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There is evidence that obesity is a risk factor for developing of RA.

Furthermore, the positive association between BMI and RA risk may be

stronger among women than men.
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Abstract: Although many epidemiological studies have investigated

the association between body mass index (BMI) and risk of rheumatoid

(RA), the results have been inconsistent. Therefore, we performed a

dose-response meta-analysis to quantify the dose-response association

between BMI and RA risk.

We systematically searched PubMed, Embase, and Web of Science

databases and reference lists of articles for relevant studies published

before August 2014 using terms related to BMI and RA. Fixed or

random-effects models were used to estimate the pooled risk ratio (RR)

with 95% confidence interval (CI). Several subgroup analyses, sensi-

tivity analyses, and publication bias tests were performed to explore

potential study heterogeneity and bias

Thirteen studies involving 400,609 participants and 13,562 RA

cases were included. The RR of RA was 1.21 (95% CI: 1.02–1.44)

for obesity, 1.05 (95% CI: 0.97–1.13) for overweight. The risk of RA

increased by 13% (RR: 1.13; 95% CI: 1.01–1.26) for every 5 kg/m2

increase in BMI. The subgroup analyses showed a positive association

between BMI and RA risk only in women with an RR of 1.26 (95% CI:

1.12–1.40) for obesity and 1.12(95% CI: 1.07–1.18) for every 5 kg/m2

increase in BMI. Also, an increased risk of RA was found in sero-

negative subgroup with an RR of 1.47 (95% CI: 1.11–1.96) for obesity

and 1.21 (95% CI: 1.06–1.39) for every 5 kg/m2 increase in BMI.
g Wang, PhD, Shuq hichao Jin, PhD,
EB, and Jia He, MD, PhD

(Medicine 95(8):e2859)

Abbreviations: BMI = body mass index, CI = confidence interval,

OR = odds ratio, RA = rheumatoid arthritis, RR = risk ratio.

INTRODUCTION

R heumatoid arthritis (RA) is an autoimmune disease charac-
terized by chronic, destructive, debilitating arthritis that

affects approximately 1% of the adult population.1,2 An associ-
ation between excess body weight and various inflammatory/
autoimmune conditions has been suggested in many observa-
tional studies.3 Excess body weight measured by body mass
index (BMI) corresponds to an abnormal accumulation of
adipose tissue within the body. Adipose tissue now is con-
sidered as an active participant contributing to physiological
and pathological processes associated with inflammation and
immunity.4 It secretes proinflammatory and antiinflammatory
metabolically and hormonally active substances, and produces
cytokines and chemokines.5,6 Excess body weight was con-
sidered as a potential contributor to the development of RA.7

Although the association between BMI and RA risk has not
been widely studied, conflicting results still exist, especially in
the subgroup of different sex or serological status.8 To further
examine the risk of obesity for the development of RA and
ce regarding the dose-response associ-

ation between BMI and risk of RA, we performed a systematic
review and meta-analysis of observational studies.

MATERIALS AND METHODS

Literature Search
Two investigators (QC and ZJ) electronically searched the

PubMed (from 1965 to August 2014), EmBase (from 1965 to
August 2014), and Web of Science (from 1986 to August 2014),
using the MeSH terms and free key words ‘‘rheumatoid
arthritis’’ combined with ‘‘body mass index’’ or ‘‘BMI.’’ Obser-
vational studies examining BMI and RA risk were eligible for
inclusion in our meta-analysis, without any restriction on
language, publication status, and article type. In addition, we
scrutinized reference lists from relevant original and review
articles to identify further eligible studies.

Eligibility Criteria
The titles and abstracts of the studies identified in the

database were reviewed by 2 investigators (QC and FY) for the
identification of studies that met the following criteria: any type
of observational study (case–control study, nested case–control
y; the exposure of interest was BMI;
lence of RA, as identified by physicians
cord linkage system, as the outcome of
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interest; and reporting the relative risk (RR) or odds ratio (OR)
and its 95% confidence interval (CI) for the association between
BMI and RA risk. If more than 1 article reported data from the
same population, the most recent and complete articles were
included in our meta-analysis. Institutional review board
approval and patient consent were not required for this meta-
analysis of observational studies.

Data Extraction
Data extraction was conducted by 2 investigators (QC and

FY), and independently checked for accuracy by a 3rd inves-
tigator (JH). For each included study, data regarding the author,
publication year, country in which it was conducted, study
design, source of study population, sample size, number of
events, proportion of male, range of age, age of BMI measure,
assessment of BMI, diagnosis of RA, BMI category, covariates
controlled for by matching or multivariable analysis, the num-
ber of cases/noncases or person-year data, and adjusted RR/OR
for each BMI category and its 95% CI were extracted. For
studies that reported several multivariable adjusted RRs, the
effect estimate that was most fully adjusted for potential con-
founders was extracted. Study quality was assessed using the 9-

Feng et al
star Newcastle-Ottawa Scale9 by 2 investigators (QC and FY).
For studies that reported several BMI measurements, the BMI
that reported at the recruitment was extracted.10–12

635 records identified in Pubmed
1,657 records identified in Emba
1024 records identified in Web o

68 full-text articles retrieved for f

13 studies included in me

10 studies were
meta-analysis about
vs. normal BMI: Re
25-27, 29-32.

11 studies were included in
meta-analysis about obesity vs.
normal BMI: Ref. 8, 10, 22,
25-32.

FIGURE 1. Selection of studies for inclusion in meta-analysis.
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Statistical Analysis
We examined the relationship between BMI and risk of

developing RA on the basis of the adjusted RRs and 95% CIs
reported in each study. Because the incidence of RA is low, the
ORs in case–control studies approximate the RRs.13 According
to World Health Organization guidelines,14 individuals with a
BMI of 30 kg/m2 are classified as obesity and those with a BMI
of 25 to 30 kg/m2 were characterized as overweight.

Firstly, meta-analyses were performed to compare the risk
between obesity/overweight and normal BMI. A fixed effects
model was used to estimate the pooled RRs with 95% CIs if
there was no evidence of heterogeneity; otherwise, a random
effect model was used.15 The x2 test and I2 statistic were used to
explore the heterogeneity.16 The Egger regression test was used
to assess the publication bias.17 If publication bias existed, we
tried to evaluate the effect of publication bias by trim and fill
method.18

In addition, we explored the potential nonlinear relation-
ship between BMI and RA, using restricted cubic splines
with 3 knots (10%, 50%, and 90%). The P value for non-
linearity was calculated by testing the null hypothesis that the
coefficient of the 2nd spline was equal to zero. A linear model
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was used to estimate linear trends of RR for RA every 5 kg/m2

increase in BMI if without any evidence of nonlinearity.
The details of the methods used have been described by Larsson

se
f Science

922 records excluded for duplication
2326 records excluded as they did not report
information on body mass index and
rheumatoid arthritis

59 articles excluded
3 reviews
4 studies with duplicate population
8 not reported useful effect size
44 unrelated to the association
between body mass index and
rheumatoid arthritis

urther assessment

ta-analysis

4 records identified via hand searching

12 studies were included in
dose-response meta-analysis:
Ref. 8, 10-12, 22, 25-27, 29-32.

included in
overweight
f. 8, 10, 22,
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and Orsini.19,20 The numbers of cases and person-years or
noncases and the RRs with the variance estimates for at least 3
quantitative exposure categories are required when using this
method. However, the numbers of cases for each BMI category
were not available in Lahiri study;21 so, we obtained a esti-
mation of the distribution of cases for each category in this
study using methods described by Aune et al.22 The median or
mean BMI in each category was assigned to the corresponding
dose of the BMI. If the highest or lowest category was open
ended, we assumed that its amplitude was same as the neigh-
boring category.23

Finally, subgroup analyses by geographic area, sex, and
serological status were performed. Sensitivity analyses were
performed in 2 ways: 1st, by excluding those studies that met
relatively fewer quality criteria of the Newcastle-Ottawa scale
(<7 stars); 2nd, by excluding the studies that used a case–
control design. Stata Version 12.0 software (Stata Corp, College
Station, TX) was used for all analyses and all statistical tests
were 2-side. P< 0.05 was considered an indication of
statistical significance.

RESULTS
Up to August 20, 2013, 3316 records were retrieved using

the search strategy described. Review of the titles and abstracts
according to the inclusion and exclusion criteria resulted in
exclusion of 3248 articles. Reading of the full text of the
remaining 68 articles for further evaluation resulted in the
selection of 13 studies, including 5 cohort studies,12,21,24–26

7 case–control studies8,10,11,27–30 and 1 nested case–control
study.31 Our study was to investigate the association between
obesity, overweight, every 5-unit BMI increase, and RA. We
chose to exclude 3 studies32–34 in which RR for RA were
calculated per standard deviation of BMI to avoid combining
studies that were not comparable. Figure 1 shows the search and
exclusion process. Table 1 shows the general characteristics of
the 13 included studies, which together had examined 400,609
participants and 13,562 RA cases.

Effects of BMI on RA
As shown in Figures 2 and 3, the combined RRs (95% CIs)

were 1.21 (1.02–1.44) and 1.05(0.97–1.13) for the category of
obesity and overweight, respectively. Evidence of the existence
of heterogeneity across studies was identified when comparing
the obesity to normal BMI (I2¼ 66.3%, P¼ 0.001). No evi-
dence of a nonlinear relationship between BMI and risk of RA
was found (P¼ 0.145). A statistically significant positive
association was observed when linear relationship was modeled
[RR: 1.13 (1.01–1.26) for every 5 kg/m2 increase in BMI]
(Figure 4).

Subgroup Analysis
As shown in Table 2, women who have the BMI> 30 were

found to have a 26% increase in RA risk (RR: 1.26, 95% CI:
1.12–1.40). The association was still statistical significant in
the women with overweight (RR: 1.11, 95% CI: 1.00–1.23).
Regardless of sex, a consistency of increase of risk was found in
sero-negative subgroup, which have a 47% increase in RA risk
(RR: 1.47; 95% CI: 1.11–1.96). The subgroup analyses under
the dose-response setting showed comparable results, which
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also found that women with BMI> 30 and persons with sero-
negative status had a higher risk of RA than that with normal
weight.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Sensitivity Analysis
To explore whether the results were influenced by study

design and quality, 2 ways of sensitivity analyses were carried
out. As shown in Table 2, the results were comparable when
case–control studies were excluded. The significant positive
associations were still observed in obesity population and the
positive associations were still nonsignificant in overweight
population. The dose-response trend was similar to that ident-
ified by analysis of all 11 studies pooled when 6 studies with
case–control design were excluded. However, the results of
sensitivity analysis performed after excluding the studies with
low quality showed a marginal statistical significance.

Publication Bias
The funnel plot (Figure 5) and Egger test (P¼ 0.064)

showed some evidence of publication bias in the comparison
between obesity and normal BMI. When trim and fill method
was used, the summary estimates was marginally statistically
significant (RR: 1.16, 95% CI: 0.98–1.37). No significant
asymmetry of the funnel plot was detected in the comparison
between overweight and normal BMI.

DISCUSSION
The findings of the meta-analysis described here indicate

that obesity is a risk factor for developing of RA and BMI is
linearly positively associated with RA risk. Women and sero-
negative population were more prone to suffer from RA when
comparing those with normal BMI. The likelihood of develop-
ing RA increases linearly as the increase of BMI.

A plausible explanation of an increased risk of RA in obese
population is that obesity may promote autoimmunity through
variety of mechanisms including the secretion of adipokines.3

Interestingly, the subgroup analysis indicated that there is a
positive relationship between obesity and risk of seronegative
RA. However, no clear-cut biologic mechanism has been
identified to explain this positive association.

Compared with the results of a newly published study that
contains 2 large prospective cohorts,21,24 the results of the
present study are comparable. Lu et al24 reported a positive
effect of overweight or obesity on the development of RA in the
Nurses’ Health Survey and the subsequent Nurses’ Health
Survey II, which have been used extensively for the risk factors
research. Our study also found the highest risk of RA in obese
women subgroup. However, this relationship between obesity
and RA observed in women may not apply to men directly.
Some studies found that men who had a high BMI were at a
reduced risk of developing RA.8,33 The subgroup results of men
in this study showed that obesity had a neutral effect of
developing RA. This suggests that hormone-related factors or
other sex-specific exposures modify the impact of obesity in
RA.35

There was some evidence of publication bias and hetero-
geneity in the comparison between obesity and normal BMI.
The possibility of publication bias was inevitable as in all meta-
analyses of published studies. In the present study, some small
studies with inverse association between BMI and risk of RA
seemed to be suppressed. Ignoring the suppressed small studies
will overestimate the effect. However, the summary estimates
were still marginally statistically significant after adjusted by
trim and filled method. Heterogeneity may be introduced

BMI and Risk of Rheumatoid Arthritis
because of clinical or methodological differences among stu-
dies. In this meta-analysis, the sensitivity analyses regarding
methodological differences have yielded consistent results after
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FIGURE 4. Adjusted relative risks of rheumatoid arthritis for every 5 kg/m2 increase in body mass index.

 Risk Ratio
 .3  .5  1  2  4

 Study  RR(95% CI)  % Weight

 Lu et al., 2014, USA   1.37 ( 0.91, 2.09)   8.6 

 Lahiri et al., 2014, UK   1.49 ( 0.91, 2.42)   7.2 

 Harpsoe et al., 2014, Denmark   1.53 ( 1.07, 2.18)  10.0 

 Wesley et al., 2013, Sweden   0.94 ( 0.81, 1.01)  16.4 

 Crowson et al., 2013, USA   1.31 ( 1.04, 1.65)  13.3 

 Rosell et al., 2009, Sweden   1.08 ( 0.89, 1.31)  14.3 

 Rodriguez et al., 2009, UK   0.95 ( 0.68, 1.34)  10.4 

 Pedersen et al., 2006, Denmark   1.57 ( 1.01, 2.44)   8.1 

 Uhlig et al., 1999, Norway   1.54 ( 0.91, 2.58)   6.7

 Symmons et al., 1997, UK   3.74 ( 1.14, 12.27)   1.9 

 Heliovaara et al., 1993, Finland   0.40 ( 0.20, 1.20)   3.0 

 Overall(Heterogeneity:I  =66.3%, p=0.001)   1.21 ( 1.02, 1.44)  100.0 
 2

FIGURE 2. Adjusted relative risks of rheumatoid arthritis for obesity compared to normal weight.

 RR
 .3  .5  1  2

 Study

 Lu et al., 2014, USA   1.37 ( 0.95, 1.98)   4.4 

 Lahiri et al., 2014, UK   1.16 ( 0.78, 1.74)   3.6 

 Harpsoe et al., 2014, Denmark   1.12 ( 0.85, 1.49)   7.5 

 Wesley et al., 2013, Sweden   0.99 ( 0.87, 1.13)  34.3 

 Rosell et al., 2009, Sweden   1.02 ( 0.89, 1.17)  31.4 

 Rodriguez et al., 2009, UK   1.18 ( 0.94, 1.98)   4.2 

 Pedersen et al., 2006, Denmark   1.26 ( 0.87, 1.85)   4.1 

 Uhlig et al., 1999, Norway   1.09 ( 0.80, 1.48)   6.2 

 Symmons et al., 1997, UK   1.08 ( 0.54, 2.16)   1.2 

 Heliovaara et al., 1993, Finland   0.80 ( 0.50, 1.20)   3.1 

 Overall(Heterogeneity:I  =0.0%, p=0.717)   1.05 ( 0.97, 1.13)  100.0 

 RR(95% CI)  % Weight

FIGURE 3. Adjusted relative risks of rheumatoid arthritis for overweight compared to normal weight.
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combining genetic and environmental factors in large prospec-

f log

Medicine � Volume 95, Number 8, February 2016 BMI and Risk of Rheumatoid Arthritis
exclusion of case–control studies and marginal statistical sig-
nificance after exclusion of low-quality studies. The results
from subgroup analyses indicated that the source of heterogen-
eity might mostly come from sex and serological difference.

Strengths of the present meta-analysis were the large
number of RA cases, separate analyses by sex and serological
status accuracy, assessment of the potential nonlinear relation-
ship between BMI and RA risk, which increased the reliability
and validity of the our findings. However, several potential
limitations must be considered when interpreting the results.
First, a meta-analysis is not able to solve problems with
confounding factors that could be inherent in the original
studies. Although some major potential confounders had been
adjusted in most included studies, residual or unknown con-
founding cannot be excluded. Peoples with obesity may share a
greater number of harmful environmental factors compared to
those with normal BMI, such as less ability to engage in
physical activity and more like to have an unhealthier diet.
RA is considered to result from the interactions between
environmental and genetic factors,36 but no data regarding
genetic factors were contained in the primary aggregate results.
Second limitation is self-reported BMI, which may lead to
misclassification of the exposure. However, the accuracy of

FIGURE 5. Funnel plot of log relative risk versus standard error o
self-reports of past body weight has been generally supported
in epidemiologic studies.37,38 Third, definitions of reference
category of BMI differed in the included studies, which made

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
meta-analysis somewhat difficult. As shown in Table 1,
some studies defined BMI< 25 as reference group, some
defined 18.5<BMI< 25 as reference group, and others
defined 20<BMI< 25 as reference group. Nevertheless, there
were a small number of underweight individuals in studies

relative risks.
defined BMI< 25 as reference group, which may not bring bias
in calculating summary RRs of RA for obesity/overweight
compared to reference group.

CONCLUSIONS
In conclusion, the results of this meta-analysis suggested

that obesity may increase the risk of developing RA, possibly in
a sex dependent and linear manner. The obese women have the
highest risk for RA, emphasizing the public health importance
of combating the obesity epidemic. Future work should involve
tive cohorts to characterize gene–environment interactions in
the development of RA.
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