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Abstract

Background: We investigated weight changes following antiretroviral therapy (ART) initiation, 

the development of metabolic syndrome (MetS) and its association with all-cause mortality among 

Asian adults living with HIV.

Methods: Participants enrolled in a regional Asian HIV cohort with weight and height 

measurements at ART initiation were eligible for analysis. Factors associated with weight changes 

and incident MetS (according to IDF definition) were analyzed using linear mixed models and 

Cox regression, respectively. Competing-risk regression models were used to investigate the 

association of MetS with all-cause mortality.

Results: Among 4931 PLWH, 66% were male. At ART initiation, median age was 34 

(interquartile range [IQR], 29-41) years, and median (IQR) weight and BMI were 55 (48-63) 

kg and 20.5 (18.4-22.9) kg/m2, respectively. At 1, 2 and 3 years of ART, overall mean(±SD) 

weight gain was 2.2(±5.3), 3.0(±6.2) and 3.7(±6.5) kg, respectively. Participants with baseline 

CD4≤200 cells/mm3 (weight difference[diff]=2.2kg, 95%CI, 1.9-2.5), and baseline HIV RNA 

≥100,000 copies/mL (diff=0.6kg, 95%CI, 0.2-1.0), and those starting with integrase strand transfer 

inhibitor (INSTI)-based ART (diff=2.1kg, 95%CI, 0.7-3.5 vs. NNRTI) had greater weight gain. 

After excluding those with abnormal baseline levels of MetS components, 295/3503 had incident 

MetS (1.18 [95%CI, 1.05-1.32]/100 person-years [PYS]). The mortality rate was 0.7 (95%CI, 

0.6-0.8)/100 PYS. MetS was not statistically associated with all-cause mortality in the adjusted 

model (p=0.236).

Conclusion: Weight gain after ART initiation was significantly higher among those initiating 

ART with lower CD4, higher HIV RNA and INSTI-based regimen after controlling for baseline 

BMI. Greater efforts to identify and manage MetS among PLWH are needed.
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Introduction

There is an alarming trend of increased rates of obesity globally and in the Asia region (1, 

2). Even though people living with HIV (PLWH) have largely benefited from advances in 
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antiretroviral therapy (ART) with drastic reductions in AIDS-defining illness and deaths, 

and improvement in life expectancy, comorbidities remain a significant burden (3, 4). The 

risk for cardiovascular diseases (CVD) in PLWH is up to two times higher than among HIV-

negative individuals (5). More importantly, obesity and weight gain contribute to chronic 

inflammation, which leads to metabolic and CVD complications in the population (6, 7). 

There are growing concerns regarding weight gain after ART initiation, especially among 

PLWH starting regimens using integrase strand transfer inhibitors (INSTIs) (8). Although 

post-ART weight gain may reflect a ‘return-to-health’ effect for those who are initially 

underweight, the effects of excessive weight gain and factors associated with it are less 

studied among Asian PLWH.

Metabolic syndrome (MetS) is characterized by central obesity and a cluster of risk factors 

such as (e.g., dyslipidemia, hypertension, insulin resistance, fat distribution changes), and 

has become a common finding in PLWH. A recent meta-analysis showed that the prevalence 

of MetS was higher in PLWH than the HIV-negative population (9). The presence of 

MetS also imposes higher risks for CVD complications (10), making it an important health 

concern among PLWH (11). In the general population, MetS has also been shown to be an 

important risk factor for all-cause mortality (12). However, it is unclear whether weight gain 

after ART initiation contributes to the development of MetS or whether MetS is a predictor 

of all-cause mortality in PLWH population.

Body weight changes after ART initiation, and the severity and risk factors for MetS are also 

poorly documented among Asian PLWH populations. Therefore, we evaluated longitudinal 

weight changes and associated factors among participants enrolled and starting ART, and 

treatment-emergent MetS and its association with all-cause mortality in a regional cohort in 

the Asia-Pacific.

Methods

Study design and population

This study is a longitudinal analysis of PLWH enrolled in the TREAT Asia HIV 

Observational Database (TAHOD) cohort of IeDEA Asia-Pacific. TAHOD is a regional 

observational cohort study which includes 21 sites from 12 countries in the Asia-Pacific 

region (13). Briefly, patients are in routine standard care at the sites, and all clinical 

parameters/measurements and interventions, including the choice of ART regimen, are 

implemented according to site standard practices and guidelines. PLWH aged ≥18 years 

enrolled between January 2003 and March 2020 and have been on ART for >6 months were 

included.

Ethical consideration

Ethics approvals were obtained from the respective local ethics committees of all TAHOD-

participating sites, the Kirby Institute (data management and statistical analysis center) 

and TREAT Asia/amfAR (coordinating center). Participant informed consent was obtained 

or waived according to the regulations from the local institutional review boards of each 

participating site.
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Study outcomes

We firstly evaluated the longitudinal weight changes, and factors associated with weight 

changes. Secondly, we investigated the incidence of MetS and the factors associated with 

incident MetS. Thirdly, we evaluated the association of MetS with all-cause mortality in the 

cohort.

Eligibility criteria

Participants with baseline body weight and height measurements and at least one weight 

measurement after 3 months of ART were included in the weight changes analysis. Baseline 

was defined latest pre-ART measurements within six months of treatment initiation. For 

the MetS analysis, participants with at least one BMI measurement and at least one 

measurement for any of two risk factors (i.e., elevated blood pressure, reduced HDL-

cholesterol, abnormal TG-cholesterol, and fasting blood glucose) after 3 months of ART 

initiation were included. Those with baseline obese body mass index (BMI >27.5 kg/m2) or 

any known abnormal baseline values of blood pressure, HDL and triglycerides, and fasting 

blood glucose were excluded in the MetS analysis.

Statistical analysis

Weight changes—Body weight measurements were analyzed using 6-month intervals 

(with a window period of ±30 days). BMI was categorized as underweight (<18.5 kg/m2), 

normal (18.5-23 kg/m2), overweight (23-27.5 kg/m2) and obese (>27.5 kg/m2) according 

to the World Health Organization guidelines for Asian population (14). Weight changes at 

3 years after ART initiation from baseline and the associated factors were analyzed using 

linear mixed effect models with random intercepts and slopes on patients and time since 

ART initiation. The multivariate model for weight changes was adjusted for age, sex, types 

of initial ART regimen, cumulative exposure of ART regimen, prior AIDS-defining events, 

year of ART initiation, baseline BMI, CD4 count and HIV-1 RNA level.

Metabolic syndrome and all-cause mortality—MetS was defined as central obesity 

AND two of any of the following factors, according to International Diabetic Federation 

(IDF) definition (10): 1) TG ≥150 mg/dL or on treatment for dyslipidemia, 2) HDL ≤40 

mg/dL for males and ≤50 mg/dL for females or on treatment for dyslipidemia, 3) elevated 

blood pressure (systolic blood pressure [SBP] ≥130 mmHg and diastolic blood pressure 

[DBP] ≥85 mmHg) or on treatment for hypertension or 4) fasting blood glucose ≥100 

mg/dL or diagnosis of type-2 diabetes mellitus (DM) or treatment with oral hypoglycemic 

agents. Of note, the IDF suggests the waist circumference does not need to be measured 

and central obesity can be assumed if the definition of obesity is met (10). In this analysis, 

the Asian obesity threshold of BMI >27.5 kg/m2 was used. Crude incidence rates of MetS 

were reported per 100 person-years of follow-up (PYS). Factors associated with incident 

MetS were analyzed using Cox regression model. The separate models were employed to 

evaluate the association of weight gain over 3 years of ART initiation from baseline with 

the incidence of MetS components (i.e., elevated blood pressure, low HDL cholesterol, high 

triglycerides and impaired fasting blood glucose).
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Causes of death were based on review of the standardized Cause of Death (CoDe) form 

developed by the D:A:D study (15). Follow-up was censored at death, loss-to-follow-up 

(LTFU) or transferred to another clinic. LTFU was defined as no visit in the previous 12 

months. LTFU were censored as competing risks for all-cause mortality in the regression 

analysis. Association of MetS with all-cause mortality was investigated using the Fine and 

Gray competing-risk regression model, adjusting for known risk factors for mortality.

The adjusted regression models for weight changes and incident MetS fitted the covariates 

that were significant (p<0.10) in the univariate models using backward stepwise selection 

process. The competing-risk regression for all-cause mortality included covariates that were 

selected a priori based on clinical relevance. Time-fixed covariates included pre-ART CD4, 

HIV-1 RNA, BMI and weight, family history of CVD, hepatitis B and C co-infection and 

initial ART regimen. Time-varying covariates were post-ART CD4 count, HIV-1 RNA, 

AIDS-defining events, and exposure to stavudine (D4T) and protease inhibitors (PI).

All analyses were stratified by site to account for the potential disparities in health care 

systems and differences in clinical practices across the participating sites (16). A two-sided 

level of 5% statistical significance was used for all inferences. The analyses were performed 

using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA software 

version 14.2 (STATA Corp., College Station, TX, USA).

Results

Characteristics of participants

Of 9947 PLWH aged ≥18 years who enrolled in TAHOD between January 2003 and 

March 2020, 4931 were included in this analysis after excluding those without baseline 

weight and height measurements (Figure 1). Of 4931, 3252 (66%) were male, 834 (17%) 

acquired HIV through homosexual contact, and 410 (8.2%) through injecting drugs use 

(Table 1). Participants included in the study were from the participating sites in Cambodia 

(n=554), China (n=61), Hong Kong (n=244), India (n=520), Indonesia (n=655), Japan 

(n=111), Malaysia (n=282), Philippines (n=108), Singapore (n=163), South Korea (n=20), 

Taiwan (n=205), Thailand (n=1449) and Vietnam (n=559). Among them, 92%, 6.6% and 

1.2% started NNRTI-based, PI-based and INSTI-based ART, respectively. Details of initial 

ART regimen including the third ART agent and NRTI backbone are summarized in 

Supplementary Table S1. Efavirenz and nevirapine were the commonly used NNRTIs, 

whereas atazanavir/ritonavir and lopinavir/ritonavir were the commonly used PIs at ART 

initiation. Majority of the participants had started with NRTI backbone of tenofovir 

disoproxil fumarate (20.6%), zidovudine (34.2%) and stavudine (39.7%). Less than 1% 

started with tenofovir alafenamide-containing ART. The median age at ART initiation was 

34 (interquartile range [IQR], 29-41) years; most PLWH started ART during 2008-2012 

(56%), and 42% had CD4 ≤100 cells/mm3 at ART initiation. The median follow-up time 

was 8.3 (IQR, 5.1-11.5) years. Twelve per cent and 9% had hepatitis B and C co-infection. 

The median pre-ART weight and BMI were 55 (IQR, 48-63) kg and 20.5 (IQR, 18.4-22.9) 

kg/m2, respectively. PLWH who started with INSTI-based ART had higher baseline body 

weight than those started with NNRTI-based regimen (mean 63.8 ±SD 16.6 vs. 55.7 ±11.4 
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kg, p=0.001). In addition, 5.1%, 8.6% and 5.5% had obese BMI, impaired FBG and elevated 

blood pressure at baseline, respectively.

Longitudinal weight changes over 3 years after ART initiation

After excluding participants who did not have a follow-up weight measurement after ART 

initiation, 4535 PLWH were included in the weight change analysis. Overall mean weight 

gain (± standard deviation, SD) was 2.2 (±5.3) kg, 3.0 (±6.2) kg and 3.7 (±6.5) kg at 1, 2 and 

3 years of ART, respectively. PLWH started with an INSTI-based ART had greater weight 

gain compared with NNRTI-based ART at 6, 12, 18, 24, 30 and 60 months (Supplementary 

Figure S1 and Supplementary Table S2, p-values <0.05). Males and PLWH with lower 

baseline BMI had greater weight gain at year 1, 2 and 3 after ART initiation (Supplementary 

Table S3). In the multivariate regression, those started with INSTI-based ART (weight 

difference=2.1 kg, 95%CI 0.7 to 3.5, p=0.003, compared to NNRTI-based), underweight 

BMI, 2.5 kg, 95%CI 2.1 to 2.8, p<0.001, compared to normal BMI), prior AIDS diagnosis 

(1.6 kg, 95%CI 1.2 to 1.8, p<0.001) had greater weight gain. Females (−1.2 kg, 95% CI −1.5 

to −0.9, p<0.001), those with overweight BMI, −1.6 kg, 95% CI −1.9 to −1.2, p<0.001, and 

obese BMI, −2.7 kg, 95%CI −3.3 to −2.1, p<0.001) had lower weight gain.

We observed the similar weight gain in the adjusted model when ART regimen was analyzed 

as the cumulative exposure (INSTI-based ART, 2.2 kg, 95%CI 0.6 to 3.3, p=0.005 compared 

with NNRTI-based). In addition, lower CD4 (≤200 cells/mm3, 2.2 kg, 95%CI 1.9 to 2.5, 

p<0.001; vs. >200 cells/mm3) and higher HIV-1 RNA (≥100,000 copies/mL, 0.6 kg, 95%CI 

0.2 to 1.0, p=0.004; vs. <100,000 copies/mL) at ART initiation were also associated with 

greater weight gain (Table 2). The pattern of weight change did not differ after controlling 

time-varying CD4 count or HIV-1 RNA level.

Incident metabolic syndrome and its associated factors

After excluding those with abnormal levels of MetS components at baseline, 3503 

participants remained in this analysis. Among them, 295 (8.4%) PLWH developed MetS 

during 25,085 PYS, an incidence rate of 1.18 (95%CI 1.05-1.32) per 100 PYS. Of 

295, 93.2%, 70.4%, 27.6% and 90.9% had developed abnormal levels of BP, FBG, HDL-

cholesterol and TG-cholesterol, respectively (Supplementary table S4). The Kaplan-Meier 

estimation showed the probability of developing MetS was 8.4% (95%CI, 7.5-9.4), 8.9% 

(95%CI, 7.9-10.1) and 9.0% (95%CI, 8.0-10.2) at 1, 3 and 5 years after ART initiation. The 

probability of MetS development was higher among PLWH with higher baseline BMI group 

(p <0.001). In multivariate Cox regression (Table 3), baseline overweight BMI (adjusted 

hazard ratio[aHR]=5.55, 95%CI 4.32-7.10, p<0.001; compared to baseline normal BMI), 

follow-up AIDS-defining events (aHR=1.40, 95%CI 1.09-1.79, p=0.08), lower CD4 count 

(≤200 cell/mm3, aHR=1.78, 95% CI 1.33-2.39, p<0.001; compared to >200 cells/mm3) and 

higher HIV-1 RNA (>400 copies/mL, aHR=4.72, 95%CI 2.13-10.47, p<0.001; compared 

to <400 copies/mL) and stavudine exposure (aHR=1.51, 95%CI 1.13-2.02, p=0.005) were 

positively associated with MetS development. The association of INSTI use with the MetS 

was not statistically significant in the adjusted analysis (aHR=0.75, 95%CI 0.21-5.51, 

p=0.777). There were also no significant associations of other ARVs (e.g., DDI, EFV or 

NVP) or hepatitis B or C co-infection with the incident MetS (all p-values >0.2).
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In the separate models, greater weight gain over 3 years of ART initiation from baseline was 

also significantly associated with the MetS components (p-values <0.001; Supplementary 

table S5).

All-cause mortality and its association with metabolic syndrome

There were 163 deaths among 3503 participants, resulted in the mortality rate of 0.72 

(95%CI 0.61-0.82) per 100 PYS. Among 163 deaths, 79 (48%) were AIDS-related and 

84 (52%) were non-AIDS related deaths or unknown cause. The adjusted model showed 

that older age (p<0.001), HCV co-infection (p<0.001), AIDS-defining events (p=0.001), 

current low CD4 count (p<0.001) and high HIV-1 RNA (p<0.001) had higher risks for 

all-cause mortality (Table 4). Females had lower hazard for all-cause mortality, compared 

to males (p=0.028). The association of MetS and all-cause mortality was not statistically 

significant after controlling the confounders (adjusted sub-hazard ratio=0.57, 95%CI 

0.23-1.44, p=0.236). In a sensitivity analysis which limited to only non-AIDS deaths (n=84), 

MetS was also not statistically associated with non-AIDS-related mortality in the adjusted 

model (p=0.166).

Discussion

In an Asia regional cohort of adults living with HIV on ART, several demographics, clinical, 

HIV-related, and ART-specific factors are associated with post-ART weight gain. Greater 

weight gain was seen among PLWH with low BMI and CD4, and high HIV-1 RNA at ART 

initiation, and those initiating ART with an INSTI-based regimen. Females and those with 

high BMI at baseline had lower weight gain. Anti-retroviral treatment-emergent MetS was 

common among Asian PLWH, with individuals treated with older ARV such as stavudine 

and those who had immunosuppression during follow-up (low CD4 and AIDS diagnosis) 

and high HIV-1 RNA at higher risks for MetS development. However, MetS was not 

associated with either all-cause mortality or non-AIDS deaths.

Following ART initiation, the absolute mean weight gain in this cohort of Asian PLWH (2.2 

kg and 3 kg at year 1 and 2) was comparable to the results from the pooled analysis of the 

large phase-3 trials from different settings which reported a mean weight change of 2 kg 

and 3 kg at year 1 and 2, respectively (17). However, at year 3 of ART initiation, PLWH in 

our study had slightly greater mean weight gain than the pooled analysis (3.7 kg vs. 3 kg) 

despite majority of our study participants started with NNRTI-based ART. Greater weight 

gain was observed in PLWH started with baseline underweight BMI while lower weight 

gain was seen in those with overweight or obese BMI at baseline compared to the normal 

BMI. Previous studies have demonstrated the greater weight gain among individuals with 

low pre-ART CD4 counts and high pre-ART HIV RNA levels (18-21).

Consistent with previous research, our results showed the greater weight gain among 

PLWH with advanced HIV disease (reflected by low CD4 and AIDS diagnosis at baseline) 

or underweight BMI at ART initiation. This could reflect the contribution of immune 

reconstitution effects as the immune recovery of PLWH improved after ART initiation. In 

contrast to those studies with the participants predominantly from the U.S., Europe, and 

other settings which demonstrated sex and racial differences in weight gain (17, 18, 20), 

Han et al. Page 7

HIV Med. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Asian male PLWH in our study had greater weight gain compared to female PLWH upon 

ART initiation. This suggests that the sex differences in weight gain are not similar across 

different races among PLWH populations. Of note, most PLWH in the pooled trials (17) 

had started with INSTI-based regimens while majority of our participants initiated with 

NNRTI-based ART.

We did not find the association of NNRTI or PI use with the weight change. Very 

small proportion (<1%) of PLWH started with TAF-based regimen among the included 

participants. However, our adjusted analysis demonstrated that PLWH started with an 

INSTI-based regimen had greater weight gain compared to those started with a NNRTI-

based ART. Since INSTI-based ART is being scaled up rapidly in the Asia-Pacific region, 

close monitoring of weight gain and its related comorbidities should be done regularly, 

particularly for PLWH who are starting ART with overweight or obese BMI.

Despite the benefits of weight gain from the ‘return-to-health’ phenomenon with 

underweight or advanced HIV disease at ART initiation, the effects of excessive post-ART 

weight gain among PLWH who started ART with normal or obese BMI are unclear (19). 

MetS, which includes obesity as the central component and a clustering of other metabolic 

parameters, was known to be associated with higher CVD risk in both HIV-seronegative 

and PLWH populations (22, 23). Importantly, we also found that greater weight gain over 3 

years of ART initiation was associated with the development of MetS components such as 

hypertension, impaired glucose and dyslipidemia, irrespective of baseline BMI levels.

Previous reports demonstrated that the specific factors for HIV infection such as 

immunosuppression and viremia were associated with metabolic abnormalities such as 

dyslipidemia (24) and insulin resistance (25). Consistent with other studies (26, 27), low 

CD4 count, unsuppressed HIV or AIDS events during the follow-up were associated with 

MetS development in the present study. Increased immune activation and inflammation 

caused by immunosuppression or HIV viremia likely contribute to the alterations in lipid 

profiles and other metabolic abnormalities, which in turn increase the risks of atherosclerosis 

and CVD (26, 28, 29). In addition, high BMI was also a known risk factor for the 

metabolic complications (e.g., DM and CVD events) (30-32). In our study, PLWH who 

were overweight had greater hazards of developing MetS compared to those who had normal 

BMI at ART initiation. This highlights the importance of routine and adequate monitoring of 

metabolic abnormalities for the obese or overweight individuals starting ART.

Despite several reports have demonstrated the links between PIs use and CVD risks, we did 

not find the use of PIs to be a predictive factor of the incident MetS. However, stavudine 

exposure, a known inducer for mitochondrial cytotoxicity, was independently associated 

with MetS. These results are consistent with previous research demonstrating the stavudine 

exposure but not PIs as the predictor of MetS (33). In addition, a recent analysis showed 

that individuals from a randomized controlled trial (ADVANCE) started with either TDF- 

or TAF-based INSTI-containing regimen had significantly higher proportions of incident 

MetS compared with those started with an NNRTI-based regimen (34), and increased risk 

of type-2 DM and higher CVD risks with the use of TAF/FTC+DTG (35). However, we 

did not find the statistical association of INSTI with treatment-emergent MetS in the present 
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analysis. Due to the small number PLWH treated with INSTI in this cohort, the association 

of such regimens with the risk of developing MetS needs to be further explored with a larger 

sample size.

In some studies, MetS was associated with all-cause mortality or CVD-related deaths in the 

general population (36-38). To the best of our knowledge, only one previous study evaluated 

the longitudinal relationship between the MetS development with all-cause mortality, and 

the study in the U.S with over 3 years of follow-up demonstrated the link between the MetS 

and the increased risk of mortality among PLWH (39). In contrast, the current analysis did 

not find the association of the incident MetS with all-cause mortality in this Asian PLWH 

cohort. Furthermore, no significant association was seen between the MetS and non-AIDS 

deaths.

Our study has certain limitations. Firstly, the number of individuals who started with INSTI-

based ART was small so the association with greater weight gain should be interpreted 

cautiously. Secondly, we did not evaluate inflammation or immune activation markers which 

could be associated with MetS and mortality as these data were not available. Thirdly, as the 

components of MetS were assessed sporadically according to local clinical practices, some 

cases might have been missed. Fourthly, we also were unable to investigate the effect of TAF 

on weight gain since only 4 PLWH included in the analysis started or switched to TAF-based 

regimen. Fifth, data on other known risk factors for MetS (e.g., dietary and lifestyle factors, 

physical activity) and interventions to possibly reduce MetS development risk (e.g., statin 

use) were not available. Finally, as an observational study, our estimates may be impacted by 

other uncontrolled confounders.

In conclusion, greater weight gain was seen in Asian PLWH started on first-line INSTI-

based ART, and MetS was not uncommon in this population. Advanced HIV disease and 

immunosuppression were associated with both greater weight gain and treatment- emergent 

MetS. However, MetS was not associated with all-cause mortality or non-AIDS deaths. 

Further research to assess the effects of weight gain and the MetS on CVD risks are 

needed. Clinicians should also be encouraged to monitor weight changes more proactively 

among PLWH, especially those starting ART with low CD4 count and those with baseline 

and incident elevated BMI. Despite the effective ART, lifestyle modifications including 

healthy diet and physical activity, together with routine screening of hypertension, glucose 

intolerance and lipid abnormalities or preventive interventions should be encouraged for 

PLWH population, especially within a society with an increasing trend of obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study flow diagram for inclusion of participants

*Participants excluded had more than one risk factor for metabolic syndrome.
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