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Abstract
Objective
To investigate whether body mass index (BMI), as a proxy for body fat, influences rheumatoid arthritis (RA) disease
activity in a gender-specific manner.

Methods
Consecutive patients with RA were enrolled from 25 countries into the QUEST-RA program between 2005 and 2008.
Clinical and demographic data were collected by treating rheumatologists and by patient self-report. Distributions of
Disease Activity Scores (DAS28), BMI, age, and disease duration were assessed for each country and for the entire dataset;
mean values between genders were compared using Student’s t-tests. An association between BMI and DAS28 was
investigated using linear regression, adjusting for age, disease duration and country.

Results

A total of 5,161 RA patients (4,082 women and 1,079 men) were included in the analyses. Overall, women were younger,
had longer disease duration, and higher DAS28 scores than men, but BMI was similar between genders. The mean DAS28

scores increased with increasing BMI from normal to overweight and obese, among women, whereas the opposite trend

was observed among men. Regression results showed BMI (continuous or categorical) to be associated with DAS28.

Compared to the normal BMI range, being obese was associated with a larger difference in mean DAS28 (0.23, 95% CI:
0.11, 0.34) than being overweight (0.12, 95% CI: 0.03, 0.21); being underweight was not associated with disease activity.
These associations were more pronounced among women, and were not explained by any single component of the DAS2S.

Conclusion
BMI appears to be associated with RA disease activity in women, but not in men.
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Introduction

The influence of body mass index
(BMI) and/or body fat on rheumatoid
arthritis (RA) disease activity is un-
clear. Some studies have shown high
BMI to be associated with RA (1) and
poor disease outcome (2), whereas oth-
ers have found low BMI to be associ-
ated with increased erosion in small
joints and decreased survival, with high
BMI being protective (3, 4). Previous
investigations of an association be-
tween serum leptin and disease activity
in RA have yielded contradictory find-
ings (5-8). Recently, an association be-
tween body fat and levels of C-reactive
protein (CRP) in RA patients has been
demonstrated (9), although this did not
extend to RA disease activity.

White adipose tissue (WAT) plays an
active role in regulating physiologic
and pathologic processes, including
immunity and inflammation (10). The
adipocytes in WAT secrete a variety of
pro-inflammatory adipokines such as
leptin and resistin, as well as inflamma-
tory cytokines tumour necrosis factor
alpha (TNF-a) and interleukin-6 (IL6)
(11). CRP, another marker of inflamma-
tion, is also increased in obesity (12). It
has been hypothesised that adipokines,
cytokines and other factors released
by WAT lead to the pro-inflammatory
state observed in obesity although the
mechanism by which this happens is
not known (10).

Given the inflammatory nature of RA,in
the present study, we have investigated
whether BMI, as a proxy for body fat,
is associated with the composite index
of disease activity score based on a 28-
joint count (DAS28), in the context of
the Quantitative Standard Monitoring
of Patients with Rheumatoid Arthritis
(QUEST-RA) study (13). We further
examined whether such an association,
if present, is modified by gender since
women tend to have higher DAS28
scores than men.

Patients and methods

Patients

Consecutive incident or prevalent RA
patients receiving usual care, were re-
cruited from 70 sites in 25 different
countries, namely Argentina, Brazil,
Canada, Denmark, Estonia, Finland,
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France, Germany, Greece, Hungary,
Ireland, Italy, Kosovo, Latvia, Lithua-
nia, the Netherlands, Poland, Russia,
Serbia, Spain, Sweden, Turkey, United
Arab Emirates, United Kingdom, and
the United States to the QUEST-RA
program from January 2005 to April
2008, as described elsewhere (13). All
patients satisfied the 1987 American
College of Rheumatology (ACR) crite-
ria for RA. Approval for the study was
obtained from all relevant ethics com-
mittees and all participating patients
were enrolled by informed consent.

Data collection

Patients were examined by their treat-
ing rheumatologists according to a
standard protocol to evaluate RA (14),
which included a review of the classi-
fication criteria for RA, as well as an
assessment of the number of tender and
swollen joints. The rheumatologists
also collected clinical and demograph-
ic data for the study. The patients com-
pleted an expanded self-report health
questionnaire that had been translated
into each language, and which included
a global health visual analogue scale
and questions regarding their height
and weight.

Statistical analyses

BMI was calculated as a continuous
variable, from the self-reported heights
and weights, as weight in kilograms di-
vided by the square of height in meters.
BMI values were also categorised into
the widely used underweight (<18.5 kg/
m?), normal (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?) and obese (=30
kg/m?) categories, based on the 1998
clinical guidelines (15). The composite
DAS28 score was computed as DAS28
= [0.56*sqrt (number of tender joints)
+ 0.28*sqrt (number of swollen joints)
+ 0.70%In (erythrocyte sedimentation
rate) + 0.014* (patient global score)].

Summary statistics

Distributions of DAS28 scores, BMI,
age, disease duration were assessed
using scatter plots and box plots. The
overall mean values between genders
were compared using Student’s z-tests.
Mean DAS28 scores were plotted
against BMI categories, for each coun-
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Table I. shows the mean values and 95% confidence intervals for DAS28, BMI, age and disease duration, including the minimum and
maximum values for the combined dataset, as well as those among male and female patients separately. The p-values from the 7-tests to
assess the difference in mean values between genders are also shown.

Characteristic Range across countries Combined data Males Females p-value
(n=5161) (n=5161) (n=1079) (n=4082)
(mean + S.D.) (mean + S.D.) (mean + S.D.) (mean + S.D.)
Min Max

DAS28 scores 3012 59+13 42 £ 1.7 38+1.8 43+ 1.6 <0.00001
BMI (kg/m®) 247+ 4.7 279+59 259 +48 260 +3.8 258+ 50 0.8
Age (years) 516+ 13.6 61.5+ 140 56.2 +13.7 587 £ 12.8 56.1+ 14.1 <0.00001
Disease duration (years) 92+ 78 154+ 113 114 £9.7 103 +£95 119+ 99 <0.00001

try, as well as by gender in the com-
bined dataset. Mean values of the indi-
vidual components of the DAS2S, i.e.
erythrocyte sedimentation rate (ESR),
patient global score, swollen and ten-
der joint counts were also plotted by
BMI categories and gender.

Comparisons of mean DAS28

scores between BMI categories

The analysis of variance (ANOVA)
method was used to determine whether
the mean and variance of the DAS28
differed between BMI categories in the
combined dataset. A pair-wise com-
parison of the mean values of DAS2S,
using the Tukey adjustment for multi-
ple testing, as well as an unadjusted re-
gression of DAS28 on BMI categories,
were performed to assess the difference
in mean DAS28 scores between BMI
categories.

Multivariate linear regression

of DAS28 on BMI

A possible association between BMI
and DAS28 scores was investigated us-
ing an additive linear regression model,
(a) without adjusting for any covari-
ates, and (b) adjusting for age, gender,
disease duration, as well as for each
country participating in the QUEST-
RA study. Since DAS28 scores were
normally distributed in this dataset,
they were not log-transformed for the
regression analyses. The influence of
BMI was examined first as a continu-
ous variable. This model assumed that
the DAS28 changes linearly with BMI.
Underweight patients were excluded
from the analyses where BMI was in-
cluded as a continuous variable since
it is possible that being underweight
could lead to other conditions that could

influence the association between BMI
and DAS2S.

To allow for more flexibility in the
model, we then used BMI as a categori-
cal variable, so as not to assume that
the DAS28 would change linearly with
BMI for all values of BMI; the “normal
BMI” range was used as the reference.
To determine whether gender was an ef-
fect modifier, we tested for interaction
between BMI and gender, including an
interaction term in the model. We also
repeated the regression analyses sepa-
rately for men and women. For each of
the models used, assumptions for lin-
ear regression were satisfied. To assess
whether any specific component of the
DAS28 was associated with BMI, we
repeated the analyses using each compo-
nent in turn as the outcome (ESR, patient
global score, swollen and tender joint
counts), with BMI categories as the main
predictor, adjusting for age, gender, dis-
ease duration and country, as well as for
each of the other DAS28 components.

Test for “reverse causation”

We assessed the influence of disease
duration on BMI (as a continuous out-
come) in a linear regression model, ad-
justing for age, gender and country, in
order to examine for potential “reverse
causation”. If increased disease activ-
ity led to physical inactivity and hence
to an increase in BMI, we would expect
increasing disease duration to correlate
with higher BMI, at least for those with
a high DAS28 score.

Results

Of the 6004 RA patients in the QUEST-
RA study, complete data on BMI,
DAS28, gender and age variables were
available on a total of 5,161 patients,
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consisting of 4,082 women and 1,079
men, with a corresponding 3.8:1 fe-
male to male ratio. The range of values
of DAS28, BMI, age, and disease du-
ration varied between countries (Table
I). Overall, the patients had moderately
active disease (mean DAS28=4.2+1.7);
there was no difference in mean BMI
between genders; however, women
had significantly higher mean DAS28,
longer disease duration and younger
age than men (Table I).

Distributions of mean DAS28

scores by BMI category

The mean DAS28 scores among pa-
tients in different BMI categories in-
creased with increasing BMI in most
countries (Fig. la), as well as in the
combined dataset (Fig. 1b). However,
patients in the underweight category
appeared to have higher mean DAS28
scores compared to those with normal
or overweight BMIs.

Comparisons of mean DAS28

scores between BMI categories

At least one of the BMI categories had
a mean DAS28 that was statistically dif-
ferent from the other categories (ANO-
VA: p<0.0002). A pair-wise comparison
using the Tukey adjustment showed that
the mean DAS28 values of the over-
weight and obese patients were 0.18
higher (95% CI: 0.04, 0.32), and 0.26
higher (95% CI: 0.09, 043), respec-
tively, compared to the normal BMI
category. Among the underweight pa-
tients, the mean DAS28 was also higher
than among the normal group by 0.19
(95% CI: -0.53, 0.15). An unadjusted
regression of DAS28 on BMI categories
produced the same differences in mean
DAS28.
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Fig. 1. Plots showing the mean DAS28 scores and the 95% confidence intervals (y-axis) by BMI category (x-axis), i.e. normal, overweight and obese,
(a) for each country participating in the QUEST-RA study, (b) for the combined dataset and (c¢) for female and male patients separately

Stratification by gender

When the data were stratified by gen-
der, the mean DAS28 scores increased
with BMI only among women (Fig. 1c),
although the underweight category had
higher scores than the normal catego-
ry. In contrast, among men, the mean
DAS28 scores decreased with increas-
ing BMI.

Individual components of the DAS28

The distribution of the mean values
for ESR, patient global scores, tender
and swollen joint counts by BMI cat-
egory for men and women are shown
in Fig. 2a-d. The regression results
showed that, compared to women with
normal BMI, only obese women had
a significantly higher mean ESR (dif-
ference=3.03, 95% CI: 1.20, 4.86) and
patient global scores (difference =0.29;
95% CI: 0.09,0.49). On the other hand,
only obese men had significantly dif-
ferent mean tender joint count (differ-

ence=1.05; 95% CI. 0.09, 2.02) and
swollen joint count (difference= -1.03;
95% CI: -1.78,-0.29), compared to men
with normal BMI.

Multivariate linear regression

of DAS28 on BMI

BMI as a continuous variable: There
was a significant but weak association
between BMI (continuous),and DAS28
adjusting for other variables. This cor-
responded to a mean increase of 0.02 in
the DAS28 for a unit increase in BMI in
the overall group of patients (regression
coefficient ()=0.02, 95%CI=0.006,
0.023) and among the women ($=0.02,
95%CI=0.01, 0.03), whereas among
men, there was a non-significant trend
in the opposite direction ($=-0.02, 95%
CI=-0.04,0.007).

BMI as a categorical variable: Using
normal BMI as the reference category,
the regression model revealed that the
overweight and obese categories were

457

weakly, but significantly associated
with DAS28, compared to the normal
BMI range, after adjusting for age,
sex, disease duration and each country.
Moreover, being obese was associated
with a higher mean DAS28 compared
to those with normal BMI (difference=
0.23, 95% CI: 0.11, 0.34) than being
overweight (difference=0.12, 95% CI:
0.03,0.21). Being underweight was not
significantly associated with disease
activity.

Influence of gender on the

association between BMI and DAS28
There was significant evidence for an
interaction between BMI categories
and gender (p=0.001) in the adjusted
model above. Repeating the analyses
separately by gender showed that the
associations were only seen among
women. The obese category was more
strongly and more significantly as-
sociated with DAS28 than the over-



Gender, BMI and RA disease activity: results from the QUEST-RA study / D. Jawaheer et al.

6.0_
a o Mean ESR +95% Cl, by BMI Category b Mean Patient Global Score8 * 95% Cl, by BMI Category
(Combined dataset) {Combined dataset)
Patient 4
o global 4 4.
ESR 32’% scores 4. % ‘}#
30.2) 30. 06 49,
3
26_(% 26# 73, 143 s_ﬁ) 3@#
22%
15.0 20
BMI Category Underwt Normal Overwt Obese Underat Normal Overwt Obese BMI Category Underwt Normal Overwt Obese Underwt Normal Overwt Obese
Males Females Males Females
10.0 | i o)
C Mean Swollen Joint Count £ 95% Cl, by BMI Category d Mean Te"derJ"'fg °°:,"t i?f C'-tby BMI Category
(Combined dataset) 90, (Combined dataset)
7%)
Swollen %
joint 6.7 R
counts Tf'fde" QP
5, Jjoint 5
4. 48 counts 549 ) 5 5
# ag P 45
3.«?1:> 3%
2#)
1.0 20
BMI Category Underwt Normal Overwt Obese Undermt Normal Overwt Obese BMI Category Underwt Normal Overat Obese. Underwt Normal Overat Oboese

Males

Females

Males Females

Fig. 2. Plots showing the mean (a) Erythrocyte Sedimentation Rate (ESR), (b) Patient Global Scores, (¢) Swollen Joint Counts, and (d) Tender Joint Counts,
with 95% confidence intervals (y-axis) by BMI category (x-axis) in the combined dataset, for female and male patients separately.

weight category (difference in mean
DAS28=0.29, 95% CI: 0.17, 0.41 and
0.18,95% CI: 0.08,0.28, respectively),
compared to the reference group with
normal BMI. In contrast, among men,
an opposite effect was observed, with
higher BMI categories relating to de-
creasing DAS28 (difference in mean
DAS28=-0.05,95% CI: -0.35,0.25 and
0.04,95% CI: -0.24,0.17, for the obese
and overweight groups respectively);
this association did not reach statisti-
cal significance in the model adjusted
for other covariates. The underweight
category was again not associated with
disease activity.

Testing for “reverse causation”

BMI was negatively associated with
disease duration in the combined data-
set ($=-0.05, 95% CI: -0.06, -0.04), as
well as among women (f$=-0.054, 95%
CI: -0.070, -0.038) and men ($=-0.03,
95% CI: -0.06, -0.006) separately, after
adjusting for age and each country.

Discussion

Our results show that high BMI was
associated with increased disease ac-
tivity in RA among women. Moreover,

being obese was associated with a
higher mean DAS28 than being over-
weight, compared to patients in the
normal BMI range. Given the interna-
tional scale of this study, it is of interest
that the association between BMI and
DAS28 scores in the combined dataset,
suggested by the regression analyses,
was also supported by the distribution
of mean values of DAS28 between
BMI categories observed within each
country, and is not just a statistical
artifact of the large overall sample
size. Despite recent findings of higher
DAS28 among women being due to
measures of disease activity (16), the
association between BMI and DAS28
among women in the QUEST-RA data-
set could not be explained by any sin-
gle component of the DAS28. Associa-
tions between waist circumference and
CRP (17), and more recently, between
adiposity and CRP or IL6 (9) have been
reported; nevertheless, these associa-
tions did not extend to RA disease ac-
tivity. Interestingly, the association be-
tween adiposity and CRP reported by
Giles et al. (9) in a total of 118 women
and 78 men with RA, was also observed
only among women, with men showing
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an opposite, but non-significant, trend.
The novel finding from our study is that
BMI, as a proxy for body fat, also in-
fluences RA disease activity in a gen-
der-specific manner. Although this as-
sociation is small and clinically may
not appear to be significant, it could
be one of many factors contributing to
disease activity in RA and should not
be ignored. Given that the male sample
size in our study was almost 4-fold less
than the female sample size, we are not
making any inferences regarding an as-
sociation among the male patients until
these findings can be replicated in inde-
pendent datasets. Among underweight
patients, disease activity appeared to
increase with decreasing BMI; how-
ever, it is possible that this observed
association is confounded by co-mor-
bidities that are associated with being
underweight.

Since most patients in the QUEST-RA
dataset are physically inactive (18),
we cannot exclude the possibility of
reverse causation. The association of
BMI with disease activity could be due
to physical inactivity as a result of ac-
tive RA, leading to an increase in BMI.
However, if increased disease activity



Gender, BMI and RA disease activity: results from the QUEST-RA study / D. Jawaheer et al

led to physical inactivity, we would ex-
pect disease duration to correlate with
increasing BMI, at least for those with
a high DAS28 score, in men and wom-
en, which was not the case. Further, a
regression of BMI (as the outcome)
on disease duration, adjusting for age,
gender and each country, revealed a de-
crease in BMI with increasing disease
duration in the combined dataset, as
well as among women and men sepa-
rately. It is likely therefore that BMI,
as a marker of body fat, is a predic-
tor of disease activity, and not a mere
consequence of reverse causation. The
decrease in BMI with increasing RA
duration could be the result of progres-
sive weight loss from having severe RA
and/or loss of muscle mass due to inac-
tivity, also because of severe RA.

The exact mechanism by which body
fat may influence disease activity is not
known, and is beyond the scope of this
paper, but is possibly related to levels
of pro-inflammatory cytokines and adi-
pokines being produced by WAT, con-
tributing to an increased DAS28 score.
It is also unclear why high BMI, above
the normal range, should have contrast-
ing associations with disease activity
among men and women. Bias in patient
selection or treatment cannot be ruled
out. We also do not expect BMI to cor-
relate with body fat equally in the two
sexes. Men tend to have more muscle
mass contributing to BMI than wom-
en, and the higher fat content among
women could explain an increased
pro-inflammatory state responsible for
their higher disease activity. The site
of fat accumulation may also play an
important role; for example, insulin
resistance has been associated with
visceral fat, but not sub-cutaneous fat
which may be beneficial (19). Interest-
ingly, the association between body fat
and CRP among RA patients, more spe-
cifically in women (9), provides further
evidence for increased body fat being
associated with a pro-inflammatory
state in a gender-specific manner. Thus,
there could be some as yet unknown
epigenetic mechanism in operation,
which may be highly influenced by
gender-specific factors, predisposing
men and women to respond differently
to increasing body fat. Further research

relating to possible mechanisms linking
body fat to disease activity in RA, as
well as possible gender specific mecha-
nisms, is therefore warranted.

The study has a number of limitations
that need to be addressed. First, since
there is no gold standard measure of
disease activity in RA, we used the
DAS28 as a surrogate although it is
not a perfect measure of RA disease
activity. Second, since measurement
of body fat requires tools that are not
readily available in standard clinical
practice, and BMI has been shown to
correlate with body fat in RA (9), we
have used BMI as a proxy for body fat.
However, we do not know how well
BMI correlates with body fat within
our dataset or between the sexes. Third,
we do not know how accurate the self-
reported height and weight data are. It
has been shown that, although men and
women tend to over-report height and
under-report weight (20, 21), there is a
high correlation between self-reported
and measured height and weight (21).
Given the consistent trends in mean
DAS28 by BMI category across coun-
tries observed in our dataset among
men and women, irrespective of dif-
ferences in culture, diet, ethnicity or
geographical location, it seems un-
likely that these trends would be due to
any biases in self-reported height and
weight. Fourth, the data were obtained
from 70 recruitment sites in 25 differ-
ent countries. Although the patients
were examined according to a standard
protocol, the tender and swollen joint
counts used in computing the DAS28,
can vary by rheumatologist. Differenc-
es observed between countries in terms
of disease activity, duration, BMI and
age of the patients were assumed to be
related to differences in routine clini-
cal care, standard treatment practices
or other factors such as diet or envi-
ronmental risk factors, which might
be specific to certain countries. In ad-
dition, despite the striking consistency
in the relationship between BMI and
DAS28 across countries, there were a
few countries in which this trend was
not observed, and it is not clear why
that was the case. Fifth, selection bias
may have been introduced by specific
patients declining to participate in the
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study, or by a bias in prevalent versus
incident cases in any of the recruit-
ment sites. However, data regarding
selection bias was not available. Sixth,
although treatment is likely to be a
confounder in the association between
BMI and disease activity, the treatment
history of the patients was not adjusted
for in the results presented. Last, the
cross-sectional design of the QUEST-
RA study is not optimal to investigate
associations between BMI or body fat
and RA disease activity; the preferred
approach would be to follow up an in-
cidence cohort over time to examine
how changes in body fat correlate with
DAS28 scores, which would be time-
consuming and costly. Nonetheless,
despite the limitations, the data avail-
able from QUEST-RA does have its
strengths in that it has a large sample
size, and provides good clinical data
on RA on an international level, but
the results should be interpreted with
caution. Overall, although the exact
clinical implications of the association
between BMI and RA disease activity
are not clear, it may be beneficial to en-
courage women with RA who are over-
weight or obese to lose weight, not just
from a cardiovascular risk perspective,
but also because it may help in terms
of disease activity and pro-inflamma-
tory state.

Appendix
The QUEST-RA Group is composed of
the following members:

Argentina: Sergio Toloza, Santiago Ague-
ro, Sergio Orellana Barrera, Soledad Reta-
mozo, Hospital San Juan Bautista, Catama-
rca; Paula Alba, Cruz Lascano, Alejandra
Babini, Eduardo Albiero, Hospital of Cor-
doba, Cordoba.

Brazil: Geraldo da Rocha Castelar Pinheiro,
Universidade do Estado do Rio de Janeiro,
Rio de Janeiro; Licia Maria Henrique da
Mota, Hospital Universitdrio de Brasilia;
Ines Guimaraes da Silveira, Pontificia Uni-
versidade Catdlica do Rio Grande do Sul
(PUCRS), Porto Alegre; Francisco Airton
Rocha, Universidade Federal do Ceara, For-
taleza; leda Maria Magalhées Laurindo, Uni-
versidade Estadual de Sao Paulo, Sao Paulo.
Canada: Juris Lazovskis, Riverside Pro-
fessional Centre, Sydney, NS

Denmark: Merete Lund Hetland, Lykke
@rnbjerg, Copenhagen University Hospital
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at Hvidovre, Hvidovre; Kim Hgrslev-Pe-
tersen, King Christian the Xth Hospital,
Grésten; Troels Mgrk Hansen, Lene Surland
Knudsen, Copenhagen University Hospital
at Herlev, Herlev.

Egypt: Hisham Hamoud, Mohamad Sobhy,
Ahmad Fahmy, Mohamad Magdy, Hany
Aly, Hatem Saeid, Ahmad Nagm, Al-Azhar
University, Cairo; Nihal A Fathi, Assiut
University Hospital, Assiut; Esam Abda,
Zahra Ebraheam, Abo Sohage University
Hospital, Sohage.

Estonia: Raili Miiller, Reet Kuuse, Marika
Tammaru, Riina Kallikorm, Tartu Univer-
sity Hospital, Tartu; Tony Peets, Kati Otsa,
Karin Laas, East-Tallinn Central Hospi-
tal, Tallinn; Ivo Valter, Centre for Clinical
and Basic Research, Tallinn.

Finland: Heidi Mékinen, Jyviskyld Cen-
tral Hospital, Jyviskyld; Kai Immonen,
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