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Abstract

Purpose—We aimed to determine if there were gender differences in lean body mass (LBM) in
patients with RA when compared with sex- and race- specific National Health and Nutrition
Examination Survey (NHANES) reference data, and investigated the impact of sex differences in
risk factors for LBM deficits.

Methods—DXA measures of whole body LBM and appendicular LBM (arms and legs, ALM)
were obtained on a total of 190 subjects from two independent cohorts (141 from San Francisco
(SF) , 49 from Philadelphia (PA)), expressed as indices adjusted for height (LBMI and ALMI,
kg/m?2), and converted to sex- and race- specific Z-scores relative to age based on NHANES data.
Sarcopenia was defined using four different sex-specific definitions. Multivariable linear and
logistic regression adjusted analyses for disease activity, disease duration, physical activity, CCP
seropositivity, fat mass index, and glucocorticoid use.

Results—While there were significant differences between the two cohorts, ALMI Z-scores
were significantly lower in men compared to women in both (SF: -1.43 v. -0.43, p<0.0001; PA:
-0.83 v. -0.06, p=0.03). Observed gender differences were significant after adjustment in
multivariable analyses within both cohorts. Odds of sarcopenia were 3 to 8 times greater in men in
the SF cohort. Men in the PA cohort also had a higher, but non-significant, risk of sarcopenia.

Conclusion—RA is associated with significant LBM deficits, with greater deficits observed in
men. Future study may help elucidate the mechanisms driving greater deficits among men.
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Abnormal body composition, characterized by lean body mass deficits and excess fat mass,
has been reported among individuals with rheumatoid arthritis (RA). Initial reports focused
on depletion of lean body mass and cachexia.(1-5) More recent research called attention to
excess fat mass or obesity in RA.(6-8) Body composition alterations are clinically important
because they have been associated with greater disability and poor long-term outcomes.(5,
9-13) More specifically, low lean body mass has been linked to risk of poor health
outcomes, disability, and overall mortality in the general population and in patients with RA.

Previous studies have documented sex differences in body composition phenotypes of RA.
(14-16) For example, we previously reported that men with RA were at greater risk of
obesity, compared with women.(12) Similarly, two previous studies demonstrated
significantly lower estimates of lean body mass in men with RA compared to matched
controls, but this association was absent in women.(10, 17) Despite these observations,
assessment of sex differences in the extent of lean mass deficits among men and women has
been limited by the lack of robust sex-specific reference ranges and consideration of sex
differences in risk factors for abnormal body composition.

Whole body dual energy absorptiometry (DXA) measures of body composition were
obtained in ~20,000 adults in the National Health and Nutrition Examination Survey
(NHANES) and sex- and race- specific reference curves relative to age are available.(18)
The primary objective of this analysis was to assess lean body mass in participants with RA
from two existing independent cohorts, compared with these robust population-based
reference data. A secondary objective was to examine sex differences in lean body mass
deficits and risk of sarcopenia (based on published criteria), independent of disease-related
risk factors for lean body mass deficits.

Methods

Data Sources

These analyses employed two independent datasets assembled for other primary purposes. A
brief overview of each dataset is provided. The internal review board at each institution
approved the studies and all subjects gave written informed consent.

1. University of California San Francisco (UCSF) Cohort—The UCSF cohort was
developed to study the impact of body composition on disability in RA. Details of the cohort
have previously been published.(12) Briefly, the majority of the research participants in this
dataset were drawn from the University of California, San Francisco (UCSF) RA Panel
Study. After telephone interviews in the study years 2007-2009, RA Panel participants who
lived in the greater San Francisco area were recruited for in-person assessments, including
measurement of body composition. Exclusion criteria were non—-English speaking, age <18
years, current daily oral prednisone dose >50 mg, current pregnancy, uncorrected vision
problems that interfered with reading, and patients who had undergone joint replacement
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within 1 year. Three subjects were recruited but were not included in this analysis due to an
outdated consent in one and improperly stored data in two.

2. University of Pennsylvania (UPenn) Cohort—The UPenn cohort was developed as
a pilot study to evaluate alterations in body composition and bone structure in patients with
RA.(19) Subjects composing the UPenn cohort were recruited from the University of
Pennsylvania Rheumatology practices and consisted of individuals with RA, ages 18-70
years, who met 2010 American College of Rheumatology criteria. Subjects with Juvenile
Idiopathic Arthritis (or another inflammatory arthritis), active cancer, a history of chronic
diseases known to affect bone health (e.g. chronic kidney disease, liver disease,
malabsorption syndromes), or pregnancy were excluded. One RA subject was excluded
because her weight exceeded the limit for the DXA machine.

Key Study Measures

Body composition, including regional body fat and lean mass, were assessed in both cohorts
with whole-body DXA. Outcome measures included whole-body lean body mass and
appendicular lean body mass (sum of lean mass in the arms and legs).

For the UCSF subjects, a Lunar Prodigy DXA system (software version 9.3) was used. In
vivo coefficients of variation for measurement of lean mass by the Lunar Prodigy have been
estimated at 1% or less.(20) Body composition measures for the UCSF subjects were
adjusted based on the method by Shepherd et al. to facilitate comparison to NHANES data
that were generated on Hologic equipment.(21) Subjects from the UPenn cohort underwent
whole-body DXA assessment using a Hologic densitometer (Delphi Systems, Hologic, Inc.,
Bedford, MA) and therefore did not require the Shepherd adjustment. The in vitro
coefficient of variation for Hologic measurement of lean mass was less than 0.6% and the in
vivo coefficient of variation in adults was less than 1%.(22)

Study Covariates

In both cohorts, age, race/ethnicity, disease duration, and smoking status were obtained by
self-report. Height was measured with a wall-mounted stadiometer. Disease activity was
measured using the patient-reported Rheumatoid Arthritis Disease Activity Index (RADAI)
in the UCSF cohort (23), and with the Disease Activity Score 28 (DAS28) with C-reactive
protein (CRP) in the UPenn cohort. Anti-cyclic citrullinated peptide (CCP) antibody titers
were analyzed by commercial laboratories. CCP seropositivity was defined as a value above
the normal reference range. Self-reported physical activity was obtained using the
International Physical Activity Questionnaire (IPAQ)(24, 25) in the UCSF cohort and the
Multi-Ethnic Study of Atherosclerosis (MESA) questionnaire(26) in the UPenn cohort. For
both groups, moderate or vigorous activity (IPAQ) or intentional exercise (MESA) was
quantified in metabolic equivalent (MET)-hours per week.

Statistical Analysis

Statistical analyses were performed using Stata 11 (StataCorp, College Station, TX) and
SAS 9.3 (Cary, NC). Characteristics of men and women within each cohort were compared
using chisquare analyses for categorical variables and t-tests for continuous variables.
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Height-adjusted indices were created for total lean body mass (LBMI, kg/m?), appendicular
lean body mass (ALMI, kg/m?2), and fat mass (FMI, kg/m?2). The results in the RA
participants were converted to sex- and race-specific Z-scores (standard deviation scores)
using NHANES reference curves.(18) The National Center for Health Statistics previously
released whole-body DXA data from an NHANES population-based sample that was
acquired with modern fan beam scanners in 15 counties across the United States from 1999
through 2004. The NHANES dataset was partitioned by gender and race and DXA whole-
body measures of FMI, LBMI, and ALMI were analyzed to provide age, gender, and race-
specific reference ranges. The NHANES reference curves were generated using the LMS
method. This method normalizes the underlying reference data by dividing age into groups
and then applying a power transformation that extends one tail of the distribution and
contracts the other, eliminating skewness in the body composition result. A smooth curve is
fitted to the normalizing power transformation for each age group, generating an optimum
“L” (power) curve that normalizes the dependent measure, e.g. lean mass, over the entire
age range. The procedure also fits Median (M) and coefficient of variation (S) curves, and
these three curves (L, M, and S) fully describe the distributions of the reference data. The
generated Z-score represents the number of standard deviations above or below average an
individual is compared to population-based controls of the same age range, sex and race.
This methodology helps deal with the heteroskedasticity and skew in body composition data
and allows quantification of relative deficits according to the age-, sex-, and race-specific
average and the variability among NHANES reference data.

T-tests were used to assess sex differences in lean body mass indices (LBMI and ALMI), Z-
scores, and risk factors within each cohort. Multivariable linear regression analyses
evaluated sex differences after adjustment for a-priori hypothesized potential confounders
based on Table 1. These included CCP seropositivity, disease activity [RADAI or
DAS28(CRP)], RA disease duration, oral glucocorticoid use, FMI Z-score, and physical
activity.

Sarcopenia was defined based on four published sex-specific definitions of low ALMI based
on previous studies. Baumgartner defined sarcopenia as an ALMI (kg/m2) more than 2 SD
below the mean in a young reference population (18-40 years of age) from the Aging
Process Study and the Rosetta Study (Men: 7.26, Women: 5.45). (27) Coin defined
sarcopenia as present if ALMI was 1 standard deviation (SD) below the mean for young
adults (18-40 years of age) living in the Mediterranean area (Men: 7.59, Women: 5.47). (28)
Newman defined low ALMI as a value lower than the 20t percentile among 70-79 year olds
in the Health ABC Study (Men: 7.23, Women: 5.67). (29) Finally, we used NHANES data
to establish cutoffs based on a ALMI 1 SD below the mean among young adults (20-40
years) from NHANES (Men: 7.07, Women: 6.32). Logistic regression was used to assess the
odds of sarcopenia in men compared to women within each cohort. For the UCSF cohort,
multivariable analyses also compared the odds of sarcopenia adjusting for CCP
seropositivity, FMI, physical activity, and oral glucocorticoid use. Race was not included in
these models because none of the African American participants in the UCSF cohort met
sarcopenia criteria. Disease duration, RADAI, and current smoking were not significantly
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associated with sarcopenia in bivariate analyses. The number of subjects in the UPenn
cohort was insufficient for multivariable analysis.

Results

Study Sample Characteristics

Characteristics of the two cohorts are shown in Table 1. Briefly, the UCSF cohort was older
[58.6 (10.8) v. 51.1 (13.4) p<0.001), had fewer black subjects (4% v. 37%, p<0.001) and a
greater number of Latino subjects (12% v. 0%, p=0.01), had lower BMI [29.5 (7.5) v. 27.1
(6.2) p=0.02], had longer disease duration [19.4 (11.1) v. 13.5 (11.0) p=0.002], and had a
greater proportion of subjects who were seropositive (89% v. 78% p=0.054).

Within the UCSF cohort, the proportion of participants of black race was greater in men
than women (9% v. 1%, p=0.04), disease duration was shorter in men (15.7 vs. 21.4 years,
p=0.0008), and mean (SD) BMI was greater in men (28.7 [6.6] v. 26.1 [5.4], p=0.02). The
proportion of men that were anti-cyclic ctrullinated peptide (CCP) antibody positive was
significantly greater than the proportion of women who were CCP positive (100% v. 86%,
p<0.001). Otherwise, there were no significant differences in disease or sociodemographic
characteristics between men and women. There were no significant differences between men
and women in the current use [Men: 33% v. Women: 37%, p=0.7] or the median daily dose
[0 (0, 2.5) v. 0 (0, 2.1), p=0.8] of oral glucocorticoids. The current use of methotrexate was
similar for men and women (Men: 83% v. Women: 89%, p=0.54), but men were more likely
to report current use of a biologic therapy (Men: 55% v. Women 38%, p=0.06).

Within the UPenn cohort, mean (SD) BMI tended to be lower among men (26.1 [5.2] v. 31.3
[8.9], p=0.07), and FMI was significantly lower among men (7.5 [3.5] v. 13.3 [5.5],
p=0.002). There were no other significant differences in demographics or disease
characteristics between men and women in the UPenn cohort (Table 1). Women reported a
greater number of years of exposure to prednisone [Median 1 (0.1, 3) v. 0 (0, 0) p<0.001].
However, there were no differences in the median daily dose of prednisone between men [0
(0,2.5)] and women [0 (0, 5)] (p=0.3). The current use of methotrexate [Men: 64% v.
Women: 64% (p=1)] and biologic therapies [Men: 73% v. Women: 62% (p=0.5)] was also
similar.

Similar to what would be expected in healthy adults, men with RA had significantly greater
LBMI and ALMI compared to women in the UCSF cohort (Table 2). Absolute differences
in LBMI and ALMI between men and women in the UPenn cohort were similar to those
observed in the UCSF cohort, but were not statistically significant.

Results for comparison to national reference ranges (NHANES)

Comparison of both the UCSF and UPenn cohorts to the population-based NHANES data
revealed substantial lean body mass deficits for men (i.e., Z-scores were negative, p<0.001)
(Table 3). In the UCSF cohort, the mean Z-scores were also below zero among women
(p<0.001), indicating average values below the normative mean, although less so than for
the men. Total LBMI and ALMI Z-scores were significantly lower for men than women in
the UCSF cohort in both unadjusted and adjusted analyses (p<0.0001).
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Within the UPenn cohort, the mean LBMI and ALMI Z-scores were substantially below the
normative mean among men (p=0.01) (Table 3). However, LBMI and ALMI Z-scores
among women with RA were not significantly different from the normal age- and sex-
specific norms (p>0.7). Significant differences in ALMI Z-scores between men and women
were also evident in the UPenn cohort, as in the UCSF cohort. Adjusting for hypothesized
potential confounders including RA disease duration, disease activity, CCP antibody
seropositivity, oral glucocorticoid use, FMI Z-score, and reported physical activity partially
attenuated the observed differences between men and women in the UPenn cohort (Table 3).
Gender differences in ALMI Z-scores remained significant after adjustment in both cohorts.

On average, LBMI for men was at the 101 and 23" percentiles, and ALMI at the 111" and
20t percentiles (UCSF and UPenn, respectively; Figure 1). In the UCSF cohort, women
were at the 37" percentile for LBMI and 44 percentile for ALMI. UPenn women were at
the 47t percentile for both LBMI and ALMI.

Presence of Sarcopenia in Men and Women

Within the UCSF cohort, 37-57% of the men met criteria for sarcopenia, depending on the
definition (Table 4). Among women, the proportions were smaller (13-20%). The
unadjusted odds of sarcopenia in the UCSF cohort were between 3 and 8 times greater for
men compared to women, depending on which of the four definitions of sarcopenia was
used. Within the smaller UPenn cohort, the odds of sarcopenia for men compared to women
ranged from 1.2 to 4; however, the confidence intervals did not exclude 1. In the UCSF
cohort, adjustment for covariates yielded even greater odds of sarcopenia for men, ranging
from 7.3 to 22.2. The increase in the odds of sarcopenia among men after adjustment was
primarily the result of the adjustment for the greater fat mass seen in the men, which would
be expected to be associated with greater ALMI and LBMI Z-scores in this group. Within
the UPenn cohort there were too few total subjects with sarcopenia to adequately adjust for
potential confounders.

Discussion

This is the first study to examine gender variations in lean body mass deficits in patients
with RA. We evaluated gender differences in a cohort of subjects with detailed body
composition measures compared to published national reference ranges. These novel
observations were confirmed in an analysis using a second, independent cohort. Gender
differences were observed in both cohorts even though there were differences in the two
cohorts in terms of the selection of subjects, racial/ethnic backgrounds, body mass index,
age, and disease duration. We found that the independent UCSF and UPenn studies observed
that men's height-adjusted lean mass was at the 111" and 20t percentile, respectively,
compared to age-, sex-, and race-specific national averages (i.e., 50t percentile). In contrast,
women's height-adjusted lean mass was only slightly lower than age- and sex-specific
norms, at the 44t and 47t percentiles, respectively. Furthermore, men had a greater odds of
sarcopenia compared to women utilizing several distinct sex-specific definitions of
sarcopenia. These dramatic differences were not explained by group differences in disease
characteristics such as disease activity, disease duration, reported physical activity, or CCP
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seropositivity. Previous studies of sarcopenia using these definitions, primarily in the
elderly, have not observed similar gender differences.(27, 28, 30)

While previous studies found statistical differences in appendicular lean mass between
individuals with RA only among men,(10, 17) ours is the first study to specifically test the
hypothesis that men have greater deficits in muscle than women.

The observation that men have greater lean mass deficits is clinically important since
sarcopenia is associated with falls, fracture, and early death among the elderly, and with
greater disability.(10, 31) Therefore, identification of those at risk who are most likely to
benefit from interventions to reduce or reverse muscle deficits is critical. Our findings also
support the hypothesis that there may be distinct mechanisms by sex that either accelerate or
offer protection from muscle deficits; better delineation of these mechanisms may offer
avenues for effective treatments. Since the clinical implications of greater loss of muscle in
men remains unknown, future studies will need to clarify the contribution of muscle deficits
to the risk of important adverse outcomes within men and women.

Previous work has shown that body composition alterations during abnormal states or aging
can be sex-specific. For example, men have been shown to have greater declines in muscle
mass with aging compared to women.(32) Females may also have attenuated muscle loss
during disuse.(33) Finally, the distribution of changes in muscle and fat composition during
active weight loss is sex-specific.(34) This study is the first to call attention to the possibility
that RA could have a greater disease impact on muscle outcomes in men.

The mechanisms underlying these gender differences are not clear. Female sex hormones
have been shown to ameliorate arthritis in mouse models.(35) Pikwer et al. also recently
showed that hormonal changes in men may precede the development of RA, and perhaps
pre-dispose to disease.(36) Hormonal pathways important in regulating muscle mass in men
may be differentially dysregulated in RA, resulting in a greater impact of the disease on
maintenance of muscle mass among men.(37) For example, testosterone levels are a main
regulator of muscle mass in men. Levels of testosterone are lower in men with RA and
increase in correlation with improvements in disease activity, suggesting that alterations in
this pathway could help to explain the greater relative deficits in men.(38)

Men have also been shown to produce greater TNF- a and Interleukin (IL)-6 in response to
inflammatory stimuli.(39) Thus differences in body composition phenotypes could
potentially be explained by differences in cytokine production as the result of genetic and
chromosomal differences. Finally, women with RA score higher on subjective assessments
of disease symptoms(40), so men who develop RA might have differences in disease
presentation that result in under-recognition of severe and active disease.

There are several limitations to consider in interpreting our findings. First, the crosssectional
study design does not enable us to evaluate temporal associations. Our knowledge of the
clinical characteristics of subjects was limited to those reported here so it is possible that
unmeasured differences in disease severity, comorbid conditions, or treatments could have
influenced our findings. For example, we do not have access to information regarding
lifetime use of glucocorticoids. While the use of NHANES reference ranges is a critical
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strength of this study, it is also important to emphasize that we do not have access to patient-
specific data on the control population. In addition, DXA results from UCSF subjects were
analyzed using earlier versions of the Lunar Prodigy software than the versions used in the
adjustment published by Shepherd.(21) However, this should not have impacted the
comparison between men and women. Furthermore, the analysis of the risk of sarcopenia
(which supports the main conclusion) is not dependent on comparison to NHANES and, in
addition, the confirmatory findings in the UPenn cohort do not carry this concern.

These limitations notwithstanding, there are important strengths to this study. Firstly,
findings were replicated using two independent cohorts. While there were some differences
in the UCSF and UPenn subjects likely attributable to the selection of subjects in these
independent cohorts, the finding that men have more significant deficits was observed in
both groups. Thus, these observations are unlikely to be due to primarily to selection bias
within a single study. Secondly, we used objective measures of body composition, and
referenced to nationally representative age-, sex-, and race-norms. Lastly, although we did
not have exhaustive information regarding RA or general medical history, we did have
access to a number of important covariates such as disease duration, disease activity, current
glucocorticoid use, CCP antibody status, and self-reported physical activity.

In conclusion, these observations suggest that men with RA have greater diseaserelated loss
of lean mass than women with RA. Taken in context with previous findings that men with
RA had greater levels of fat, our results indicate that disease-related body composition
alterations overall are greater in men with RA. Future study should evaluate for sex-
differences in the dysregulation of pathways important for muscle homeostasis including sex
hormones (testosterone), secretion and signaling of growth hormone, IGF-1, and other
regulators such as myostatin.(41)
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Figure 1.
Percentiles of lean body mass and appendicular lean mass indices of men and women with

RA, based on mean group Z-score compared to age-, sex-, and race-specific norms from
NHANES.

LBMI= Lean Body Mass Index Z-Score; ALMI= Appendicular Lean Mass Index Z-score;
UCSF= University of California San Francisco; UPenn= University of Pennsylvania
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