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Abstract

Objective—Osteoporotic fractures are associated with high morbidity and mortality. Persons
with rheumatoid arthritis (RA) have twice the risk of osteoporosis-related fracture than age-
matched controls, the causes for which remain unknown. We investigated contributions of RA
characteristics, medication use, and body composition to low bone mineral density (BMD) in
patients with RA.

Methods—Data were from the Arthritis, Body Composition, and Disability Study (n=138; 82
women, 56 men). Demographic, clinical, laboratory and functional variables were collected at
study visits. Body composition (fat, lean muscle and BMD) was measured by dual x-ray
absorptiometry. Linear regression analyses evaluated the association between predictors and
femoral neck BMD.

Results—Average disease duration was 19 years, 70% of patients were rheumatoid factor
positive and 55% were high-positive anti-cyclic citrullinated peptide (CCP). Age and high anti-
CCP positivity were negatively associated with BMD after controlling for other variables (p=
-0.003 and —0.055, respectively, p<0.05). Appendicular lean mass index (ALMI) was positively
associated with BMD (p=0.053, p <0.0001). In high-positive anti-CCP participants, increasing
anti-CCP levels were associated with a negative linear trend in BMD (B=-0.011, p=0.026).

Conclusion—High anti-CCP positivity and ALMI were strongly associated with BMD in
patients with RA. The linear relationship of anti-CCP levels with lower BMD supports the
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hypothesis that processes specific to RA negatively impact BMD. In contrast, ALMI was
positively associated with BMD, emphasizing the importance of this potentially modifiable risk
factor. Our findings highlight the complicated interplay of RA disease-specific and functional
factors and their impact on bone mass.

Introduction

Osteoporotic fractures are associated with increased morbidity and mortality (1). As a
common secondary cause for low bone mineral density (BMD), rheumatoid arthritis (RA) is
a major contributor to osteoporotic fractures. In patients with RA, the relative risks (RR) of
hip fracture and spinal compression fracture are 2.0- and 2.4-fold greater, respectively,
compared to age- and sex-matched controls (2). RA is an independent risk factor for fracture
in the Fracture Risk Assessment Tool (FRAX) (3). Fractures in RA patients may also predict
increased mortality (4,5), underscoring the importance of identifying and mitigating risk
factors that contribute to the lower BMD and skeletal fragility in patients with RA.
Unfortunately, BMD testing by dual x-ray absorptiometry (DXA) is often overlooked in
patients with RA (6,7). Without such testing, patients at heightened fracture risk may not be
identified and treated, leading to underutilization of potentially life-saving interventions (8).

The heightened risk of skeletal fragility in RA is thought to be due to a combination of the
primary effects of the disease, the medications used to treat it, notably glucocorticoids
(GCs), and reduced physical activity (2,9). It is not known, however, which characteristics of
RA or its treatments have the greatest impact on the BMD and fracture risk. The American
College of Rheumatology (ACR) has published guidelines on the diagnosis and treatment of
glucocorticoid-induced osteoporosis, but has no recommendations on prevention or
treatment of osteoporosis in RA (10). A key first step to improving bone health interventions
in patients with RA is understanding which patients are at highest risk of developing low
BMD and osteoporotic fractures. Investigators have used observational data to determine
which patients with RA are at increased risk for low BMD (9,11,12) or fracture (2,13).
Common factors associated with low BMD or fracture in these studies include age, low
BMI, GC use and disease duration. Prior studies have been key to improving the
understanding of risk factors for low BMD in RA, but studies that include the full range of
clinical and disease-related factors that may be relevant, such as medication use, disease
activity, RF or Anti-CCP antibody status or body composition are still needed.

Body composition is known to influence BMD (14). In the general population, greater
adiposity as measured by body mass index (BMI) and lean muscle mass are both associated
with increased BMD (14,15). Individuals with RA, particularly men, are at risk for altered
body composition with higher rates of sarcopenia and increased fat mass compared to the
general population (16-18). This altered body composition, specifically low lean muscle
mass, may have an important effect on bone density in RA patients.

Using a well-characterized cohort of community-dwelling patients with RA, we evaluated
the associations of body composition, clinical parameters, and laboratory characteristics
with femoral neck BMD in individuals with RA. Understanding the characteristics
predisposing to low BMD is an important step towards understanding those who are at
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highest risk for fracture and may elucidate pathways for intervention and ultimately improve
fracture-related morbidity and mortality in patients with RA.

Patients and Methods

Subjects

Variables

Individuals in this study were participants in the Arthritis, Body Composition, and Disability
(ABCD) study, a cohort developed at the University of California, San Francisco (UCSF) to
study relationships between body composition and physical function in patients with RA and
systemic lupus erythematosus (SLE). Data were collected between 2007-2009. Details of
this cohort have been previously reported by Katz et al. (17). For this secondary analysis of
the pre-existing dataset, we evaluated only those patients with a diagnosis of RA. All
participants had rheumatologist-diagnosed RA. Exclusion criteria were non-English-
speaking, age <18 years, current pregnancy, and daily oral prednisone dose =50 mg. The
exclusionary dose of prednisone was set at 50 mg to exclude those with severe, actively
flaring SLE.

Of 242 eligible individuals, 97 (40%) declined participation, primarily because of
transportation (n=36) and scheduling difficulties (n=38); 145 individuals completed the
study visit. Seven participants were excluded from the analysis because they did not
complete the body composition assessment (including DXA BMD measurement). Of the
remaining 138 participants, 82 (59%) were women and 56 (41%) were men. The study was
approved by the UCSF Committee on Human Research, and all participants provided
written informed consent.

Bone mineral density (BMD)—BMD was assessed in the UCSF Clinical Research
Center using the Lunar Prodigy DXA system (software version 9.3). DXA has been
validated as a method of assessing BMD as well as body composition and has good
reproducibility (19,20). The root-mean-square coefficient of variation for the Lunar Prodigy
DXA system is 0.77% for BMD, 2.98% for total fat and 1.42% for lean mass (21). Our
primary outcome measurement was BMD at the femoral neck (g/cm?). We created a
dichotomous variable (low BMD) that identified anyone with a T-score <-1 if they were 50
years of age or older and Z-score <—1 for those younger than 50. As menopausal status was
not collected, we used age 50 as the cutoff for using T- or Z-score.

Body composition—Weight was measured with subjects wearing light indoor clothing
and no shoes. Height was measured with a wall-mounted stadiometer. BMI was calculated
as weight (kg) divided by height (m2). DXA has previously been used to study body
composition in RA (17,22,23), and yields data on total percent body fat as well as total and
segmented fat and lean mass. Obesity was defined using a method that linked percent fat
from DXA to the National Institutes of Health BMI obesity criterion (BMI =30 kg/m?2) by
sex, age, and race (24). This definition has been previously used in RA and is thought to
represent a conservative measure of obesity (18). Fat mass (FMI) and appendicular lean
mass (ALMI) indices were calculated as kg/m?.
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Functional measurements—Lower extremity muscle strength was assessed using a
Biodex® unit to measure peak isokinetic torque of knee flexion as previously described (25).
Participants completed three trials, and the average maximal strength was calculated.
Physical activity was assessed by self-report with the long form of the International Physical
Activity Questionnaire (IPAQ) (26). The IPAQ has been used and validated in a number of
populations (27,28). Individuals who self-reported fewer than 600 metabolic equivalent
(MET) minutes per week were classified as having low physical activity (26).

RA Disease Characteristics and Medications—RA disease duration (in years) and
the Rheumatoid Arthritis Disease Activity Index (RADAI) were obtained by self-report (29).
Blood samples were collected during the study visit. High sensitivity C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), rheumatoid factor (RF) and anti-cyclic
citrullinated peptide (CCP) levels were measured at a single commercial laboratory. RF was
determined to be positive if >10 IU/mL. We used the European League Against Rheumatism
(EULAR)/ACR 2010 classification criteria definition of high-positive anti-CCP which is
defined as three times the upper limit of normal (30). Using this criterion, the cutoff for high
anti-CCP positivity in our study was 60 units. In order to minimize the heterogeneity of the
high anti-CCP group, participants who fell within the low-to-intermediate anti-CCP positive
group (n=10) were included with those who were anti-CCP negative. Almost 80% of study
participants were concordant in their RF and anti-CCP status. To avoid multi-collinearity, we
chose to use anti-CCP status in our regression analyses because it had a stronger association
with BMD.

Use and dosage of prednisone and tumor necrosis factor (TNF) inhibitors were queried.
Osteoporosis medication, calcium and vitamin D use were determined by open-ended
medication report. Information on past bisphosphonate use was not collected.

Other—Age, race, and smoking status were self-reported.

Statistical analyses

Chi-square and t-test analyses were used to detect sex differences in participant
characteristics. Linear regression analyses were used to determine univariable associations
between predictors and femoral neck BMD. To identify independent predictors of BMD, we
performed multivariable linear regression analyses that included variables significant in the
univariable analyses of the total sample at p<0.10. Prednisone dose was included in the
adjusted model, despite having not achieving significance at the p<0.10, given the known
deleterious effects of prednisone on BMD. Osteoporosis medications were not included in
the multivariable analyses due to the inverse association with BMD suggesting indication
bias. Because of the significant differences in body composition previously noted between
men and women in this dataset (17,18), univariable and multivariable analyses were
performed on the entire study population and then stratified by sex.

Secondary analyses—We performed a secondary analysis to further investigate the
association of anti-CCP level and BMD using a continuous variable based on 20-unit
increments anti-CCP level rather than a dichotomous variable. Multivariable linear
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regression was used to determine independent associations with BMD in anti-CCP positive
patients. Because of the relatively small sample, we did not stratify this analysis by sex.

Additional sensitivity analyses were performed to include study subjects that did not
participate in the knee flexion Biodex® measurement (n=22) to determine if missing
observations influenced our results. We included only subjects whose reasons for not
participating were pain, frailty or recent joint replacement (n=11), and assigned the lowest
sex-specific measurement to them (25). The multivariable analyses described above were
then performed on the entire study population and also stratified by sex. We also performed
the multivariable analyses without using the knee flexion variable. Lastly, as osteoporosis
medication use may confound the relationship between our predictors and BMD, we
performed final sensitivity analysis evaluating only those patients who did not report
osteoporosis medication use (n=80). Statistical analyses were conducted using Stata, version
13.1 (StataCorp, College Station, TX).

The study cohort was comprised of 138 participants; 82 were female (59%). The average age
was 58+10.8 years and 78% were white (Table 1). Subjects had mean RA disease duration
of 19+10.9 years, 70% were RF positive and 55% were high anti-CCP positive. 5.8% of
study participants reported being current smokers. One third of the participants were taking
prednisone at the time of the study, with an average dose of 7.1+6.1 mg/day among users.
Approximately half (52%) had low femoral neck BMD (as defined above) and 27% of study
participants reported taking osteoporosis medications. One individual self-reported estrogen
use but was also taking bisphosphonates. No subjects reported use of parathyroid hormone
(1-34), raloxifene or calcitonin.

Age, race and disease characteristics were similar between men and women except women
had significantly longer disease duration (20.9 vs. 16.1 years, p=0.010) (Table 1).
Medication use was also similar between men and women with men having a trend towards
higher use of TNF inhibitors (55% vs. 39%, p=0.059). Sex differences in body composition
were found. Expected differences included statistically significantly higher ALMI in men
compared to women (6.9 vs. 6.1, p<0.0001) as well as higher average femoral neck BMD in
men (0.911 in men vs. 0.863 in women, p=0.041). Men also had higher BMI (28.6 vs. 26.2
in women, p=0.021). Men had higher rates of obesity as defined by DXA total fat (80% of
men were obese vs. 44% of women, p<0.0001) and higher rates of self-reported low
physical activity (43% for men vs. 27% for women, p=0.050). Although men had greater
appendicular lean mass, knee flexion strength was similar between male and female
subjects.

Univariable associations with BMD showed that age, RF positivity, high anti-CCP positivity
and longer disease duration were negatively associated with BMD (all p<0.05; Table 2).
Osteoporosis medication use also had a strong negative association with BMD (p= -0.100,
p<0.0001). Male sex, BMI, increased knee flexion strength, ALMI and FMI were positively
associated with BMD (all p<0.05 except FMI p<0.1).
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Sex differences were noted in the univariable associations with BMD (Table 2). ALMI,
osteoporosis medication use, and knee flexion strength remained highly statistically
significant for both men and women (p<0.05). High anti-CCP positivity was highly
statistically significant in women and on the margin of significance in men (p=0.020 and
0.052, respectively). Additionally, within females, obesity based on DXA total fat had a
positive association with BMD, and RF positivity and oral steroid dose had negative
associations with BMD (p<0.1 except RF p<0.05). RF positivity was not associated with
BMD in males, nor was BMI or FMI. Disease activity as measured by RADAI did not have
a significant association with femoral neck BMD in this study.

Age, sex, high anti-CCP positivity, disease duration, FMI, ALMI and knee flexion each met
the pre-specified inclusion criterion from univariable analyses and were included in the
multivariable linear regression analyses. Additionally, we included prednisone dose, despite
it not reaching statistical significance in the univariable analyses, because of its known
impact on BMD. Osteoporosis medications were not used in the multivariable model as their
strong negative association with BMD likely represented confounding by indication. Greater
age (B=-0.003, p=0.009), high-positive anti-CCP (p=-0.054, p=0.016), and lower ALMI
(p=-0.053, p<0.0001), were significantly and independently associated with lower BMD
(Table 3).

Results from sex-specific multivariable linear regressions analyses are shown in Table 4.
Age was no longer statistically significantly associated with BMD among females, although
it maintained a weak negative trend. High anti-CCP positivity maintained a strong negative
association with BMD (B=—0.055, p=0.051). In females, ALMI remained statistically
significant with a positive association with BMD (=0.037, p=0.048). In order to improve
power of our estimation, due to the low number of participants in the male subgroup (n=44),
FMI and prednisone dose (both p>0.5 in univariable model stratified by male sex) were
excluded from the multivariable model. For males, greater age and lower ALMI maintained
significant associations with BMD (p=-0.004, p=0.025 and p=0.060, p=0.001, respectively).
High-positive anti-CCP maintained a point estimate similar to that seen in females (p=
-0.057), but was not statistically significantly associated with femoral neck BMD (p=0.189).

The multivariable sensitivity analysis including only high-positive anti-CCP participants
(n=61) demonstrated that for every 20-unit increase in anti-CCP level, BMD decreased on
average by 0.011 g/cm? (p=0.026) (Table 5). Additionally, ALMI maintained a strong,
positive association with BMD (=0.037, p=0.018). Age, male sex, disease duration and
knee flexion strength were not statistically significant in this model.

The sensitivity analysis adding 11 participants without strength measurements who were not
included in the primary analysis found no substantive changes in the p-coefficients.
Removing the knee flexion variable from our multivariable model increased the number of
subjects in the model (n=134), but did not result in substantial changes in the p-coefficients.
Lastly, we found similar results to our primary multivariable model when evaluating only
those patients who did not report taking osteoporosis medications (n=80). High anti-CCP
positivity and ALMI retained their strong-negative and strong-positive associations with
BMD (B=-0.060, p=0.034 and p=0.053, p=0.001, respectively).
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Discussion

This study evaluated the associations of laboratory and clinical features of RA, body
composition, and functional measures on femoral neck BMD in individuals with RA and
found significant univariable effects of each on BMD. We found a strong independent
association between high anti-CCP positivity and decreased femoral neck BMD in patients
with RA. Additionally, we found a level-dependent negative effect of anti-CCP on femoral
neck BMD in patients with anti-CCP levels >60 units.

Anti-CCP positivity reflects the presence of anti-citrullinated protein antibodies (ACPAS).
ACPA-positive and ACPA-negative RA are distinct entities that differ in their genetic risk
profiles, known environmental triggers, and clinical course (31). The basis for lower BMD
in ACPA-positive disease is unknown, but anti-CCP positivity has been linked to low BMD
even in early RA, suggesting that systemic bone loss is an intrinsic characteristic of ACPA-
positive RA (32). ACPAs can be detected years before the onset of clinical arthritis in RA,
and certain ACPAs can induce the differentiation and activation of osteoclasts /in vitro
(33,34). It has been postulated that these effects of ACPAs contribute to osteoclast-mediated
erosion of peri-articular bone in RA. The observed link between anti-CCP positivity and low
BMD also raises the possibility that ACPA-induced activation of osteoclasts /n vivo may
promote systemic bone resorption leading to low BMD in anti-CCP positive RA patients
(35). Further support for the hypothesis that ACPAs may play a direct role in lowering BMD
is our finding of a level-dependent negative effect of anti-CCP on femoral neck BMD in
anti-CCP positive patients. This suggests that perhaps higher levels of ACPAs, as measured
by anti-CCP level, promote greater systemic bone resorption. A similar finding was
described in a study by Orsolini et al., who found a negative correlation between tertiles of
anti-CCP level and BMD at multiple locations in patients with established RA (35).

We found a strong positive association between ALMI and femoral neck BMD, a finding
well supported by the literature both in RA and the general population (36—-41). Mechanical
loading, through muscular contraction and activity, is thought to have a positive influence on
bone mass. Studies have shown that there is a positive association between knee flexion
strength and spine and femoral neck BMD (42,43). We did not find a strong association
between knee flexion strength and BMD in our multivariable model, but it is possible that
our sample size limited our ability to detect a significant effect.

Our study also evaluated sex differences between body composition and laboratory features
in relation to femoral neck BMD in RA patients. Approximately 50% of both women and
men in our cohort had low femoral neck BMD. ALMI was positively associated with BMD
for men and women. High positive anti-CCP carried strong, negative point estimates in the
sex-stratified regression models. Although the female subgroup’s p-value was on the margin
of significance, the independent associations between high positive anti-CCP and femoral
neck BMD when stratified by sex failed to reach statistical significance, likely due to lack of
power. Additionally, our cohort had sex differences in body composition and physical
activity that could contribute to low BMD. A higher percentage of men in this cohort were
obese compared to women, and the men demonstrated significant lean mass deficits (17,18).
We also noted lower rates of self-reported physical activity among men compared to the
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women. RA disease characteristics and current medication use were similar across sexes,
however the female participants reported, on average, 4.8 years longer disease duration than
males. Therefore, it is possible that there was differential lifetime exposure to
glucocorticoids. Glucocorticoids are known to suppress endogenous testosterone production
in patients with and without RA (44,45). Testosterone is a key determinant of BMD in men,
and low testosterone levels can induce changes in body composition with increased fat and
decreased lean mass (46,47). Thus, chronic changes in testosterone could underlie the
changes in body composition and femoral neck BMD observed in these men with RA, a
hypothesis that would need to be formally tested.

An important limitation of this study is the method by which information on prior
osteoporosis medication use was collected, which likely led to incomplete and/or
inconsistent reporting by subjects. We were also unable to control for osteoporosis
medication use in our cross-sectional model due to the noted inverse association with BMD,
which highlights the presence of confounding by indication. To evaluate the effect of
osteoporosis medications, we performed a sensitivity analysis removing those who reported
osteoporosis medication use, and results were in line with our primary analysis. In addition,
the negative linear association increasing of anti-CCP level with BMD was restricted by the
upper limit for measurement of anti-CCP level at 250 units, resulting in a clustering of
results =250 units. However, this constraint should bias our results towards the null
hypothesis and decrease our power to detect an effect of anti-CCP level on BMD. Study
participants had established RA, which likely increased the prevalence of low BMD and
abnormal body composition. Future studies following an incident or early RA cohort would
be informative. We were unable to compare demographic or clinical characteristics of study
participants and non-participants, so it is possible that this cohort was systematically biased
in some way that could impact the results. Our study was cross-sectional, which allowed us
to comment only on associations between study variables and BMD and not causation.
Additionally, the cross-sectional nature of this study also did not allow us to control for
cumulative effects of disease activity and inflammation which are thought to be important
contributors to bone loss in RA. We were also unable to account for lifetime glucocorticoid
exposure, an important risk factor for altered BMD and body composition. Smoking, a
known risk factor for osteoporosis in the general population as well as a contributor to
disease activity in RA, had a low prevalence in our cohort and did not show significant
associations with BMD, likely due the low number of smokers. We did not obtain 25
hydroxyvitamin D levels in this study, which prevented us from studying the impact of
vitamin D deficiency on BMD in these subjects.

In spite of these limitations, the study had several strengths. This study is unique in
including measurements of laboratory data, clinical features and functional measures in
combination with body composition measures to study BMD. We were able to show that
even while controlling for ALMI, an established risk factor for low BMD, as well as for
other traditional risk factors for low BMD, high anti-CCP level was an important risk factor
for persons with RA. We also had a high percentage of male participants, allowing us to
evaluate sex-specific risk factors for low BMD.
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Our study has clinical implications for the evaluation and treatment of BMD in patients with
RA. As high anti-CCP positivity was associated with lower BMD, such patients may warrant
earlier BMD evaluation and treatment. Low ALMI is a modifiable risk factor for low BMD
and weight-bearing exercise has been shown to increase BMD both in RA and the general
population, so exercise interventions focused on increasing ALMI should encouraged in
patients with RA (48). Low muscle mass is also a risk factor for gait instability and fall,
which when coupled with low BMD, additionally increases the risk of fracture (39,49),
further supporting the importance of exercise to improve muscle mass and gait stability.

In conclusion, we report a strong negative association between high anti-CCP positivity and
femoral neck BMD and a strong positive association between ALMI and femoral neck BMD
in patients with RA. The association of high anti-CCP positivity with low BMD warrants
further study to elucidate the underlying basis of this finding. It may be that ACPAs play a
pathogenic role lowering BMD through systemic effects on bone resorption. Alternatively,
perhaps the presence of anti-CCP antibodies marks a genetically distinct subset of patients
with RA who have other independent risk factors for low BMD. Further studies should be
performed to determine if high-positive anti-CCP patients with RA should undergo earlier
BMD screening or if efforts should be made to minimize glucocorticoid exposure in this
group. Lastly, our study adds to the body of evidence supporting the association of low
ALMI with low BMD. As ALMI is a modifiable risk factor for low BMD, research is
needed to identify effective means of improving lean muscle mass in RA patients.
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Significance and Innovations

. High anti-CCP positivity was associated with lower femoral neck BMD in
this group of individuals with RA. Furthermore, in high-positive anti-CCP
participants, increasing anti-CCP levels were associated with a negative linear
trend in femoral neck BMD.

. Obesity and low lean mass were common in this study, especially in men,
which may have contributed to the high rates of low BMD found in both men
and women (54% and 51% respectively).

. Greater appendicular lean mass was associated with higher femoral neck
BMD. Although this is consistent with previous studies, it suggests an
important focus for clinical intervention.
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Demographic, clinical, body composition, medication and functional variables. Values are presented for the

entire cohort (n=138) and by sex.

Variables Whole cohort (n=138) Female (n=82) Male (N=56) p-valued
Basic demographics
Age 58.0+10.8 58.9 + 10.6 56.6 +11.1 0.231
White Race 107 (78%) 67 (82%) 40 (71%) 0.155
Disease characteristics
RF Positive 96 (70%) 58 (71%) 38 (68%) 0.719
High Positive Anti-CCP@ 76 (55%) 41 (51%) 35 (63%) 0.169
Disease duration (years) 19.0+10.9 209+11.9 16.1+8.3 0.010
ESR 18.5+185 20.0+18.4 16.2 +18.7 0.243
CRP 4778 49+87 45+6.5 0.761
Current smoker 8 (5.8%) 4 (5%) 4 (7%) 0.576
RADAI Score 26138 2517 2717 0.541
Body Composition
BMI 27.2+6.0 26.2+55 28.6+6.6 0.021
Fat Mass Index 10.8+4.6 10.4+4.2 11351 0.252
DXA obese? 81 (59%) 36 (44%) 45 (80%) <0.0001
Appendicular LMI 6.4+12 6.1+0.9 69+14 <0.0001
Femoral neck BMD 0.883 +0.137 0.863+0.126  0.911+0.148 0.041
Low BMD¢ 72 (52%) 42 (51%) 30 (54%) 0.786
Medications
Subjects on prednisone 44 (32%) 26 (32%) 18 (33%) 0.900
Mean dose among those reporting use (mg/day) 71+6.1 6.6 +4.6 79+78 0.486
TNF Inhibitor 63 (46%) 32 (39%) 31 (55%) 0.059
Osteoporosis Medication@€ 31 (27%) 17 (24%) 14 (31%) 0.371
Calciumé 78 (67%) 52 (73%) 26 (58%) 0.084
Vitamin D€ 87 (75%) 55 (77%) 32 (71%) 0.441
Functional measures
Low physical activity 46 (33%) 22 (27%) 24 (43%) 0.050
21683 21.7+75 215+9.6 0.920

Knee flexion (N-m)f

aHigh positive anti-CCP defined as level >60 units (31).

bDXA obese was defined using total percent body fat from DXA based on age, sex, and race-specific criteria (26).

DLow BMD was defined as a T-score <—1.0 at the femoral neck for those =50 years of age and Z-score <-1.0 for those <50 years of age.

Osteoporosis medications represent bisphosphonate use. One patient self-reported estrogen use, but was also taking bisphosphonates. No patients
recorded use of parathyroid hormone (1-34), raloxifene or calcitonin.

e . o ! . . .
n=117. Due to differences in interview protocols, this question was not asked of all participants.

f . TR
n=120. Due to patient non-participation in Biodex© measurement.
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gp—value refers to the difference between female and male study subjects assessed by t-test for continuous variables or XZ test for categorical
variables.

- RF: rheumatoid factor; CCP: cyclic citrullinated peptide antibody; ESR: erythrocyte sedimentation rate; CRP: c-reactive protein; RADAL:
rheumatoid arthritis disease activity index, BMI: body mass index; LMI: lean mass index; BMD: bone mineral density; TNF: tumor necrosis factor
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Multivariable linear regression of the entire cohort on the outcome of femoral neck bone mineral density (g/

cm?) (N=117, r2= 0.353).

Variables B 95% ClI p-value
Age —0.003 —0.005 to -0.001 0.009
Male sex 0.014 -0.034 to 0.062 0.567
High Positive Anti-ccpd  —0.054  -0.097t0-0.010  0.016
Disease Duration (years) -0.001  -0.003 to 0.001 0.305
Fat Mass Index 0.001 -0.005 to 0.007 0.723
Appendicular LMI 0.053 0.028 to 0.077 <0.0001
Prednisone dose 0.000 -0.005 to 0.006 0.974
Knee flexion (N-m) 0.002 -0.002 to 0.005 0.328

aHigh positive anti-CCP defined as level >60 units (31).

- CCP: cyclic citrullinated peptide antibody; LMI: lean mass index.
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Multivariable linear regression on the outcome of femoral neck bone mineral density (g/cm?) for those with
high anti-CCP level (>60 units). RZ for model 0.340. The model did not include FMI and prednisone dose due

to smaller sample size (n=61).

Variables B 95% ClI p-value
Age -0.003  -0.006 to 0.000 0.083
Male Sex 0.028 -0.037 to 0.094 0.391
Anti-CCP level@ -0011 -0.022t0-0.001  0.026
Disease Duration (years) —0.002  -0.005 to 0.001 0.138
Appendicular LMI 0.037 0.007 to 0.068 0.018
Knee flexion (N-m) -0.001  -0.006 to 0.003 0.569

aAnti-CCP level per 20 unit increase

- CCP: cyclic citrullinated peptide antibody; LMI: lean mass index.
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