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Abstract

Objective—Reduced physical function and health-related quality of life are common in 

Rheumatoid Arthritis (RA), and further studies are needed that examine novel determinates of 

reduced physical function in RA. This study examines whether frailty, a state of increased 

vulnerability to stressors, is associated with differences in self-reported physical function among 

adults with RA.

Methods—Adults from a longitudinal RA cohort (n=124) participated in the study. Using an 

established definition of frailty, individuals with 3 or more of the following physical deficits were 

classified as frail: 1) body mass index ≤ 18.5, 2) low grip strength (adjusted for sex and BMI, 

measured by handheld dynamometer), 3) severe fatigue (measured by the Multidimensional 

Assessment of Fatigue), 4) slow 4-meter walking speed (adjusted for sex and height), 5) low 

physical activity (measured by the International Physical Activity Questionnaire). Individuals with 

1 or 2 deficits were classified as “pre-frail”, and those with no deficits as “robust.” Self-reported 

physical function was assessed by the Health Assessment Questionnaire (HAQ) and the Valued 

Life Activities Difficulty scale. Regression analyses modeled associations of frailty category with 
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HAQ and VLA Difficulty scores with and without controlling for age, sex, disease duration, C-

reactive protein, use of oral steroids, and pain.

Results—Among adults with RA, being frail compared to being robust was associated with a 

0.44 worse VLA score (p<0.01) when the effects of covariates are held constant.

Conclusions—Being frail, compared to being robust, is associated with clinically meaningful 

differences in self-reported physical function among adults with RA.
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Introduction

Broadening understanding of the determinants of reduced physical function in Rheumatoid 

Arthritis (RA) is necessary because, even as the therapeutic armamentarium for RA 

continues to grow, individuals with RA continue to commonly experience physical disability 

and reduced health-related quality of life [1,2]. One potential determinate of reduced 

physical function in RA is frailty. Frailty is often defined as, “… a syndrome of decreased 

reserve and resistance to stressors … causing vulnerability to adverse outcomes,” including 

impaired physical function and mortality [3]. Fried et al. operationalized a frailty definition 

characterized by sarcopenia, weakness, exhaustion, slowness, and low activity [3]. This 

definition of frailty is associated with reduced physical function, physical disability, and 

death in various, non-rheumatologic populations, such as the elderly and individuals with 

congestive heart failure and chronic kidney disease [4–6].

RA predisposes individuals to many of the factors that comprise the Fried definition of 

frailty, including sarcopenia, fatigue, and low activity [7–11]. However, the prevalence of 

frailty among individuals with RA has not been examined. Moreover, relationships between 

frailty and reduced physical function in RA are unknown. The present study aims to address 

this gap in the literature by testing the hypothesis that the Fried frailty definition is 

associated with differences in self-reported physical function among adults with RA.

Methods

Subjects

The sample for the present study was drawn from a cohort developed at the University of 

California, San Francisco (UCSF) to study relationships between body composition and 

physical function in Rheumatoid Arthritis (RA). Details of this cohort are reported by Katz 

et al. [12]. Briefly, participants for this cohort were drawn primarily from the UCSF RA 

Panel study. At the end of the telephone interviews in the study years 2007–2009, RA Panel 

participants who lived in the greater San Francisco Bay area and were willing to travel to 

UCSF were recruited for in-person assessments at the UCSF Clinical and Translational 

Science Institute’s Clinical Research Center. RA diagnoses using the American College of 

Rheumatology (ACR) criteria were verified by medical record review [13]. Exclusion 

criteria were non–English speaking, age less than 18 years, current daily oral prednisone 
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dose greater than 50 mg, current pregnancy, uncorrected vision problems that interfered with 

reading, and joint replacement within 1 year.

Of 242 eligible individuals, 97 (40.1%) declined participation, primarily because of 

transportation (n=36) and scheduling difficulties (n=38); 145 individuals completed the 

study visits. Four participants were excluded from the analysis because they did not 

complete the body composition assessment. Of the remaining 141 participants, 85 (60.3%) 

were women and 56 (39.7%) were men. The final sample for the present study was 

comprised of those participants with complete grip strength data (n=124). The study was 

approved by the UCSF IRB, Committee on Human Research, approval #11-05702.

Frailty Components

Frailty was assessed based on the method developed by Fried et al. [3]. Individuals with 3 or 

more of the following physical deficits were classified [13]as frail: 1) low body mass index, 

2) low grip strength (adjusted for sex and BMI), 3) severe fatigue, 4) slow 4-meter walking 

speed (adjusted for sex and height), 5) low physical activity. Individuals with 1 or 2 deficits 

were classified as “pre-frail”, and those with no deficits as “robust.” Body mass index (BMI) 

was calculated as weight/height2 (kg/m2). BMI ≤ 18.5 was classified as low. Grip strength of 

the participant’s dominant hand was measured using a hand-held dynamometer [14]. In 

addition, lower extremity muscle strength was assessed using a Biodex® unit to measure 

peak isokinetic torque of knee extension as has been previously described [15,16]. For the 

primary analysis, grip strength cut points (adjusted for BMI and sex) from Fried et al. [17,3] 

were used to define low grip strength. For men, low grip strength (kg) was defined as: ≤29 

for BMI <24, ≤30 for BMI 24.1-28, ≤32 for BMI>28. For women, low grip strength was 

defined as: ≤17 for BMI <23, ≤17.3 for BMI 23.1-26, ≤18 for BMI 26.1-29, ≤21 BMI>29. 

The fatigue severity subscale of the Multidimensional Assessment of Fatigue was used to 

assess fatigue; scores range from 0–10 (where 0 = no fatigue and 10 = most severe fatigue) 

[18]. A score ≥ 7 was classified as severe fatigue. Gait speed cut points (adjusted for height 

and sex) from Fried et al. [17,3] were used to define slow 4-m gait speed. For men, slow 4-m 

gait speed was defined as: ≥7sec for height ≤1.73m, and ≥6sec for height >1.73m. For 

women, slow 4-m gait speed was defined as: ≥7sec for height ≤1.59m, and ≥6sec for height 

>1.59m. Physical activity was assessed by self-report with the long form of the International 

Physical Activity Questionnaire (IPAQ) [19]. The IPAQ has been used and validated in a 

number of populations [20,21]. The scoring protocol provides a cut point by which 

individuals’ weekly energy expenditure can be categorized as low, moderate, or high. 

Individuals who expended fewer than 600 metabolic equivalent (MET) minutes per week 

were classified as having low physical activity [20,19].

Physical Function

Two measures that assess different aspects of self-reported physical function were 

performed. The first measure was the Health Assessment Questionnaire (HAQ) (scores 

range from 0-3, with higher scores reflecting greater limitations) [22]. The second measure 

was the Valued Life Activities (VLA) disability scale [23], (scores range from 0-3, with 

higher scores reflecting greater disability). Activities that individuals deem unimportant to 
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them or that they do not perform for reasons unrelated to RA are not rated and are not 

included in scoring.

Other Variables—Sociodemographic characteristics (age, race/ethnicity, education, 

income) and smoking status were obtained from the baseline RA Panel telephone interview. 

Self-reported RA disease activity was assessed at the visit using the Rheumatoid Arthritis 

Disease Activity Index (RADAI) [24,25]. RADAI scores range from 0-10, with higher 

scores reflecting greater disease activity. The RADAI has been shown to be reliable and 

valid [25,24]. Pain was rated on an 11-point numerical rating scale ranging from 0-10 

(where 0 = no pain and 10 = extreme pain) [26]. High-sensitivity CRP (CRP) was analyzed 

by nephelometry and cyclic citrullinated peptide IgG (CCP) by immunoassay at a regional 

clinical laboratory. Glucocorticoid and tumor necrosis factor inhibitor medication use was 

assessed at the time of the visit. Blood samples were collected during study visits.

Primary Statistical Analyses

Differences in participant characteristics between frailty categories were tested with 

ANOVA, Kruskal-Wallis, or chi-squared analyses. Linear regression analyses were used to 

model the association of frailty category with HAQ and VLA scores with and without 

adjusting for covariates (age, sex, disease duration, hsCRP, use of oral steroids, and pain). 

Due to the skewed distribution, CRP values were logarithmically transformed to the normal 

distribution prior to inclusion in regression analyses [27].

Secondary Statistical Analyses

Because grip strength is likely to be affected by RA disease activity and damage, we tested 

whether the relationship between frailty category and physical function scores was robust to 

using lower extremity strength in calculating frailty severity. Lower extremity strength 

(measured as peak torque of knee extension) instead of grip strength was used in assigning 

frailty category. Participants in the lowest quintile of knee strength, adjusted for sex and 

BMI, were classified as having low strength. Unlike for grip strength, previously validated 

cut points of knee extension strength do not exist. This quintile-based approach of assigning 

knee extension weakness was chosen to correspond to the method used by Fried et al. to 

derive grip strength cut points [3]. Frailty severity was recalculated using this alternative 

definition of weakness, and linear regression models were repeated.

To further examine the combined effect of frailty and pain status on physical function, 

patients were classified as belonging to one of four categories: low pain-not frail, high pain-

not frail, low pain-frail, or high pain-frail (Low pain = pain score ≤ 2, high pain = pain score 

≥ 3, not frail = robust or pre-frail). Linear regression analyses were used to model the 

association of frailty-pain category with HAQ and VLA scores with and without adjusting 

for covariates. Mean adjusted HAQ and VLA scores for each frailty-pain category were 

compared by pair-wise comparison of margins. Statistical analyses were conducted using 

Stata, version 13.1 (StataCorp, College Station, TX).
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Results

Subject characteristics

Participant characteristics grouped by frailty category are shown in Table 1. Sixteen 

individuals were classified as frail, 86 as pre-frail, and 22 as robust. Women were less likely 

than men to be frail (25 vs 75%, respectively; p=0.002). The frequency of frailty 

components among participants, for both the primary and secondary analyses, is shown in 

Table 2. In the primary analysis using the Fried et al cut-points, low BMI and slow 4-meter 

walk speed were observed in only 3 (2%) and 7 (6%) participants respectively, whereas low 

grip strength was observed in 93 (75%) of participants.

Of the 124 participants, 13 (10%) did not complete the knee torque assessment. The most 

common reasons for non-completion were pain or other pre-defined contraindications to the 

procedures (e.g., high or low blood pressure).

Association of frailty severity with physical function: primary analyses

In unadjusted and adjusted models, frailty category was statistically significantly associated 

with differences in VLA scores and trended towards an association with differences in HAQ 

scores (Table 3). The effect of being frail compared to being robust was associated with a 

0.44 worse VLA score (p<0.01) when the effects of all covariates are held constant. Table 4 

includes all terms in the adjusted model.

Association of frailty with physical function: secondary analyses

To address potential unmeasured effects of RA disease activity and damage on the grip 

strength, we examined whether the effect of frailty category on HAQ and VLA scores was 

robust to using lower extremity strength in calculating frailty severity. When using weak 

knee extension strength instead of grip strength to assign frailty category, the overall trends 

remained largely unchanged (Table 3). The effect of being frail compared to being robust 

was associated with a 0.8 worse VLA score (p<0.001) when the effects of all covariates are 

held constant.

Because pain was also observed to be an important determinate of self-reported physical 

function in our cohort of individuals with RA (Table 4), we examined the combined effect of 

frailty (frail vs not frail) and pain (low pain vs high pain) on HAQ and VLA scores by 

comparing mean adjusted HAQ and VLA scores between four categories of frailty-pain 

combinations. Mean adjusted HAQ and VLA scores by frailty-pain category are depicted in 

Figure 1. Mean adjusted HAQ score for low pain-not frail participants [0.67 (0.54, 0.80] was 

statistically significantly lower than that of high pain-not frail [1.08 (0.91, 1.25] and high 

pain-frail [1.21 (0.81, 1.62] participants, (all p<0.05). Mean adjusted VLA score for low 

pain-not frail participants [0.34 (0.25, 0.43] was statistically significantly lower than that of 

high pain-not frail [0.75 (0.63, 0.87], low pain-frail [0.73 (0.47, 0.99], and high pain-frail 

[0.95 (0.67, 1.24] participants, (all p<0.05).
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Discussion

We observed that frailty is common among adults with RA. Moreover, being frail compared 

to being robust is associated with worse self-reported physical function, even when adjusting 

for covariates including pain and systemic inflammation. To our knowledge this is the first 

study to demonstrate that a validated definition of frailty 1.) can be applied to a non-

geriatric, adult RA cohort and 2.) that this definition of frailty identifies increased risk of 

reduced self-reported physical function. Identifying potential, novel determinants of reduced 

physical function in RA is important because even despite the increasing number of 

available therapies, reduced physical function and health related quality of life remain 

common in RA.

The prevalence of frailty among this non-geriatric RA cohort is comparable to, if not greater 

than, that of older geriatric cohorts. Among our cohort, with an average age of 58 years old, 

the prevalence of frailty was 13%, compared with an average prevalence of 4-11% in 

geriatric cohorts that are at least 10 years older [17,4]. Pre-frailty was much more prevalent 

(69%) in this RA cohort than in geriatric cohorts (40-55%) [17,4]. The prevalence of frailty 

and pre-frailty observed in this RA cohort are greater than those observed in a cohort of 

elderly patients with osteoarthritis (10% and 51%, respectively) [28] and are comparable to 

those observed in cohort of patients with chronic obstructive lung disease (COPD) that is on 

average 10 years older (25% and 51%, respectively) [29]. When frailty status was 

determined using knee strength, rather than grip strength, the prevalence of frailty decreased 

to 3%, which is still comparable to that in geriatric cohorts. Frailty is associated with 

increased risk of poor health outcomes, including reduced physical function and death in 

geriatric populations [17,4,3]. In addition to demonstrating that frailty and pre-frailty are 

common among individuals with RA, the current study also demonstrates that, in cross-

sectional analysis, frailty is associated with reduced self-reported physical function. Future 

studies will need to examine longitudinal relationships between frailty and health outcomes 

in RA.

Certain characteristics are more common among frail than non-frail individuals with RA in 

our cohort. We observed that women are less likely than men to be frail. Among elderly 

cohorts the reverse trend has been observed, that women are more likely than men to be frail 

[3]. However, among individuals with COPD, men are more likely to be frail than women 

[29]. Further studies will need to examine whether the gender associations with frailty may 

differ between elderly and non-elderly cohorts with chronic, inflammatory disease. In 

addition, frail individuals in the present RA cohort were more likely to be obese. This 

observation corroborates mounting data in which obesity is strongly associated with an 

increased risk of frailty in both elderly and chronic disease cohorts [30–33]. Moreover, 

sarcopenic obesity, the combination of low lean mass and high fat mass, is also associated 

with frailty in older adults [34,35]. In RA, sarcopenic obesity is common and is associated 

with worse physical function [36,7,37]. Thus, in chronic inflammatory conditions such as 

RA, CHF, and CKD, it is possible that other definitions of frailty, accounting for both 

obesity and sarcopenia, may have greater relevance and stronger associations with clinical 

outcomes. Future studies need to examine whether the relationship of body composition 

with frailty differs between RA and other populations. Lastly, we observed that weak grip 
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strength, as defined by the Fried et al. cut points [17], is common among individuals with 

RA.

Our observation that the frailty phenotype described by Fried et al. [17,3] is associated with 

worse self-reported physical function among adults with RA suggests that frailty may be an 

important determinant of physical function in RA. Individuals with RA, compared to those 

without RA, experience increased muscle atrophy and weakness, symptoms of fatigue, and 

decreased physical activity [7–11]. Therefore, individuals with RA are likely to be at 

increased risk of frailty. We observe that frailty is likely common in RA and that frail 

individuals with RA may be at particular risk for reduced physical function. Moreover, the 

frail-RA state may represent a phenotype with unique associations with physical function 

outcomes and unique treatment responses. Thus, understanding relationships between frailty 

and reduced physical function in RA has the potential to inform studies of interventions to 

help prevent reduced physical function in these patients. Additional studies, including 

longitudinal analyses of the relationships between frailty and physical function in RA, will 

need to test each of these hypotheses.

The observed associations between frailty and differences in physical function, measured by 

the VLA, are clinically significant. The minimum clinically importance difference (MCID) 

for the HAQ among individuals with RA is approximately 0.22 [38,39]. The MCID for the 

VLA Difficulty assessment is not established. However the MCID for health-related quality 

of life measures can be estimated as a one-half standard deviation (SD) difference [40]. On 

the VLA Difficulty assessment, with SD of 0.6 among individuals with RA, the MCID 

therefore corresponds to 0.3 [41]. In adjusted analyses, we observed that being frail 

compared to being robust was associated with an average 0.44 point (0.19, 0.69) increase in 

VLA score (Table 3). The point estimate for the effect of being frail compared to being 

robust was an average 0.24 (−0.12, 0.60), which approached statistical significance. Being 

frail, compared to being robust, therefore appears to be associated with differences in HAQ 

and VLA Difficulty scores that equal or exceed the MCID, which suggests that these are 

clinically important relationships.

In secondary analyses, we tested whether the relationship between frailty and HAQ and 

VLA Difficulty scores was robust to using weak knee extension strength rather than weak 

grip strength in assigning frailty category. Muscle weakness, measured by grip strength, is 

one of the components of the frailty phenotype developed by Fried et al. [17,3]. However, 

measuring grip strength in RA has the potential to be confounded by RA involvement of the 

hands. When using weak knee extension strength rather than weak grip strength to assign 

frailty category, the overall relationships between frailty and HAQ and VLA Difficulty 

scores remained unchanged. In fact, the point estimates of the effects appear to be greater in 

magnitude compared those observed in the primary analysis. This observation suggests that 

muscle weakness is contributing to the relationship between frailty and self-reported 

physical function in RA, and it is not simply the result of RA manifestations in the hands. 

Further studies will need to directly examine the influence of disease activity on the 

relationship between frailty category and physical function in RA. Lastly, this observation 

corroborates prior studies that demonstrate the contribution of muscle weakness to reduced 

physical function among individuals with rheumatologic disease [15,16].
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Pain, like frailty category, was also observed to be an important determinate of self-reported 

physical function in our cohort of individuals with RA (Table 4). In secondary analysis, we 

observed that the effect of having increased pain on HAQ and VLA Difficulty scores was 

similar to that of being frail (Figure 1). While additional studies will need to continue to 

examine relationships between frailty, pain, and physical function in RA, our findings 

suggest that both frailty and pain are important determinates of physical function in RA and 

that interventions to improve physical function may need to address both pain and frailty.

To begin to tease out relationships of individual components of the Fried frailty phenotype 

with physical function in RA, we performed post-hoc exploratory analyses examining the 

contribution of each frailty component to overall effect on HAQ and VLA scores. The only 

consistent trend was observed for high fatigue severity, which increased the R2 of the model 

of VLA scores from 0.36 to 0.41 (likelihood ratio test, p=0.001). We observed a similar 

trend with the model of HAQ scores, but this trend did not reach statistical significance 

(p=0.1). Our study was not designed or powered to address this specific question, and future 

studies are needed to directly examine the contribution of individual frailty components to 

effects on physical function. Moreover, we highlight that while the Fried frailty phenotype 

has been studied in other chronic diseases, such as congestive heart failure and chronic 

kidney disease [4–6], further studies are needed to test the use of this composite frailty 

construct and its relationships with clinical outcomes in rheumatoid arthritis as these 

relationship may be unique in RA.

Our study has potential limitations. This is an observational, cross-sectional study, and we 

did not have data available from a control comparison group of individuals without RA. In 

addition, because the assessment of frailty relies on an in-person assessment, it is possible 

that the most impaired individuals are not captured in the present study. Moreover, it is 

possible that excluding individuals with missing grip strength data (n=17) may bias results 

of the primary analysis. Compared to individuals who completed the grip strength 

assessment, those who did not had higher RADAI scores (3.8 ± 1.8 vs. 2.4 ± 1.7, p=0.002), 

higher pain scores (3.8 ± 2.0 vs. 2.4 ± 2.2, p=0.009), higher fatigue severity (6.3 ± 2.5 vs. 

4.8 ± 2.5, p=0.02), and higher prevalence of low physical activity (59% vs. 29%, p=0.02). 

There was no difference in age, prevalence of female gender, disease duration, prevalence of 

CCP antibody, hsCRP, BMI, or 4-m gait speed between the two groups (data not shown). 

These trends of possible under-representation of the most ill individuals would tend to bias 

the observed results toward the null. The true effect of frailty on HAQ and VLA scores may 

be greater than that which we observed. That our RA cohort has relatively longstanding 

(mean disease duration = 19 years) and relatively well-controlled disease (mean RADAI = 

2.4), may limit generalizability. Lastly, the analyzed outcomes do not include any non-

patient reported measures of physical function.

There are also strengths of our study. This is one of the first studies of RA to document the 

relationship between frailty and differences in self-reported physical function. We used 

standardized, objective assessments to quantify upper and lower extremity muscle strength 

in assessing frailty and its relationship to physical function.
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In summary, we observed that a validated phenotype of frailty is common among non-

geriatric adults with RA and is associated with clinically significant differences in self-

reported physical function, as measured by the VLA Difficulty assessments. Moreover, 

effects of frailty category on VLA scores persisted when knee strength, rather than grip 

strength, was used to assign frailty category suggesting that the relationship is robust to 

potential confounding effects of RA involvement of the hands.
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Figure 1. Adjusted Mean HAQ and VLA Score by Pain and Frailty Status
Scores are adjusted for age, sex, disease duration, hsCRP, use of oral steroids, and pain.

Low pain defined as pain score ≤2. High pain defined as pain score ≥ 3. Not frail defined as 

being robust or pre-frail.

Frail= ≥3 physical deficits, Pre-frail= 1-2 physical deficits, Robust= 0 physical deficits [3]

Error bars depict 95% confidence intervals.
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Table 3

Linear Regression Coefficients (95% CIs) for the Effect of Frailty Category on HAQ and VLA Difficulty 

Scores among Individuals with Rheumatoid Arthritis (n=124)

Primary Analyses Secondary Analyses

Grip Strength based Frailtyˆ (n=124) Knee Strength based Frailtyˆˆ (n=111)

HAQ VLA HAQ VLA

Frail 0.24
(−0.12, 0.60)

0.44
(0.19, 0.69)**

0.53
(−0.11, 1.18)

0.80
(0.38, 1.21)***

Pre-Frail 0.14
(−0.12, 0.39)

0.17
(−0.01, 0.34)

0.05
(−0.17, 0.26)

0.15
(0.01, 0.29)*

Robust Reference Reference Reference Reference

#
All models are adjusted for age, sex, disease duration, hsCRP, use of oral steroids, and pain.

ˆ
Frail= ≥3 physical deficits, Pre-frail= 1-2 physical deficits, Robust= 0 physical deficits [3]

ˆˆ
Peak torque of knee extension (Nm) in the lowest quintile (adjusted for BMI and sex) is defined as weak. Knee strength cutpoints (Nm): Men 

BMI <23.8 – 29.3, BMI 23.8-28 −41.5, BMI 28.1-31.5 – 22.7, BMI>31.5 – 19.1. Women BMI <22.7 – 30.9, BMI 22.7-25 – 34.7, BMI 25.1-28.7 – 
25.9, BMI >28.7 – 23.5

*
p<0.05,

**
p<0.01,

***
p<0.001
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Table 4

Complete Adjusted Model of Linear Regression Coefficients (95% CIs) for the Effect of Frailty Category, on 

HAQ and VLA Difficulty Scores among Individuals with Rheumatoid Arthritis (n=124)

HAQ VLA

Frailty Category

 Frail 0.24
(−0.12, 0.60)

0.44
(0.19, 0.69)**

 Pre-Frail 0.14
(−0.12, 0.39)

0.17
(−0.01, 0.34)

 Robust Reference Reference

Age (yrs) 0.01
(0.001, 0.02)*

0.0003
(−0.006, 0.006)

Female Sex −0.06
(−0.26, 0.14)

−0.09
(−0.23, 0.05)

Disease Duration (yrs) 0.01
(0.0005 0.02)*

0.005
(−0.001, 0.01)

ln(hsCRP) 0.10
(0.02, 0.17)*

0.01
(−0.04, 0.07)

Oral Steroid Use (yes/no) −0.15
(−0.35, 0.04)

0.004
(−0.13, 0.14)

Pain Severity (0-10) 0.11
(0.06, 0.16)***

0.10
(0.07, 0.14)***

Frail= ≥3 physical deficits, Pre-frail= 1-2 physical deficits, Robust= 0 physical deficits [3]

*
p<0.05,

**
p<0.01,

***
p<0.001
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