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Abstract

Background—C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are important
disease activity biomarkers in rheumatoid arthritis (RA). This study aimed to determine to what
extent obesity biases these biomarkers.

Methods—Body mass index (BMI) associations with CRP and ESR were assessed in two RA
cohorts — 1) the cross-sectional Body Composition (BC) cohort (N = 451) including whole-body
DXA measures of fat mass index, and 2) the longitudinal Veterans Affairs Rheumatoid Arthritis
(VARA) registry (N = 1652), using multivariable models stratified by sex. For comparison,
associations were evaluated in the general population using the National Health and Nutrition
Examination Survey.
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Results—Among women with RA and in the general population, greater BMI was associated
with greater CRP, especially among women with severe obesity (all p < 0.001 for BMI = 35 vs.
20-25 kg/m?). This association remained after adjustment for joint counts and patient global (p <
0.001 in BC and < 0.01 in VARA), but was attenuated after fat mass index adjustment (p = 0.17).
Positive associations between BMI and ESR in women were more modest. In men with RA, lower
BMI was associated with greater CRP and ESR, contrasting positive associations among men in
the general population.

Conclusion—Obesity is associated with greater CRP and ESR in women with RA. This
association is related to fat mass and not RA disease activity. Low BMI is associated with greater
CRP in men with RA - this unexpected finding remains incompletely explained but likely is not a
direct effect of adiposity.

Introduction

Laboratory measures of systemic inflammation, particularly C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR), are routinely used in the diagnosis and assessment of
disease activity in patients with rheumatoid arthritis (RA) and may substantially impact
physician decision-making. These biomarkers are also part of disease activity measures that
serve as primary outcome measures in clinical trials (1).

In the general population, higher levels of CRP have been shown to be associated with
greater body mass index (BMI) and adiposity, especially among women (2). Small studies
with healthy subjects have also described similar associations with fibrinogen (3) and ESR
(4,5). This association in the general population raises the question of how inflammatory
markers may perform as a biomarker of disease activity among obese patients with RA.
Indeed, Giles et al. found that truncal fat was associated with CRP and IL-6 in women, but
not men, with RA (6). Inflammatory biomarkers that are elevated because of adiposity may
lead to inaccurate assessment of clinical RA disease activity. There is surprisingly little
recognition of this issue among practicing clinicians and little published data to illustrate the
magnitude of effect among the severely obese.

The objectives of this study were to a) evaluate associations between BMI and inflammatory
markers in patients with RA, b) determine whether these associations are similar to those in
patients without RA, and c) examine the potential impact of obesity on disease activity
measures. This study tested the hypothesis that inflammatory markers are higher among
obese individuals with RA and correlate with excess adiposity, independent of other
measures of RA disease activity.

Methods
Study Samples

Two RA cohorts were evaluated — a cross-sectional “Body Composition” (BC) cohort
including whole-body DXA measures of adiposity, and the longitudinal Veterans Affairs
Rheumatoid Arthritis Registry (VARA) cohort with a larger sample size and more men.
Associations between BMI and inflammatory markers were also evaluated in the general
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population using data from the National Health and Nutrition Examination Survey
(NHANES). Details of these cohorts are described below.

The “Body Composition” (BC) Cohort (N=451)—The BC cohort is pooled from three
independent studies of patients with RA (see below) that included examination, laboratory
analysis, as well as whole-body DXA measures of fat and lean mass.

1. University of California San Francisco (UCSF) Cohort (N = 140) (7): Details
regarding this study cohort have been previously published (7,8). After telephone
interviews in the study years 2007-2009, UCSF RA Panel participants 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 joint replacement within 1 year.

2. University of Pennsylvania (Penn) Cohort (N = 115) (9): The Penn cohort was
initiated in 2012 to evaluate alterations in body composition and bone structure
in patients with RA. Patients were recruited from the University of Pennsylvania
Rheumatology practices and Philadelphia \Veterans Affairs Medical Center and
consisted of individuals with RA meeting 2010 American College of
Rheumatology criteria aged 18-70 years. Patients with juvenile idiopathic
arthritis (or another inflammatory arthritis), active cancer, chronic diseases
known to affect bone health (e.g. chronic kidney disease, liver disease,
malabsorption syndromes), or pregnancy were excluded. Patients weighing >300
pounds were excluded due to weight limitations of imaging equipment.

3. Evaluation of Subclinical Cardiovascular Disease and Predictors of Events in RA
Study (ESCAPE RA) Cohort (N = 197) (10): Patients were men and women in
the ESCAPE RA cohort study between October 2004 and May 2006 (10).
Patients with RA followed at the Johns Hopkins Arthritis Center or referred from
local rheumatologists were enrolled, all of whom met American College of
Rheumatology 1987 criteria, were 45-84 years old, weighed < 300 pounds, and
did not report any prior pre-specified cardiovascular events or procedures.

VA Rheumatoid Arthritis (VARA) Registry Cohort (N=1652)—The VARA national
repository and multicenter longitudinal, RA disease registry has operated for more than 10
years. At the time of this study, 12 VA sites participated (Salt Lake City, UT; Washington
DC; Jackson, MlI; Philadelphia, PA; Brooklyn, NY; Omaha, NE; Dallas, TX; lowa City, 1A,
Denver, CO; Little Rock, AR; Portland, OR; Birmingham, AL). Veterans with RA are
identified by the treating rheumatologist at individual sites. Veterans who fulfill the 1987
ACR criteria for RA and are over 18 years of age are eligible for enrollment. Physician-
investigators at each site record clinical data at enrollment and at follow-up visits including
the Multidimensional Health Assessment Questionnaire (MD-HAQ), swollen and tender
joint counts (0 to 28), inflammatory markers, pain scores, and patient and physician disease
assessment scores. Each individual site has Institutional Review Board (IRB) approval and
all study patients provided informed written consent at enrollment.
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NHANES Study (Controls)—NHANES is an ongoing program by the Centers for
Disease Control and Prevention and National Center for Health Statistics, which interviews
and examines a representative sample of the U.S. population. NHANES uses a complex,
multistage, probability-sampling design with oversampling of certain populations. Survey
methods and data collection for the 2007-2010 survey and 1971-1974 survey have
previously been described (11,12). CRP was evaluated in 2007-2010 (11) and ESR in 1971-
1974 (12) among non-pregnant adults =18 years old.

Body composition assessment

Weight in kilograms was converted to BMI by dividing by the square of height in meters.
BMI categories were defined as underweight (BMI<20 kg/m?), normal-weight (BMI 20-<25
kg/m?2), overweight (BMI 25-<30 kg/m?), obese (BMI 30-<35 kg/m?), and severely obese
(BMI = 35 kg/m?) (class 11 obesity by World Health Organization definitions) (13). In
VARA, BMI values were determined for each clinical visit based on medical record data as
previously described (14). The UCSF and ESCAPE studies used a Lunar Prodigy DXA
system to assess fat and lean mass (UCSF: software version 9.3, ESCAPE: software version
05.60.003 GE/Lunar Radiation, Madison, W), adjusted based on the method by Shepherd et
al. to facilitate comparison to NHANES data that were generated using Hologic equipment
(15). In vivo coefficients of variation for the Lunar Prodigy have been estimated at 1% or
less (16). Patients from the Penn cohort underwent whole-body DXA assessment using a
Hologic densitometer (Delphi Systems, Hologic, Inc., Bedford, MA) and did not require
adjustment. The in vitro coefficient of variation for Hologic measurements was less than
0.6% and the in vivo coefficient of variation in adults was less than 1% (17). Whole-body
DXA was performed in the BC cohort to estimate appendicular lean mass and total fat mass.
Fat mass index (FMI) and appendicular lean mass index (ALMI) were determined by
dividing fat or lean mass (in kg) by height-squared. Standard sex- and race/ethnicity-specific
Z-Scores were generated relative to age using LMS (Lambda, Mu, Sigma) curves previously
published by Hologic Inc to account for the non-linearity, heteroskedasticity, and skew noted
in body composition outcomes (18).

Laboratory measures

CRP (mg/dL) was measured using standard clinical assays at each VA institution within the
VARA registry. CRP was measured by nephelometry in the ESCAPE RA study cohort,
UCSF cohort, and as previously described in NHANES (19). At Penn, CRP was measured
by a Fixed Point Immuno Rate Assay. ESR (mm/hr) was measured using the Westergren
method within each study.

Statistical analysis

Associations of BMI as a continuous variable or BMI category (compared to normal BMI)
with CRP or ESR were evaluated using linear regression models adjusting for age, race, and
smoking status (previously shown to be associated with CRP or ESR) (2,20,21). In the BC
cohort, analyses were also adjusted for study site. In VARA, generalized estimating
equations incorporated repeated measures, using population-averaged models, an
exchangeable correlation matrix, and robust standard error estimates to account for within-

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

George et al. Page 5

patient correlations. All clinical visits without missing data for the primary variables were
included. In all regression analyses, CRP and ESR were log-transformed to approximate a
normal distribution when used as the outcome. Normal weight (BMI 20-25 kg/m?) was the
reference category. Analyses were stratified by sex based on previous literature suggesting
sex-specific relationships in healthy control populations (2) and in RA (6), and because of
significant sex interactions in the current study. The predicted value for ESR and CRP was
determined for each patient based on linear regression models using the means for all other
covariates in the model.

Analyses of ESR and CRP in the general population using NHANES accounted for
sampling design using Mobile Examination Center weights, strata variables, and Taylor
Series Linearization methods for variance estimation. Current smoking was included in CRP
analysis using NHANES 2007-2010 but was not available for ESR analysis using NHANES
l.

Linear regression models evaluated associations between log-transformed CRP and BMI as
a continuous variable (adjusted for age, race, and smoking status) among patients with
available swollen joint count, tender joint count, and patient global scores. Sequential
models assessed the potential for confounding by component RA disease activity measures;
individual components of the DAS28 (without ESR or CRP) were adjusted for rather than
DAS28 itself given strong correlations between ESR and CRP. Similar adjustment for FMI-
Z scores (a measure of adiposity) in the BC cohort assessed whether associations between
BMI and inflammatory markers were explained by greater adiposity. Additionally,
associations between BMI and swollen joint count, tender joint count, and patient global
scores were evaluated using linear regression adjusting for age, race, and smoking status.

Independent associations between DXA measured body composition measures (ALMI,
FMI) and inflammatory markers were directly assessed in multivariable models.

Disease activity score in 28 joints with CRP (DAS28-CRP) was calculated according to
standard formulas with the contribution of CRP calculated as 0.36*In(CRP in mg/L +1). To
estimate the potential impact that the high CRP values observed in obese women may have
on the DAS28, a corrected CRP was calculated among women with severe obesity by taking
the natural log of CRP, subtracting the expected difference compared to normal weight
patients (beta coefficient) from linear regression analysis in BC or VARA, and
exponentiating the result (1). Adjusted DAS28 scores were determined among severely
obese individuals using corrected CRP. DAS28 categories (remission, low, moderate, high)
using corrected CRP were compared to original DAS28 categories to determine the
frequency of disease activity category change with CRP correction.

Analyses were conducted using Stata 13.1 (StataCorp, 2015).
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

George et al. Page 6

Results

Patient Characteristics

Characteristics of RA patients in BC and VARA cohorts and control patients in the
NHANES cohorts are shown in Table 1. BMI distribution was similar in BC and VARA.
Patients in VARA were more frequently male, older, had higher rates of smoking, higher
CRP and ESR, and were less frequently using biologic DMARDs.

Associations between BMI and CRP in women

Among women, BMI as a continuous variable was positively associated with CRP in both
RA cohorts and in the general population after adjustment for age, race, and smoking status
in BC (B [95% CI] 0.057 [0.035 to 0.080]), in VARA (0.030 [0.014 to 0.045]), and in
NHANES (0.097 [0.092 to 0.101]) (all p < 0.001). Women with RA in higher BMI
categories had higher predicted CRP (expected values from multivariable linear regression
models) in both VARA and BC, mirroring the pattern seen among non-RA female controls
from the NHANES cohort (Figure 1A). In particular, women who were severely obese (BMI
>35 kg/m?2) had a significantly higher CRP than women with normal BMI (20-25 kg/m?2) in
both RA cohorts and in the general population (all p < 0.001) (Table 2, Figure 1A). Further
adjustment for glucocorticoid and DMARD use did not substantially change results (not
shown).

Associations between BMI and CRP in men

BMI as a continuous variable was also positively associated with CRP among men in the
general population after adjustment (B [95% CI] 0.085 [0.078 to 0.091] p < 0.001), although
the strength of the association was weaker than among women (p for interaction < 0.01).
Among men with RA, however, BMI was not associated with CRP in BC (§ [95% CI] 0.004
[-0.025 to 0.034] p = 0.78) or in VARA (B [95% CI] -0.008 [-0.017 to 0.001] p = 0.09). In
contrast to what was seen in the general population, men with RA in higher BMI categories
did not have significantly higher CRP levels compared to normal weight men in either
VARA or BC (Table 2, Figure 1B). In VARA, underweight men had significantly higher
CRP than normal weight men (p < 0.01) (Table 2, Figure 1B). In both BC and VARA,
normal-weight men had significantly higher predicted CRP than overweight or obese men
(Table 2, Figure 1B).

Associations between BMI and ESR in men and women

ESR was associated with BMI among women in the general population in NHANES (B
[95% CI1] 0.020 [0.016 to 0.024] p <0.001) (Figure 2A). Associations were similar among
women with RA in BC (B [95% CI] 0.033 [0.010 to 0.057] p = 0.006) and in VARA (
[95% CI1] 0.016 [-0.001 to 0.032] p = 0.051). A similar pattern of higher ESR in higher BMI
categories was observed among women in the two RA cohorts, however only severely obese
women in the BC cohort (BMI =35 kg/m?) had significantly higher ESR compared to
normal-weight women (Figure 2A, Supplemental Table 1).

ESR was modestly associated with BMI among men in the general population (f [95% ClI]
0.014, [0.005 to 0.022] p = 0.002) although severely obese men in the general population did
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not have significantly higher ESR than normal weight men (Figure 2B). ESR was not
associated with BMI among men with RA in BC (B [95% CI] —0.005 [-0.045 to 0.036], p =
0.81) and was negatively associated with BMI among men in VARA (B [95% CI] —0.026
[-0.034 to —0.018], p < 0.001). Underweight and normal-weight men in VARA had
significantly higher ESR than men in higher BMI categories (all p < 0.001) (Figure 2B,
Supplemental Table 1).

Factors implicated in the associations between BMI and CRP

Greater BMI was not associated with greater swollen joint count, tender joint count, or
patient global score in women with RA in similar analyses (not shown), and the positive
association between BMI and CRP among women with RA was not attenuated with
adjustment for swollen joint count, tender joint count, and patient global scores in either
cohort (Table 3). In contrast, adjustment for fat mass (FMI Z-score) in the BC cohort fully
attenuated the association between BMI and CRP (Table 3). CRP and ESR were positively
associated with fat mass but not lean mass (ALMI Z-Score) in women after adjusting for
age, race, and smoking (Table 4).

Among men, the overall association between BMI and CRP was not significant in either RA
cohort before or after adjustment for swollen joint count, tender joint count, and patient
global scores (Table 3). Additionally, ESR and CRP were not associated with DXA
measured fat mass or lean mass after adjusting for age, race, and smoking (Table 4). BMI
was not associated with joint counts or patient global in men except for a modest negative
association between BMI and log transformed swollen joint count in VARA (B [95% CI]
-0.01 [-0.02, —0.003] p = 0.002). The association between underweight (BMI < 20 kg/m?)
and higher CRP in VARA remained similar in magnitude although was no longer
statistically significant after adjustment for joint counts and patient global scores (B [95%
Cl] 0.21 [-0.001 to 0.42] p = 0.051).

Estimated Impact of BMI Effects on the DAS28-CRP in severely obese women

Based on the contribution of severe obesity to CRP predicted from linear regression models,
women with severe obesity on average would be expected to have a DAS28-CRP score 0.29
points higher in BC and 0.15 points higher in VARA. If CRP were corrected to what would
be expected for normal weight individuals, 3/31 (9.8%) DAS28 measurements in BC and
18/158 (11.4%) measurements in VARA among severely obese women would be re-
categorized to a lower disease activity category (Supplemental Figure 1).

Discussion

In this study, obesity was associated with greater CRP in women with RA, independent of
other components of disease activity. A similar association was observed in a non-RA
sample, suggesting that elevated CRP values among obese women with RA are not reflective
of greater RA disease activity but rather are an expected phenomenon related to adiposity. In
contrast to associations observed in women, low BMI and not obesity was associated with
greater CRP in men with RA.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 December 01.
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Smaller studies, most notably a study by Giles et al. using the ESCAPE-RA cohort (one of
three studies included in the BC cohort), have demonstrated associations between fat mass
and CRP in women with RA (6,20,22). The current study is the largest to address this issue
and illustrates the effect of inflammatory markers in specific BMI categories; BMI is an
imperfect measure of adiposity, especially in RA, but is widely available clinically and, as
shown in this study, is also highly associated with inflammatory markers in women with RA.
The large number of male patients in the VARA cohort improves characterization of the
different associations among men. The inclusion of a non-RA control population
demonstrates the normal relationship between BMI and inflammatory markers as a
reference.

In both RA cohorts, women with severe obesity had a significantly greater CRP than women
with a normal BMI. Several pieces of evidence suggest that this CRP elevation is due to
adiposity and not increased RA disease activity. First, a strikingly similar association
between greater BMI categories and CRP was observed in a control population without RA,
demonstrating that this association is not an RA-specific phenomenon. Secondly, DXA
measured fat mass (and not lean mass) was strongly associated with CRP, and adjustment for
fat mass completely attenuated the association between BMI and CRP (suggesting that
higher CRP among patients with elevated BMI is due to increased adiposity). Finally,
elevations in CRP in patients with obesity were not explained by greater swollen joint count,
tender joint count, or patient global scores — BMI was not associated with elevations in these
disease activity measures, and adjustment for these measures did not attenuate the
association between BMI and CRP. There is a physiologic basis for these findings, with
evidence that production of IL-6 and other inflammatory cytokines by adipose tissue can
lead to CRP elevation in obese individuals (23). The similar, although more modest,
associations between ESR and BMI in women are not unexpected, as ESR levels are
elevated by acute phase reactants produced by pathways involving IL-6 but are also
influenced by additional non-inflammatory factors such as immunoglobulins and erythrocyte
morphology (24).

Patients with RA who are obese have been shown in some studies to have higher disease
activity scores and poorer response to therapy, but these findings may not be related to more
severe RA-related inflammation (25-29). In fact, numerous reports demonstrate less
radiographic damage in obese patients (30,31). In part, the perception that RA is more
severe or refractory in obese patients may be due to the influence of obesity itself on
subjective clinical disease activity measures; obesity is known to affect patient-reported
outcomes among individuals with RA (32) as well as pain and function in non-RA patients
(33). The association between obesity and CRP provides another potential contributor. If
CRP elevations are partially related to obesity, improvements may be more modest in
response to therapies aimed at reducing RA disease activity.

Interestingly, men with RA with higher BMI (or higher fat mass index) did not have higher
CRP levels. In fact, underweight men with RA had significantly greater CRP and ESR.
These results are similar to work by Giles et al showing no association between fat mass and
CRP in men and an inverse association among a small subset of men with multiple swollen
and tender joints (6). The evidence from the current study suggests that this inverse
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association between BMI and CRP in men is an RA-specific phenomenon and not a direct
causal effect of adiposity — the positive association between BMI and CRP in the general
population suggests that adiposity can contribute to greater CRP levels in men as well as
women.

One hypothesis for these findings is that higher levels of systemic inflammation leading to
weight loss (both lean and fat mass) could obscure the modest association between adiposity
and CRP. Indeed, numerous studies have demonstrated that RA patients with low BMI have
a greater risk of long-term complications of RA including radiographic progression,
cachexia, and death (8,14,30,31,34-36). Inflammation may have different effects on body
composition in men and women (7,8), potentially leading to the different associations seen
among men and women with RA. Lower BMI was associated with a greater swollen joint
count among men with RA in VARA, although differences in joint counts and patient global
scores alone did not explain the higher CRP and ESR in men with lower BMI. It was beyond
the scope of this study to fully evaluate the complex relationship between RA disease
activity, disease severity, weight loss, frailty, comorbidities, advancing age, and other factors
that might contribute to higher levels of systemic inflammation in low BMI men.

The effect of obesity on CRP may alter its performance as a biomarker of disease activity in
clinical trials and in practice. While our conservative assessment suggests a modest effect of
obesity on DAS28-CRP (0.15 to 0.30 units, on average), correction of CRP values did result
in the reclassification of disease activity in approximately 10% of severely obese women.
Furthermore, because obesity may be expected to impact the reliability of other component
measures of disease activity, clinicians may tend to rely more on objective measures such as
CRP for diagnosis or to make treatment decisions (25,32,37).

Although two large RA cohorts were evaluated in this study, there was limited power to
evaluate effects in all BMI categories among specific subgroups. Disease activity and ESR
were also not measured in all studies or at all study observations, reducing power in these
analyses. DXA measures of fat mass were only available in the BC cohort and, given the
smaller number of men in this cohort, more detailed analysis of fat mass associations among
subgroups of men in particular were limited.

Strengths of the current study include the direct evaluation of associations between
inflammatory markers and adiposity using DXA measured fat mass, evaluation of a large
observational cohort from clinical practice with a large proportion of men, comprehensive
assessment of the impact of potential confounders, and comparison to large general
population cohorts.

In conclusion, obesity is associated with greater CRP in women with RA, similar to what is
seen in the general population. This association is explained by greater fat mass and not
greater RA disease activity, suggesting that CRP should be interpreted cautiously among
women with obesity. Higher CRP levels are observed among low and normal weight men
with RA and may reflect greater systemic inflammation related to RA or other comorbid
conditions in this group.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 December 01.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

. Severely obese women both with and without rheumatoid arthritis have high
C-reactive protein and erythrocyte sedimentation rate levels.

. Obesity-related elevations in inflammatory markers in women with RA are
not related to greater RA disease activity and should be interpreted cautiously.

. Low body mass index is associated with higher inflammatory markers among
men with RA, a phenomenon not observed in the general population.
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Figure 1. Predicted CRP in men and women by BMI category in patients with rheumatoid
arthritis (VARA and BC) and the general population (NHANES 2007-2010)

CRP predicted from linear regression models or GEE models (in VARA) of CRP at the
means of age, race, smoking status. BMI: body mass index; VARA: Veteran’s Affairs
Rheumatoid Arthritis Registry; BC: 3 pooled body composition studies of rheumatoid
arthritis patients. NHANES: National Health and Nutrition Examination Survey 2007-2010.
*p <0.05, ** p<0.01, *** p <0.001 vs. reference range BMI 20-25 kg/m2 category within

each cohort.
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ESR predicted from linear regression models or GEE models (in VARA) of In(ESR) at the

means of age, race. VARA and BC also adjusted for smoking. BMI: body mass index;

VARA: Veteran’s Affairs Rheumatoid Arthritis Registry; BC: 3 pooled body composition
studies of rheumatoid arthritis patients. NHANES I: National Health and Nutrition
Examination Survey 1971-1974. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. reference range

BMI 20-25 kg/m2 category within each cohort.
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Table 1

Baseline Cohort characteristics

Rheumatoid Arthritis Cohorts General Population Cohorts

Veterans Affairs Rheumatoid Body Composition (BC) NHANES 2007-2010 NHANES | 1971-1974
Arthritis Registry (VARA)

N 1652 451 10813 12227
Age 63.5+11.1 58.3+10.5 50.1+17.7 45.1+18.0
Female, N (%) 150 (9%) 263 (58%) 5510 (51%) 7449 (61%)
White, N (%) 1207 (73%) 285 (69%) 5231 (48%) 9976 (82%)
Black, N (%) 269 (16%) 63 (14%) 1958 (18%) 2099 (17%)
Body mass index (kg/m?) 285+54 28.2+6.2 29.0+6.7 25352
Body mass index, N (%)
< 20 kg/m? 48 (3%) 27 (6%) 469 (4%) 1488 (12%)
20-25 kg/m? 412 (25%) 133 (29%) 2615 (24%) 5164 (42%)
25-30 kg/m? 629 (38%) 141 (31%) 3708 (34%) 3704 (30%)
30-35 kg/m? 381 (23%) 90 (20%) 2292 (21%) 1317 (11%)
>35 kg/m? 182 (11%) 60 (13%) 1729 (16%) 554 (5%)
Fat mass index (FMI) 24 - -0.18 (1.18) (n = 442) - -
CRP (mg/dL) 0.70 [0.37,1.80] 0.44 [0.13,0.86] 0.19 [0.08,0.45] -
ESR (mm/hr)b 22[10,38] (n = 1482) 14 [5,30] (n = 251) - 13[7,21]
Current smoking, N (%) 439 (26%) 57 (13%) 2396 (22%) -
Swollen joint count 28¢ 3[0.8] 5[27]
Tender joint count 28 3[09] 3[L8
Patient Global (0-100)¢ 44120,60] 62 [35,84]
CCP positive, N (9%6)? 1194/1520 (79%) 179/253 (71%)
Glucocorticoid use, N (%) 634 (38%) 168/447 (38%)
Non-biologic DMARDE 1500 (91%) 265/311 (85%)
Biologic DMARDE 346 (21%) 148/311 (48%)

Characteristics summarized by frequency (%), mean + SD, or median [IQR].
aSex- and race/ethnicity-specific Z-scores of DXA derived fat mass index (mean of 0 and standard deviation of 1 in a reference population),
bmeasured in UCSF and PENN studies among the BC cohort,

Cmeasured in ESCAPE RA and PENN studies among the BC cohort.

NHANES: National Health and Nutrition Examination Survey, DMARD: disease modifying anti-rheumatic drugs
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Linear regression analyses assessing the association between In(CRP) and BMI categories in the BC and

VARA rheumatoid arthritis cohorts.

\Women
BC VARA
n=263 n =149, obs = 1532
B (95% CI) B (95% CI)

BMI<20 075 (-1.37,-0.13)

0.06 (~0.35, 0.48)

20-25 Ref Ref

25-30 -0.02 (-0.38, 0.35) 0.03 (-0.23, 0.29)
30-35 0.36 (~0.06, 0.79) 0.19 (-0.08, 0.46)
235 0.98 (0.50, 1.46) ™ 0.47(0.19, 0.75) ***

Men
BC VARA
n=188 n = 1503, obs = 15013
B (95% Cl) B (95% Cl)

BMI <20 -0.39 (-1.16, 0.39) 0.20 (0.07,0.32) >+
20-25 Ref Ref

25-30 -0.60 (-1.03, -0.18) ™  -0.13 (-0.22, -0.04)
30-35 056 (-1.03,-0.09)  ~0.11(-0.22, ~0.01)
35 0.07 (-0.48, 0.63) -0.02 (-0.16, 0.13)
*

p < 0.05,
*Kk
p<0.01,
Ak
p < 0.001.

Table 2

Page 17

Adjusted for age, race, smoking. BC also adjusted for study site. Coefficients represent mean difference in In(CRP) compared to the reference
group. BMI: body mass index; BC: 3 pooled body composition studies of patients with rheumatoid arthritis; VARA: Veterans Affairs Rheumatoid

Arthritis Registry
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Association between BMI and In(CRP) before and after adjusting for disease activity or fat mass

Women

Baseline Model
B (95% CI)

Baseline + Joint count/patient global
B (95% CI)

Baseline + FMI-Z
B (95% CI)

BC Cohort (n = 169)
BMI (per 1 kg/m?)
VARA Cohort (n = 135, obs = 773)

0.061 (0.035, 0.088) ***

0.029 (0.010, 0.046) ™™
BMI (per 1 kg/m?)

0.062 (0.036, 0.088) ™

0.026 (0.007, 0.044) ™™

-0.049 (-0.118, 0.021)

Men

Baseline Model
B (95% CI)

Baseline + Joint Counts/Patient Global
B (95% ClI)

Baseline + FMI-Z
B (95% CI)

BC Cohort (n = 131)
-0.015 (~0.052, 0.022)
BMI (per 1 kg/m?)

VARA Cohort (n = 1424, obs = 8148)
~0.005 (-0.014, 0.005)
BMI (per 1 kg/m?)

-0.013 (~0.050, 0.025)

-0.003 (~0.012, 0.006)

-0.039 (0.128, 0.049)

Aok

p <0.01,

+ok

*
p < 0.001.

Baseline model adjusted for age, race, smoking status, and study site (in BC). Disease activity adjusted by including swollen joint count, tender
joint count, and patient global scores in multivariable models. BMI: body mass index; BC: 3 pooled body composition studies of patients with
rheumatoid arthritis; VARA: Veterans Affairs Rheumatoid Arthritis Registry. FMI-Z: DXA derived fat mass index z-score (mean of 0 and standard

deviation of 1 in a reference population)
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Associations between fat mass index and adjusted lean mass index Z-scores and inflammatory markers

orge et al.

Women
IN(CRP) In(ESR)
n =253 n=141
B (95% CI) B (95% CI)
FMI-z 0.52 (0.35, 0.69) ***  0.20 (0.01, 0.40) ™
ALMI-Z  _g1g(-036,-001)* 001 (-0.24,0.23)
Men
IN(CRP) In(ESR)
n=187 n =106
B (95% CI) B (95% CI)
FMI-z 0.002 (-0.14,0.15)  -0.10 (-0.31, 0.11)
ALMI-z  -0.01(-0.18,0.16)  0.01(-0.21,0.24)
p <0.05,
Ak
p <0.001.

Table 4
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Multivariable models included both FMI-z and ALMI-z and were also adjusted for age, race, smoking, and study site. FMI-z: fat mass index z-

score. ALMI-z: appendicular lean mass index z-score (mean of 0 and standard deviation of 1 in a reference population)
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