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Background/Aims: Increased resting energy expenditure (REE) in rheumatoid ar-
thritis (RA) patients is thought to be caused by hypermetabolism associated with
production of proinflammatory cytokines. Our aim in the present study was to
explore the possible association between REE and disease activity in females with
RA.

Methods: A total of 499 female RA patients were recruited to this cross-sectional
study assessing REE scores on disease activity indices (the routine assessment
of patient index data 3 [RAPID3), the disease activity score 28, and the clinical/
simplified disease activity index [CDAI/SDAI]) and the levels of RA-associated
autoantibodies (theumatoid factor and anticyclic citrullinated peptide [anti-CCP]
antibodies). Age-matched healthy female controls (n = 131) were also enrolled.
Results: REE did not differ between RA patients (all patients, and those in remis-
sion or not) and controls, or between RA patients in remission or not (p > o.05 for
all comparisons). Increased REE in total RA patients was associated with younger
age and a higher body mass index (BMI) (p < 0.001 and p < 0.001, respectively), but
not with disease activity index scores on any of RAPID3, CDAI, or SDAIL BMI was
the only clinical parameter exhibiting a significant relationship with REE quar-
tiles (Q1 to Q4; p < 0.001); none of disease duration, functional status, or anti-CCP
antibody titer in RA patients was significantly related to REE, based on analysis
of covariance.

Conclusions: We found no association between REE and disease activity in RA
patients, implying that energy metabolism in RA patients might be independent
of RA-associated systemic inflammation.

Keywords: Arthritis, rheumatoid; Resting energy expenditure; Disease activity
index

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by synovial hyperplasia and
inflammation, neovascularization, and enhanced
osteoclastogenesis in the affected joints. These pro-
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cesses eventually trigger joint deformities, functional
impairment, and poor quality-of-life [1,2]. Other char-
acteristics of RA-associated clinical phenotypes are al-
terations in energy metabolism and the compositions
of body compartments. RA patients exhibit increased
resting energy expenditure (REE), wasting of fat-free
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mass (FFM), and loss of body cell mass [3,4]. Changes
in energy metabolism in RA patients have been at-
tributed (in part) to chronic inflammation mediated
by excessive production of proinflammatory cytokines
including tumor necrosis factor-o. (TNF-q), interleu-
kin-1B (IL-1B), and IL-6 [3,5-7]. Such findings imply
that changes in energy metabolism are associated with
RA pathogenesis.

REE, the thermogenic effect of food (TEF), and phys-
ical activity (PA), are all measures of 24-hour energy
expenditure, and account for 65% to 70%, 10% to 15%,
and 20% to 30% of total energy expenditure (TEE), re-
spectively [8,9]. Currently, REE is the best predictor of
24-hour energy expenditure because TEF and PA data
tend to be inconsistent. The widely used anthropomet-
ric method for measurement of REE was developed by
Mifflin et al. [10]. Earlier studies found that REE was
higher in RA patients than healthy controls [3,7,11].
Aberrant energy expenditure, reflected in higher REE,
is a common clinical problem in RA patients and
has been attributed to excessive production of proin-
flammatory cytokines. However, two clinical trials of
anti-TNF agents in RA patients did not show signifi-
cant changes in body composition or REE, although
improvements in disease activity and functional status
were evident [11,12].

Cytokine production in RA patients is associated
with protein breakdown [5] and increased REE [3,7].
Proinflammatory cytokine production, contributing
to the chronic inflammatory response, is closely as-
sociated with the extent of disease activity in RA [1,2].
Therefore, a close relationship between REE and the
extent of RA disease activity is possible. Recently, Ar-
shad et al. [y] found an association between increased
REE and elevated disease activity in RA patients. Fur-
thermore, a clinical trial showed that basal metabolic
rate served as a useful indicator of RA disease activity,
and as a predictor of remission [13]. However, more
data are required before it can be safely concluded that
an association exists between REE, on the one hand,
and the extent of disease activity, on the other. Our
aim in the present study was to determine whether
scores on activity indices, namely the disease activity
score 28 (DAS28) [14], the clinical disease activity index
(CDAI) [15], the simplified disease activity index (SDAI)
[16], and the routine assessment of patient index data
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3 (RAPID3) [17,18], were associated with REE in female
patients with RA.

METHODS

Subjects

A total of 499 female patients was consecutively re-
cruited from the outpatient clinic of the Daegu Cath-
olic University Medical Center; all met the revised
criteria for RA proposed by the American College of
Rheumatology (ACR) in 1987 [19]. In addition, 131 age-
and gender-matched healthy controls were enrolled
from our Heath Promotion Center. All subjects were
over 18 years of age at the time of enrolment. We
excluded those with current infections, chronic ob-
structive pulmonary disease, congestive heart failure,
thyroid disease, diabetes mellitus, renal failure, and
chronic or current diarrhea; via review of medical
records and individual interviews. At enrolment, all
subjects gave written informed consent. The study
protocol and proposal were reviewed and approved by
the Institutional Review Board of the Daegu Catholic
University Medical Center.

Clinical data collection and assessment of disease
activity

Baseline data including age, height, weight, and dis-
ease duration, were recorded. Seven ACR Core Data
Set measures; thus the swollen joint count, the tender
joint count, physician global assessment, erythrocyte
sediment rate (ESR)/C-reactive protein (CRP) level, pa-
tient-reported functional disability, pain, and patient
global assessment, were assessed; and these measures
converted into multiple disease activity composites
including those of the DAS28 [14], CDAI [15], SDAI [16],
and RAPID3 [17,18]. Disease activity was classified as in
remission (< 2.6), low (> 2.6 to < 3.2), moderate (> 3.2 to
<5.1), and high (> 5.1), based on DAS28-ESR criteria [14].
We arbitrarily classified the four disease activity cate-
gories into two: remission (< 2.6) and nonremission (=
2.6).

Rheumatoid factor (RF) and anticyclic citrullinated
peptide (anti-CCP) antibody levels were measured in
all subjects. RF levels were assessed via immunotur-
bidometry using the Cobas Integra RFII assay (Roche
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Diagnostics GmbH, Mannheim, Germany). The cutoff
value for RF was < 10 IU/mL. Anti-CCP antibody levels
were assessed using an enzyme-linked immunosor-
bent assay (Diastat, Axis-Shield Diagnostics, Dundee,
UK). Negativity for anti-CCP antibody was defined as
<17 U/mL. The ESR and CRP levels were measured in
blood samples taken at the time of study commence-
ment. Joint assessment in terms of swelling and ten-
derness was performed by an experienced rheumatol-
ogist (H.L.).

Nonbiological disease-modifying antirheumatic
drugs (DMARDs) taken at the time of enrolment in-
cluded methotrexate (M'TX), steroids, hydroxychlo-
roquine (HCQ), sulfasalazine (SSZ), leflunomide, and
tacrolimus. In addition, biological DMARDs treating
RA were also identified; these included infliximab,
etanercept, adalimumab, and abatacept. REE was cal-
culated using the formula of Mifflin et al. [10]: REE for
females = [10 x weight (kg) + 6.25 x height (cm) - 5 x age
(yr)] — 161. Body mass index (BMI; kg/m?) was calculat-
ed as weight (kg) divided by the square of the height (m).

Statistical analysis

Data are expressed as mean + standard deviation (SD)
for continuous parameters and as frequencies with
percentages for categorical parameters. Descriptive
analysis was undertaken to identify the mean values
and frequencies of each parameter. Differences in fre-
quencies among groups (remission vs. nonremission
and RA vs. controls) were evaluated, in terms of sta-
tistical significance, using the Mantel-Haenszel chi-
square test for categorical variables and Student t test
for continuous variables.

Correlations between REE and clinical/laboratory
parameters were evaluated via Pearson correlation
analysis. Multiple linear regression analysis of data
from all patients, and RA patients in remission or
not, were used to evaluate associations between REE
and clinical/laboratory variables. Covariates of the
multivariate-adjusted model were chosen via stepwise
selection. Thus, we adjusted for age, disease duration,
BMI, patient-reported functional status, ESR, DAS28-
ESR, and anti-CCP antibody titer, for each model, if
appropriate. We categorized REE into quartiles: <1,029
kcal/day, Q1; 1,030 to 1,096 kcal/day, Q2; 1,097 to 1,168
kcal/day, Q3; and 2 1,169 kcal/day, Q4. To allow com-
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parisons among the four RA groups (Q1 to Qg), we first
applied a one-way analysis of variance (ANOVA) for
continuous variables. Analysis of covariance (ANCOVA)
was used to determine REE differences between the
groups (remission RA group vs. controls; nonremis-
sion RA group vs. controls; remission RA group vs. the
nonremission RA group; and the total RA group vs.
controls).

Statistical significance was considered present when
the two-sided significance level was < 0.05. All statisti-
cal analyses were performed using the IBM SPSS ver-
sion 19.0 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline demographic and clinical characteristics of
enrolled subjects

Baseline characteristics of the study population are
shown in Table 1. A total of 499 female patients with
RA was consecutively enrolled. Mean age at study com-
mencement and disease duration in RA patients were
54.7 years (SD, 10.8) and 7.2 years (SD, 6.7), respectively.
Age-matched controls (n = 131) were also enrolled. Dif-
ferences in BMI, ESR, and CRP levels between RA pa-
tients and controls were all significant (p < o.o01 for all
comparisons). REEs in RA and control subjects were
estimated to be 1,101.0 kcal/day (SD, 114.3) and 1,105.9
kcal/day (SD, 91.0), respectively. These values did not
significantly differ after adjustment for covariates
including age, ESR, CRP level, and BMI (p = 0.659). In
addition, the REE of controls was similar to that of RA
patients in remission or not; the differences were not
significant upon ANCOVA analysis (p = 0.906 and p =
0.758, respectively) (Fig. 1).

Differences in clinical variables and the use of
DMARDs between the remission and nonremission
RA groups are shown in Table 2. Whereas some vari-
ables including age, BMI, autoantibody positivity, and
anti-CCP antibody titer did not differ significantly
between the remission and nonremission RA groups;
measures of laboratory markers, RA core dataset mea-
sures, and five disease activity index composite scores
were higher in the nonremission group than the re-
mission group (p < o.001 for all comparisons). The lev-
els of antirheumatic medications, including MTX and
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Table 1. Baseline demographic and clinical characteristics of theumatoid arthritis (RA) patients and controls

Variable Total (n = 499) Controls (n =131) p value®
Age, yr 54.7 £10.8 54.9 6.7 0.795
Disease duration, yr 7.2+ 6.7 - -
Height, cm 1573 £5.5 154.4 % 4.8 <0.001
Weight, kg 55.3 = 7.9 57.7 £ 7.0 < 0.001
BMI, kg/m* 22.4+3.1 24.2£3.0 <0.001
REE, kcal/day 1,101.0 +114.3 1,105.9 + 91.0 0.604
Laboratory measures

ESR, mm/hr 31.6 223 4.7+3.4 <0.001

CRP, mg/dL 0.7+1.6 0.2+0.6 <0.001

Values are presented as mean + SD.

BMI, body mass index; REE, resting energy expenditure; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
“The p values refer to comparisons between RA patients and controls using Student t test for continuous variables.
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Figure 1. Comparison of resting energy expenditures (REEs)
among enrolled study subjects. REEs in the rheumatoid
arthritis (RA) remission (RA_remi) and nonremission (RA_
nonremi) groups were similar to that of healthy controls
(p > 0.05 for both comparisons). p values were calculated by
analysis of covariance after adjustment for age, body mass
index, erythrocyte sediment rate, and C-reactive protein
level.

steroids, taken in the nonremission group were higher
than in the remission group, but those of HCQ, SSZ,
leflunomide, tacrolimus, and biologics were similar
between the two groups.

Determination of clinical parameters associated

with REE
To determine whether any clinical variable was asso-
ciated with REE, we performed Pearson correlation
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analysis (Table 3). Age and BMI were associated with
REE in all patients (r = —0.549, p < 0.001 for age; and
r = 0.461, p < 0.001 for BMI). Age, disease duration,
BMI, and ESR were associated with REE in the RA re-
mission group, whereas REE in the RA nonremission
group was associated with both age and BMI (Table 3).
However, we found no correlation between REE and
scores on disease activity indices, including RAPID3,
SDAI, and CDAI (data not shown).

The results of multiple linear regression analysis
are shown in Table 4. In all patients, those with high-
er REEs were younger and had higher BMIs than did
those with lower REEs. In both the remission and
nonremission RA groups, age and BMI were signifi-
cantly associated with REE. Neither disease duration
nor the ESR was significantly associated with REE in
the remission group.

Comparison of clinical variables by REE level

We next performed one-way ANOVA to identify signif-
icant differences in clinical variables among subjects
in the four REE quartiles. BMI, patient-reported func-
tional scores, disease duration, and anti-CCP antibody
titer differed significantly in all RA patients in terms
of their REE quartiles (p < 0.001, p < 0.001, p = 0.001,
and p = 0.003, respectively). However, the apparent-
ly significant associations between patient-reported
functional scores, disease duration, and anti-CCP
antibody level disappeared after adjustment for age,
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Table 2. Comparisons of clinical variables between rheumatoid arthritis (RA) patients in remission and not

Variable Remission (n = 135) Nonremission (n =364) pvalue®
Age, yr 53.3+10.5 55.2 £10.8 0.079
Disease duration, yr 63 6.0 7.6 £7.0 0.047
Weight, kg 54.7+8.0 55.5+ 7.9 0.320
Height, cm 156.7 = 6.1 157.5 + 5.3 0.169
BMI, kg/m* 22.3+3.0 22.4+3.1 0.706
Laboratory measures

ESR, mm/hr 143+ 8.0 38.1+225 <o0.001

CRP, mg/dL 0.2+0.4 0.9+1.8 < 0.001
Autoantibody data

RF titer, IU/mL 50.1+59.8 75.1 + 81.8 <0.001

RF seropositivity 124 (91.9) 333 (91.5) 1.000

Anti-CCP titer, U/mL 241.5 +221.6 231.5 £ 214.2 0.649

Anti-CCP seropositivity 102 (75.6) 276 (75.8) 1.000

RA core dataset measures

Physician measures

Swollen joint count 0.0 % 0.2 1.0£1.9 <0.001
Tender joint count 0.4%1.4 3.2+43 <0.001
Physician-estimated global VAS 2111 3.1+1.6 <o0.001

Patient measures

Function 0.6+1.2 1.8 +17 <0.001
Pain 1.9 £2.0 4.6 2.6 <0.001
Patient-estimated global VAS 21+1.8 4.9%23 < 0.001
Disease activity indices
RAPID3 4.7+ 4.0 113 +5.7 <0.001
DAS28-ESR 2.1+0.4 3.8+x0.9 <0.001
DAS28-CRP 1.6+0.4 2.9 £1.0 <0.001
SDAI 4.8+3.2 13.1 7.7 <o0.001
CDAI 4.6 £3.2 12.2 £ 7.2 < 0.001
Antirheumatic medications/day
Methotrexate, mg 8.4+ 4.4 9.3+4.3 0.049
Steroid, mg 21%1.9 3.1%3.5 <0.001
Hydroxychloroquine, mg 180.7 £ 225.1 166.5 + 220.9 0.524
Sulfasalazine, mg 206.7 £526.3 254.7 £ 497.0 0.410
Leflunomide, mg 1.1+45 1.1%3.9 0.971
Tacrolimus, mg 0.0+03 0.1+05 0.060
Biologics® 10 (7.4) 39 (10.7) 0313

Values are presented as mean + SD or number (%).

BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheumatoid factor; CCP, cyclic
citrullinated peptide; VAS, visual analog scale; RAPID3, routine assessment of patient index data 3; DAS28, disease activity
score 28; SDAI, simplified disease activity index; CDAI, clinical disease activity index.

p values refer to comparisons between rheumatoid arthritis patients in remission or not using the Mantel-Haenszel chi-
squared test for categorical variables and Student t test for continuous variables.

bBiologics included infliximab, etanercept, adalimumab, and abatacept.
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Table 3. Correlations between resting energy expenditure and other clinical parameters in rheumatoid arthritis patients’

Total (n = 499)

Remission group (n = 135) Nonremission group (n = 364)

Variable

r pvalue r pvalue r pvalue
Age —0.549 <0.001 —-0.549 <o0.001 —0.553 <0.001
Disease duration - - —0.231 0.007 - -
Body mass index 0.461 <0.001 0.430 <0.001 0.474 <0.001
ESR - - —0.255 0.003 - -

ESR, erythrocyte sedimentation rate.

Statistical analysis was performed via Pearson correlation analysis.

Table 4. Determination of clinical/laboratory parameters relevant to resting energy expenditure in rheumatoid arthritis patients”

Total (n = 499)

Remission group (n = 135)

Nonremission group (n = 364)

Variable

B (95% CI) pvalue B (95% CI) p value B (95% CI) p value
Age -7.012 (~7.501t0 -6.434) <0.001  —7.035(~8.370 t0 —5.700)  <o0.001 -6.923 (-7.567t0 —6.279) < o0.001
Disease duration —0.951 (=3.217 t0 1.314) 0.408
Body mass index 21.629 (19.621t023.637) < o0.001 21.550 (17.114 t0 25.985) < 0.001 21.487 (19.267 t0 23.707) < o0.001
ESR -1.650 (-3.306 to —0.006)  0.051

CI, confidence interval; ESR, erythrocyte sedimentation rate.

“Statistical analysis was performed via multiple linear regression.

Table 5. Differences in clinical variables according to resting energy expenditure quartile (Q1 to Q4) in rheumatoid arthritis

patients”
—— Total (n = 499) Remission group (n = 135) Nonremission group (n = 364)
Adjusted R* pvalue Adjusted R* pvalue Adjusted R* pvalue
Age 0.476 <0.001 0.504 0.141 0.481 0.015
Disease duration 0.062 0.721 - - 0.040 0.479
Body mass index 0.406 < 0.001 0391 0.126 0.435 0.006
Patient-reported function 0.037 0.969 - - 0.043 0.884
Anti-CCP level 0.040 0.356 - - 0.033 0.354
ESR - - 0.408 0306 - -
DAS28-ESR - - 0.481 0.068 - -

CCP, cyclic citrullinated peptide; DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate.

“Statistical analysis was performed via analysis of covariance.

patient-reported functional capacity, BMI, disease
duration, and anti-CCP antibody level, using the AN-
COVA method (Table 5). Age and BMI differed signifi-
cantly among the REE quartiles when all patients were
considered (R* = 0.476, p < o.o01 for age; R* = 0.400, p
< 0.001 for BMI). A similar trend was also evident in
the nonremission group. However, no clinical variable
showed a significant association with REE quartile in
RA patients in remission.

http://dx.doi.org/10.3904/kjim.2014.29.4.516

DISCUSSION

It has well known that RA patients have higher REEs
than healthy controls, and also a lower body cell mass
and less body fat. We hypothesized that REE might
be affected by RA-related disease severity or activity,
and might serve as a potentially useful marker of such
activity or as a predictor of remission. We therefore
performed the present study to determine whether in-
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dividual components or composites of disease activity
indices were associated with REE. We found that REE
did not reflect RA disease activity status in our present
cross-sectional study, although age and BMI were in-
deed associated with REE levels.

An earlier work found that an increase in REE was
closely associated with TNF-o and IL-18 levels in RA
patients, but not controls, affording some insight into
the interaction between in vitro cytokine production
and bodily metabolism [3]. Additional studies have
since reported similar results, namely an inverse re-
lationship between TNF-a production level and lean
body mass or the extent of protein breakdown [5,6]. A
recent cross-sectional study with 14 controls and 14
RA patients reported a positive correlation between
IL-6 level and increased REE [7]. Aberrant inflamma-
tory changes presenting in RA patients may enhance
protein catabolism, triggering a decrease in FFM and
an increase in REE. Additionally, smokers with RA
have been shown to have higher basal metabolic rates
than nonsmokers [20-22]. These results indicate that
cigarette smoking causes persistent inflammation
and functional disability, and also increases the basal
metabolic rate of RA patients. However, we found no
difference in REE between RA patients and controls,
even after adjustment of covariates, in contrast to pre-
vious studies [3,5-7]. Consistent with our findings, a
recent cross-sectional study showed that the REE of
RA patients did not differ from that of age- and BMI-
matched controls [23].

Daily TEE is composed of REE, TEF, and PA [8,9].
REE is a major component of TEE, accounting for
more than 65% thereof, and is regarded as a predic-
tor of TEE. Although REE can be accurately assessed
via indirect calorimetry, the required equipment is
expensive, and personnel must be suitably trained.
Several predictive equations have been developed to
calculate REE using readily available parameters in-
cluding age, gender, height, and weight. The original
REE equation was developed by Harris and Benedict
[24] about 100 years ago. Since that time, Mifflin et al.
[10] have introduced a new REE predictive equation
based on body weight and height, without considering
metabolic activity. Although REE may be increased in
RA patients and may also be the principal component
of TEE, a recent study showed that TEE was dependent
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on PA energy expenditure, rather than REE [23]. These
findings suggest that REE data should be interpreted
cautiously in the context of the energy metabolism of’
RA patients.

Several proinflammatory cytokines, including
TNF-o, IL-1f, and IL-6, produced by inflammatory
or immune cells in the synovium, play crucial roles in
perpetuation of chronic inflammation in that tissue,
associated with the aberrant neovascularization and
enhanced osteoclastogenesis of RA [1,2]. Such patho-
genic mechanisms trigger inflammatory responses
in the joints involved in RA, ultimately causing joint
deformities, functional disabilities, and poor quali-
ty-of-life. In addition, several earlier studies showed
that increased REE in RA patients was linked to exces-
sive production of proinflammatory cytokines, includ-
ing TNF-a, IL-1f, and IL-6 [3,5-7]- REE has therefore
been suggested to be associated with disease activity
and to be a potential marker of clinical responses to
antirheumatic therapies. Although data supporting
a direct correlation between REE and disease activity
are lacking, some studies have suggested that REE in-
creases when disease activity rises, based on positive
correlations between cytokine production and alter-
ations in energy metabolism [3,5-7]. Recently, Jones et
al. [13] reported that basal metabolic rate could be used
as an indicator of RA disease activity. In the present
study, however, REE was not associated with scores
on any of the disease activity indices RAPID3, DAS28,
SDAI, or CDAL

The lack of association between REE and dis-
ease activity can be explained as follows. Enhanced
REE in RA patients is thought to be caused by cyto-
kine-induced hypermetabolism [3,5,6] and, therefore,
TNE-blocking agents should decrease REE. Marcora et
al. [12] enrolled 26 RA patients and randomized them
into MTX or etanercept groups. The cited authors
found no changes in body composition index scores
after 24 weeks of treatment. Another work analyzed 20
RA patients treated with an anti-TNF blocker [11]. After
12 weeks of anti-TNF therapy, significant improve-
ments were evident in terms of disease activity, phys-
ical function, and protein intake. However, neither
REE nor FFM changed. These studies imply that al-
terations in energy metabolism, reflected by a change
in REE, may not be associated with a reduction in the
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systemic inflammation characteristic of RA. Therapy
with anti-TNF antagonists appears to reduce disease
activity, and improve both functional status and pro-
tein intake in the short term. It is possible that chang-
es in body composition or metabolism, such as REE or
FFM, may become obvious only after several months
of such treatment. Furthermore, we calculated REE
using covariates including age, height, and weight,
but found a close association between REE, age, and
BMI, which may explain why REE was not associated
with disease activity index scores. Metsios et al. [25]
proposed two new predictive equations for REE in RA
patients, based on CRP level and FFM, respectively,
because the existing equations may underestimate
REE in RA as they do not consider RA-associated cy-
tokine-driven hypermetabolic status. Upon additional
analysis using the CRP-based equation, we found that
CRP level was closely associated with REE (data not
shown). The CRP-based equation of the authors cited
above may be a better means of measuring REE in RA
patients. However, the equation is not yet not widely
used in either the clinic or research. In addition, it
is difficult to directly compare data derived from ex-
isting equations with those afforded by the new REE
predictive method. Therefore, further studies are re-
quired to compare anthropometric variable- or CRP-
based REE prediction equations measuring energy
metabolism in RA patients.

The present study had some limitations. First, the
work was cross-sectional in nature; we sought to de-
termine if an association existed between REE and
the level of disease activity. REE should be measured
prospectively over a longer follow-up duration. How-
ever, neither of two clinical studies on anti-T'NF block-
er therapies with follow-up times of 12 and 24 weeks
found any significant change in body composition
index scores. Second, we calculated REE using the
anthropometric variables of age, weight, and height.
Therefore, REE was not directly measured, but rath-
er predicted. Indirect calorimetry provides accurate
REE measurements, but the use thereof is limited in
clinical practice and studies of large populations. A
CRP-based anthropometric equation has also been
developed [25], but is not widely used. Further studies
comparing REE prediction equations in RA patients
are required.
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In conclusion, REE was not associated with scores
on RA disease activity indices and is therefore not a
useful marker of disease activity in RA patients.

KEY MESSAGE

1. It is known that increased resting energy ex-
penditure (REE) in rheumatoid arthritis (RA)
patients can be caused by hypermetabolism
associated with proinflammatory cytokine pro-
duction.

2. We found no association between REE and RA
disease activity in a Korean population.

3. Energy metabolism in RA may be independent
of RA-associated systemic inflammation.
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