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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 DAS28.

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-α) 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, 

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/
m2), normal (18.5–24.9 kg/m2), over-
weight (25–29.9 kg/m2) and obese (≥30 
kg/m2) 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*ln (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 t-tests. 
Mean DAS28 scores were plotted 
against BMI categories, for each coun-
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try, as well as by gender in the com-
bined dataset. Mean values of the indi-
vidual components of the DAS28, 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 DAS28, 
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 DAS28. 
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, 

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. 1a), 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, 0.43), 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.

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 t-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 3.0 ± 1.2  5.9 ± 1.3 4.2 ± 1.7 3.8 ± 1.8 4.3 ± 1.6 <0.00001
BMI (kg/m2) 24.7 ± 4.7 27.9 ± 5.9 25.9 ± 4.8 26.0 ± 3.8 25.8 ± 5.0 0.8
Age (years) 51.6 ± 13.6 61.5 ± 14.0 56.2 ± 13.7 58.7 ± 12.8 56.1 ± 14.1 <0.00001
Disease duration (years) 9.2 ± 7.8  15.4 ± 11.3 11.4 ± 9.7 10.3 ± 9.5 11.9 ± 9.9 <0.00001
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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 (β)=0.02, 95%CI=0.006, 
0.023) and among the women (β=0.02, 
95%CI=0.01, 0.03), whereas among 
men, there was a non-significant trend 
in the opposite direction (β=-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 

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-

a

b c

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



458

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

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 (β=-0.05, 95% CI: -0.06, -0.04), as 
well as among women (β=-0.054, 95% 
CI: -0.070, -0.038) and men (β=-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 

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 

Fig. 2. Plots showing the mean (a) Erythrocyte Sedimentation Rate (ESR), (b) Patient Global Scores, (c) 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.

a b

c d
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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 

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 Universitário de Brasília; 
Ines Guimaraes da Silveira, Pontifícia Uni-
versidade Católica do Rio Grande do Sul 
(PUCRS), Porto Alegre; Francisco Airton 
Rocha, Universidade Federal do Ceará, For-
taleza; Ieda Maria Magalhães Laurindo, Uni-
versidade Estadual de São Paulo, São Paulo.
Canada: Juris Lazovskis, Riverside Pro-
fessional Centre, Sydney, NS
Denmark: Merete Lund Hetland, Lykke 
Ørnbjerg, Copenhagen University Hospital 
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at Hvidovre, Hvidovre; Kim Hørslev-Pe-
tersen, King Christian the Xth Hospital, 
Gråsten; Troels Mørk 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 Müller, 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 Mäkinen, Jyväskylä Cen-
tral Hospital, Jyväskylä; Kai Immonen, 
Sinikka Forsberg, Jukka Lähteenmäki, 
North Karelia Central Hospital, Joensuu; 
Reijo Luukkainen, Satakunta Central Hos-
pital, Rauma.
France: Laure Gossec, Maxime Dougados, 
University René Descartes, Hôpital Cochin, 
Paris; Jean Francis Maillefert, Dijon Univer-
sity Hospital, University of Burgundy, and 
INSERM U887, Dijon; Bernard Combe, 
Hôpital Lapeyronie, Montpellier; Jean 
Sibilia, Hôpital Hautepierre, Strasbourg.
Greece: Alexandros A. Drosos, Sofia Ex-
archou, University of Ioannina, Ioannina; 
H.M. Moutsopoulos, Afrodite Tsirogianni, 
School of Medicine, National University of 
Athens, Athens; Fotini N. Skopouli, Maria 
Mavrommati, Euroclinic Hospital, Athens.
Germany: Gertraud Herborn, Rolf Rau, 
Evangelisches Fachkrankenhaus, Ratingen; 
Rieke Alten, Christof Pohl, Schlosspark-
Klinik, Berlin; Gerd R. Burmester, Bettina 
Marsmann, Charite – University Medicine 
Berlin, Berlin.
Hungary: Pál Géher, Semmelweis Univer-
sity of Medical Sciences, Budapest; Berna-
dette Rojkovich, Ilona Újfalussy, Polyclinic 
of the Hospitaller Brothers of St. John of 
God in Budapest, Budapest.
Ireland: Barry Bresnihan, St. Vincent Uni-
versity Hospital, Dublin; Patricia Minnock, 
Our Lady’s Hospice, Dublin; Eithne Mur-
phy, Claire Sheehy; Edel Quirke, Connolly 
Hospital, Dublin; Joe Devlin, Shafeeq Alra-
qi, Waterford Regional Hospital, Waterford.
India: Amita Aggarwal, Department of 
Immunology, Lucknow; Sapan Pandya, 
Vedanta Institiute of Medical Sciences, 
Ahmedabad; Banwari Sharma, Department 
of Immunology, Jaipur Hospital.
Italy: Massimiliano Cazzato, Stefano 
Bombardieri, Santa Chiara Hospital, Pisa; 
Gianfranco Ferraccioli, Alessia Morelli, 

Catholic University of Sacred Heart, Rome; 
Maurizio Cutolo, University of Genova, 
Genova, Italy; Fausto Salaffi, Andrea Stan-
cati, University of Ancona, Ancona.
Japan: Hisashi Yamanaka, Ayako Naka-
jima, Institute of Rheumatology, Tokyo 
Women’s Medical University, Tokyo; Wa-
taru Fukuda, Department of Rheumatology, 
Kyoto First Red Cross Hospital, Kyoto; 
Eisuke Shono, Shono Rheumatism Clinic, 
Fukuoka.
Kenya: Omondi Oyoo, Kenyatta Hospital, 
Nairobi.
Kosovo: Sylejman Rexhepi, Mjellma Rex-
hepi, Rheumatology Department, Pristine.
Latvia: Daina Andersone, Pauls Stradina 
Clinical University Hospital, Riga.
Lithuania: Sigita Stropuviene, Jolanta 
Dadoniene, Institute of Experimental and 
Clinical Medicine at Vilnius University, 
Vilnius; Asta Baranauskaite, Kaunas Uni-
versity Hospital, Kaunas.
Morocco: Naija Hajjaj-Hassouni, Karima 
Benbouazza, Fadoua Allali, Rachid Bahiri, 
Bouchra Amine, El Ayachi Hospital Mo-
hamed Vth Souissi University, Rabat.
Netherlands: Suzan MM Verstappen, Jo-
hannes WG Jacobs, University Medical 
Centre Utrecht, Utrecht; Margriet Huis-
man, Sint Franciscus Gasthuis Hospital, 
Rotterdam; Monique Hoekstra, Medisch 
Spectrum Twente, Enschede.
Norway: Glenn Haugeberg, Hilde Gjel-
berg, Sørlandet Hospital, Kristiansand.
Poland: Stanislaw Sierakowski, Medical 
University in Bialystok, Bialystok; Maria 
Majdan, Medical University of Lublin, Lu-
blin; Wojciech Romanowski, Poznan Rheu-
matology Centre in Srem, Srem; Witold 
Tlustochowicz, Military Institute of Medi-
cine, Warsaw; Danuta Kapolka, Silesian 
Hospital for Rheumatology and Rehabilita-
tion in Ustron Slaski, Ustroñ Slaski; Stefan 
Sadkiewicz, Szpital Wojewodzki im. Jana 
Biziela, Bydgoszcz; Danuta Zarowny-Wi-
erzbinska, Wojewodzki Zespol Reumato-
logiczny im. dr Jadwigi Titz-Kosko, Sopot.
Romania: Ruxandra Ionescu, Denisa Prede-
teanu, Spitalul Clinic Sf Maria, Bucharest.
Russia: Dmitry Karateev, Elena Luchikhi-
na, Institute of Rheumatology of Russian 
Academy of Medical Sciences, Moscow; 
Natalia Chichasova, Moscow Medical 
Academy, Moscow; Vladimir Badokin, 
Russian Medical Academy of Postgraduate 
Education, Moscow.
Serbia: Vlado Skakic, Aleksander Dimic, 
Jovan Nedovic, Aleksandra Stankovic, 
Rheumatology Institut, Niska Banja.
Spain: Antonio Naranjo, Carlos Rodrígu-
ez-Lozano, Hospital de Gran Canaria Dr. 
Negrin, Las Palmas; Jaime Calvo-Alen, 

Hospital Sierrallana Ganzo, Torrelavega; 
Miguel Belmonte, Hospital General de 
Castellón, Castellón.
Sweden: Eva Baecklund, Dan Henrohn, 
Uppsala University Hospital, Uppsala, 
Rolf Oding, Margareth Liveborn, Central-
lasarettet, Västerås, Ann-Carin Holmqvist, 
Hudiksvall Medical Clinic, Hudiksvall.
Turkey: Feride Gogus, Gazi University 
Medical Faculty, Ankara; Recep Tunc, 
Meram Medical Faculty, Konya; Selda Cel-
ic, Cerrahpasa Medic Faculty, Istanbul
United Arab Emirates: Humeira Badsha, 
Dubai Bone and Joint Centre, Dubai; Ayman 
Mofti, American Hospital Dubai, Dubai.
United Kingdom: Peter Taylor, Catherine 
McClinton, Charing Cross Hospital, Lon-
don; Anthony Woolf, Ginny Chorghade, 
Royal Cornwall Hospital, Truro; Ernest 
Choy, Stephen Kelly, Kings College Hos-
pital, London.
United States of America: Theodore Pin-
cus, Vanderbilt University, Nashville, TN; 
Yusuf Yazici, NYU Hospital for Joint Dis-
eases, New York, NY; Martin Bergman, 
Taylor Hospital, Ridley Park, PA; Jur-
gen Craig-Muller, CentraCare Clinic, St. 
Cloud,  MN, USA.
Study Center: Tuulikki Sokka, Jyväskylä 
Central Hospital, Jyväskylä and Medcare 
Oy, Äänekoski; Hannu Kautiainen, Med-
care Oy, Äänekoski, Finland; Christopher 
Swearingen, University of Arkansas for 
Medical Sciences, Little Rock, AR; Theo-
dore Pincus, New York University Hospital 
for Joint Diseases, New York, NY, USA.

References
  1. SYMMONS DP, BANKHEAD CR, HARRISON 

BJ et al.: Blood transfusion, smoking, and 
obesity as risk factors for the development of 
rheumatoid arthritis: results from a primary 
care-based incident case-control study in 
Norfolk, England. Arthritis Rheum 1997; 40: 
1955-61.

  2. GARCIA-POMA A, SEGAMI MI, MORA CS et 
al.: Obesity is independently associated with 
impaired quality of life in patients with rheu-
matoid arthritis. Clin Rheumatol 2007; 26: 
1831-5.

  3. VAN DER HELM-VAN MIL AH, VAN DER KOOIJ 
SM, ALLAART CF, TOES RE, HUIZINGA TW: 
A high body mass index is protective on the 
amount of joint destruction in small joints in 
early rheumatoid arthritis. Ann Rheum Dis 
2008; 67: 769-74.

  4. KAUFMANN J, KIELSTEIN V, KILIAN S, STEIN 
G, HEIN G: Relation between body mass in-
dex and radiological progression in patients 
with rheumatoid arthritis. J Rheumatol 2003; 
30: 2350-5.

  5. ANDERS HJ, RIHL M, HEUFELDER A, LOCH 
O, SCHATTENKIRCHNER M: Leptin serum 
levels are not correlated with disease activity 
in patients with rheumatoid arthritis. Meta-
bolism 1999; 48: 745-8.



461

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

  6. POPA C, NETEA MG, RADSTAKE TR, VAN RIEL 
PL, BARRERA P, VAN DER MEER JW: Markers 
of inflammation are negatively correlated 
with serum leptin in rheumatoid arthritis. 
Ann Rheum Dis 2005; 64: 1195-8.

  7. BOKAREWA M, BOKAREW D, HULTGREN O, 
TARKOWSKI A: Leptin consumption in the 
inflamed joints of patients with rheumatoid 
arthritis. Ann Rheum Dis 2003; 62: 952-6.

  8. GONZALEZ-GAY MA, GARCIA-UNZUETA MT, 
BERJA A et al.: Anti-TNF-alpha therapy does 
not modulate leptin in patients with severe 
rheumatoid arthritis. Clin Exp Rheumatol 
2009; 27: 222-8.

  9. GILES JT, BARTLETT SJ, ANDERSEN R, 
THOMPSON R, FONTAINE KR, BATHON JM: 
Association of body fat with C-reactive pro-
tein in rheumatoid arthritis. Arthritis Rheum 
2008; 58: 2632-41.

10. FANTUZZI G: Adipose tissue, adipokines, and 
inflammation. J Allergy Clin Immunol 2005; 
115: 911-9 (quiz 920).

11. TRAYHURN P, WOOD IS: Signalling role of 
adipose tissue: adipokines and inflammation in 
obesity. Biochem Soc Trans 2005; 33: 1078-81.

12. FLOREZ H, CASTILLO-FLOREZ S, MENDEZ A 
et al.: C-reactive protein is elevated in obese 
patients with the metabolic syndrome. Dia-
betes Res Clin Pract 2006; 71: 92-100.

13. SOKKA T, KAUTIAINEN H, TOLOZA S et al.:
QUEST-RA: quantitative clinical assessment 
of patients with rheumatoid arthritis seen in 
standard rheumatology care in 15 countries. 
Ann Rheum Dis 2007; 66: 1491-6.

14. PINCUS T, BROOKS RH, CALLAHAN LF: 
A proposed 30-45 minute 4 page standard 
protocol to evaluate rheumatoid arthritis 
(SPERA) that includes measures of inflam-
matory activity, joint damage, and longterm 
outcomes. J Rheumatol 1999; 26: 473-80.

15. Clinical Guidelines on the Identification, 
Evaluation and Treatment of Overweight and 
Obesity in Adults.  http://wwwnhlbinihgov/
guidelines/obesity/ob_gdlnshtm. Bethesda: 
National Institutes of Health 1998.

16. SVENSSON B, AHLMÉN M, ALBERTSSON 
K, FORSLIND K, HAFSTRÖM I: Influence of 
gender on assessments of disease activity and 
function in rheumatoid arthritis in relation to 
radiological damage over the first five years 

of disease. Ann Rheum Dis 2008; 67 (Suppl. 
II): 92.

17. DESSEIN PH, NORTON GR, WOODIWISS AJ, 
JOFFE BI, SOLOMON A: Independent role of 
conventional cardiovascular risk factors as 
predictors of C-reactive protein concentra-
tions in rheumatoid arthritis. J Rheumatol 
2007; 34: 681-8.

18. SOKKA T, HAKKINEN A, KAUTIAINEN H et 
al.: Physical inactivity in patients with rheu-
matoid arthritis: data from twenty-one coun-
tries in a cross-sectional, international study. 
Arthritis Rheum 2008; 59: 42-50.

19. TRAN TT, YAMAMOTO Y, GESTA S, KAHN 
CR: Beneficial effects of subcutaneous fat 
transplantation on metabolism. Cell Metab 
2008; 7: 410-20.

20. SHIELDS M, GORBER SC, TREMBLAY MS:  
Estimates of obesity based on self-report ver-
sus direct measures. Health Rep 2008; 19: 61-
76.

21. SPENCER EA, APPLEBY PN, DAVEY GK, 
KEY TJ: Validity of self-reported height and 
weight in 4808 EPIC-Oxford participants. 
Public Health Nutr 2002; 5: 561-5.


