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Abstract 

 
 The prevalence of osteoporosis is higher in persons living with HIV (PLWH) than 

in HIV-uninfected individuals. PLWH also have an increased risk of developing an 

adipose redistribution syndrome (HARS) and muscle loss. Data examining the 

relationships between bone, fat and muscle mass in PLWH are scarce and inconsistent. 

We examined the association between total body bone mineral density (BMD) with 

measures of central and appendicular fat and lean body mass in men and women living 

with HIV.  

HIV-positive men (n=466; mean age 46 years) and women (n=153; mean age 43 years) 

were evaluated for total body BMD by dual energy x-ray absorptiometry (DXA), 

anthropometric indices of central (waist circumference) and appendicular fat (triceps 

skin-fold), and DXA-derived measures (trunk-to-extremity fat ratio, trunk fat, 

appendicular fat, and percent lean body mass). From this cohort, 297 men and 101 

women were included in the longitudinal analysis. Multivariable linear regression, 

separately in each sex, assessed the relationship between total body BMD and each of the 

body composition measures in the cross-sectional analyses; and between baseline trunk-

to-extremity fat ratio and 2-year change in total body BMD.  

We found that trunk-to-extremity fat ratio was associated with lower total body BMD in 

men (β=-0.02, p=0.01). Both higher central and appendicular fat measurements were 

associated with lower total body BMD in men (p for all <0.05 except appendicular fat by 

DXA, p=0.1), but not women (β=0.02, p=0.2), after multivariable adjustment. Percent 

lean body mass was positively associated with total body BMD in men (β=0.004, 
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p<0.001), and women (β=0.003, p=0.06). Baseline trunk-to-extremity fat ratio and 

percent lean mass were not significantly associated with 2-year changes in total body 

BMD in men or women. 

In this cohort, there was a positive association between lean mass and total body BMD in 

both sexes with HIV, implying that lean mass is an important determinant of BMD in this 

population. Our study also found a negative association between measures of body fat 

and total body BMD in men with HIV, suggesting that higher fat mass in men with HIV 

may have an adverse effect on BMD. Baseline body composition measures did not 

predict change in total body BMD over a 2-year period. Larger and longer-term studies 

are needed to confirm these findings. 
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Introduction 

1.1 Background and Significance 
 Since the advent of antiretroviral therapy in the management of chronic HIV 

infection, persons living with HIV (PLWH) are living longer and are increasingly facing 

chronic and age-related health problems including osteoporosis. PLWH have an increase 

in fracture risk compared to that of age and gender-matched uninfected patients[1-3].  

PLWH also have an increased risk for developing HIV-associated adipose redistribution 

syndrome (HARS) – a disorder involving central fat deposition and/or peripheral fat 

atrophy, more frequently occurring as separate disease entities in the non-HIV infected 

population [4]. Maldistribution of fat may be a risk factor for bone loss as has been 

suggested by recent observational, mainly cross-sectional, studies in non-HIV infected 

populations [5-7]. Notably, adipose tissue secretes multiple circulating adipokines, some 

of which are pro-inflammatory and may adversely affect bone metabolism.  

Data examining the relationship between bone and fat mass in PLWH are 

inconsistent [8-16]. In a cross-sectional study of HIV-infected men, excess trunk fat 

deposition was associated with lower lumbar spine volumetric bone mineral density [10]. 

On the other hand, a recent longitudinal study in HIV-infected women, mostly non-

White, found total fat mass and trunk fat to be positively associated with total hip and 

femoral neck bone mineral density [9].  

Accelerated loss of muscle mass has been well-described among older non-HIV 

infected adults and linked to declines in bone mineral density [17-22]. Decreased lean 

body mass, as a measure of muscle mass, has also been associated with decreased bone 
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mineral density in younger, middle-aged PLWH on successful antiretroviral therapy in 

several [23-25] but not all studies [12].  

 The conflicting data on the association between fat mass and BMD in non-HIV 

infected as well as HIV infected individuals may be due to differences in measurement of 

fat and bone mass and the population studied among other factors.  

 To better understand whether body composition is an important determinant of 

bone mineral density in middle-aged PLWH, we examined the cross-sectional and 

longitudinal association between measures of central and peripheral fat mass, lean mass 

and total body bone mineral density in HIV-infected men and women who participated in 

the Nutrition for Healthy Living Cohort  [4, 26-31]. 

1.2 Specific Aims and Hypotheses: 
Specific Aim 1: To examine the association between trunk to extremity fat ratio, a 

measure of body fat distribution, and total body BMD in PLWH. 

Hypothesis 1: Trunk to extremity fat ratio will be inversely associated with total body 

bone mineral density. 

Specific Aim 2: To examine the association between trunk fat, waist circumference, 

appendicular fat and triceps-skin fold and total body BMD in PLWH.   

Hypothesis 2: Measures representative of central fat mass (e.g., trunk fat and waist 

circumference) will be inversely associated with total body BMD. Measures of 

peripheral fat mass (e.g., appendicular fat and triceps-skin fold) will be positively 

associated with total body BMD.  

Specific Aim 3: To assess whether trunk to extremity fat ratio is associated with 2-

year changes in total body BMD in PLWH.  
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Hypothesis 3: A higher trunk to extremity fat ratio will result in a greater decline in 

total body BMD. Specific Aim 4: To examine the association between lean mass by 

DXA and total body BMD in PLWH. 

 Hypothesis 4: Lean mass by DXA will be positively associated with total body BMD. 
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Methods 

 

2.1 Study cohort 
 
 Our study population consisted of individuals enrolled in the Nutrition for 

Healthy Living Cohort (NFHL), an NIH-funded study of the nutritional and metabolic 

consequences of HIV infection. Recruitment for this study started in 1995. Eligible 

participants included HIV-seropositive men and women (aged 18 years or older) living in 

the greater Boston area or Rhode Island. Individuals were excluded if they had any of the 

following conditions at the time of enrollment: pregnancy, diabetes, thyroid disease, 

malignancies other than those associated with HIV, or inadequate fluency in English. 

Study methods and baseline characteristics of the full cohort have been described 

previously [26]. The parent study was approved by the institutional review boards at 

Tufts Medical Center (Boston, MA) and Miriam Hospital (Providence, RI), and informed 

consent was obtained from all participants. For the cross-sectional analysis, we included 

men and women who had at least one DXA scan performed at the most recent visit. To be 

included in the longitudinal analysis, participants had to have had at least two DXA scans 

performed at different visits within a period of two years (± 6 months).  

2.2 Data Collection  
 In brief, all participants were evaluated at semiannual visits by trained study staff. 

Data collected at each study contact included anthropometric measurements, such as 

weight, height, triceps skinfold, waist, hip and mid-arm circumference, and dietary intake 

from 3-day food records. At each visit, participants also completed a detailed 

questionnaire eliciting information on sociodemographic characteristics, clinical status, 

health-related quality of life, smoking, and alcohol use. Data on calcium and vitamin D 
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intake, use of prednisone, hydrocortisone, and anti-retroviral therapy were collected by 

trained interviewers. Anti-retroviral therapy was defined as use of at least 3 medications 

from 2 or more classes (nucleoside reverse transcriptase inhibitor, non-nucleoside reverse 

transcriptase inhibitor, and protease inhibitor). Alcohol use was defined as heavy (more 

than 2 drinks on 4-7 days/week) vs. non-heavy. Daily caloric intake, protein, calcium, 

and vitamin D consumption, including supplements, were determined from 3-day food 

records using the Minnesota Nutrition Data System Version 4.06_34. If a 3-day food 

record was not kept, a 24-hour food recall was obtained by a trained nutritionist. Strength 

training over the past 7 days was assessed using the physical activity recall instrument 

[31].  

2.3 Clinical measures 
 Subjects were weighed (kg) fully dressed, but without shoes, heavy clothing, or 

objects, before eating or drinking (minimum 5-hour fast). Height (cm) was measured 

without shoes by stadiometer [31]. Body mass index (BMI) was calculated as weight 

divided by height squared (kg/m2).  Body circumferences and skin-fold measurements 

were conducted by trained study personnel. The average of 3 measures within 3 mm was 

used [4]. Transverse whole-body scans were obtained by 1 of 3 validated technicians 

using a QDR2000 scanner (Hologic, Waltham, MA) in the array mode. DXA phantoms 

were scanned daily to minimize instrument drift. DXA was conducted with the subject in 

a standard supine position, wearing a hospital gown, and after emptying his or her 

bladder. Hologic 2000 software computed total body bone mineral density (BMD) in 

g/cm2. Body composition obtained by DXA, including trunk and appendicular fat, was 

measured in kilograms [16]. Trunk-to-extremity fat ratio is obtained by dividing trunk fat 
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in kilograms over appendicular fat in kilograms [32-37]. Percent lean mass for the whole 

body was obtained by DXA.  

Fasting blood was collected and stored at each visit for immunologic, 

biochemical, and nutritional testing. The nadir CD4+ cell count was determined by either 

self-report or measured CD4+ cell count, which were highly correlated (r=0.87) [4]. HIV 

RNA (log10 copies/mL) was measured by the Roche Amplicor Monitor reverse 

transcriptase–polymerase chain reaction assay (Roche Molecular Systems, 

Somerville,NJ), with a lower detection limit of 400 copies per milliliter. 

2.4 Power calculation 
 Published data are available describing the correlation between trunk-to-extremity 

fat ratio and volumetric BMD in g/cm³ for HIV-infected men (r=-0.44, p=0.044) and 

amenorrheic female athletes (r=-0.45, p=0.04) (4,29). We are not able to use the 

regression coefficients from these studies because the outcome in our study is total body 

areal BMD in g/cm². 

 Given a sample size of 153 women in our cross-sectional analysis, we have 80% 

power to detect a correlation with absolute value of 0.23 or greater between trunk-to-

extremity fat ratio and total BMD. Similarly, given a sample size of 466 men in our 

cross-sectional analysis, we have 80% power to detect a correlation with absolute value 

of 0.13 or greater. As for the longitudinal analysis, we have 80% power to detect a 

correlation between trunk-to-extremity fat ratio and 2-year change in total body BMD 

with absolute value of 0.28 or greater given our sample size of 101 women, and a 

correlation with absolute value of 0.17 or greater in our sample size of 297 men. 

Calculations were performed assuming a two-sided hypothesis test with a significance 
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level of  0.05 using NCSS/PASS software (NCSS, LLC. Kaysville, Utah, USA. www. 

ncss.com). 

2.5 Statistical Analysis 
 Statistical analyses were performed using the R statistical package. All baseline 

characteristics are presented as means ± SDs if normally distributed or as medians and 

inter-quartile ranges if not normally distributed. Results were considered significant if the 

2-tailed P value was <0.05.  

 Our cross-sectional sample was constructed using the last DXA measure from 

participants enrolled in the NFHL from 1995-2005, in order to use the most recent 

information available. The visit when the last DXA was performed was referred to as the 

index visit. The longitudinal sample was constructed using the participant's baseline 

(first) DXA measure and a follow-up DXA measure over the following 18 to 30 months. 

The visit when the first DXA was performed was referred to as the index visit in the 

longitudinal sample.  The primary dependent variable in the cross-sectional study was 

total body BMD at the index visit.   

 The primary dependent variable in the longitudinal study was the percent change 

in total body BMD between the index visit and follow-up visit. It was calculated as 

follows: (total body BMD at follow-up visit minus total body BMD at baseline)/total 

body BMD at baseline.  

 Independent variables of interest included: the primary independent variable of 

trunk-to-extremity fat ratio and the secondary independent variables of trunk fat and 

waist circumference (measures of central fat mass), appendicular fat and triceps skinfold 

(measures of peripheral fat mass) and lean mass (measure of muscle mass). Trunk-to-

extremity fat ratio takes into account relative fat loss in the extremities as well as 
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increased trunk fat and is a good surrogate of visceral adipose tissue and insulin 

resistance [34, 36, 37]. Waist circumference and triceps-skin fold are anthropometric 

measures of central and appendicular fat, respectively, and can be implemented in a 

clinical setting. 

 Analyses were stratified by sex because of differences in body fat distribution 

between men and women [4]. Previous literature has examined relationships between 

measures of body adiposity and lean mass with BMD in men and women separately [9-

11, 14, 23, 38]. The assumption of linearity between total body BMD and trunk-to-

extremity fat ratio was assessed using a model with a quadratic term for trunk-to-

extremity fat ratio.  

 A priori and based on biological and clinical expertise, we identified age, race, 

strength training, smoking, tenofovir use,  protease inhibitor and BMI at the index visit as 

potential confounders based on directed acyclic graph (DAG) methods (Figure 1) [13, 31, 

39-41]. 
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Figure 1: Directed acyclic graph (DAG) of the association between trunk-to-extremity 
fat ratio and total body BMD 
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Since information about menopause status was not collected in the early phase of the 

NFHL, and most women undergo menopause around 50 years of age, we used age 50 

years and over as an indicator of menopause [42]. Univariate regression analyses of all 

the independent variables with the outcome were performed. We considered tenofovir use 

to be a potential intermediate variable along the causal pathway between the primary 

independent variable (trunk-to-extremity fat ratio) and our principal study outcome (total 

body BMD). Due to a potential bias influencing the use of tenofovir in those who have 

underlying HARS, we carried out separate models with and without adjusting for 

tenofovir (data not shown). While it is important to note that BMI is a measure of total 

body weight (adjusted for height), trunk-to-extremity fat ratio, trunk fat, appendicular fat, 

waist circumference and triceps skin-fold are all measures of body composition. Previous 

studies on the association between body composition, lean mass with BMD have adjusted 

for BMI [10, 16, 43-45]. Therefore, we ran separate models for the various independent 

variables of  trunk-to-extremity fat ratio, trunk fat, appendicular fat, waist circumference, 

triceps skin-fold, percent lean mass with the principal study outcome (total body BMD) 

with and without BMI in the model. Adjusted analyses used multivariable linear 

regression modeling with candidate variable selection based on clinical concepts and 

consideration of ten observations per predictor of interest. For the longitudinal analysis, 

we ran two separate models of baseline trunk-to-extremity fat ratio and percent lean mass 

with percent change in total body BMD adjusting for age, race, strength training, 

smoking and BMI in each of these models.  
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Results 

3.1 Demographic Data 

Men 
 A total of 466 men were included in our cross-sectional analysis (Table 1). They 

had a mean age of 46 years. Sixty-seven percent (n=311) of the men were Non-Hispanic 

White. They had been living with HIV for a mean duration of 11 years. Almost half 

(n=212) of the men were smokers. Steroid use was reported in less than 5% of the 

participants. Approximately 25% (n=126) of the men reported regular bouts of strength 

training. Twenty-seven percent of men (n=127) had a history of tenofovir use. Mean total 

body BMD was 1.1 g/cm² (Table 1). 
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Table 1: Characteristics of HIV-infected women and men observed at the time of first DXA measurement 
 
 
 
 
 Cross-sectional cohort n=619 Longitudinal cohort n=398 

 Men Women Men Women 

n  466 153 297 101 

Age (years) 46 (±46) 43 (±7) 43 (±7) 40 (±7) 

Time HIV positive 
(years) 

11 (±5) 11 (±5) 8 (±4) 8 (±4) 

Race/ethnicity  
   Non-Hispanic Black 
   Non-Hispanic White 
   Hispanic  

 
113 (24%) 
311 (67%) 
42 (9%) 

 
79 (52%) 
56 (37%) 
18 (11%) 

 
85 (29%) 
184 (62%) 
28 (9%) 

 
51 (50%) 
37 (37%) 
13 (13%) 

Alcohol ** 
     Non-heavy drinker 
     Heavy drinker  

 
337 (95%) 
24 (5%) 

 
129 (97%) 

5 (3%) 

 
109 (90%) 
12 (10%) 

 
38 (93%) 
3 (7%) 

Smoking  
     Former/Never 
     Current  

 
253 (55%) 
212 (45%) 

 
51 (34%) 
101 (66%) 

 
163 (55%) 
134 (45%) 

 
36 (36%) 
64 (64%) 

Calcium (mg)  1060 (733-1440) 708 (416-1123) 1050 (680-1554) 730(493-1020) 

Vit D (mcg)  11(5-16) 7 (3-13) 12 (5-17) 7 (4-14) 

HIV RNA log�10 
copies/ml 

2.3 (2.3-4.0) 2.3 (2.3-4.5) 2.3 (2.3-3.9) 2.3 (2.3-3.8) 

CD4+ cells/mm³ 411 (234-610) 423 (213-661) 350 (214-580) 439 (281-657) 

Nadir CD4 cells/mm³ 168 (50-293) 174 (64-300) 216 (92-374) 275 (139-470) 

No antiretroviral therapy 89 (19%) 43 (28%) 56 (19%) 22 (22%) 

BMI (kg/m2 ) 24.6 (22.4-27.7) 26.2(22.1-31.5) 24.7 (22.8-27.7) 27.1 (23.9-31.3) 

Current steroid use 10 (2%) 6 (4%) 3 (1%) 2 (2%) 

Current strength training 126 (27%) 17 (11%) 71 (24%) 9 (9%) 

ART regimen 
NNRTI 
PI 

 
153 (33%) 
246 (53%) 

 
39 (26%) 
67 (44%) 

 
77 (26%) 
157 (53%) 

 
23 (23%) 
43 (43%) 

Ever Tenofovir  127 (27%) 42 (28%) 9 (3%) 2 (2%) 
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 Cross-sectional cohort n=619 Longitudinal cohort n=398 

 Men Women Men Women 

Independent variables:  

Trunk: extremity fat 
ratio 

1.3 (0.97-1.85) 0.95 (0.73-1.3) 1.13 (0.78-1.60) 0.92 (0.7-1.2) 

Waist circumference 
(cm) 

89.8 (83.4-98.2) 86.2 (75.5-98.4) 89.6 (83.8-97.2) 91 (±15) 

Trunk fat (kg)  7.5 (5.0-10.9) 10.5 (6.9-16.1) 7.4 (4.7-11.3) 12.3 (7.9-17.7) 

Triceps skin fold (mm) 6.5 (4.7-11.1) 19.2 (11-27.7) 7.3  (5-12) 21 (13.3-29.3) 

Appendicular fat (kg)  5.6 (3.8-8.1) 10.1 (7.2-15.3) 6.3 (4.4-9.2) 13.4 (9.0-17.4) 

Percent lean mass 81.1 (75.7-85.4) 67.6 (60.6-74.3) 78.7 (73.3-84.1) 64.6 (57.4-72.0) 

 
*Data are percentage of patients or median value (25th-75th percentile) or mean (±SD) 
**There were 105 men and 19 women in cross-sectional cohort, 176 men and 60 women in longitudinal cohort, who were 
missing data on alcohol use 
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 Two hundred ninety-seven men were included in the longitudinal analysis (Table 

1). They had a mean age of 43 years and a mean duration of HIV infection of 8 years. In 

addition, 3% of men (n=9) had tenofovir exposure as most of them were enrolled prior to 

use of tenofovir as antiretroviral therapy. Mean percent change in total body BMD was -

1.08 over an average period of 2 years. Median time between the baseline and the second 

DXA visit was 24 months.   

Women 
 A total of 153 women were included in our cross-sectional analysis (Table 1). 

They had a mean age of 43 years. Thirty-seven percent (n=56) of the women  were non-

Hispanic White. They had been living with HIV for a mean duration of 11 years. Sixty-

six percent (n=101) of the women were smokers. Steroid use was reported in less than 

5% of the participants. Approximately 10% (n=17) of women reported regular bouts of 

strength training. 28% (n=42) of women had a history of tenofovir use. Mean total body 

BMD was 1.1 g/cm² (Table 1). 

 One hundred and one women were included in the longitudinal analysis (Table 1). 

They had a mean age of 40 years and mean duration of HIV infection of 8 years. Two 

percent of women (n=2) have history of prior tenofovir use. Mean percent change in total 

body BMD was 0.14 over an average period of 2 years. Median time between the 

baseline and the second DXA visit was 25 months. 
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3.2 BMI 
 BMI was found to be strongly correlated with trunk fat, waist circumference, 

appendicular fat, triceps skin fold and percent lean mass (r≥0.5) in both men and women, 

as evaluated by Scatter plots and correlation matrix (Tables 4-5, Figures 3-7, 9-13). 

3.3 Fat and BMD 

Men 

 Median trunk-to-extremity fat ratio was 1.3 in the cross-sectional analysis (Table 

1). Descriptive statistics for all measures of central (waist circumference and trunk fat) 

and appendicular (triceps skin fold and appendicular fat) adiposity are shown in Table 1. 

The p-value for the quadratic term for trunk-to-extremity fat ratio was 0.4 in the cross-

sectional analysis. Therefore, a linear model was deemed adequate. The relationship 

between total body BMD and trunk-to-extremity fat ratio displayed in our Scatter plot 

was linear (Figure 14). After controlling for age, race, exercise, smoking, and BMI, in the 

cross-sectional analysis, higher trunk-to-extremity fat ratio was associated with lower 

total body BMD (Table 2, Model 1). Similarly, higher individual measures of central and 

appendicular fat by anthropometry and DXA (except appendicular fat by DXA) were 

associated with lower total body BMD after multivariable adjustment (Table 2, Models 2-

5). In the models without BMI, only waist circumference and appendicular fat were 

found to be associated with total body BMD. Moreover, higher waist circumference and 

appendicular fat were associated with higher total body BMD.  Protease inhibitor and 

tenofovir use were found not to be significant in multivariable modeling and therefore, 

they were not included in the final models. 
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Table 4: Correlation Matrix of BMI vs body composition measures in men in the cross-
sectional analysis: 
 
   

 Trunk-to-
extremity 
fat ratio 

Trunk fat  Waist 
circumference 

Appendicular 
fat 

Triceps 
skin-fold 

Percent 
lean mass 

BMI 0.15 0.8 0.9 0.7 0.5 -0.6 
 
 
 
Table 5: Correlation Matrix of BMI vs body composition measures in women in the 
cross-sectional analysis: 
 
 Trunk-to-

extremity 
fat ratio 

Trunk fat  Waist 
circumference 

Appendicular 
fat 

Triceps 
skin-fold 

Percent 
lean mass 

BMI 0.3 0.9 0.9 0.9 0.7 -0.8 
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Figure 2: Scatter plot of trunk-to-extremity fat ratio and BMI in men in the cross-
sectional analysis: 
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Figure 3: Scatter plot of trunk fat and BMI in men in the cross-sectional analysis: 
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Figure 4: Scatter plot of waist circumference and BMI in men in the cross-sectional 
analysis: 
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Figure 5: Scatter plot of appendicular fat and BMI in men in the cross-sectional 
analysis: 
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Figure 6: Scatter plot of triceps skin-fold and BMI in men in the cross-sectional 
analysis: 
 

 
  



 

22 
 

Figure 7: Scatter plot of percent lean mass and BMI in men in the cross-sectional 
analysis: 
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Figure 8: Scatter plot of trunk-to-extremity fat ratio and BMI in women in the cross-
sectional analysis: 
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Figure 9: Scatter plot of trunk fat and BMI in women in the cross-sectional analysis: 
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Figure 10: Scatter plot of waist circumference and BMI in women in the cross-
sectional analysis: 
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Figure 11: Scatter plot of appendicular fat and BMI in women in the cross-sectional 
analysis: 
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Figure 12: Scatter plot of triceps skin-fold and BMI in women in the cross-sectional 
analysis: 
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Figure 13: Scatter plot of percent lean mass and BMI in women in the cross-sectional 
analysis: 
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Figure 14: Trunk to extremity fat ratio and total body BMD in HIV-infected men and 
women 
(n=466 men; n=153 women) 
 
Men 

  
Women 
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 Median trunk-to-extremity fat ratio was 1.13  in the longitudinal cohort (Table 1). 

Baseline trunk-to-extremity fat ratio was not associated with 2-year changes in total body 

BMD, after controlling for age, race, exercise, smoking, and BMI (Table 3, Model 1). 

Women 
 Median trunk-to-extremity fat ratio was 0.95 in the cross-sectional analysis (Table 

1). The quadratic term for trunk-to-extremity fat ratio had a p-value of 0.7 in the cross-

sectional analysis. Therefore, the model examining the relation between trunk-to-

extremity fat ratio and total body BMD was deemed adequate.  After controlling for age, 

race, exercise, smoking, and BMI, in the cross-sectional analysis, there was no 

association between trunk-to-extremity fat ratio, each of the measures of central (waist 

circumference and trunk fat) and appendicular (triceps skin fold and appendicular fat) 

adiposity with total body BMD (Table 2, Models 1-5). Conversely, in the models without 

BMI, higher trunk-to-extremity fat ratio and measures of central (waist circumference 

and trunk fat) were associated with higher total body BMD. 

 Median trunk-to-extremity fat ratio was 0.92  in the longitudinal cohort (Table 1). 

Baseline trunk-to-extremity fat ratio was not associated with 2-year changes in total body 

BMD, after controlling for age, race, exercise, smoking, and BMI (Table 3, Model 1). 

3.4 Lean Mass and BMD 

Men 

 Higher percent lean mass by DXA was associated with higher total body BMD, 

after controlling for age, race, exercise, smoking, and BMI, in the cross-sectional 

analysis. Conversely, there was no association between percent lean mass by DXA and 

total body BMD when BMI was taken out of the model (Table 2, Model 6). Moreover, 
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baseline percent lean mass was not associated with 2-year changes in total body BMD 

(Table 3, Model 2). 

Women 
 Higher percent lean mass by DXA was associated with higher total body BMD 

after controlling for age, race, exercise, smoking, and BMI, in the cross-sectional 

analysis. Conversely, there was no association between percent lean mass by DXA and 

total body BMD when BMI was taken out of the model (Table 2, Model 6). There was no 

association between baseline percent lean mass and  2-year changes in total body BMD 

(Table 3, Model 2). 
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Table 2: Cross sectional analysis of measures of body fat, lean mass and total body 
BMD 
 (n=466 men; n=153, women) 

 
 Unadjusted Adjusted* Adjusted** 

 
Men Women Men Women Men Women 

 Beta  
(SE) 
P value 

Beta 
 (SE) 
P value 

Beta  
(SE) 
P value 

Beta 
(SE) 
P value 

Beta  
(SE) 
P value 

Beta 
(SE) 
P value 

Model1 
Trunk_extremity 
fat ratio 

-0.03  
(0.01) 
0.001 

0.016  
(0.019)  
0.38 

-0.01  
(0.01) 
0.2 

0.03 
 (0.02) 
0.06 

-0.02 
(0.01) 
0.01 

0.02 
(0.02) 
0.2 

Model 2 
Trunk fat kg 

0.001  
(0.001)  
0.4 

0.002  
(0.001) 
0.025 

 0.001  
(0.001) 
0.2 

0.002  
(0.001) 
0.02 

-0.008 
(0.002) 
<0.001 

0.001 
(0.003) 
0.6 

Model 3 
Waist 
circumference cm 

0.001 
 (0.0004) 
0.01 

0.001 
(0.0005) 
0.02 

 0.001  
(0.0004) 
0.002  

0.001  
(0.001)  
0.01 

-0.002 
(0.001) 
0.04 

0.001 
(0.001) 
0.6 

Model 4 
Appendicular fat 
kg 

0.004  
(0.001) 
0.003 

0.003  
(0.001) 
0.04 

0.003 
 (0.001) 
0.03 

0.002 
 (0.001) 
0.1 

-0.003 
(0.002) 
0.1 

-0.003 
(0.003) 
0.3 

Model 5 
Triceps skin fold 
mm 

0.0004  
(0.0007) 
0.5 

0.0008  
(0.0007) 
0.2 

6 e-05  
(7 e-04) 
0.9 

0.0007  
(0.001) 
0.3 

-0.002 
(0.001) 
0.006 

-0.001 
(0.001) 
0.4 

Model 6 
Percent Lean 
mass 

0.001 
(0.001) 
0.4 

-0.001 
(0.001) 
0.3 

0.001 
(0.001) 
0.4 

-0.001 
(0.001) 
0.4 

0.004 
(0.001) 
<0.001 

0.003 
(0.001) 
0.06 

Models 1-6 are all separate models 
* Adjusted for age (years), race (White, Black, Hispanic), strength training (current vs. not 
current), smoking (current vs. former/never) 
**  Adjusted for age (years), race (White, Black, Hispanic), strength training (current vs. not 
current), smoking (current vs. former/never) and BMI (kg/m2) 
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Table 3: Longitudinal analysis of the association between baseline trunk-extremity fat 
ratio, lean mass and percent change in total body BMD  
(n=297 men; n=101 women) 

 
 
 Unadjusted Adjusted*  Adjusted** 

 
Men Women Men Women Men Women 

 Beta 
 (SE) 
P value 

Beta  
(SE) 
P value 

Beta  
(SE) 
P value 

Beta  
(SE) 
P value 

Beta  
(SE) 
P value 

Beta  
(SE) 
P value 

Model 1 
Trunk-to-extremity fat 
ratio 

0.17  
(0.29) 
0.6 
 

0.34 
(0.94) 
0.7 

0.02  
(0.33) 
0.9 

0.27 
(1.02) 
0.8 

0.04 
(0.34) 
0.9 

0.14 
(1.08) 
0.9 

Model 2 
Percent lean mass 

0.01  
(0.02) 
0.5 

0.01 
(0.04) 
0.8 

0.004  
(0.02) 
0.8 

-0.01  
(0.04) 
0.7 

0.005  
(0.03) 
0.9 

-0.002  
(0.06) 
0.9 

Models 1and 2 are separate models. 
* Adjusted for age (years), race (Non-Hispanic White, Non-Hispanic Black, Hispanic), 
strength training (current vs. not current), smoking (current vs. former/never) 
**  Adjusted for age (years), race (White, Black, Hispanic), strength training (current vs. not 
current), smoking (current vs. former/never) and BMI (kg/m2) 
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Discussion 

 We found a significant inverse association between both central and appendicular 

measures of body adiposity with total body BMD after controlling for age, race, smoking, 

strength training and BMI in a cohort of men living with HIV. Similar associations were 

not observed in our sample of women living with HIV after similar multivariable 

adjustment. Lean mass was positively associated with total body BMD in both the men 

and women in this study in the models that adjusted for BMI.  

 The associations between measures of body adiposity and  lean mass with total 

body BMD were quite different in both men and women when we did not control for 

BMI. One conceivable explanation for these 

different associations is that the measures of central and appendicular fat mass when 

adjusted for BMI are better 

predictors of HARS and perhaps visceral fat than in the models without BMI. 

 Recent preclinical and clinical studies indicate a potential adverse effect of excess 

adipose tissue on bone metabolism [5-7, 17, 19-21, 45-47]. Fat, in particular visceral fat, 

releases multiple circulating pro-inflammatory factors called adipokines that stimulate 

osteoclastogenesis and bone resorption [5, 45, 48]. In addition, bone marrow fat can have 

a lipotoxic effect on bone cells through the secretion of fatty acids which block osteoblast 

differentiation from mesenchymal stem cells inside the bone marrow [46, 48-50]. The 

inverse association between central measures of body adiposity and total body BMD in 

men, in our study, is consistent with other studies examining the association between 

central fat and BMD in both HIV and non-HIV infected males [7, 10, 15, 47, 51].  Our 

data also indicate an inverse association between peripheral measures of body adiposity 
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and total body BMD in men unlike prior studies that showed lower BMD in association 

with lower appendicular fat in men infected with HIV [11, 14]. Possible explanations for 

these differing findings are that the prior reports had a much smaller sample size of men  

and used different criteria for measuring peripheral fat. In addition, the men in the prior 

reports were much younger and had lower BMD levels than our study sample.   

We did not find an association between measures of body adiposity and total body 

BMD in our sample of women as was seen in the Women's Interagency HIV Study [9]. 

Our null finding may have been, in part, attributed to the smaller sample size of women 

in our study. The Women's Interagency HIV Study, which found that increased trunk fat 

was associated with increased total hip and femoral neck BMD in mostly Black women 

infected with HIV, had over 300 HIV-infected women. It also differed from our study in 

that it examined a more specific skeletal site, hip BMD, rather than total BMD and did 

not control for BMI. As demonstrated in a study in non-HIV infected men and women, 

relationships between measures of adiposity, such as trunk-to-extremity fat ratio, were 

positively associated with lumbar spine but not total body BMD [44].  

 Our findings of a positive association between lean mass and total body BMD in 

men and women are consistent with prior studies in persons infected with HIV [23-25]. 

Furthermore, a recent meta-analysis of 44 studies reported a positive correlation between 

lean mass with total body BMD in both men and women not infected with HIV [52]. 

Thus, this study lends further support to the concept that lean mass is an important 

determinant of BMD in both men and women infected with HIV.  

 In our longitudinal analysis, neither baseline trunk-to-extremity fat ratio nor lean 

mass was associated with 2-year changes in total body BMD in men or women. This lack 
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of an association may be due, in part, to the smaller sample size and the relatively short 

18- to 30-month follow-up interval, which in a middle-aged cohort of individuals may not 

be adequate to detect BMD change. Furthermore, the longitudinal cohort included 

participants who were in the cross-sectional cohort but had baseline data taken at an 

earlier point in the study.  These individuals were less likely to have been on tenofovir 

compared to our full cohort. Tenofovir use started in 2001 for this group.  For the cross-

sectional group, 23% had visits before 2001, but for the longitudinal group, 64% had the 

baseline visit before 2001.  Use of tenofovir has been associated with increased bone loss 

in persons infected with HIV [31, 40, 53]. These findings suggest that the association 

between measures of central and peripheral fat mass, lean mass and change in BMD over 

time will need to be further investigated in an older cohort, followed over a longer period 

of time and accounting for changes in body adiposity and lean mass that may result from 

change in antiretroviral therapy as well as other interventions. 

 The strengths of the present study are the inclusion of both women and men 

infected with HIV who were followed with serial DXA scans as well as the availability of 

several anthropometric body composition indices (waist circumference and triceps skin-

fold) and DXA-derived measures (trunk-to-extremity fat ratio, trunk fat and appendicular 

fat) collected during the observational study.  

 However, one limitation is that these measures do not provide as accurate an 

assessment of visceral versus subcutaneous fat as measurements taken from MRI or CT. 

Therefore, we used the trunk-to-extremity fat ratio, a commonly-used measure for 

determining the relationship between these two fat depots and a good predictor of 

visceral fat [34]. Second, our study was limited by the measures collected during the 
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observational study which did not include biochemical measures (i.e., calcium, 25-

hydroxyvitamin D, testosterone, or markers of bone turnover). We chose a two-year 

DXA interval as we were limited by loss to follow-up for longer intervals. We do not 

have data on site-specific BMD but rather total body BMD, but these two measurements 

are often correlated [54]. Data on bisphosphonate therapy was not collected in this study; 

however, we anticipate that it was a not a highly prescribed medication in this younger 

adult population, thus, less likely to influence our results. 

 

Conclusion 
In this cohort, there was a positive association between lean mass and total body 

BMD in both sexes with HIV, implying that lean mass is an important determinant of 

BMD in this population. Our study also found a negative association between measures 

of body fat and total body BMD in men with HIV, suggesting that higher fat mass in men 

with HIV may have an adverse effect on BMD. Baseline body composition measures did 

not predict change in total body BMD over a 2-year period in our sample. Larger and 

longer-term studies are needed to confirm these findings. Furthermore, studies that 

include site-specific BMD together with markers of bone turnover and relevant 

circulating hormones will be helpful in obtaining a better understanding of the 

relationship between body composition measures and changes in BMD.  
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