6.06) <0.001

IRR, adjusted incidence rate ratio; alRR, adjusted incidence rate ratio.
Poisson regression model adjusted for baseline age group, risk group, height, weight, year of ART initiation, initial ART regimen, NRTI backbone, CD4" T cell
count (square-root transformed), and HIV viral load (log10 transformed).

We adopted a different strategy from previous research by using the multi-trajectory modeling to identify distinct, latent subpopulations
with different behavioral phenotypes.?'** This approach assumes that the overall population is consist of these subpopulations.”’** Within
subgroups, individuals share similar trajectories of a single or multiple variables of interest. We did not presuppose any patterns of weight
change but instead objectively classifies the heterogeneous latent subgroups based on the participants’ response values. This strategy helps
to more accurately distinguish PLHIV subgroups at risk of weight gain than grouping them based on ART regimen at ART initiation. Multi-
trajectory modeling fitting GMM is a widely used method in longitudinal cohort-based studies, including studies of HIV disease progres-
2324 study of depressive symptoms and dementia risk,”® etc. Studies using multivariate linear mixed models showed similar sizes of
weight gain to our study.

sion,

Based on our strategy, we were able to conduct a comprehensive analysis of real-world data and provide further evidence for the asso-
ciation between initial ART regimen and weight gain of PLHIV. In line with existing studies, we found an increased risk of rapid weight gain (an
average gain of 8.1 kg after 10 years) with PLHIV who initiated DTG- (2.46, 1.92-3.15), RAL- (2.74, 1.96-3.82), and LPV (1.62, 1.36-1.94)-based
regimens. In 2017, a short research letter of 2,260 PLHIV in France”® reported that of 517 patients, 55 (10.6%) discontinued dolutegravir-based
ART due to adverse effects, of which 7% of these adverse effects were abnormal weight gain (ranged between 4 and 12 kg). Since then,
increasing data have found weight gain or obesity in PLHIV appears to be associated with the use of ART regimen. In 2020, a large observa-
tional cohort study using multivariate linear mixed effects models in the United States and Canada”’ found that PLHIV starting INSTI-based
regimens had mean estimated five-year weight change of +5.9 kg, compared with +3.7 kg for NNRTI and +5.5 kg for PI. The exact underlying
mechanisms are still to be identified but may include more rapidly reducing HIV-related inflammation and basal energy expenditure due to
faster viral load suppression,”® direct off-target effects of INSTIs,'* and the effect of CYPB26 genotype.”’ We also found that low baseline
weight was a risk factor for rapid weight gain. Potential reasons have been reported in previous studies.”*>*

After accounting for bias caused by misclassification of trajectory group membership using the BCH method, we found that compared with
initiating ART regimens containing TAF, PLHIV who initiate ART regimens without both TAF and TDF have a lower risk of being in the rapid
weight gain group (0.42, 0.20-0.92). Our results once again demonstrate the promotive effect of ART regimens containing TAF on weight gain
in PLHIV. A phase 3 randomized trial in South Africa®” found that weight increase (both lean and fat mass) was greatest in the TAF-based group
(mean increase, 6.4 kg in the TAF-based group, 3.2 kg in the TDF-based group). Pooled analyses including 8 Gilead-Sciences-sponsored trials
of participants initiating ART between 2003 and 2015'® found that among NRTIs, TAF was associated with more weight gain than TDF. In our
analyses, although the point estimate for the TDF group was 0.58, we did not observe a significant protective effect due to the limited sam-
ple size.

The rapid gain group had significantly increased rates of incidence of transition from underweight to normal weight (alRR 4.08, 3.24-5.14),
from normal weight to overweight (3.71, 3.14-4.38), and from overweight to obesity (3.24, 1.99-5.29) as compared with the slow gain group.
Obesity is proven a significant risk factor for many comorbidities, such as diabetes and cardiovascular disease, among others.'® Obesity is also
associated with decreased life expectancy.®® Over the past four decades, China has experienced significant changes in society and eco-
nomics.”” Presently, China has the highest number of people with overweight and obesity.”*” However, regular weight measurement of
PLHIV on ART has not received sufficient attention, mostly once a year. Recently, a large study assessed weight and BMI trajectories among
PLHIV initiating ART across five countries in Latin America and the Caribbean, and the US*’ found that weight gain and obesity were prevalent
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Table 3. Multiple logistic analysis of characteristics associated with being in the “rapid increase” trajectory group

Model 1 Model 2
Variables OR (95% Cl) p value aOR (95% ClI) p value
Baseline age group

18-24 Ref. Ref.

25-34 1.41(1.21-1.66) <0.001 1.42(1.20-1.67) <0.001

35+ 1.24(1.06-1.45) 0.009 1.27(1.07-1.50) 0.005
Risk group

MSM Ref. Ref.

Heterosexual male 1.13(1.03-1.23) 0.009 1.03(0.93-1.13) 0.582
Female 0.76(0.65-0.87) <0.001 0.95(0.79-1.13) 0.554
Baseline height (cm) 1.02(1.02-1.03) <0.001 1.05(1.04-1.06) <0.001
Baseline weight (kg) 0.99(0.98-0.99) <0.001 0.98(0.97-0.98) <0.001

Regimen at ART initiation

EFV Ref. Ref.

NVP 0.98(0.81-1.18) 0.807 0.89(0.72-1.09) 0.265

Other NNRTIs 0.34(0.14-0.87) 0.024 0.40(0.16-1.04) 0.059

DTG 3.29(2.61-4.15) <0.001 2.46(1.92-3.15) <0.001

RAL 3.81(2.77-5.23) <0.001 2.74(1.96-3.82) <0.001

EVG 2.12(1.80-2.50) <0.001 1.27(0.58-2.82) 0.550

BIC 0.89(0.70-1.12) 0.302 0.47(0.21-1.05) 0.066

LPV 1.73(1.46-2.05) <0.001 1.62(1.36-1.94) <0.001
NRTI backbone

TAF-containing Ref. Ref.

TDF-containing 0.69(0.61-0.79) <0.001 0.58(0.27-1.26) 0.169

Others 0.68(0.58-0.80) <0.001 0.54(0.25-1.19) 0.126
Year of ART initiation

Before 2016 Ref. Ref.

After 2016 1.00(0.92-1.08) 0.982 1.00(0.90-1.10) 0.921
CD4 at ART initiation (cells/ul 0.93(0.93-0.94) <0.001 0.94(0.93-0.95) <0.001
square-root transformed)

HIV viral load at ART initiation 1.30(1.21-1.39) <0.001 1.14(1.07-1.22) <0.001

(copies/mL log10-transformed)

ART, antiretroviral therapy; NNRTI, non-nucleoside reverse-transcriptase inhibitor; EFV, efavirenz; NVP, nevirapine; Other NNRTIs: rilpivirine, doravirine, ainuo-
virine; DTG, dolutegravir; RAL, raltegravir; EVG, elvitegravir; BIC, bictegravir; LPV, lopinavir; NRTI, nucleotide reverse-transcriptase inhibitor; TAF, tenofovir ala-
fenamide fumarate; TDF, tenofovir disoproxil fumarate.

Model 1 was unadjusted; Model 2 was adjusted for individuals’ demographic and clinical characteristics, including baseline age group, risk group, height, weight,
year of ART initiation, initial ART regimen, NRTI backbone, CD4* T cell count (square-root transformed), and HIV viral load (log10 transformed).

in different countries and ethnicities. Our study provided a comprehensive analysis of real-world data. Given that the regimen at ART initia-
tion, duration of ART use, and switching patterns of different ART drugs mostly increase the risk of rapid weight gain, HIV care providers
should include monitoring of more nutritional indicators in PLHIV follow-up. The frequency of weight measurement of PLHIV on ART should
be increased, and accessible prevention and treatment measures should be made available. A history and family history of obesity and its
associated comorbidities should be taken into account on ART.

Our study suggested that LPV-based regimen use at ART initiation was associated with rapid weight gain of PLHIV. As revealed by nearly
20 years of research, Pl have profound effect on serum and hepatic triglycerides, insulin signaling, body fat composition, and adipokine levels
both in humans and mice.”' ™ However, most existing studies focused on the relationship between INSTI-based ART use and weight gain of
PLHIV, whereas the impact of Pl has not received sufficient attention. This may be due to the favorable efficacy, safety profile, and wide use of
INSTI compared with other drug classes. Additionally, due to variations in the level of development and healthcare across different countries,
commonly used ART regimens also vary. It was reported that NNRTI- and Pl-based ART regimens were used mostly in low- and middle-in-
come countries.**® Therefore, weight gain of PLHIV who initiated Pl-based ART should not be ignored in areas where Pl use is common.
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Limitations of the study
The key strength of our study lies in the identification of an association between weight gain in PLHIV and the initial ART regimens over a long
period in China. Given that HIV/AIDS has gradually become a chronic disease, studies conducted over longer time spans will have more prac-
tical implications. Other strengths of our study include its population-based setting, long follow-up, and robust and novel analytic strategy.
However, our study also has some limitations. Firstly, the trajectory groups we identified should be interpreted as an attempt to characterize
and classify individuals based on the data available. The data were collected through a reporting system and thus may not accurately reflect the
true picture, leading to the possibility of survivor effect bias. A few newly introduced ART drugs have a relatively short duration of use. Nonethe-
less, model diagnostics showed good data fit and clear distinctions between trajectory groups with relatively high average posterior proba-
bilities. A sensitivity analysis considering the uncertainty associated with assigning trajectory group membership produced similar results.
Additionally, we implemented a restricted cubic spline adjustment for the duration of individual observation to minimize bias. Overall, we suc-
cessfully identified weight change trajectory groups in PLHIV that may be associated with the phenotype and classified patients into these
groups. Secondly, our study was based on real-world data and therefore reflects the situation in the region, which may limit the generalizability
of our findings. Finally, the study used HIV collection data from 2003 to 2022, a period during which China adjusted its ART standards several
times.”® The global COVID-19 pandemic and associated non-pharmacological interventions (NPIs) in 2020 have also significantly impacted the
HIV care continuum and accurate reporting.”’**® However, the good model fit suggested that this was unlikely to affect the general conclusions.
In conclusion, we identified different PLHIV weight trajectories and found that initial DTG-, RAL-, and LPV-based regimens and TAF-con-
taining regimens were risk factors for rapid weight gain of PLHIV, which highlights the need to strengthen nutritional status monitoring during
regularly ART follow-ups. Weight gain of PLHIV who initiated Pl-based ART should not be ignored in areas where Pl use is common (mainly
low- and middle-income countries). Future studies are necessary to reveal the underlying mechanisms of these associations, as well as to
guide clinical decision-making.
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RESOURCE AVAILABILITY
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Further information and requests for the processed data should be directed to and will be fulfilled by the lead contact, Huachun Zou
(zouhuachun@fudan.edu.cn).

Materials availability
The study did not generate any new materials.

Data and code availability

e The raw data that support the findings of this study are not publicly available for confidentiality reasons, since these patients may be re-
identified through various techniques. The processed data are available on reasonable request to the lead contact, with each request
subject to ethical and legislative review from the data source.

e This paper does not report original code.

e Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Study design

We performed a group-based study using data retrieved from the National Free Antiretroviral Treatment Program database, which is
managed by the National Center for AIDS/STD Control and Prevention, China Center for Disease Control and Prevention (China CDC).
Further details on this database have been provided elsewhere.”” Anonymized programmatic data on clinical testing and ART collection
in PLHIV between January 2003 and September 2022 were collected from the Third People’s Hospital of Shenzhen, China, which is the
only designated hospital for HIV care in Shenzhen. We included all subjects who >18 years, started triple ART, had >2 ART visits, and
had available weight measurements.

Method details

METHOD DETAILS
Outcomes and variables

We obtained baseline and follow-up data, including demographic, clinical information (exposures and outcomes), and laboratory test data
from National Free Antiretroviral Treatment Program database. Additional information regarding data collection can be found elsewhere.”
The outcome of interest was body weight change after ART initiation, initial ART regimen, and NRTI backbone. We defined weight change as
the difference between each follow-up weight with measurement and the weight at baseline for each PLHIV. Baseline measures were those at
ART initiation. The primary variables were the regimen at ART initiation, including NNRTI (EFV, nevirapine [NVP] and other NNRTIs [rilpivirine,
doravirine, ainuovirine]), INSTI (DTG, RAL, elvitegravir [EVG] and bictegravir [BIC]) and PI (LPV) based ART. The NRTI backbone pairs were
stratified as TAF-containing, TDF-containing, and others.

Ethical statement

No ethical approval is required for this study as no identifiable data has been analyzed.

QUANTIFICATION AND STATISTICAL ANALYSIS
Group-based trajectory model

We conducted a descriptive analysis to evaluate the baseline and clinical characteristics of PLHIV, using median (IQR) or percent with fre-
quency, as appropriate. To identify the longitudinal patterns of weight change of PLHIV over time, we conducted a multi-trajectory modeling
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fitting GMM, where the model parameters were estimated using the maximum likelihood method.”'*” We tested multiple models with two to
five trajectory groups and various polynomials of linear, quadratic, and cubic using the “forward” classification approach to determine the
optimal number of trajectories and polynomials, and used the “backward” removal of non-significant higher-order trends to establish the
form of each trajectory. We assigned individuals to the most likely trajectory group based on estimated maximum posterior probabilities.”’
Finally, we used the BIC and the interpretability of the model to determine the number of trajectories and polynomial orders.>” The criterion
for determining the best-fitting, most parsimonious model was that any given trajectory must contain at least 5% of the study population, and
the posterior probability of randomly selected members of the population belonging to the corresponding group must be > 0.70.%* Individ-
uals were censored at the time of settling in new areas, or at the time of the first instance of virologic failure, or when changed their first-line
ART regimen. We defined virologic failure as a plasma HIV-1 RNA level greater than 1000 (copies/mL), or the first of two consecutive detect-
able HIV-1 RNA measurements equal to or greater than 400 after having previous viral suppression. To address the collinearity of sex and
transmission routes, we divided risk group into MSM, heterosexual male and female. To ease the linearity assumptions, we modeled baseline
height, weight, CD4 and HIV viral load using restricted cubic splines with five knots. To facilitate interpretability, we assigned labels to the
trajectories on the basis of their modeled graphic patterns.

Incidence of transition to a higher BMI category by trajectory group membership

Kaplan-Meier curves were employed to determine the cumulative incidences of transition from underweight to normal weight, from normal
weight to overweight, and from overweight to obesity. We used the WHO classification,”* which defines normal weight as a BMI of 18.5 to
24.9 kg/m?, overweight as a BMI of 25 to 29.9 kg/m?, and obesity as a BMI of >30 kg/m?. We used a Poisson regression model with robust
variances and a time offset adjusting for individuals' demographic and clinical characteristics, including baseline age group, risk group,
height, weight, year of ART initiation, initial ART regimen, NRTI backbone, CD4" T cell count (square-root transformed) and HIV viral load
(log10 transformed) to estimate incidence rate ratios of incidences of transition by trajectory group.””*° To explore the differences in weight
gains among PLHIV with different baseline CD4 levels, we conducted a stratified analysis based on 200 cells/pl.

Characteristics associated with trajectory group membership

We characterized the sociodemographic and clinical characteristics of patients in each group by tabulating baseline individual information
based on their assigned group according to their posterior probabilities. We used Kruskal-Wallis tests to assess the associations of continuous
variables with the trajectory group and Pearson’s chi-squared tests to examine the association between categorical variables and trajectory
group. We conducted a multiple logistic regression to assess the factors of weight change patterns, focusing on regimen at ART initiation. We
fitted two models: model 1 that was unadjusted; and model 2 that was adjusted for the same covariates described above.

Sensitivity analyses
We conducted two sensitivity analyses. Firstly, we used the modified BCH method, an alternative approach for assigning trajectory group
membership.”'**” We repeated analyses for factors associated with trajectory group membership using multiple logistic regression. This
approach allowed us to examine the influence of the any uncertainties that arose from assigning group membership using maximum posterior
probability assignment rule. Secondly, to minimize potential errors in determining the cumulative incidences of transition to a higher BMI
category, we conducted a sensitivity analysis by redefining the criteria for transition to require two consecutive BMI results.

All statistical tests were two sided, and p < 0.05 was considered statistically significant. All statistical analyses were conducted using R 4.2.1
(R Foundation for Statistical Computing, Vienna, Austria).
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