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Predictors of Longterm Changes in Body Mass Index in
Rheumatoid Arthritis
Joshua F. Baker, Grant W. Cannon, Said Ibrahim, Candace Haroldsen, Liron Caplan, 
and Ted R. Mikuls

ABSTRACT. Objective.Low body mass index (BMI) is a risk factor for poor longterm outcomes in rheumatoid arthritis
(RA). The purpose of this study was to identify factors associated with longterm changes in BMI.
Methods. Subjects with RA from the Veterans Affairs (VA) Rheumatoid Arthritis (VARA) Registry
(n = 1474) were studied. Information on inflammatory markers, presence of erosions, and smoking
status were extracted from the VARA database. BMI was extracted from VA electronic medical records
within 14 days of each visit date. VA pharmacy records were queried to identify prescriptions for
specific RA therapies within 1 month of the visit date. We used robust generalized estimating equations
marginal regression models to calculate independent associations between clinical variables and BMI
over time. Similar models determined predictors of change in weight and risk of weight loss over the
subsequent study observation period.
Results. Increasing age, active smoking, and the presence of erosions at baseline were associated with
lower BMI. Weight decreased over time among older adults. Factors associated with greater reductions
in BMI over time and a greater risk of weight loss were higher inflammatory markers, smoking, older
age, higher BMI, and less subsequent improvement in inflammation. Methotrexate use was associated
with a lower risk of weight loss. The use of prednisone or anti-tumor necrosis factor therapies was
not associated with change in BMI or the risk of weight loss independent of other factors.
Conclusion.Greater age, greater inflammatory activity, and active smoking are associated with greater
weight loss in RA over time. (First Release April 1 2015; J Rheumatol 2015;42:920–7; doi:10.3899/
jrheum.141363)

Key Indexing Terms:
RHEUMATOID ARTHRITIS        BODY MASS INDEX       CACHEXIA           INFLAMMATION

From the Division of Rheumatology, and Center for Health Equity
Research and Promotion, Philadelphia Veterans Affairs (VA) Medical
Center; Division of Rheumatology, and Department of Biostatistics and
Epidemiology, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania; Salt Lake City VA Medical Center and
University of Utah, Salt Lake City, Utah; Department of Medicine, Denver
VA Medical Center, Denver, Colorado; Department of Medicine,
Nebraska-Western Iowa VA Medical Center, Omaha, Nebraska, USA.
The Veterans Affairs Rheumatoid Arthritis (VARA) registry is supported by
the Nebraska Arthritis Outcomes Research Center at the University of
Nebraska Medical Center and by the Veterans Affairs Health Services
Research and Development Program of the Veterans Health
Administration. Dr. Baker is funded by a VA Clinical Science Research and
Development Career Development Award (IK2 CX000955). Dr. Caplan is
supported by the VA Health Service Research and Development Career
Development Award (07-221). Dr. Mikuls is funded by a VA Merit Award.

J.F. Baker, MD, MSCE, Division of Rheumatology, Philadelphia VA
Medical Center, and Division of Rheumatology, and Department of
Biostatistics and Epidemiology, Perelman School of Medicine, University
of Pennsylvania; G.W. Cannon, MD, Salt Lake City VA Medical Center
and University of Utah; S. Ibrahim, MD, MPH, Center for Health Equity
Research and Promotion, Philadelphia VA Medical Center, and Perelman
School of Medicine, University of Pennsylvania; C. Haroldsen, MSPH,
Salt Lake City VA Medical Center and University of Utah; L. Caplan, MD,
PhD, Department of Medicine, Denver VA Medical Center; T.R. Mikuls,
MD, MSPH, Department of Medicine, Nebraska-Western Iowa VA
Medical Center.
Address correspondence to Dr. J.F. Baker, Division of Rheumatology,
Department of Medicine, 8 Penn Tower Building, 3600 Spruce St.,
Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania
19104, USA. E-mail: bakerjo@uphs.upenn.edu
Accepted for publication February 5, 2015.

Low body mass index (BMI) is a strong predictor of poor
longterm outcomes in rheumatoid arthritis (RA). Subjects
with low BMI have greater deficits in muscle mass, greater
joint destruction, and greater longterm mortality1,2,3,4,5. Low
BMI in RA therefore might be evidence of more aggressive
disease manifesting as weight loss over time as a result of
greater resting energy expenditure.

Rheumatoid cachexia, or wasting associated with uncon-
trolled RA, has been described6,7,8,9. However, in the current
era of RA management, this phenomenon has been
considered rare. In fact, more recent data have suggested that
BMI is normal or greater overall among patients with RA

compared to controls8,10. There are limited data evaluating
factors associated with change in BMI over time among
subjects with RA. One clinical trial of 236 subjects demon-
strated that a lower Disease Activity Score at 28 joints was
associated with greater increases in BMI at 6 months11. Other
studies have also suggested that RA subjects with low
baseline weight tend to gain weight after the initiation of
anti-tumor necrosis factor (TNF) therapy12. Improved disease
control resulting in greater weight gain (and a lower risk of
weight loss) potentially explains why obese RA subjects
experience better longterm outcomes.

Change in weight represents an important factor because
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it predicts longterm outcomes in other populations. For
instance, greater weight loss among the elderly independently
carries an increased risk of premature death13. In our study,
we determined the factors that independently predict change
in BMI (in particular weight loss) for a cohort of patients with
RA. To achieve this goal, we examined several time-varying
and time-invariant candidate predictors of change in body
weight, including markers of systemic inflammation,
improvements in inflammation, erosive disease at baseline,
autoantibody seropositivity, active smoking at baseline,
prednisone use, and disease-modifying antirheumatic drug
use [specifically methotrexate (MTX) and anti-TNF use]. We
hypothesized that greater systemic inflammation and more
severe disease would place subjects at a greater risk of weight
loss.

MATERIALS AND METHODS
Study sample. Our sample consisted of subjects from the US Veterans Affairs
(VA) Rheumatoid Arthritis (VARA) Registry1,14,15,16,17,18,19,20. The VARA
national repository and multicenter chronic disease registry began enrollment
in January 2003 and has operated for more than 10 years. At the time of our
study, 12 VA sites participated (Salt Lake City, Utah; Washington, DC;
Jackson, Michigan; Philadelphia, Pennsylvania; Brooklyn, New York;
Omaha, Nebraska; Dallas, Texas; Iowa City, Iowa; Denver, Colorado; Little
Rock, Arkansas; Portland, Oregon; Birmingham, Alabama). Veterans with
RA were identified by the treating physician at the individual sites. Veterans
who fulfilled the 1987 American College of Rheumatology criteria for RA
and were over 18 years of age were eligible for VARA enrollment. The
physician-investigators at each site recorded clinical data at enrollment and
at followup visits, including the Multidimensional Health Assessment
Questionnaire (MD-HAQ), swollen and tender joint counts (0 to 28), inflam-
matory markers, pain score, and patient’s and physician’s disease assessment
scores. Each individual site had Institutional Review Board approval and all
study patients provided informed written consent at enrollment.
Key study measures. Demographics and disease-specific characteristics at
baseline and in followup were extracted from the VARA registry database.
Results of testing of inflammatory markers [erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP)], clinical joint counts, global disease assess-
ments [patient and physician visual analog scale (0–100)], physi-
cian-reported presence of erosions at baseline, and smoking status at baseline
were extracted from the VARA database.

Other data used in our study included the VA Corporate Data Warehouse
and the Decisions Support System accessed by the VA Informatics and
Computing Infrastructure. Weight measurements recorded for clinical care
14 days before or after each VARA visit date were extracted from the VA
electronic medical records. Weight in kilograms was converted to BMI by
dividing by the square of the modal height (in meters). If weight was not
measured during the 14 days before or after the clinic visit, the observation
was dropped from analyses.

The electronic prescription of specific RA therapies within 1 month prior
to or following the visit date was determined by querying the VA pharmacy
records using previously validated algorithms17. Anticyclic citrullinated
peptide antibodies (anti-CCP) were measured using a second-generation
anti-CCP (anti-CCP2) ELISA (Diastat, Axis-Shield; positive test ≥ 5 U/ml).
A subset of participants (over 90% of the study cohort) was genotyped for
HLA-DRB shared epitope containing alleles as previously described18.

Baseline comorbid conditions that were considered a priori to be
potential confounders were defined based on the International Classification
of Diseases-9-Clinical Modification (ICD-9-CM) codes, and Current
Procedural Terminology codes identified prior to or within 1 year of
enrollment in the registry. Coding of comorbidities was based on previously

validated algorithms21,22, or algorithms appearing in peer-reviewed publi-
cations14,23,24,25. Specific comorbidities assessed included a history of
cardiovascular disease (including heart failure), any malignancy, diabetes,
chronic kidney disease, and depression.
Statistical analysis. Data were analyzed using Stata 12 software (StataCorp
LP). Baseline associations between demographic and clinical variables and
BMI were assessed using Student t tests and Wilcoxon rank-sum tests for
data not fitting a normal distribution. Skewed data were log-transformed in
linear regression models (ESR and CRP). The greatest number of missing
values in the registry was observed for the physician-reported presence of
erosions at enrollment (468/1950, 24%). These subjects exhibited disease
characteristics similar to those of subjects with nonmissing data. Therefore,
multiple imputation was performed based on covariables from regression
models to replace missing values for this variable. For all other variables,
observations with missing values were dropped from analyses. The statistical
models for weight change were approached in the following 3 ways:
1. Predictors of BMI and interactions with time. We used sequential robust
generalized estimating equations (GEE) in linear regression models
(exchangeable correlation structure) to determine independent associations
between clinical variables and BMI as the dependent variable. The robust
“sandwich” estimator typically gives more consistent estimates of the
standard errors when the correlation matrix is specified incorrectly. We
confirmed the results of the GEE models with mixed-effects models with
random intercept and random slope (unstructured and exchangeable corre-
lation matrix). Results of mixed-effects models were comparable and are not
reported.

We examined time-invariant exposures (baseline erosive disease, CCP
seropositivity, baseline smoking, comorbid conditions) and time-varying
exposures such as natural logarithm of CRP [ln(CRP)], treatments, and
subsequent change in CRP. Based on a previous study demonstrating
increases in weight up to age 50 and subsequent decline, we evaluated the
association between age and BMI using splines by placing a knot at age 50
years in regression models26. To test for associations between clinical
variables and the change in BMI over time, multiplicative interaction terms
were used within these models. Significant interactions with age were illus-
trated by graphing the predicted mean BMI over the first 10 visits among
subjects younger than 50 years or at least 50 years. The actual mean BMI
over time was also graphed over the first 10 visits among a subset of subjects
with persistently elevated CRP levels above the normal range (≥ 1.1 mg/dl,
n = 162) over the first 3 visits compared with subjects with persistently
normal CRP levels (< 1.1 mg/dl, n = 330) over the first 3 visits.
2. Factors associated with change in BMI over the subsequent followup
interval. Fewer subjects and observations were included in these analyses
because subjects were necessarily dropped if they only had 1 BMI
measurement available (thus change could not be calculated). Where the
change in BMI was the outcome in regression models, we used the absolute
change in BMI adjusting for the baseline BMI based on previous work27.
Differences in the change in BMI over the followup interval were evaluated
using robust GEE models with exchangeable correlation structures. A time
lag of 1 visit between the independent variable and the change in BMI was
used. For significant predictors of weight loss, we also evaluated for effect
modification by sex. Mixed-effect models (using random intercept, random
slope, unstructured correlation structure) were used to confirm the findings
of GEE models (results not shown).
3. Predictors of weight loss over the subsequent followup interval. Based on
previous publications, we defined weight loss as a negative change in BMI
of > 1 kg/m2 from the preceding visit13,28,29. A loss of 1 kg/m2 of BMI has
been associated with death in other populations13,28. For an individual 67
inches tall, this loss in BMI would translate to a loss of weight of 2.9 kg or
6.4 lbs. Population-averaged robust GEE models with exchangeable corre-
lation structures were used to evaluate associations between hypothesized
variables and the risk of a loss in BMI of > 1 kg/m2 over the subsequent
followup interval.
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RESULTS
Baseline characteristics of study subjects. Out of 1950 total
VARA registry subjects, 1474 had sufficient data to
contribute to analyses with a median followup time of 5.9
years (4.1–8.3). The primary reasons for excluding subjects
from analyses were a lack of available data for CCP seropos-
itivity in 233 subjects, lack of BMI measurements in 269,
lack of CRP measurements in 253, and lack of ESR measure-
ments in 220. Baseline characteristics of study subjects are
presented in Table 1. More than 90% of subjects were male
with an average age of 63.4 years, consistent with the
demographics of the VA.
Associations with BMI and interactions with time. In 164
subjects under 50 years of age, BMI was higher among older
subjects. However, among subjects older than 50, older age
was associated with lower BMI (Table 2, Model 1). BMI was
also lower among those with erosive disease and who were
actively smoking at baseline (Table 2, Model 1). Subjects
treated with MTX had a higher weight at the time of the
observation (p = 0.02). There were no associations between
BMI and sex, race, or the use of prednisone or anti-TNF
therapies at the time of the observation. There were no associ-
ations between MD-HAQ score, joint counts, global

evaluator scores, or shared epitope positivity and BMI (not
shown). On average, there was a decrease in BMI over time
[per 100 days, β –0.015 (–0.026 – –0.0032), p = 0.01]. This
equates to an average decrease in weight of about 0.19 kg or
0.41 lb per year.

There was a significant interaction between baseline age
and time from enrollment that suggested a greater decrease
in BMI among older subjects (Table 2, Model 2). The inter-
action with age confirmed weight gain up until about the age
of 57, with subsequent weight loss. Figure 1 illustrates the
overall lower BMI and the greater decline in mean BMI over
time among subjects greater than 50 years old at enrollment
over the first 10 visits.

There was also a significant interaction between ln(CRP)
and time from enrollment that suggested a greater decrease
in weight among those with higher CRP levels (Table 2,
Model 2). Figure 2 illustrates the greater decline in mean
BMI over time among 154 subjects who had persistently
elevated CRP levels (> 1.1 mg/dl) over the first 3 visits
compared to 162 subjects who had persistently low CRP
levels (< 0.5 mg/dl).

There was no interaction between time from enrollment
and baseline erosive disease, CCP seropositivity, active
smoking at baseline, or the use of MTX, anti-TNF therapies,
or prednisone (not shown). There was no interaction between
any of the baseline comorbidities and time from enrollment.
Factors associated with change in BMI over the subsequent
followup interval. A total of 1395 subjects contributed to
10,681 observations that included a current BMI and the
change in BMI over the subsequent followup interval. The
length of followup was not associated with change in weight
(p = 0.9) and was not included as a covariable. Table 3
demonstrates that older age, higher baseline BMI, active
smoking at baseline, and higher CRP were significant and
independent predictors of a greater decrease in BMI over the
subsequent observation period. A high CRP (> 1.1 mg/dl) was
associated with greater weight loss in similar models [β
–0.056 (–0.10 – –0.011), p = 0.02]. When ln(ESR) replaced
ln(CRP) in this model, it also tended to be associated with a
greater decrease in BMI [β –0.017 (–0.036–0.0015), p = 0.07,
n = 1449; full model not shown]. In a subset of subjects who
had sufficient data to calculate the change in CRP over the
subsequent observation period (n = 1272, Obs = 9493), the
change in CRP (per 1 mg/dl) was inversely associated with
weight change [β –0.018 (–0.033 – –0.0018), p = 0.03].

The effect of CRP, smoking, and BMI was similar in men
and women (i.e., no significant interaction). However, the
effect of age (per 1 yr older) was more pronounced among
men [β –0.0081 (–0.010 – –0.0059), p < 0.001] compared
with the 126 women [β –0.0022 (–0.0067–0.0023), p = 0.3;
p for interaction = 0.02].

There was no difference in the change in weight observed
in subjects receiving MTX, anti-TNF therapies, or predni-
sone. Further, the initiation of prednisone was not associated
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Table 1. Baseline clinical and demographic characteristics of study subjects
from the VARA registry. Values are mean (SD) or median (interquartile
range) unless otherwise specified.

Variable VARA Participants

Total subjects, n 1474
Age, yrs 63.5 (11.0)
Male, % (n) 91 (1344)
White, % (n) 76 (1127)
Black, % (n) 16 (241)
BMI, kg/m2 28.5 (5.4)
RF-positive, % (n) 80 (283/1383)
CCP-positive, % (n) 78 (1156)
Active smoker, % (n) 27 (396)
Disease duration, yrs 7.4 (1.7–17.0)
Presence of erosions, % (n) 51 (615/1198)
Erosions, imputed, % (n) 52 (764)
DAS28-ESR 4.07 (1.6)
CRP, mg/dl 0.8 (0.4–2)
ESR, mm/h 22 (10–38)
MD-HAQ score 0.94 (0.60)
Prednisone, % (n) 39 (572)
Methotrexate, % (n) 50 (744)
Sulfasalazine, % (n) 13 (185)
Hydroxychloroquine, % (n) 28 (409)
Leflunomide, % (n) 11 (167)
Any TNF inhibitor use, % (n) 20 (299)
Shared epitope positive, % (n) 72 (960/1342)

VARA: Veterans Affairs Rheumatoid Arthritis; BMI: body mass index; RF:
rheumatoid factor; CCP: cyclic citrullinated peptide antibodies; DAS28:
Disease Activity Score at 28 joints; ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein; MD-HAQ: Multidimensional Health Assessment
Questionnaire; TNF: tumor necrosis factor.
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with change in weight over the subsequent followup in final
models [β 0.045 (–0.056–0.15), p = 0.4]. CCP seropositivity
and the presence of erosions at baseline were not associated
with change in BMI. There was no association between
MD-HAQ score, joint counts, shared epitope positivity,
global evaluator scores, or baseline comorbidities and the
change in BMI at subsequent visits (not shown). There was
no association between the interval duration and weight
change, and the adjustment for interval duration did not alter
the estimates of association.

Predictors of weight loss over the subsequent followup
period.Weight loss > 1 kg/m2 of BMI occurred in 1917 out
of 11,775 observation periods (14.0%). Weight loss over the
subsequent observation period was more likely among older
subjects, whites, baseline smokers, those with greater BMI,
and those with greater CRP levels (Table 4). A high CRP 
(> 1.1 mg/dl) was associated with higher odds of weight loss
in similar models [OR 1.32 (1.18–1.48), p < 0.001]. Greater
ln(ESR) was also associated with a greater risk of weight loss
when it replaced ln(CRP) in these models [OR 1.12

923Baker, et al: Longterm BMI in RA

Table 2. Sequential robust GEE regression models assessing predictors of BMI over all study visits and interactions
with time in subjects with all necessary data available.

Variable Model 1, n = 1474, Obs = 15,318 Model 2, n = 1474, Obs = 15,318
β (95% CI) p β (95% CI) p

Time, per 100 days –0.015 (–0.026 – –0.0032) 0.01 0.22 (0.15–0.29) < 0.001
Baseline age, per yr, < 50 0.14 (0.047–0.23) 0.003 0.17 (0.079–0.26) < 0.001
Baseline age, per yr, ≥ 50 –0.18 (–0.21 – –0.15) < 0.001 –0.15 (–0.18 – –0.12)
Female 0.082 (–1.06–1.23) 0.7 0.13 (–1.01–1.28) 0.8
White –0.41 (–1.09–0.22) 0.3 –0.40 (–1.05–0.25) 0.2
ln(CRP), mg/dl –0.066 (–0.11 – –0.017) 0.008 0.019 (–0.061–0.097) 0.6
Prednisone use –0.028 (–0.15–0.094) 0.7 0.015 (–0.13–0.10) 0.8
Methotrexate use 0.15 (0.021–0.28) 0.02 0.11 (–0.0073–0.23) 0.07
Anti-TNF use 0.15 (–0.034–0.33) 0.1 0.16 (–0.017–0.33) 0.08
Baseline CCP-positive 0.22 (–0.40–0.83) 0.5 0.19 (–0.43–0.81) 0.5
Baseline erosions –1.82 (–2.36 – –1.29) < 0.001 –1.80 (–2.34 – –1.26) < 0.001
Baseline smoking –2.96 (–3.58 – –2.34) < 0.001 –2.99 (–3.61 – –2.38) < 0.001
Interactions with observation time*

Age × time, 1 yr of age 
× 100 days — — –0.0038 (–0.0047 – –0.0029) < 0.001

ln(CRP) × time, 1 unit 
× 100 days — — –0.0079 (–0.014 – –0.0014) 0.02

* Interactions tested, but not significant: Prednisone Use × Time; Methotrexate Use × Time; Anti-TNF Use ×
Time; Baseline Erosions × Time. GEE: generalized estimating equations; BMI: body mass index; Obs: observa-
tions; CRP: C-reactive protein; TNF: tumor necrosis factor; CCP: cyclic citrullinated peptide antibodies.

Figure 1. Predicted mean BMI (SE) over time in patients at least 50 years old (n = 1312)
compared to those younger than 50 (n = 162). BMI: body mass index.
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(1.06–1.18), p < 0.001, n = 1449]. In the subset of subjects
with available data (n = 1272, Obs = 9493), less improvement
in CRP over the following observation period was associated
with a greater risk of weight loss [OR 1.07 (1.04–1.10), p <
0.001].

MTX use, but not anti-TNF or prednisone use, was
independently associated with a lower risk of weight loss.
There was no association between MD-HAQ score, joint
counts, shared epitope positivity, global evaluator scores, or
baseline comorbidities, and the risk of weight loss at sub-
sequent visits (data not shown).

DISCUSSION
To our knowledge, this is the first study to comprehensively
evaluate clinical and demographic risk factors associated with

change in BMI in RA subjects using a large, real-world,
registry database. These data consistently demonstrated
greater weight loss (and less weight gain) among older
patients, those who smoked at enrollment, and those with
greater systemic inflammation.

The observation that greater systemic inflammatory
activity (higher CRP or ESR) is associated with a greater risk
of weight loss (and less weight gain) supports the hypothesis
that a history of more severe disease and greater systemic
inflammation in RA is an important factor in determining an
individual’s current BMI. A CRP above the normal range 
(> 1.1 mg/dl) was associated with about a 32% increased risk
of significant weight loss. These observations are important
because they suggest that BMI is affected by the longterm
activity of the underlying inflammatory disease even in the
current era of more aggressive RA management and after the
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Figure 2. Mean BMI (SE) over the first 10 visits in groups of subjects with CRP levels that
remained above or equal to 1.1 mg/dl (n = 154) or below 1.1 mg/dl (n = 330) over the first 3
visits. BMI: body mass index; CRP: C-reactive protein.

Table 3. GEE in linear regression models evaluating independent predictors
of the change in BMI at the subsequent visit.

Variable Change in BMI at Subsequent Visit, 
n = 1395,  Obs = 10,681

β (95% CI) p

Age, per 1 yr –0.0069 (–0.0089 – –0.0049) < 0.001
Female 0.042 (–0.026–0.11) 0.2
White –0.012 (–0.054–0.031) 0.6
BMI, per 1 kg/m2 –0.0065 (–0.011 – –0.0020) 0.005
ln(CRP), mg/dl –0.024 (–0.040 – –0.0071) 0.005
Prednisone 0.020 (–0.027–0.068) 0.4
Anti-TNF therapy 0.032 (–0.013–0.078) 0.2
Methotrexate 0.016 (–0.025–0.057) 0.5
Baseline CCP-positive 0.013 (–0.033–0.059) 0.6
Baseline erosive disease –0.029 (–0.067–0.0076) 0.1
Baseline smoker –0.057 (–0.10 – –0.017) 0.009

GEE: generalized estimating equations; BMI: body mass index; Obs: obser-
vations; CRP: C-reactive protein; TNF: tumor necrosis factor; CCP: cyclic
citrullinated peptide antibodies.

Table 4. Final GEE population averaged marginal model examining
predictors of weight loss at the subsequent visit (> 1 kg/m2 loss in BMI).

Variable Risk of Weight Loss, n = 1395, Obs = 10,681
OR (95% CI) p

Age, per 1 yr 1.01 (1.00–1.02) 0.002
Female 0.99 (0.80–1.21) 0.9
White 1.19 (1.04–1.37) 0.01
BMI, per kg/m2 1.07 (1.06–1.08) < 0.001
ln(CRP), mg/dl 1.13 (1.08–1.19) < 0.001
Current prednisone 1.04 (0.92–1.18) 0.5
Current methotrexate 0.84 (0.74–0.94) 0.002
Current anti-TNF 0.99 (0.88–1.11) 0.9
CCP-positive 1.07 (0.93–1.23) 0.3
Baseline erosive disease 1.11 (0.98–1.25) 0.1
Baseline smoker 1.26 (1.10–1.45) 0.001

GEE: generalized estimating equations; BMI: body mass index; Obs: obser-
vations; CRP: C-reactive protein; TNF: tumor necrosis factor; CCP: cyclic
citrullinated peptide antibodies.
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advent of biologic therapies. Previous studies have demon-
strated that low BMI is associated with poor outcomes in RA,
including greater radiographic progression and greater
mortality9,30. These observations are likely to be explained,
at least in part, by weight loss or lack of weight gain seen in
more severe and resistant disease over time.

The weight loss (and lack of weight gain) among subjects
with high inflammatory activity may be because of the
greater resting energy expenditure and greater catabolism
seen with the active inflammatory process. Cachexia in other
populations has been linked to cytokine excess, as well as
deficiency in testosterone and insulin-like growth
factor-131,32. Similar pathways are likely to be affected in
RA. The data presented here suggest that even subtle changes
in weight may be reflective of a greater inflammatory burden
leading to upregulation of pathways associated with the
cachectic phenotype. Improvements in CRP over the same
period were also associated with a lower risk of weight loss
(and greater weight gain). Therefore, when considering the
effect of RA therapies on weight, it is important to consider
that effective reversal of the systemic inflammatory process
is likely to directly affect changes in weight.

These data also demonstrate that active smoking at
baseline is predictive of a greater decline in BMI and greater
risk of weight loss between clinical visits. Previous studies
demonstrated greater weight gain among nonsmokers and
greater weight gain associated with cessation of smoking33,34.
Nicotine may act as an appetite suppressant and smoking is
a behavioral alternative to eating35. Smoking may also
increase metabolic rate and blunt the expected increase in
food intake in response35. Active smoking has been linked to
the severity of RA36,37,38, and therefore may help to explain
why patients with RA with low BMI have more severe
disease and poorer longterm outcomes.

These data suggest that advancing age is a risk factor for
greater weight loss over time among subjects with RA, particu-
larly among men. These data both confirm previous studies
suggesting increases in weight up to age 50 and subsequent
declines while also demonstrating increasing rates of weight
loss at older ages26. We are not aware of previous data
demonstrating greater weight loss among older subjects with
RA. However, weight loss is more common among the
elderly in the general population, possibly because of an
increase in systemic cytokines and circulating hormones
associated with early satiety39. Weight loss in the elderly is
meaningful and predictive of premature mortality40,41. Thus,
the increase in the rate of weight loss with advancing age
among RA subjects is likely to be important and might
conceivably be comparable with that observed in the general
population.

Greater BMI was associated with a greater risk of weight
loss. With all other variables the same, a subject with a BMI
of < 20 kg/m2 in this cohort would be expected to gain weight
while an obese subject would be expected to lose weight.

Subjects with an obese BMI have the greatest opportunity to
lose weight while subjects who are very thin may have the
most to gain back by the initiation of effective therapies and
reversal of the systemic inflammatory disease. Greater weight
loss among more obese subjects has been described previ-
ously in other populations42,43. Similarly, weight gain has
been observed among thin subjects with RA who initiate
biologic therapies for RA12.

There was no clear effect of prednisone use on change in
BMI after adjusting for measures of systemic inflammation.
This observation might be unexpected given studies
describing weight gain with glucocorticoid use44. However,
the observations in the current study support a previous study
showing that weight gain among those treated with predni-
sone was explained by a lower disease activity in that
group11. The lack of association between prednisone use and
weight gain might also be explained by the relatively low
doses of prednisone that are typically used in this disease. We
were not able to assess whether higher doses of prednisone
might be associated with weight gain in this cohort.

We also did not see a more positive change in weight
among anti-TNF users after adjustment for disease severity
measures. Previous data have suggested weight gain among
subjects initiating anti-TNF therapy12. However, these associ-
ations may have been confounded by greater disease control
among patients treated with anti-TNF in these studies.

In our study, MTX use was not associated with change in
overall BMI, but was associated with a lower risk of weight
loss compared with subjects who did not use MTX. To our
knowledge, this is the first study to describe a lower risk of
weight loss among subjects receiving MTX and this is
hypothesis-generating only. While models evaluating the
effect of medication use on change in weight were adjusted
for a number of potential confounders, including measures
of disease severity and disease activity, studies of the effect
of therapies within observational cohort studies are always
limited by the potential for residual confounding by
indication.

Strengths of our study are the large sample size,
well-characterized clinical data, the multisite study design,
and the longterm followup available. There are several limita-
tions to consider in interpreting the results. While the VA
setting was ideal for many aspects of the study, the proportion
of men was higher than in other RA cohorts. Therefore, these
observations may not be entirely generalizable and should be
confirmed in other study populations. The use of BMI as the
primary outcome does not consider that muscle and fat
composition changes over time and therefore may not be an
ideal measure of obesity and cachexia in chronic disease
states. While the use of the VA data warehouse provided a
unique opportunity to comprehensively study weight change
in a registry setting, some clinical data were missing because
of the dependence on the use of data routinely collected at
regular clinic visits. Thus, some observations were imputed
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and some dropped because of missing data. Because missing
data appear to be missing at random with regard to body
mass, it seems unlikely that this would have introduced
systematic bias. We were not able to assess compliance with
medical therapies, explore dosing of therapies, or specifically
assess other biologic therapies used with less frequency in
this cohort. Finally, because most patients were enrolled years
after they were diagnosed, we were not able to evaluate
changes in weight immediately following diagnosis with RA.

Greater age, greater inflammatory activity, and active
smoking are associated with greater weight loss among
subjects with RA.
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