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Abstract
Background—Unintentional loss of weight and muscle due to aging and disease has been
associated with increased mortality. Wasting and weight loss occur in HIV infection even in the
modern era of effective antiretroviral therapy.

Methods—We determined the association of MRI-measured regional and total skeletal muscle
and adipose tissue with 5-year, all-cause mortality in 922 HIV-infected persons in the study of Fat
Redistribution and Metabolic Change in HIV Infection (FRAM).

Results—After 5 years of follow-up, HIV-infected participants with arm skeletal muscle in the
lowest tertile had a mortality rate of 23%, compared with 11 and 8% for those in the middle and
highest tertiles. After multivariable adjustment for demographics, cardiovascular risk factors,
HIV-related factors, inflammatory markers, and renal disease, we found that lower arm skeletal
muscle, lower leg skeletal muscle and higher visceral adipose tissue (VAT) were each
independently associated with increased mortality. Those in the lowest tertile of arm or leg
skeletal muscle had higher odds of death [arm: odds ratio (OR)=2.0, 95% confidence interval (CI)
0.96–4.0; leg: OR=2.4, 95% CI 1.2–4.8] compared with the highest respective tertiles. Those in
the highest tertile of VAT had 2.1-fold higher odds of death (95% CI 1.1–4.0) compared with the
lowest VAT tertile.

Conclusion—Lower muscle mass and central adiposity appear to be important risk factors for
mortality in HIV-infected individuals. A substantial proportion of this risk may be unrecognized
because of the current reliance on body mass index in clinical practice.
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Introduction
Highly active antiretroviral therapy (HAART) has greatly reduced mortality in HIV-infected
persons, but HIV infection remains associated with a higher risk of death relative to
uninfected persons, even after controlling for demographic and traditional cardiovascular
disease (CVD) risk factors [1]. In recent data from the Study of Fat Redistribution and
Metabolic Change in HIV Infection (FRAM), we have also shown that inflammatory
markers [C-reactive protein (CRP) and fibrinogen] and renal disease (as assessed by
albuminuria and cystatin C) are independently associated with higher mortality risk [2,3].

Both HIV infection and aging are characterized by increased protein catabolism and
decreased muscle mass [4,5], which have been associated with increased risk of mortality
both in the elderly and in HIV-infected individuals. Aging is also associated with increases
in visceral adipose tissue (VAT) [6], whereas subcutaneous adipose tissue (SAT) and total
body fat appear to increase until age 55–64 and then decrease thereafter [6,7]. HIV infection
has been complicated by loss of SAT [8,9], from which there is little recovery [10].
Although we have previously shown that HIV-associated peripheral lipoatrophy is not
associated with central fat accumulation [8,9], HIV-infected individuals are known to gain
VAT both with age and with restoration to health [10].

Early work by Heymsfield et al. [11] found that simple bedside estimates of arm muscle
mass (using mid-arm circumference and triceps skinfold thickness) could be used in
malnourished patients to predict progression to death from malnutrition. Wannamethee et al.
[12] recently found that decreased mid-arm muscle circumference (MAMC) and increased
waist circumference were independently associated withmortality in older men. Landi et al.
[13] also reported decreased MAMC to be associated with mortality in elderly men and
women. In HIV-infected individuals, it is unknown whether muscle mass loss contributes to
excess mortality independently of fat changes.

No large, nationally representative study has examined the association of regional body
composition with mortality in the setting of HIV infection. We therefore assessed the
association of regional skeletal muscle and adipose tissue with mortality [2,3] in the FRAM
study [14], a large, nationally representative, multiethnic cohort of HIV-infected men and
women, which used MRI to measure body composition. We evaluated whether muscle loss,
subcutaneous lipoatrophy, and/or central lipohypertrophy would predict death in HIV-
infected individuals, independently of demographic and CVD risk factors, as well as
inflammation and renal disease.

Methods and procedures
Study population

We determined the association of MRI-measured adipose tissue and skeletal muscle with
mortality in HIV-infected persons enrolled in the FRAM study. The methods, design, and
sample characteristics of the FRAM cohort have been described previously in detail [14].
Briefly, FRAM is a large, nationally representative, multicenter study of HIV infection,
originally designed to evaluate lipodystrophy and metabolic abnormalities in HIV-infected
persons. Between June 2000 and September 2002, 1183 HIV-infected men and women from
16 geographically diverse sites were enrolled in FRAM, with a follow-up exam conducted
approximately 5 years later (FRAM-2), at which time we determined mortality status. We
have described the vital status, retention, and observation time for FRAM-2 previously [1].
At the second exam, 794 HIV-infected participants were known to be alive and 128 were
known to be dead. Vital status could not be determined in 261 participants in whom contact
could not be re-established. Linkage to the National Death Index was not possible because
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of patient confidentiality constraints. The institutional review boards at all sites approved the
protocols for both FRAM examinations.

MRI
Whole body MRI was performed to quantify regional and total skeletal muscle and adipose
tissue volumes, as described in detail previously [8,14–16]. All scans were read by the same
analyst at the Obesity Research Center, St. Luke’s Roosevelt Hospital, New York, New
York, USA. Volumes were normalized by dividing by height2 with summaries back-
transformed to 1.75 m of height, as in previous analyses [8,9]. We tertiled adipose tissue and
skeletal muscle depots using cut-offs determined separately in men and women, using all
participants with measured adipose tissue and skeletal muscle. We did not adjust to body
mass index (BMI), as BMI is influenced by the phenomena being studied: quantity of fat
and skeletal muscle. The skeletal muscle and adipose tissue anatomic sites considered in this
analysis were: total, leg, lower trunk (abdomen and back), upper trunk (chest and back),
arm, and VAT.

Anthropometric measurements
All staff members were centrally trained and certified for measurements. Anthropometric
measurements were conducted according to a standard procedure [17]. Participants wore
light clothing or a hospital gown and no shoes. All circumferences were made using a
Gulick II measuring tape, and skinfolds were measured with a calibrated Lange caliper.
Waist circumference was measured in the mid-axillary line immediately below the lowest
rib. Mid-arm circumference was measured at the midpoint between the tips of the acromion
process and the olecranon process perpendicular to the long axis of the upper arm. Mid-thigh
circumference was measured at the midpoint between the inguinal crease and the proximal
border of the patella, perpendicular to the long axis of the thigh. Triceps skinfold was
measured on the posterior surface of the right upper arm, at the point previously marked for
the mid-upper arm circumference. Thigh skinfold was measured on the anterior surface of
the mid-arm, at the point previously marked for the mid-thigh circumference.

Mid-arm muscle circumference and mid-thigh muscle circumference (MTMC) were
calculated as follows [11]:

MAMC = mid-arm circumference − π tricep skinfold

MTMC = mid-thigh circumference − π thigh skinfold

Other measurements
Standardized questionnaires that were validated in a general population were used to
determine demographic characteristics; medical history; risk factors for HIV; and use of
tobacco [14,18]. Research associates interviewed participants and reviewed medical charts
regarding antiretroviral drug use. A diagnosis of AIDS was made by CD4 lymphocyte count
less than 200 or history of opportunistic infection or malignancy.

Hepatitis C (HCV) RNA testing was performed on frozen sera using Bayer Versant 3.0
branched DNA assay (Leverkusen, Germany) in the entire cohort. CRP, fibrinogen, and
cystatin C were measured using a BNII nephelometer [19]. Estimated glomerular filtration
rate (eGFR) based on cystatin C was calculated using the CKD Epidemiology Collaboration
Equation: [eGFR=76.7 × cystatin C−1.19] [20]. Urinalysis was performed to determine
microalbuminuria [positive urine dipstick (1+ or greater) or a urine albumin-to-urine
creatinine ratio greater than 30 mg/g] in real-time [21]. CD4 lymphocyte count and
percentage, HIV RNA level, and other blood specimens were analyzed in a single
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centralized laboratory (Covance, Indianapolis, Indiana, USA). Biomarkers, plasma viremia,
and all other blood specimens were measured at baseline.

Covariates
All covariates were collected at the first examination, and vital status was determined at the
second examination, 5 years later. Clinical information was collected using standardized
questionnaires, laboratory, and anthropometric measurement protocols. The following
information was considered for inclusion in multivariable models: demographic
characteristics (age, sex, and race), traditional CVD risk factors (diabetes, smoking, blood
pressure, high-density lipoprotein cholesterol and total cholesterol), inflammatory markers
(CRP, fibrinogen), renal markers (eGFR by cystatin C and albuminuria) and HIV-related
factors [HIV RNA level, CD4 cell count, AIDS [22], and HCV infection (defined by
detectable HCV RNA)]. In addition, both cumulative and past exposure to each ARV drug
and class were evaluated. Multiple imputation using the Markov chain Monte Carlo method
was used to impute missing covariates [23].

Statistical methods
As in previous analyses [2,3], we analyzed cumulative 5-year mortality using multivariable
logistic regression analysis. Since the exact dates of death were unknown, those who died
provided left-censored observations, meaning that death was only known to have occurred
sometime before the contact attempt at approximately 5 years of follow-up. We therefore
used logistic regression with an offset term for follow-up time, rather than Cox proportional
hazards regression as our primary analysis, because this form of regression is appropriate for
left-censored events. We also tested exponential regression survival models, but found that
model fit was improved using logistic regression. Follow-up time was defined as elapsed
time from baseline to follow-up exam or last contact. To account for those with missing vital
status, we also adjusted estimates using an inverse probability weighting approach by
modeling the participant’s probability of having known death status [24]. The inverse of this
probability was then used as a weight applied to persons with known vital status in the
logistic regression analysis of death.

To determine if MRI-measured adipose tissue and skeletal muscle depots were
independently predictive of mortality, multivariable models were sequentially adjusted for
demographics, traditional CVD risk factors, HIV-related factors, and inflammation and renal
markers. To ensure that models were not overfit, we built parsimonious models using a
backward stepwise procedure. For all models, we tested the linearity of continuous
variables, and we tested the additional benefit of log transformations and quadratic terms. A
comparison of tertiled depots to log-transformed depots found better model fit when depots
were tertiled. Sensitivity analyses examined anthropometric measures (waist circumference,
MAMC, MTMC) in place of MRI-measured depots.

Finally, in order to quantify the impact of low limb muscle and central adiposity on
mortality in HIV-infected persons at a population level, we estimated the attributable risk
associated with being in the lowest tertile of arm or leg skeletal muscle and in the highest
tertile of VAT. The attributable risk accounts for not only the strength of the association of a
risk factor with mortality, but also for the prevalence of the condition in the population of
interest. The population-attributable risk percentage was calculated using incidence rates of
death predicted from fully adjusted multivariable models as: 100 × [(population mortality
rate − mortality rate in unexposed)/population mortality rate] [25]. All analyses were
conducted using the SAS system, version 9.2 (SAS Institute Inc., Cary, North Carolina,
USA).
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Results
Baseline characteristics

Demographic and baseline clinical characteristics of the 922 HIV-infected participants with
known vital status stratified by tertiles of arm muscle are shown in Table 1. HIV-infected
participants with arm muscle in the lowest tertile at the baseline exam were more often
Caucasian and nondiabetic, and had lower blood pressure, smaller waist circumferences, and
lower BMI compared with those who had more arm muscle. The lowest tertile of arm
muscle also had higher smoking prevalence, lower eGFR, and higher fibrinogen levels
compared to the highest arm muscle tertile. Among HIV-related factors, baseline CD4 cell
counts were lower and antiretroviral use was more prevalent in those with less arm muscle.
Similar results were seen when we stratified by tertiles of leg muscle (Supplemental Table 1,
http://links.lww.com/QAD/A147), which was positively correlated with arm muscle
(Spearman r = 0.66). Results stratified by tertile of VAT are presented in Supplemental
Table 2, http://links.lww.com/QAD/A147.

The number of participants lost to follow-up was fairly evenly distributed over the arm
muscle tertiles: 29% in tertile 1, 37% in tertile 2, and 34% in tertile 3. Those who were lost
to follow-up had levels of arm muscle, leg muscle and VAT that were similar to those who
were alive (data not shown). Compared with those who were either alive or had unknown
vital status at year 5, those who died were older, more often African-American, and had a
higher prevalence of smoking, detectable HIV RNA, hepatitis C, history of AIDS, and more
kidney disease and inflammation [3].

Association of MRI-measured skeletal muscle and adipose tissue with 5-year mortality
In unadjusted analyses, higher quantities of regional and total body skeletal muscle had
protective associations with 5-year mortality risk (Table 2). Among regional skeletal muscle
depots, the strongest associations were seen for arm and leg muscle. Unadjusted mortality
rates for ascending tertiles of arm muscle were 23, 11, and 8%, respectively. Similarly,
unadjusted mortality rates for ascending tertiles of leg muscle were 23, 12, and 7%,
respectively. By contrast, associations of regional and total body adipose tissue with
mortality were weak in unadjusted analysis.

After adjustment for traditional CVD risk factors, HIV-related factors, inflammation, and
renal markers, we found that decreased arm skeletal muscle, leg skeletal muscle, and total
skeletal muscle were still individually associated with higher odds of death (data not
shown). In the full multivariable model, with skeletal muscle and adipose tissue
simultaneously included, we found that decreased arm skeletal muscle, decreased leg
skeletal muscle, and increased VATwere independently associated with higher mortality risk
(Fig. 1). Compared with the lowest tertile of arm skeletal muscle, the middle and highest
tertiles were associated with a near halving of the odds for mortality [odds ratio (OR) = 0.59,
P=0.044 for tertile 2 vs. tertile 1;OR=0.51, P=0.062 for tertile 3 vs. tertile 1). Similarly, the
highest tertile of leg skeletal muscle was associated with a 58% lower odds of mortality
compared with the lowest tertile of leg skeletal muscle (P=0.015), but the middle tertile
appeared to confer little protection. In contrast, the middle and highest tertiles of VAT were
associated with 1.8 and 2.1-fold higher odds of mortality respectively, compared to the
lowest tertile. Similar results were found when we included upper trunk SAT instead of
VAT in the model. We tested total skeletal muscle in place of limb skeletal muscle, and the
results were similar, but the model fit was weaker. There were no statistically significant
associations between lower limb fat and mortality in unadjusted or adjusted analyses.
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We found a statistically significant interaction of arm skeletal muscle with VAT on
mortality (overall test for interaction P=0.014). Among those in the lowest tertile of arm
skeletal muscle, where the mortality risk was highest, increasing VATwas also associated
with a higher mortality rate [Fig. 2; adjusted OR=6.2 for VAT tertile 3 vs. 1, 95%
confidence interval (CI) 2.2–17.2, P=0.0008]. By contrast, increased VAT did not appear to
be associated with a higher mortality rate among those with intermediate levels of arm
skeletal muscle (adjusted OR=0.92 for VAT tertile 3 vs. 1, P=0.48) or higher levels of arm
skeletal muscle (adjusted OR=0.92 for VAT tertile 3 vs. 1, P=0.68). Likewise, for those with
the lowest level of VAT, increasing arm skeletal muscle had little protective association in
fully adjusted models. The overall test of interaction for leg skeletal muscle and VAT did
not reach statistical significance (P=0.17), but a graphical inspection showed qualitatively
similar results to the arm skeletal muscle by VAT interaction.

As reported previously, higher CD4 cell count was associated with lower odds of mortality
[1]. As a sensitivity analysis, we separately analyzed those with high and low CD4 cell
counts (>200 and <200) to understand the relation of these body composition measures to
probable AIDS-related deaths (Supplemental Table 3, http://links.lww.com/QAD/A147). In
this analysis, we found that arm skeletal muscle remained protective, and VAT remained
associated with higher odds of mortality (although not all associations reached statistical
significance in stratified analysis). However, leg skeletal muscle appeared to be strongly
protective in those with CD4 cell count below 200, but was much weaker in those with CD4
cell count above 200 (test for CD4 by leg skeletal muscle interaction: P=0.0018).

A history of HIV-related wasting was present in 27% of our study participants. In
unadjusted analysis, history of wasting was associated with 77% higher odds of mortality
(95% CI 1.25–2.5, P=0.0014). In our fully adjusted model, this association was completely
attenuated (OR=0.97, 95% CI 0.62–1.51, P=0.89).

African American race, injection drug use, and physical inactivity were associated with
higher odds of mortality in unadjusted analysis, but the associations weakened and were no
longer statistically significant in our fully adjusted model (data not shown).

Association of anthropometrically measured skeletal muscle and adipose tissue with 5-
year mortality

Because most studies have used anthropometric measures such as waist circumference and
MAMC as predictors of mortality, we compared these measures with our MRI-measured
skeletal muscle and adipose tissue depots (Table 3). MAMC was moderately correlated with
MRI-measured arm skeletal muscle (Spearman r=0.64, P<0.0001). MTMC and MRI-
measured leg skeletal muscle were similarly correlated (r=0.62, P<0.0001), as were waist
circumference and MRI-measured VAT (r=0.71, P<0.0001). In a model controlling for
demographics, traditional CVD risk factors, HIV-related factors, inflammation, and renal
disease markers, we found decreased MAMC and increased waist circumference to be
independently associated with increased mortality risk. Decreased MTMC was also found to
be associated with increased mortality risk. However, when we developed a multivariable
model controlling simultaneously for waist circumference, MAMC, and MTMC, we found
that waist circumference and MTMC were independently associated with mortality, whereas
the MAMC association was no longer statistically significantly associated with mortality.
The model including both waist circumference and MTMC showed similar model fit to the
final MRI model.
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Population-level risk for mortality attributable to skeletal muscle loss and adipose tissue
gain

On the basis of the fully adjusted model presented in Fig. 1, we calculated the attributable
risks associated with being in the highest tertile of VATand with being in the lowest tertiles
of leg or arm skeletal muscle. For VAT, the population-attributable risk for being in the
highest tertile was 6.5%, corresponding to an absolute risk of 1 death per 100 HIV-infected
persons over 5 years. Similarly for leg skeletal muscle, the population-attributable risk for
being in the lowest tertile was 7.2%. For arm skeletal muscle, the population-attributable
risk of being in the lowest tertile was 15.1%, corresponding to an absolute risk of 2 deaths
per 100 HIV-infected persons over 5 years.

Discussion
In this study of MRI-measured total body adipose tissue and skeletal muscle mass, we found
that less muscle and more VAT (central adiposity) were associated with an elevated 5-year
mortality risk in HIV-infected individuals. Even after accounting for inflammation, renal
disease, and other factors known to increase mortality risk, decreased limb skeletal muscle
and increased VAT were independently associated with increased risk of mortality.
Decreased arm muscle alone accounted for 15% of the population-level mortality in HIV-
infected individuals, whereas increased VAT accounted for 6.5%, suggesting that a
substantial proportion of this risk may be unrecognized because of the current reliance on
BMI in clinical practice.

No previous large, nationally representative study in HIV-infected patients has looked at the
association of regional body composition with mortality in developed nations. A recent large
study in South Africa [26] found that overweight and obese HIV-infected individuals had
lower rates of mortality compared to those with normal or low BMI. A study of mortality in
HIV-infected tuberculosis patients in Guinea-Bissau [27] identified low MAMC and low
BMI as risk factors, but did not include a measure of central adiposity or consider other
regional measures, and adjusted for a very limited set of covariates. The SMART study
recently looked at AIDS and non-AIDS causes of death, including wasting syndrome, but
did not include any measures of body composition other than BMI in their analysis of
mortality [28].

Whereas others have found limb muscle and/or central adiposity to be associated with
mortality in non-HIV infected individuals [5,12,13,29], our finding of an independent
association in HIV infection may be novel. When we looked at anthropometric measures in
place of MRI-measured depots, our findings were similar, although the thigh measurement
(MTMC) of muscle circumference appeared to be more important than the arm (MAMC).
Newman et al. [30] found muscle strength to be the most important determinant of mortality
in elderly participants of the Health ABC study, with little attenuation after controlling for
fat or lean mass. Dual-energy X-ray absorptiometry-measured arm and leg lean mass were
only weakly associated with mortality in unadjusted analysis, and computed tomography-
measured leg muscle was only associated with mortality in men.

It is noteworthy that our study found less muscle to be associated with increased risk of
death even after controlling for inflammation and other factors known to be associated with
mortality. Animal studies have found that administration of cytokines results in skeletal
muscle catabolism [31], and it is also known that frailty increases muscle protein catabolism
in the elderly [32]. It has been reported that patients with HIV wasting show inflammatory
changes on muscle biopsy [33], and it has been hypothesized that inflammation may induce
cachexia [34]. Associations of total muscle and limb muscle were attenuated but remained
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statistically significantly associated with mortality after controlling for traditional CVD,
HIV-related factors, inflammation, and renal disease.

Our analyses found that increased VAT appeared to be associated with higher mortality risk
primarily among those with low arm muscle. By contrast, studies in non-HIV-infected
individuals [35,36] typically find that increased central obesity is a risk factor for mortality
at both low and high levels of BMI. Although our study did not report cause of death, we
found that those with both low arm muscle and high VAT had a number of non-HIV-related
risk factors, including older age, physical inactivity, hypertension, dyslipidemia, and lower
eGFR. This suggests that non-HIV-related causes of death may be dominant in this
subgroup. Because we adjusted for CVD risk factors in our analysis, the associations of low
muscle and excess central fat with mortality are independent of CVD risk. Since we did not
have cause of death, we performed a sensitivity analysis, stratifying on high and low CD4
cell counts, in an attempt to reduce the number of AIDS-related deaths in our analysis. Of
note, low arm skeletal muscle remained protective and high VAT remained associated with
higher mortality in both CD4 subgroups. However, having low leg muscle showed stronger
associations with increased mortality risk in those with low CD4 cell counts, which may
reflect the fact that immunodeficiency-related cachexia is more prominently manifested in
leg skeletal muscle.

Limitations of our study include missing vital status on 23% of our HIV-infected
participants, as we have reported previously [1–3]. We used inverse probability weighting to
mitigate any potential bias from those with unknown death status. Sensitivity analyses using
anthropometric measures produced results that were similar to our primary modeling
approach. We did not have information regarding the cause of death and were therefore
unable to discern whether the independent associations of arm skeletal muscle, leg skeletal
muscle, and VAT with mortality in HIV-infected individuals were due to cardiovascular or
noncardiovascular deaths. We were unable to directly compare our results with our control
population, because there were only six deaths in the control arm of our study. We have
previously shown that baseline muscle was lower in HIV-infected vs. uninfected men,
whereas HIV-infected and control women have similar muscle [37]. An additional study
limitation is that markers of inflammation and other biomarkers were collected at a single
time point (i.e. baseline). Development of resistance to or changes in antiretroviral therapy
may result in changes in HIV viremia, which may lead to rapid changes in these biomarkers.
Relying on a single time point thus limits the sensitivity of inflammatory markers as
predictors of survival. Finally, there may have been incomplete or inadequate control for
factors that may confound or explain the association between body composition and
mortality. For example, chronic illness could result in inactivity or inadequate food intake,
leading to muscle loss; however, we found that controlling for physical activity or food
intake resulted in little attenuation of the association of muscle and VAT with mortality.

In conclusion, this study suggests that among treated HIV-infected patients, lower levels of
arm and leg muscle and increased central fat mass are associated with worse survival.
Clinicians treating HIV-infected patients should recognize that whereas HIV-wasting
syndrome is a risk factor, patients with wasting and excess central adiposity may be at even
higher risk. A substantial proportion of this risk may be unrecognized because of the current
reliance on low BMI to assess wasting in clinical practice; BMI will underestimate the risk
in those with higher VAT. Therefore, clinicians should consider measuring waist
circumference and MAMC in their HIV-infected patients, and should be aware that patients
with excess central fat may not necessarily have a low enough BMI to alert them to their
true level of risk. Given the report in non-HIV-infected individuals of the importance of grip
strength and quadriceps strength as predictors of mortality [30], future studies should
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evaluate muscle strength as well as body composition as clinical tools in predicting survival
in HIV-infected persons.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Appendix
Sites and investigators: University Hospitals of Cleveland (Barbara Gripshover, MD); Tufts
University [Abby Shevitz, MD (deceased) and Christine Wanke, MD]; Stanford University
(Andrew Zolopa, MD); University of Alabama at Birmingham (Michael Saag, MD); John
Hopkins University (Joseph Cofrancesco, MD and Adrian Dobs, MD); University of
Colorado Health Sciences Center (Lisa Kosmiski, MD and Constance Benson, MD);
University of North Carolina at Chapel Hill [David Wohl, MD and Charles van der Horst,
MD(Only involved in FRAM 1 study)]; University of California at San Diego [Daniel Lee,
MD and W. Christopher Mathews, MD(Only involved in FRAM 1 study)]; Washington
University (E. Turner Overton, MD and William Powderly, MD); VA Medical Center,
Atlanta (David Rimland, MD); University of California at Los Angeles (Judith Currier,
MD); VA Medical Center, New York (Michael Simberkoff, MD); VA Medical Center,
Washington DC (Cynthia Gibert, MD); St Luke’s-Roosevelt Hospital Center (Donald
Kotler, MD and Ellen Engelson, PhD); Kaiser Permanente, Oakland (Stephen Sidney, MD);
University of Alabama at Birmingham (Cora E. Lewis, MD); University of California at San
Francisco(Only involved in FRAM 1 study) (Morris Schambelan, MD and Kathleen
Mulligan, PhD); Indiana University(Only involved in FRAM 1 study) (Michael Dube, MD).

FRAM 1 Data Coordinating Center(Only involved in FRAM 1 study): University of
Alabama, Birmingham (O. Dale Williams, PhD, Heather McCreath, PhD, Charles Katholi,
PhD, George Howard, PhD, Tekeda Ferguson, and Anthony Goudie).

FRAM 2 Data Coordinating Center: University of Washington, Seattle (Richard A.
Kronmal, PhD, Mary Louise Biggs, PhD, Joseph A.C. Delaney, PhD, and John Pearce).

Image Reading Centers: St Luke’s-Roosevelt Hospital Center: (Steven Heymsfield, MD,
Jack Wang, MS and Mark Punyanitya). Tufts New England Medical Center, Boston: (Daniel
H. O’Leary, MD, Joseph Polack, Anita P. Harrington).

Office of the Principal Investigator: University of California, San Francisco, Veterans
Affairs Medical Center and the Northern California Institute for Research and Development:
(Carl Grunfeld, MD, PhD, Phyllis Tien, MD, Peter Bacchetti, PhD, Dennis Osmond,
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Fig. 1. Multivariable adjusted associations of MRI-measured skeletal muscle and adipose tissue
with 5-year mortality in HIV-infected FRAM participants
The x-axis is on log10 scale. Estimates from multivariable adjusted models controlling for
age, sex, race, traditional CVD risk factors, HIV-related factors, CRP, fibrinogen, eGFRcys,
albuminuria, arm SM, leg SM, and VAT. Reference category is tertile 1, those with the
lowest amount of muscle or adipose tissue. CI, confidence interval; SM, skeletal muscle;
VAT, visceral adipose tissue.
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Fig. 2. Association of arm skeletal muscle and visceral adipose tissue with 5-year mortality in
HIV-infected FRAM participants
The y-axis gives unadjusted prevalence of death. Tertile 1, lowest SM or AT. **P<0.001
and ***P<0.0001 for comparison with VAT tertile 1 in fully adjusted model. CI, confidence
interval; SM, skeletal muscle; VAT, visceral adipose tissue.
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Table 1

Baseline characteristics of HIV-infected FRAM participants by arm skeletal muscle tertile.a

Arm SM tertiles (separate cut-points by sex)

P
Tertile 1

(lowest; n = 313)
Tertile 2
(n = 307)

Tertile 3
(highest; n = 302)

Age (years) 43.0 (37.0–48.0) 42.0 (37.0–48.0) 42.0 (37.0–47.0) 0.51

Female 31% 28% 30% 0.92

Race

   African-American 30% 40% 47% <0.0001

   White 57% 46% 40%

   Other 13% 13% 12%

Diabetes 6% 5% 15% <0.0001

Smoking status

   Current 51% 41% 37% 0.0003

   Past 21% 20% 25%

   Never 28% 39% 38%

Antihypertensive use 22% 18% 24% 0.44

ACE-I use 9% 8% 11% 0.31

Hyperlipidemia treatment 13% 16% 17% 0.19

SBP (mmHg) 113.0 (104.0–123.0) 115.0 (107.0–123.0) 118.0 (110.0–127.0) <0.0001

DBP (mmHg) 77.0 (69.0–83.0) 78.0 (71.0–84.0) 80.0 (73.0–87.0) <0.0001

Waist circumference (cm) 84.8 (76.9–92.3) 87.9 (81.1–95.5) 93.2 (85.8–101.0) <0.0001

BMI (kg/m2) 22.4 (20.6–24.7) 24.6 (22.4–26.9) 27.1 (24.6–30.9) <0.0001

Total cholesterol (mg/dl) 188.0 (156.0-222.0) 194.0 (162.0–235.0) 190.0 (159.0–219.0) 0.98

HDL (mg/dl) 40.0 (34.0–52.0) 43.0 (34.0–54.0) 40.0 (33.0–52.0) 0.70

CRP (mg/l) 1.8 (0.8–4.2) 1.7 (0.7–3.8) 1.9 (0.9–4.2) 0.81

Fibrinogen (mg/dl) 379 (297–465) 359 (302–427) 349 (291–418) 0.0066

eGFRcys (ml/min per 1.73 m2) 79 (67–97) 86 (72–100) 90 (75–106) <0.0001

Albuminuria 22% 21% 20% 0.39

HIV-related factors

   Detectable HIV RNA 51% 45% 53% 0.59

   Current CD4 cell count (cells/µl) 333 (169–513) 376 (215–550) 419 (263–566) <0.0001

   HIV duration (years) 8.1 (5.5–11.5) 8.1 (5.3–11.8) 7.6 (5.0–11.5) 0.37

   Detectable HCV RNA 25% 18% 21% 0.15

   History of AIDSb 75% 68% 69% 0.090

   Any antiretroviral (current) 87% 84% 80% 0.0059

   HAART use (ever) 90% 89% 85% 0.022

Arm SM is adjusted for height and then tertiled, with cut-points of T1<2.7 kg for women, <3.6 kg for men. T2=2.7–3.2 kg for women, 3.6–4.3 kg
for men; T3>3.2 kg for women, >4.3 kg for men. ACE-I, angiotensin-converting enzyme inhibitor; BP, blood pressure; CRP, C-reactive protein;
eGFR, estimated glomerular filtration rate; FRAM, Study of Fat Redistribution and Metabolic Change in HIV Infection; HDL, high-density
lipoprotein; SM, skeletal muscle.

a
Statistics estimated using IPCW weights. Continuous data are represented as median (IQR).

b
AIDS defined by CD4 cell count <200 cells/µl or history of opportunistic infection or malignancy.

AIDS. Author manuscript; available in PMC 2014 February 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Scherzer et al. Page 15

Table 2

Unadjusted associations of MRI-measured skeletal muscle and adipose tissue with 5-year mortality in HIV-
infected FRAM participants.a

SM or AT
measure

Odds of death vs.
lowest tertile

Association of SM
with mortality

Association of AT
with mortality

Total Tertile 2 vs. Tertile 1 0.50 (0.33, 0.76) P =0.0014 0.79 (0.51, 1.21) P =0.28

Tertile 3 vs. Tertile 1 0.26 (0.16, 0.42) P < 0.0001 1.05 (0.71, 1.57) P =0.80

Leg Tertile 2 vs. Tertile 1 0.50 (0.34, 0.75) P =0.00069 1.19 (0.77, 1.83) P =0.43

Tertile 3 vs. Tertile 1 0.20 (0.12, 0.34) P < 0.0001 1.47 (0.96, 2.23) P =0.076

Lower trunk Tertile 2 vs. Tertile 1 0.68 (0.45, 1.01) P =0.057 0.80 (0.53, 1.22) P =0.30

Tertile 3 vs. Tertile 1 0.46 (0.29, 0.74) P =0.0012 0.99 (0.67, 1.48) P =0.98

Upper trunk Tertile 2 vs. Tertile 1 0.70 (0.46, 1.04) P =0.079 0.57 (0.36, 0.90) P =0.016

Tertile 3 vs. Tertile 1 0.46 (0.30, 0.70) P =0.00040 0.83 (0.56, 1.23) P =0.36

Arm Tertile 2 vs. Tertile 1 0.41 (0.28, 0.62) P < 0.0001 1.04 (0.65, 1.67) P =0.86

Tertile 3 vs. Tertile 1 0.24 (0.14, 0.42) P < 0.0001 1.15 (0.71, 1.87) P =0.55

VAT Tertile 2 vs. Tertile 1 n/a 0.88 (0.58, 1.33) P =0.54

Tertile 3 vs. Tertile 1 n/a 0.74 (0.48, 1.14) P =0.17

MRI volumes were normalized by dividing by height2 with summaries back-transformed to 1.75m of height. Tertiles were created using separate
cut-points for men and women. AT, adipose tissue; FRAM, Study of Fat Redistribution and Metabolic Change in HIV Infection; n/a=not
applicable; SM, skeletal muscle; VAT, visceral adipose tissue.

a
Results reported as odds ratio (95% confidence interval).
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Table 3

Comparison of MRI and anthropometric measures of muscle and adiposity with 5-year mortality in HIV-
infected FRAM participants.

Final MRI model
OR (95% CI) P

Alternative anthropometric
model 1 OR (95% CI) P

Alternative anthropometric
model 2 OR (95% CI) P

Arm SM: T2 vs. T1 0.59 (0.35, 0.99) P =0.044

Arm SM: T3 vs. T1 0.51 (0.25, 1.04) P =0.062

VAT: T2 vs. T1 1.77 (1.03, 3.03) P =0.039

VAT: T3 vs. T1 2.12 (1.13, 3.98) P =0.019

Leg SM: T2 vs. T1 0.92 (0.54, 1.57) P =0.75

Leg SM: T3 vs. T1 0.42 (0.21, 0.84) P =0.015

Mid-arm muscle circumference: T2 vs. T1 0.59 (0.36, 0.96) P =0.035 0.71 (0.42, 1.21) P =0.21

Mid-arm muscle circumference: T3 vs. T1 0.46 (0.26, 0.82) P =0.0080 0.63 (0.34, 1.16) P =0.13

Waist circumference: T2 vs. T1 2.32 (1.37, 3.95) P =0.0018 2.68 (1.56, 4.62) P =0.00038

Waist circumference: T3 vs. T1 2.10 (1.16, 3.80) P =0.014 2.73 (1.46, 5.10) P =0.0016

Thigh muscle circumference: T2 vs. T1 0.50 (0.31, 0.82) P =0.0055

Thigh muscle circumference: T3 vs. T1 0.30 (0.16, 0.55) P =0.00012

AIC (smaller is better) 705.6 716.7 707.4

Estimates also adjust for demographics, traditional CVD risk factors, HIV-related factors, inflammation, and renal disease. Waist circumference,
mid-arm muscle circumference (MAMC), and mid-thigh muscle circumference (MTMC) were tertiled using cut-offs determined separately in men
and women. Italicized variables are not included in the model above, but are shown added back to the model. AIC=Akaike information criterion,
which indicates a better model fit when it is smaller, but penalizes models that contain more predictors
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