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Abstract

Purpose—Rheumatoid arthritis (RA) is associated with adverse body composition profiles, and 

low muscle density due to accumulation of intramuscular fat. This study assessed associations 

between muscle density, body composition, muscle strength, and physical functioning in patients 

with RA and a reference group.

Methods—Patients with RA, ages 18–70 years, and healthy control participants completed 

whole-body DXA and peripheral quantitative CT (pQCT) to quantify appendicular lean mass 

(ALMI, kg/m2) and fat mass indices (FMI, kg/m2), visceral fat area, and muscle density. 

Dynamometry was used to measure hand-grip strength and muscle strength at the knee and lower 

leg (ft-lbs). Disability and physical functioning were measured with the Health Assessment 

Questionnaire (HAQ) and the Short Physical Performance Battery (SPPB). Linear regression 

analyses assessed differences related to RA and associations between muscle density, strength, and 

function.

Results—The study consisted of 103 RA patients (51 men) and 428 healthy participants. Low 

muscle density was associated with greater disease activity, CRP, and Interleukin-6, greater total 

and visceral fat, lower ALMI Z-Scores, physical inactivity, and long-term use of glucocorticoids 
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(>1yr). Patients with low ALMI Z-Scores had lower muscle density Z-Score compared to 

reference participants with similarly low ALMI. Low muscle density was independently associated 

with lower muscle strength, higher HAQ, and lower SPPB after adjusting for ALMI and FMI Z-

Scores.

Conclusions—Low muscle density observed among patients with RA is observed in association 

with low muscle mass, excess adiposity, poor strength, and greater disability. Interventions to 

address poor muscle quality could potentially affect important functional outcomes.
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Introduction

Intramuscular fat accumulation resulting in low muscle density has been observed with 

aging and in patients with excess total and visceral adiposity and insulin resistance (1–7). 

Low muscle density is also observed among individuals with cancer cachexia (8). It has also 

been linked to a number of adverse long-term outcomes in the general population, including 

low muscle strength, poor physical function, fracture, cardiovascular disease, and early 

mortality (2, 3, 8–18).

Low muscle density has been observed in patients with rheumatoid arthritis (RA) and is 

associated with greater disease activity and Interleukin(IL)-6 levels (19–21). Two previous 

studies demonstrated that low muscle density was correlated with poorer physical 

functioning in RA (21, 22). However, there is a strong and well-described link between 

visceral adiposity and muscle density (6, 7). Total and visceral adiposity are each strongly 

associated with poor physical function (23, 24). Therefore, total and visceral adiposity are 

potential confounders between muscle density and physical function. In other words, if 

adiposity were a confounder, it would suggest that relationships that have been identified in 

prior studies are unlikely to be causal. Previous studies in RA have not ascertained whether 

relationships between muscle density and physical function and strength are independent of 

other relevant (and more easily measured) body composition outcomes, including total and 

visceral adiposity assessed by whole-body dual-energy absorptiometry (DXA) (15, 25). Few 

studies have assessed associations between muscle density and physical function 

independent of estimates visceral fat in other patient populations, but we are aware of one 

that did demonstrate independent associations (17).

We previously reported low muscle density in this RA cohort. The logical extension of this 

work was to determine risk factors for low muscle density and to assess relationships with 

physical function. We hypothesized that low muscle density is related to low lean mass and 

excess visceral adiposity and independently associated with adverse physical function. We 

aimed to characterize the relationship between muscle density and disease characteristics, 

physical activity, physical functioning, and muscle strength, independent of other 

comprehensive assessments of body composition (lean mass & total and regional adiposity) 

among patients with RA. Because the etiology and impact of low muscle density was 
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hypothesized to be distinct in RA, we also aimed to compare the relationships observed in 

RA to those observed in a reference control population.

Methods

Study Setting

RA subjects, ages 18–70 years, who met 2010 American College of Rheumatology 

classification criteria, were recruited from the University of Pennsylvania and Philadelphia 

VA Medical Center Rheumatology practices. 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, or malabsorption syndromes), 

pregnancy, or who were unable to perform the muscle density or body composition 

assessments due to physical limitations, excess weight (>300 pounds), or a calf size that 

would not fit in the scanner were excluded.

Adults, ages 21 to 78 years (239 male, 261 female) were enrolled as healthy reference 

participants for multiple bone studies at Penn, as previously described (26). These healthy 

participants were recruited from Penn internal medicine clinics and the surrounding 

community. All study subjects (RA and reference participants) underwent scans in the same 

laboratory using identical equipment and methods. For each subject, all studies were 

performed at the same study visit. The protocols were approved by the Institutional Review 

Board at University of Pennsylvania and the Philadelphia Veterans Affairs Medical Center 

and informed consent was obtained from all participants.

Assessment of Anthropometrics and Race

Weight and height were measured in light clothing and with shoes removed using a digital 

scale (Scaltronix, White Plains, NY) and stadiometer (Holtain Ltd., Crymych, UK), 

respectively. Body Mass Index (BMI) was calculated (weight/height2, kg/m2). Participants 

self-identified race according to National Institute of Health categories.

Whole-body Dual-Energy Absorptiometry (DXA)

Subjects underwent whole-body DXA assessment using a Hologic densitometer (Delphi/

Discovery Systems, Hologic, Inc., Bedford, MA) to measure appendicular lean mass, as well 

as total and regional fat mass. Similar to the adjustment of weight for height to estimate 

BMI, body composition estimates were adjusted for height2 to generate appendicular lean 

mass index (ALMI, kg/m2) and fat mass index (FMI, kg/m2). The in vitro coefficient of 

variation for Hologic measurement of lean mass was less than 0.6% and the in vivo 

coefficient of variation (CV) in adults was less than 1% (27). We utilized a previously 

validated method to quantify visceral adipose tissue area (VAT) area.(28) The CV for VAT 

was 5.3%.

Peripheral Quantitative Computed Tomography (pQCT)

Muscle, fat, and bone measures in the left lower leg were obtained by pQCT (Stratec 
XCT2000 12-detector unit, Orthometrix, Inc.) with a voxel size of 0.4 mm, slice thickness of 

2.3 mm, and scan speed of 25 mm/sec. All scans were analyzed with Stratec software 
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version 6.00. Calf muscle and subcutaneous fat CSA (mm2) were assessed 66% proximal to 

the distal physis using threshold 40 mg/cm3 for fat/lean separation and 711 mg/cm3 for lean/

bone separation. The pQCT measure of muscle density (mg/cm3) was used as a composite 

index of intra and extra-myocellular fat content, as previously described (29, 30). Muscle 

density measured by pQCT correlates strongly with muscle fiber lipid content on 

histopathology (1). Edge-detection and threshold techniques were used to separate tissues 

(fat, muscle, and bone) based on attenuation characteristics that are directly related to tissue 

composition and density (1, 4). Images were filtered prior to being analyzed using contour 

mode 3 (−101 mg/cm3) to find skin, and peel mode 2 (40 mg/cm3) to separate adipose and 

muscle/bone, respectively. Images were filtered subsequently with a combination 3×3, and 

double 5×5 kernel image filter that clearly defined the edge of the muscle using contour 

mode 31 (40 mg/cm3). All bone was identified using a threshold of 150 mg/cm3 and 

mathematically removed to generate results for muscle density. Quality control was 

monitored daily using a phantom. In our laboratory, the coefficient of variation (CV) for 

short-term precision has ranged from 0.5 to 1.6% for pQCT outcomes.

Dynamometric Measurement of Muscle Strength

Muscle strength was assessed in several ways using Biodex Multi-Joint System 3 Pro 

Dynamometer (Biodex Medical Systems, Inc, Shirley, NY). High intra-rater (0.97 to 0.99) 

and inter-rater (0.93 to 0.96) intra-class correlation coefficients have been reported (31). 

Peak isokinetic torque (ft-lbs) was measured in triplicate at the knee and lower leg (ankle). 

For lower leg (ankle) biodex, we report strength as peak isometric torque (ft-lbs) in 

dorsiflexion (with the foot placed in 20 degrees of plantarflexion) as previously described 

(32). Peak isometric torque in flexion and extension at the knee was also reported for 

patients with RA (ft-lbs). Hand-grip strength (lbs) was measured using a hand-grip 

dynamometer (Takei Scientific Instruments Co., Ltd., Japan).

Assessments of Physical Function and Disability

Physical function was assessed using the Short Physical Performance Battery (SPPB). The 

SPPB is a simple test to measure lower extremity function using tasks that mimic daily 

activities. It examines static balance, gait speed, and timed chair-raises. Because SPPB 

scores are highly skewed, this variable was analyzed as categories as previously defined (0–

4, 5–8, and 9–12) (33, 34). Disability was assessed using the Health Assessment 

Questionnaire (HAQ), a widely used tool in RA.(35) Briefly, eight categories are assessed 

including dressing and grooming, arising, eating, walking, hygiene, reach, and grip (35).

Physical Activity Questionnaire

Physical activity was assessed using a detailed questionnaire developed for the Multi-Ethnic 

Study of Atherosclerosis (MESA) (36). We used a definition of intentional exercise (the sum 

of walking for exercise, sports/dancing, and conditioning MET-hours/week) that has been 

previously defined (26, 37). The total number of reported sedentary hours per week was also 

recorded.
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Disease Measures, Inflammatory Markers

Erythrocyte Sedementation Rate (ESR) was performed using the Westergren method. C-

Reactive Protein (CRP) levels were measured using a Fixed Point Immuno Rate Assay. 

Medication use was determined by self-report and confirmed in the medical record. Disease 

activity was measured in a standard fashion using the Disease Activity Score 28 (DAS28) 

with CRP. Cytokine assays were performed using a V-Plex Plus Proinflammatory Panel 1 kit 

from Meso Scale Discovery. X-rays of the hands and feet were performed and van der 

Heidje-Sharp (vdHS) scores were determined by a trained radiologist (E.T.).

Statistical Analysis

Multiple-imputation for missing vdHS scores (N=17) was performed. Body composition 

(ALMI, FMI), muscle density, and measures of muscle strength (lower leg biodex, handgrip) 

that were available in the reference population were converted to age, sex, and race-specific 

Z-Scores based on distributions among the reference population as has been described (20, 

23, 38, 39). Z-Scores represent the number of standard deviations above or below the 

predicted value for a healthy control of the same age, sex, and race.

In order to illustrate relationships between appendicular lean mass and muscle density 

independent of the effects of fat, the generation of adiposity-adjusted appendicular lean mass 

index (ALMIFMI) Z-Scores were generated for both RA and reference participants was also 

performed as previously described (23, 38). The ALMIFMI Z-Score represents the number of 

standard deviations above or below the predicted value for a reference population [National 

Health and Nutrition Examination Survey (NHANES)] of the same age, sex, race, and FMI 

Z-Score. This measure was more closely associated with physical functioning in RA and the 

elderly compared to the unadjusted ALMI Z-Score (40, 41). Low muscle density and low 

ALMI were each defined as a respective Z-Score of −1 or lower (equivalent to <16th 

percentile among the reference group).

Correlations between muscle density Z-Scores and disease characteristics, demographics, 

and whole-body DXA measures of body composition were assessed in univariate and 

multivariate linear regression models. Initial multivariable models examining factors 

associated with muscle density Z-Scores included factors associated in univariate analyses 

(p<0.05). ALMI Z-Score was forced into multivariable models given that univariate 

relationships of ALMI with muscle density may be confounded by fat mass. Associations of 

muscle density and body composition Z-Scores with physical function and muscle strength 

outcomes were assessed in multivariable linear and ordinal regression models, including 

tests for interactions by disease status These tests for interactions assess if the associations 

among patients with RA differe from those observed in the reference participants.

Analyses were performed with STATA 14.1 (StataCorp, LP, College Station, TX).

Results

Characteristics of the RA study population are described in Table 1. Comparisons between 

RA patients and the reference population have been previously published from this cohort 

(19). Patients with RA had substantially lower muscle density compared to the reference 
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group as evidenced by low (negative) muscle density Z-Scores, consistent with greater 

intramuscular fat (Table 1). Modest deficits in ALMI and ALMIFMI were also previously 

reported. Patients with RA also had excessive visceral adiposity, with 32% of patients being 

characterized as having a “high” VAT area (>160 cm) (42). The characteristics of the 

reference population have been previously described elsewhere (15, 19, 20).

Factors associated with muscle density Z-Scores

In univariate analyses, factors that were associated with lower muscle density Z-Scores 

among patients with RA included greater DAS28(CRP), greater CRP levels, greater IL-6 

levels, greater sedentary time, current smoking, use of prednisone (>1 year), greater FMI Z-

Score, and greater VAT area (Table 2). In the reduced multivariable model, only lower ALMI 

Z-Score, greater FMI Z-Score, current smoking, and greater CRP were independently 

associated with lower muscle density. Figure 1 demonstrates that the group differences in 

muscle density Z-Scores in RA between RA and reference participants were more 

pronounced among those with low ALMIFMI Z-Scores (p for interaction = 0.04).

Independent associations of muscle density with physical functioning

In univariate analyses, greater muscle density Z-Score was associated with less disability as 

measured by HAQ and with greater physical functioning as measured by the SPPB (Table 

3). In multivariable models, greater muscle density remained associated with lower HAQ 

scores and a lower odds of being in a low SPPB category after adjustment for whole-body 

DXA estimates including ALMI and FMI Z-Scores (Table 3). ALMI and FMI Z-Scores 

were not significantly associated with function in these models. Further adjustment for CRP 

and swollen joint count partially attenuated associations between muscle density and HAQ 

scores [β: −0.097 (−0.20, 0.10) p=0.08] and SPPB [OR: 0.70 (0.43, 1.14) p=0.15].

Associations of muscle density and muscle mass with muscle strength

In multivariable models adjusting for age, sex, race, height, ALMI and FMI Z-Score, muscle 

density Z-Scores were independently associated with hand-grip, knee extension/flexion, and 

lower leg strength (Table 4). These associations were somewhat attenuated for hand grip 

strength [β: 1.23 (−0.31, 2.77) p=0.12] and knee extension [β: 4.10 (−0.73, 8.93) p=0.10] 

when adjusting for swollen joint count and CRP, but remained significant for knee flexion 

[β: 3.15 (0.53, 5.77) p=0.02] and lower leg strength [β: 1.77 (0.37, 3.17) p=0.01].

The deficits in lower leg strength in RA participants compared to the reference group were 

most pronounced among those with lower muscle density Z-Scores (p for interaction = 

0.007) (Figure 2). This interaction was not significant for handgrip strength (p=0.12). 

Among all participants with normal ALMI and normal muscle density (N=326), RA had 

similar lower leg strength to the reference group [β: 0.002 (−0.30, 0.30) p=0.99]. Among all 

participants with low muscle density Z-Scores (Z ≤ −1; N=120), RA patients had 

significantly poorer lower leg strength Z-Scores compared to the reference group [β: −0.56 

(−0.92, −0.10) p=0.003]. Similarly, among all participants with low lean mass (ALMI Z ≤ 

−1; N=90), RA patients had greater deficits in lower leg strength Z-Scores compared to the 

reference group [β: −0.45 (−0.86, −0.037) p=0.03].
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Discussion

The current study describes relationships between intramuscular fat accumulation (low 

muscle density) and body composition, muscle strength, and physical functioning in patients 

with RA. Low muscle density at the calf was strongly associated with low lean mass and 

greater total and visceral adiposity. Muscle density was also independently associated with 

several measures of strength and physical functioning. This study builds on previous 

literature by demonstrating that associations between muscle density and physical 

functioning and strength in this population are independent of total lean mass and total and 

regional adiposity as measured by whole-body DXA (21, 22). In other words, these results 

provide further support for the hypothesis that fat infiltration of muscle contributes to muscle 

dysfunction among patients with RA, over and above the effects of low muscle mass and 

excess total and visceral adiposity.

The implications of this finding are several-fold. Firstly, these observations further support a 

causal relationship between muscle density and physical function. If causal, assessment of 

muscle density represents a potential surrogate outcome. Clinical interventions or therapies 

that result in improvements in muscle density might therefore be reasonably expected to 

result in improvements in physical function.

Previous studies in the elderly and other at-risk populations have also demonstrated 

significant associations between low muscle density (greater intramuscular fat accumulation) 

and poor strength, poor physical functioning, and risk of falls and hospitalization (2, 3, 17, 

43). For example, Hicks et al. previously demonstrated correlations between muscle density 

and physical functioning among the elderly from the Healthy Aging and Body Composition 

study (44). In our study, low muscle density among healthy participants was not associated 

with lower leg strength, suggesting that low muscle density may be of greater relevance to 

muscle function in aging and in chronic disease. In other words, the novel interactions 

identified in the current study suggest that patients with RA who have low muscle density 

experience greater deficits in strength compared to what would be expected for a the 

reference population. Lower-than-expected strength could suggest that the mechanisms 

leading to low muscle density in RA are relevant. In other words, intramuscular fat 

accumulation due to cachexia or aging may have more pathologic implications. 

Alternatively, other RA-specific factors may lead to low muscle strength in RA patients with 

low muscle density.

Patients with RA have a number of hypothesized reasons to accumulate intramuscular fat 

including the direct effects of chronic systemic inflammation, physical inactivity, excess 

total and visceral adiposity, and use of medications such as glucocorticoids (21). The current 

study identified a number of factors associated with low muscle density, including greater 

disease activity and systemic inflammation, smoking, low muscle mass, and excess total and 

visceral adiposity. Long-term prednisone use (greater than 1 year) and excess sedentary time 

were also associated with low muscle density in univariate analyses.

Of note, patients with RA with low lean mass had substantially lower muscle density, 

however, this relationship was not observed in the reference group. This observation has 
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implications in understanding the mechanisms of intramuscular adipose tissue accumulation 

in this disease. We propose that deficits in muscle density may occur in parallel with loss of 

muscle mass in RA. Other studies have suggested that cachexia may impact both muscle 

mass and muscle quality in other settings (45, 46). We hypothesize that, since these 

mechanisms are not likely to be at play in healthy individuals, there is a lack of as similar 

relationship between lean mass and muscle density in the healthy participants.

The observational and cross-sectional nature of the current study limits its ability to prove 

causal associations. Whether low muscle density is truly in the causal pathway between RA 

and poor physical functioning or simply an independent marker of more severe and 

longstanding disease is not clear. However, the relationships observed in this study among 

patients with RA are consistent with what has been seen in in the elderly (2, 3, 14, 17, 43). 

Longitudinal studies with long-term follow-up are necessary to clarify the relationships 

between disease features and muscle deficits. While pQCT can assess intramuscular fat 

content, it does not characterize the distribution of lipids within the muscle nor can it 

directly assess the metabolic and molecular processes affected. Furthermore, the population 

studied here may not be entirely generalizable to all other populations of RA patients. The 

strengths of the study include the well-validated measures of body composition, strength, 

and function, and the large and well characterized control population allowing for the 

assessment of altered relationships in the disease state.

In conclusion, intramuscular fat accumulation and resulting low muscle density is observed 

in RA and associated with systemic inflammation, sedentary lifestyle, smoking, long-term 

prednisone use, and low muscle mass. Low muscle density is associated with poor physical 

function and low muscle strength independent of total or regional adiposity and may be 

directly implicated in poor muscle function.
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Key Messages

1. Adverse body composition, systemic inflammation, sedentary lifestyle, 

smoking, and long-term prednisone use are associated with low muscle 

density in rheumatoid arthritis.

2. Low muscle density is associated with reduced muscle strength and physical 

functioning over and above the effects of low muscle mass and excess 

adiposity.

3. The association between muscle density and muscle strength in patients with 

RA is stronger compared to that observed in healthy controls.
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Figure 1. 
Relationships between adiposity-adjusted lean mass and muscle density in RA and controls.

Low muscle density Z-Scores are observed among RA patients with low ALMIFMI (lean 

mass scores adjusted for adiposity). The relationship is significantly stronger in RA such that 

RA patients with low lean mass have the greatest deficits in muscle density compared to 

reference participants with similarly low lean mass.

Abbreviations: ALMIFMI= Adiposity-adjusted Appendicular Lean Mass Index
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Figure 2. 
Relationships between muscle density and lower leg strength Z-Scores among RA and 

controls.

Lower muscle strength Z-Scores at the lower leg are observed among RA patients with 

muscle density. The relationship is not present in the reference group. Thus, the figure 

illustrates that RA patients with lower muscle density have the greatest deficits in muscle 

density compared to reference participants with similarly low muscle density.
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Table 1

Basic characteristics of study participants.

N 103

Age (yrs) 55.5 (12.8)

Female, N (%) 52 (50%)

Black, N (%) 32 (31%)

Body Mass Index, (kg/m2) 27.8 (6.1)

ALMI Z-Score −0.095 (1.17)

FMI Z-Score 0.28 (1.19)

Muscle Density Z-Score −0.78 (1.13)

Visceral Fat Area (cm) 131.9 (74.2)

High Visceral Fat Area, N (%) 33 (32%)

Lower Leg Strength Z-Score −0.29 (1.10)

Hand Grip Z-Score −1.10 (1.25)

Knee Extension Strength (ft-lbs) 57.7 (30.1)

Knee Flexion Strength (ft-lbs) 28.3 (16.1)

RA Disease Characteristics

 DAS28 (CRP) 4.00 (1.19)

 HAQ Score 0.74 (0.61)

 SPPB 11 (9, 12)

 ACPA Positive, N (%) 84 (82%)

 vdHS Score (N=92) 13.5 (3, 60)

 Disease Duration, yrs 8.3 (2.6, 18.6)

 Current Methotrexate, N (%) 68 (66%)

 Current Biologic Therapy, N (%) 53 (51%)

 Current Prednisone, N (%) 49 (48%)

 Ever Methotrexate, N (%) 87 (86%)

 Ever Biologic Therapy, N (%) 68 (66%)

 Ever Prednisone, N (%) 81 (79%)

Results displayed as Mean(SD) or Median (IQR) for skewed data.

Mean and SD of all Z-Scores in controls are 0 +/− 1, by definition.

Abbreviations: ALMI= Appendicular Lean Mass Index; FMI= Fat Mass Index; RA= Rheumatoid Arthritis; DAS28(CRP)= Disease Activity Score 
of 28 joints including C-Reactive Protein; HAQ= Health Assessment Questionnaire; SPPB= Short Physical Performance Battery; ACPA= Anti-
Citrullinated Peptide Antibody; vdHS= van der Heidje-Sharpe.
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Table 2

Univariate and multivariable associations between muscle density Z-Scores and patient characteristics among 

patients with RA.

Univariate Associations P value Multivariable Model P value

Age (per yr) −0.011 (−0.028, 0.006) 0.21 --

Female 0.19 (−0.26, 0.63) 0.41 --

Black 0.22 (−0.25, 0.70) 0.36 --

BMI (kg/m2) −0.026 (−0.062, 0.010) 0.16 --

Current Smoking −0.82 (−1.40, −0.25) 0.005 −0.58 (−1.03, −0.12) 0.02

Ever Smoker −0.38 (−0.89, 0.12) 0.13 --

DAS28(CRP) −0.24 (−0.42, −0.060) 0.01 --

Ln(CRP) (mg/dL) −0.54 (−0.90, −0.19) 0.003 −0.48 (−0.82, −0.15) 0.005

Ln(IL-6 Level) (pg/mL) −0.25 (−0.48, 0.024) 0.03 --

Disease Duration −0.012 (−0.032, 0.009) 0.26 --

ACPA Positive −0.36 (−0.93, 0.20) 0.21 --

vdHS Score (per 1 unit) −0.040 (−0.17, 0.095) 0.56 --

Current Prednisone −0.30 (−0.75, 0.15) 0.19 --

Ever Prednisone −0.51 (−1.04, 0.018) 0.06 --

Prednisone >1 year −0.48 (−0.93, −0.030) 0.04 --

ALMI Z-Score 0.024 (−0.17, 0.21) 0.80 0.31 (0.078, 0.54) 0.009

FMI Z-Score −0.21 (−0.39, −0.022) 0.03 −0.40 (−0.63, −0.18) 0.001

VAT area (per 10 cm) −0.005 (−0.007, −0.002) 0.002 --

Ln(Exercise) (MET-hrs) 0.088 (−0.040, 0.22) 0.17 --

Ln(Sedentary Time) (Hrs) −0.34 (−0.61, −0.069) 0.01 -- --

Abbreviations: BMI=Body Mass Index; DAS28(CRP)= Disease Activity Score in 28 Joints with C-Reactive Protein; CRP= C-Reactive Protein; 
IL=Interleukin; ACPA= Anti-Cyclic Citrullinated Peptide; vdHS= van der Heidje-Sharpe; ALMI=Appendicular Lean Mass Index; FMI=Fat Mass 
Index; VAT=Visceral Adipose Tissue; MET= Metabolic Equivalent of Task.
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Table 3

Independent associations between appendicular lean mass, visceral fat area, and muscle density with physical 

functioning.

Health Assessment Questionnaire (N=103) Lower SPPB Category (N=83)

β (95% CI) p OR (95%CI) p

Model 1

 Muscle Density Z −0.18 (−0.28, −0.085)) <0.001 0.38 (0.21, 0.68) 0.001

Model 2

 Muscle Density Z −0.16 (−0.26, −0.054) 0.003 0.43 (0.23, 0.80) 0.008

 ALMI Z-Score −0.099 (−0.23, 0.036) 0.16 0.76 (0.39, 1.46) 0.41

 FMI Z-Score 0.072 (−0.067, 0.21) 0.31 1.50 (0.72, 3.12) 0.28

Models adjusted for age, sex, and race.

Abbreviations: SPPB= Short Physical Performance Battery; ALMI=Appendicular Lean Mass Index; FMI=Fat Mass Index
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Table 4

Multivariable model assessing independent associations between muscle and fat outcomes with measures of 

muscle strength (ft-lbs).

Hand Grip Knee extension Knee flexion Lower Leg Strength

Model 1

 Muscle Density Z 2.16 (0.61, 3.72)** 2.35 (0.88, 3.82)** 4.11 (1.70, 6.53)** 1.93 (0.59, 3.28)**

Model 2

 Muscle Density Z-Score 1.85 (0.24, 3.47) * 6.47 (1.71, 11.24) ** 4.54 (1.95, 7.12) ** 1.81 (0.48, 3.14) **

 ALMI Z-Score 1.97 (0.092, 3.85) * 2.68 (−3.37, 8.73) 1.00 (−2.28, 4.27) 2.52 (0.83, 4.21) **

 FMI Z-Score −0.56 (−2.49, 1.38) 3.98 (−2.30, 10.25) 1.65 (−1.75. 5.04) −0.18 (−1.90, 1.51)

*
p<0.05;

**
p<0.01

Models adjusted for age, sex, race, and height.

Abbreviations: ALMI=Appendicular Lean Mass Index; FMI=Fat Mass Index
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