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Abstract

Background: The long-term trajectory of and factors affecting lean mass in people living with 

HIV (PLWH) are incompletely described.

Methods: PLWH in the Modena HIV Metabolic Cohort underwent dual-energy X-ray 

absorptiometry (DXA) scans every 6–12 months for up to 10 years (median 4.6 scans). Mixed 

effect regression modeling in combined and sex-stratified models determined annual rates of and 

clinical factors significantly associated with appendicular lean mass (ALM).

Results: 839 women and 1759 men contributing ≥2 DXA scans had baseline median age 44 

years and 14 years since HIV diagnosis; 76% were virologically suppressed on antiretroviral 

therapy (ART). Baseline median ALM was 16.9 kg for women and 24.8 kg for men. ALM 

decreased during the study period, with mean yearly ALM loss of −231 g in women and −322 g in 

men. Less ALM was associated with female sex, age >50 years, detectable HIV-1 RNA, and 

tenofovir and integrase inhibitor use. Greater ALM was associated with longer ART duration. In 

sex-stratified models, relationships between ALM and total ART duration and integrase inhibitor 

use were not significant for women, but the relationship with tenofovir use persisted. For men, 

AIDS wasting and CD4+ T lymphocyte nadir <200 cells/μL were independently associated with 

lower ALM.

Conclusions: ALM steadily declined over time in this cohort of PLWH on ART that included a 

large number of women. HIV-and ART-specific risk factors emerged that varied by sex. The 

observed associations between tenofovir or integrase inhibitor use and lower ALM particularly 

warrant further study.
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Introduction

Age-related loss of lean mass (LM) is central to the etiology of frailty, which is notable 

among middle-aged persons living with HIV (PLWH). [1,2] Lower LM is associated with 

functional dependence and increased mortality in PLWH. [3,4] Dual-energy X-ray 

absorptiometry (DXA) is a widely accepted, non-invasive method that can precisely quantify 

fat free mass (FFM; sum of lean and bone masses) and provide absolute quantities of total 

LM and appendicular lean mass (ALM; sum of lean mass in the arms and legs). [5]

Although initiation of antiretroviral therapy (ART) is associated with an increase in LM in 

the first 2 years, [6–9] only a few longitudinal studies of changes of LM in PLWH on long-

term ART have been performed, with conflicting results. [2,6,10] We aimed to understand 

the longitudinal ALM trajectory of and factors associated with ALM quantity in HIV-

infected adults on long-term ART.

Methods

We conducted a longitudinal secondary analysis of data from participants enrolled in the 

cohort of the multidisciplinary Modena HIV Metabolic Clinic (MHMC), at the University of 

Modena and Reggio Emilia, Italy. PLWH who receive care in the MHMC underwent DXA 

scans approximately every 6 to 12 months, beginning in 2004. We included all participants 

who were on ART and who had at least 2 DXA scans over up to 10 years, beginning in 

2004. All procedures were in accordance with the ethical standards of Comitato Etico 

Provinciale di Modena and with the Helsinki Declaration of 1975, as revised in 2000; all 

participants provided written, informed consent.

Demographic characteristics, HIV infection history (history of AIDS wasting, nadir CD4+ T 

lymphocyte (CD4) count, ART duration, cumulative ART use by class and agent), smoking 

(number of cigarettes/day), and amount of physical activity (none, low [<4 hours weekly], 

high [≥4 hours weekly]) were collected at enrollment. Past medical history, including 

hypogonadism (defined as post-menopausal in women and serum total testosterone <300 

ng/dL in men), [11] metabolic syndrome (NCEP-Adult Treatment Panel III criteria), [12] 

vitamin D insufficiency (25-OH vitamin D <30 ng/mL), and hepatitis C virus (HCV) 

serostatus were recorded from chart review. Body weight was measured using a digital scale 

to the nearest 0.1 kg, with participants wearing light clothes without shoes. Height was 

measured using a wall-mounted stadiometer to the nearest 0.1 cm. Body mass index (BMI) 

was defined as weight in kilograms divided by height in meters squared.

Laboratory analysis included the following: HIV-1 RNA (Abbott RealTime™ HIV-1 assay; 

Abbott Laboratories, Chicago, IL; lower limit of detection: 50 copies/mL), CD4 count by 

flow cytometry, HCV antibody testing (anti-HCV; Abbott HCV EIA 3.0 enzyme 

immunoassay; Abbott Laboratories, Chicago, IL), and 25-hydroxy vitamin D (DiaSorin 25-

hydroxyvitamin D chemiluminescence immunoassay; Stillwater, MN). Changes in ALM 

were determined overall and by sex. All participants were scanned using the same 

densitometer (Hologic Discovery W, Inc., Waltham, MA). The instrument was calibrated 

daily with a hydroxyapatite phantom.
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Descriptive statistics were used to characterize the sample. To account for correlation within 

patients in outcome measures, mixed effect regression models were created assuming 

compound symmetry variance-covariance structure to determine the sex-adjusted effect, and 

then in sex-stratified models to determine whether factors associated with changes in ALM 

differ between men and women. A significant sex*year interaction in the combined model 

further supported the use of sex-stratified models. Mixed effect regression models 

determined variables significantly (p<0.05) associated with ALM quantity, after exclusion of 

variables not statistically significant in the univariate analyses. In combined models, 

estimates reported include the sex*year interaction.

Regression models with random intercept and slope were adjusted for sex (for combined 

model), and the following variables: time on study, BMI, total ART duration, age group by 

five-year increments, self-reported physical activity level, metabolic syndrome, HCV 

seropositivity, hypogonadism, history of AIDS wasting, per pack year tobacco use, and 

vitamin D insufficiency. Additional variables were considered for inclusion, but either 

excluded due to extent of missing data or lack of significance in univariable models 

(p>0.10). Stepwise forward model selection methods with backward elimination were used 

in building the final models. The covariates identified in the combined model were used in 

the sex-stratified models to examine their associations with the outcomes in men and women 

separately. Annual change rates were calculated by applying simple regression to mean 

estimates derived from the mixed effects models. A p-value <0.05 was considered 

statistically significant. All analysis were conducted using SAS 9.4 (Cary, NC).

Results

Persons who contributed ≥2 DXA scans included 839 women and 1759 men (median 

[interquartile range, IQR] 5 scans [IQR 3,7]), with a median follow-up of 4.6 years [IQR 

2.1, 7.7]). Baseline characteristics at the initial assessment are shown in (Table 1). All 

participants were Caucasian. The median age was 44 years. The median CD4 count was 528 

cells/µL; 76% had undetectable HIV-1 RNA; the median duration of ART was 9.6 years in 

women and 8.3 in men. Median BMI was 21.6 kg/m2 for women and 23.5 kg/m2 for men. 

At baseline, 7% of men had hypogonadism and 15% of women were post-menopausal, with 

24% of women categorized as post-menopausal at some point after study entry; 42% of men 

with hypogonadism were on testosterone supplementation; no women were on hormone 

replacement therapy.

Baseline ALM was 16.9 kg for women and 24.8 kg for men. For both sexes, ALM 

consistently declined over the study period (Figure 1), with a mean (standard deviation, SD) 

yearly ALM decrease of −231 g (640g) in women and −322 g (906g) in men. The interaction 

sex*year was significant for ALM changes over time (p<0.001). In the combined-sex model 

(Table 2), female sex was most strongly associated with ALM quantity, with women having 

4.5 kg less ALM over the study period than men. Other factors significantly associated with 

less ALM were: age >50 years, less than intense regular physical activity, HIV-1 RNA >50 

copies/mL, and current tobacco use. Although longer duration of any ART was associated 

with greater ALM, per year TDF and INSTI use were associated with less ALM. Greater 
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ALM was also seen in persons with higher (per unit increase) BMI, vitamin D insufficiency, 

metabolic syndrome, and hypogonadism, regardless of testosterone use (data not shown).

In sex-stratified models, differences emerged: Among women, the association between per 

year TDF use and lower ALM persisted, but per year any ART and INSTI use were no 

longer significant. Smoking was associated with less ALM in women but not men. Among 

men, age >45 years, history of AIDS wasting, and CD4 nadir <200 cells/µL were 

significantly associated with less ALM.

Discussion

In this large cohort of PLWH on long-term ART, ALM steadily declined over a median of 

4.6 years follow-up, despite persistent virologic suppression. Consistent with reports in the 

general population, older age and female sex were associated with less ALM. [5,13] 

However, in our cohort, ALM loss occurred in all age groups an both sexes (Figure 1), a 

concerning finding given the majority of our cohort was <50 years old at enrollment.

Reported LM decline rates in the general population after age 50 vary from 0.16–2% per 

year, [14–16] with yearly total LM declines of only 183 g and 149 g in men and women, 

respectively. [15] Earlier studies of LM changes in PLWH reported an initial increase by 

DXA consistent with a “return to health” effect, but follow up was limited to <96 weeks. 

[7,8] Although an analysis comparing MRI-quantified LM changes between PLWH and 

HIV-uninfected controls did not show any difference after 5 years of follow-up, the control 

population was 33–45 years of age, and PLWH were at various stages of ART use, limiting 

comparability. [10] A recent analysis comparing PLWH with HIV-uninfected individuals 

showed a higher rate of LM loss in PLWH after 96 weeks of treatment, but with few women 

included and no sex-specific or HIV-related factors significantly associated with this decline. 

[6]

In a novel finding, we found a significant association between per year INSTI (in men) and 

TDF (in both men and women) use and less ALM. Of note, we did not look at the potential 

effects of all individual ART agents, previously published data on body composition changes 

with specific ART agents vary, and the currently available analyses of longer-term effects of 

INSTIs on body composition are limited to weight and fat gain analyses, with LM changes 

not documented beyond 96 weeks, again limiting comparison. [9,17] Thus, we provide the 

first report of longer-term changes in LM in PLWH on INSTIs.

There are several important strengths to our study. Foremost, the extent of serial DXA data, 

with a high number of DXAs per participant, allowed us to trend LM closely over time. The 

large proportion of women included in the analysis allowed exploration of factors associated 

with ALM by sex. However, the lack of a significant association between less ALM and 

INSTI exposure in women might reflect the lack of power to detect it given the larger 

proportion of men included in the study. Additional limitations include that our data reflects 

the ethnic background of Italy and may not be generalizable to other races/ethnicities[6] and 

an HIV-uninfected Italian control population was not available for comparison.
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In conclusion, PLWH on long term-ART have continued loss of ALM related to both 

traditional and HIV-/ART-related factors that vary by sex. The early identification of these 

factors creates an important target for therapy to prevent the adverse effects of ALM mass 

loss. Further studies are needed to understand how cumulative TDF and INSTI use will 

impact LM in PLWH.
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Figure 1. 
Decreases in appendicular lean mass over time.
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