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EXTENDED REPORT

Being overweight or obese and risk of developing
rheumatoid arthritis among women: a prospective

cohort study

Bing Lu,' Linda T Hiraki, " Jeffrey A Sparks," Susan Malspeis,' Chia-Yen Chen,'"*
J Adebukola Awosogba,' Elizabeth V Arkema, Karen H Costenbader, '

Flizabeth W Karlson'

ABSTRACT

Objectives To examine the relationship between being
overweight or obese and developing rheumatoid arthritis
(RA) in two large prospective cohorts, the Nurses' Health
Study (NHS) and Nurses' Health Study II (NHSII).
Methods We followed 109 896 women enrolled in
NHS and 108 727 in NHSII who provided lifestyle,
environmental exposure and anthropometric information
through biennial questionnaires. We assessed the
association between time-varying and cumulative Body
Mass Index (BMI) in WHO categories of normal,
overweight and obese (18.5—<25, 25.0—<30, >30.0 kg/m?)
and incident RA meeting the 1987 American College of
Rheumatology (ACR) criteria. We estimated HRs for
overall RA and serologic subtypes with Cox regression
models adjusted for potential confounders. We repeated
analyses restricted to RA diagnosed at age 55 years or
younger.

Results During 2 765 195 person-years of follow-up
(1976-2008) in NHS and 1 934 518 person-years
(1989-2009) in NHSII, we validated 1181 incident cases
of RA (826 in NHS, 355 in NHSII). There was a trend
toward increased risk of all RA among overweight and
obese women (HR (95% Cl) 1.37 (0.95 to 1.98) and
1.37 (0.91, 2.09), p for trend=0.068). Among RA cases
diagnosed at age 55 years or younger, this association
appeared stronger (HR 1.45 (1.03 to 2.03) for
overweight and 1.65 (1.34 to 2.05) for obese women
(p trend <0.001)). Ten cumulative years of being obese,
conferred a 37% increased risk of RA at younger ages
(HR 1.37 (1.11 to 1.69)).

Conclusions Risks of seropositive and seronegative RA
were elevated among overweight and obese women,
particularly among women diagnosed with RA at earlier
ages.

INTRODUCTION
Obesity remains a major health issue affecting as
many as two-thirds of adults in the USA and
one-third children.! There is increased morbidity
and mortality attributable to obesity: overweight or
obese individuals are at increased risk of hyperten-
sion, dyslipidemia, type 2 diabetes, coronary heart
disease, stroke, some cancers (including endomet-
rial, breast and colon), osteoarthritis, sleep apnoea
and asthma.' # Alarmingly, obesity rates are quickly
rising.

One pathway by which obesity may increase the
risk of several diseases is via systemic inflammation.

Adipose tissue secretes proinflammatory adipocyte-
derived cytokines, or adipokines, into the circula-
tion.> Elevated levels of inflammatory adipokines
further stimulate adipose tissue expansion, thus
inducing a positive feedback cycle of adipokine
secretion and tissue inflammation.* Specifically,
proinflammatory adipokines have been linked to
the accumulation of adipose tissue deep in the
thorax and around viscera.’ ¢ These visceral fat
stores, in particular, are thought responsible for the
generation of elevated markers of systemic inflam-
mation.” A large cohort study observed that obese
participants’ sera had 60% higher C-reactive
protein (CRP) levels, 28% higher tumour necrosis
factor (TNF)-a levels, 36% higher amyloid A
levels, 15% higher white blood cell counts and
46% higher interleukin-6 (IL-6) levels, when com-
pared to those of normal weight after adjusting for
potential confounders including sex and age.’

Rheumatoid arthritis (RA) is a systemic auto-
immune disease of unknown aetiology that leads to
systemic inflammation and synovial joint destruc-
tion. Prior studies examining the association
between Body Mass Index (BMI) and the develop-
ment of RA have yielded differing results. Several
studies have observed an association between
obesity and increased odds of RA,*~'? in particular,
anticitrullinated protein antibody (ACPA)-negative
RA." Conversely, other case-control studies,'* *
and cross-sectional and prospective cohort
studies,'! 1° have observed no association between
obesity and RA, or serologic subtypes of RA. A
single study reported an association between
obesity and the development among ACPA-negative
RA in women and an inverse association between
BMI and ACPA-positive RA in men.'"” These
conflicting results may reflect modification of the
association between BMI and RA by age of RA
diagnosis. Potentially, RA onset at older ages may
be due to different risk factors than RA diagnosed
at younger ages. We aimed to investigate the associ-
ation between increased BMI at different stages of
adulthood and risk of developing RA among
women enrolled in the prospective Nurses’ Health
Study (NHS) cohorts.

METHODS

Population for analysis

The NHS was established in 1976, and enrolled
121701 US female registered nurses, aged 30-
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55 years, recruited through the state licensing boards. Nurses’
Health Study II (NHSII) is a prospective cohort study that
began in 1989, enrolling 116 430 female nurses aged 25—
42 years. Women in both cohorts complete detailed, mailed
questionnaires every 2 years regarding their health outcomes
and lifestyle practices. Based on self-report, more than 90% of
women in both cohorts are Caucasian, reflecting the ethnicity of
women entering the nursing profession during the recruitment
years. Follow-up rate has been high with about 5.0% of person-
time lost to follow-up. In both cohorts, women completed an
initial questionnaire and have been followed biennially to
update exposures, lifestyle, health practices and disease diagno-
ses. The National Death Index is searched every 2 years for non-
responders, to validate mortality.'® All participants provided
informed consent. All aspects of this study were approved by
the Partners Healthcare Institutional Review Board.

RA case identification

RA case identification was a two-stage procedure. The connect-
ive tissue disease (CTD) screening questionnaire (CSQ) was
mailed to participants who self-reported a new physician diag-
nosis of RA." Medical records of those with positive CSQ were
then requested and reviewed independently by two board-
certified rheumatologists to validate RA according to the 1987
American College of Rheumatology RA classification criteria.*
Participants who self-reported any CTD, including RA, prior to
baseline were excluded. Women included in these analyses had
new, definite, confirmed incident RA, documented serologic
status (rheumatoid factor, RF and/or ACPA) and date of diagno-
sis and symptom onset from the medical records. For women
diagnosed with RA prior to ACPA (CCP tests) availability in the
USA in the 1990s, serostatus was determined solely by rheuma-
toid factor. RF was available in nearly all women, but if not
tested, serologic status was coded negative.

We included participants in NHS and NHSII cohorts who
had body weight and height data at baseline (1976 in NHS and
1989 in NHSII). We excluded prevalent cases of RA diagnosed
before 1976 in NHS and 1989 in NHSII. We censored all
women who reported psoriasis, psoriatic arthritis or other
CTDs at self-report date, unless the diagnosis was subsequently
confirmed as RA. Women lost to follow-up were censored at
their last response to questionnaires because incident RA could
not subsequently be identified. We excluded women with under-
weight (BMI<18.5 kg/m?) since this may indicate other preclin-
ical conditions.

Definitions of overweight and obesity

All information about body weight, height and study covariates
was self-reported on the mailed questionnaires administered
every 2 years since 1976 in NHS, and since 1989 in NHS II,
and updated through follow-up. The questionnaire also asked
about weight in early adulthood (age 18 years). The accuracy of
self-reported anthropometric measures was evaluated among
140 NHS participants by having trained technicians visit those
participants on two occasions.”’ After adjustment for age and
within-person variability, the Pearson correlation coefficient
between self-report and the average of the two technician mea-
surements was 0.97 for weight.>! BMI was calculated as weight
in kilograms divided by the square of height in metres (kg/m?).
The Pearson correlation coefficient between any two adjacent
BMI measures was more than 0.94. The missing values of BMI
were imputed using the method of Last Observation Carry
Forward (LOCF) for one cycle. We used the WHO classification
of BMI with the categories for normal weight (18.5 kg/m?
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<BMI <25.0 kg/m?), overweight (25.0 kg/m* <BMI <30 kg/m?)
and obese (BMI>30.0 kg/m?) as time-varying exposures. For
BMI at age 18 years, we considered the possibility that being at
the higher range of normal BMI during adolescence may confer
risk of RA as an adult and therefore used categories of 18.5-
<20.0, 20.0-<23.0, 23.0-<25.0, and >25.0 kg/m>.>

In order to investigate the potential cumulative dose-effect of
obesity, we calculated average BMI values from all the preceding
measures over the study period (cumulative average BMI). If
BMI was missing for one questionnaire cycle, the measurements
from the available years were averaged. As an alternative
method to assess cumulative effects, we estimated the risk of RA
associated with years of duration of obesity.”> This method
assumes that persistent obesity has a biologic effect.

Covariates

We selected covariates based on prior studies associating them
with either RA or BMI, and included each as time-varying vari-
ables.>* ** Cigarette smoking is a strong environmental risk
factor for RA and is correlated with alcohol intake.** We
adjusted for pack-years of smoking (product of years of
smoking and packs of cigarettes per day) in analyses. Previous
studies found moderate alcohol intake may reduce the risk of
RA.%¢ 27 Alcohol consumption was assessed by a semiquantita-
tive food frequency questionnaire. We categorised alcohol con-
sumption as: <S5.0, 5.0-15.0 and >15 g/day.*® Measures of
physical activity were calculated from total metabolic equivalent
(MET) scores determined by average oxygen consumption per
unit time estimated for specific activities as compared to resting
oxygen uptake.”” As a proxy of socioeconomic status, we
included the 2000 US Census tract median income for the
nurses’ residences. Additional covariates were considered and
included in sensitivity analyses. These included reproductive
covariates of parity and duration of breastfeeding, age at menar-
che, oral contraceptive use, menopausal status and postmeno-
pausal hormone use.”> A prior study of self-reported
periodontal surgery and tooth loss as proxies for history of peri-
odontal disease and RA in NHS did not demonstrate a signifi-
cant association, hence we did not include covariates for
periodontal disease in our multivariable models.*®

Statistical analysis

All analyses were conducted separately in NHS and NHSII and
results were combined using random effects models.*!
Descriptive statistics, such as frequency tables for categorical
variables and minimum, maximum, mean and SD for continu-
ous variables were used to summarise the data and detect out-
liers and missing values. Baseline age-adjusted characteristics
across categories of BMI were compared using analysis of vari-
ance or Kruskal-Wallis tests for continuous variables, and x>
tests for categorical variables.

For each woman, person-years of follow-up were calculated
from the date of return of the baseline questionnaire to the end
of follow-up defined as RA diagnosis, censorship due to
reported psoriasis or rheumatic disease not confirmed as RA,
censorship due to cancer, death, or end of follow-up, whichever
came first. We used Cox proportional hazards (PH) models to
assess associations between time-varying or cumulative BMI cat-
egories of overweight and obesity on the incidence of RA after
controlling for time-varying covariates including age, smoking,
alcohol use, physical activity, as well as median census-tract
household income. We also evaluated women’s reproductive
factors (menarche age, parity/breastfeeding, menopausal status
and postmenopausal hormone use) in separate models. The
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multivariable-adjusted HRs approximating relative risk (RR) for
associations between categories of BMI and RA were calculated
along with their 95% Cls. The population-attributable risk
(PAR) was also calculated to evaluate the risk difference
between overweight/obese women and normal weight women.
Tests for linear trend were performed by using the median value
of each BMI category and modelling these as continuous vari-
ables. The PH assumption was tested by including an interaction
term between BMI and the follow-up time in the Cox propor-
tional model. The PH assumption was valid in both cohorts
(p for interaction was 0.72 in NHS, 0.81 in NHSII). Similarly
we also did not find the PH assumption violation with other
covariates in the model. Pooled HR estimates of the two cohorts
were calculated using a random effects model, and heterogen-
eity was assessed using the DerSimonian-Laird method.”' All
analyses were performed using SAS V.9.3 (SAS Institute, Cary,
North Carolina, USA).

Analyses were repeated stratified by RA serologic status (RF
and/or ACPA positive) in both cohorts to evaluate whether the
association between BMI and RA differed by serological status
of RA cases. To examine the difference in effects of overweight
and obesity by age at RA diagnosis, we restricted analyses to
those with earlier RA onset. Currently, there are no universal
definitions for early and late onset RA, with age thresholds
ranging from 45 years to 65 years in past studies.>> On average,
women reach their peak BMI between the ages of 50 and 59.%°
One past study observed that obesity was associated with onset
of RA among women diagnosed on average at age 55.9 years.'”
Therefore, we defined diagnosis at or before age 55 years as
early onset of RA based on this prior literature and our hypoth-
esis that risk factors for early onset RA differ from later onset
RA. In NHS, 41% of the RA cases were early onset RA, while
more than 83% were early onset RA in NHSII, reflecting
younger ages at the start of NHSII and shorter follow-up than

Table 1
(N=108 727) by Body Mass Index (BMI) categories

NHS. Additionally, we assessed the interactions of BMI categor-
ies with age, smoking pack-years and alcohol consumption to
evaluate the potential effect modifications.

We performed several sensitivity analyses. We added add-
itional covariates for women’s reproductive factors previously
observed to be associated with RA in some studies (menarche
age, parity/breastfeeding, menopausal status and post-menopausal
hormone use) to the models. We performed lagged analyses
updating BMI measures up to 4 years and 6 years prior to RA
diagnosis to avoid potential reverse causation. We repeated ana-
lyses after excluding participants with a history of cancer at base-
line and censoring incident cancer cases at self-reported date.
Finally, to consider the measurement error of BMI due to preg-
nancy, we conducted a sensitivity analysis in NHSII where
women were asked their pregnancy status. For women reporting
a current pregnancy, we replaced current BMI with the measure
of one cycle before (carry forward by one cycle).

RESULTS

Our study included a total of 109 896 women in NHS and
108 727 women in NHSII contributing 2 765 195 person-years
of follow-up from 1976 to 2008 (32years) in NHS and
1934 518 person-years of follow-up from 1989 to 2009
(20 years) in NHSII. We validated 1181 incident cases of RA
(826 in NHS, 355 in NHSII). Table 1 summarises the baseline
characteristics of NHS and NHSII participants by BMI category.
The prevalence of obesity was 8.3% in NHS and 11.8% in
NHSII. NHS women, on average, were older at enrolment
(mean age 42.9 (SD=7.2) years) compared with NHSII women
(mean age 34.4 (SD=4.7) years). NHS RA cases were, on
average, about 10 years older than NHSII RA cases at diagnosis
of RA (age 57.9 vs age 47.6) with 41% of RA cases and 83% of
NHSII RA cases diagnosed at or before 55 years of age. A higher

Age-standardised baseline characteristics of Nurses’ Health Study (NHS) (N=109 896) and Nurses' Health Study Il (NHS II) participants

NHS

NHS Il

18.5 <BMI <25.0

25.0 <BMI <30.0

BMI >30.0 18.5 <BMI <25.0 25.0 <BMI <30.0 BMI >30.0

Number of participants 78 215 (71.2%) 22 515 (20.5%)

Age in years, mean (SD) 43.0 (7.2) 43.1 (7.1)
Census tract median family 66.0 (26.7) 61.0 (23.2)
income $ (x1000), mean (SD)*
Pack-year smoking (packyr),%

Never 43.4 48.2

<20 334 30.1

20+ 23.2 21.7
Alcohol use (g/day), %

<5.0 61.4 73.3

5.0-14.9 24.8 18.1

15.0+ 13.9 8.6
Physical activity (total METSs), mean (SD) 15.1 (21.9) 12.2 (19.6)
Menarche before age 12 years, % 20.6 28.4
Oral contraceptive use, % 48.5 43.8
Parous, % 91.7 91.8
Breastfeeding >12 months % 17.5 17.0
Postmenopausal (PM), % 31.4 321
Current hormone use in PM % 27.2 22.8

9166 (8.3%) 74 944 (68.9%) 20970 (19.3%) 12 813 (11.8%)

43.1 (7.1) 342 (4.7) 34.7 (4.5) 35.0 (4.4)
577 215)  61.8(23.1) 57.5 (20.4) 54.1 (18.3)
52.0 65.5 64.6 65.7
293 296 29.0 27.1
18.8 49 6.4 7.2
84.1 773 83.5 89.4
11.1 19.4 13.9 8.7
438 33 26 19
9.8 (155)  26.9 (38.6) 21.4 (31.3) 17.5 (28.2)
35.8 20.9 30.8 388
42.7 84.2 83.2 80.3
91.0 69.4 73.5 68.1
16.6 25.7 235 18.8
318 2.1 26 37
18.0 86.4 83.2 76.6

*Median census tract family income was measured in 1986 for NHS and 1989 for NHSII. The values were based on the 2000 census data and adjusted by Consumer Price Index.

MET, metabolic equivalent.
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proportion of NHSII participants reported never smoking, higher
levels of physical activity, and oral contraceptive use.

The age-adjusted incidence rate of RA was 30/100 000
person-years in NHS, ranging from 27 to 32/100 000 person-
years, and 18/100 000 person-years in NHSII, ranging from 12
to 27/100 000 person-years, across increasing categories of
BMI. These incidence rates are lower than that previously
reported in Rochester, Minnesota, USA, yet consistent with
prior reports from Massachusetts, USA, and other European
countries.®* In analyses of time-varying BMI, we observed a
trend toward increased risk of RA among overweight and obese
women (pooled HR (95% CI) were 1.37 (0.95 to 1.98) and
1.37 (0.91 to 2.09), p for trend=0.068)) compared to women
of normal BMI, that was statistically significant in NHSII, but
not in NHS (table 2). In analyses restricted to those women
diagnosed with RA at age 55 years or younger (312 cases in
NHS, 306 cases in NHSII), the association appeared stronger in
both cohorts with the pooled HR of 1.45 (1.03 to 2.03) for
overweight women and HR 1.65 (1.34 to 2.05) for obese
women. The PAR % for overweight and obesity was 10%
in NHS and 40% in NHSII. When we repeated our analyses
stratifying cases by RA serologic status, we observed comparable
positive associations between overweight and obesity and
seropositive and seronegative RA, and associations were also
stronger for RA cases diagnosed at earlier ages (table 2). By con-
trast, when we restricted to RA cases whose diagnosis age was
over 55 years, we did not observe a significant association
between BMI and risk of RA (data not shown), though this was
limited by small numbers of older onset RA cases in NHSII.
There was no statistically significant difference in the association
between BMI and RA among heavy smokers (>10 pack years)
compared to light or non-smokers (<10 pack years) (p for
interaction was 0.550 in NHS, 0.486 in NHSII, see online sup-
plementary table S1). Similarly, no significant interactions were
observed between BMI and age or physical activity on risk of
RA in both cohorts.

Analyses using cumulative average BMI demonstrated that
being overweight or obese was significantly associated with
increased risk of RA overall (pooled HR 1.23 (1.06 to 1.44) for
obese women, 1.34 (1.06 to 1.68) for overweight women)
(table 3). For RA cases diagnosed at age 53 years or younger,
the pooled HR was 1.26 (1.01, 1.57) for overweight women
and HR 1.51 (1.20 to 1.88) for obese women. Additionally,
using an alternative way to measure the long-term effect of
obesity, the number of years of obesity was also associated with
risk of RA only among those diagnosed at age 55 years or
younger. Ten cumulative years of being obese, conferred a 37%
increased risk of RA onset < age 55 years (HR 1.37, 95% CI
1.11 to 1.69). When stratified by serologic status, this 10-year
obesity risk was significant among seropositive RA cases (HR
1.37 (1.10 to 1.71) but not among seronegative cases. The
results from lagged analyses, using BMI measures at 4 years and
6 years prior to RA diagnosis, were consistent with those of
time-varying BMI and cumulative average BMI demonstrating a
reduced likelihood for observed associations to be due to
reverse causation. Also, we observed that being in the upper
range of normal BMI (23.0-24.9 kg/m?) and overweight at age
18 years was only associated with increased risk of seropositive
RA, but not seronegative RA in pooled analysis (table 4). The
sensitivity analysis with additional adjustment for women’s repro-
ductive factors (menarche age, parity/breastfeeding, menopausal
status and postmenopausal hormone use), demonstrated no major
change in point estimates or significance of the findings. The
lagged analyses and analyses excluding cancer cases gave similar
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results. And lastly, in NHSII, sensitivity analyses replacing preg-
nancy weights with non-pregnant weights from the prior cycle,
demonstrated no difference from the primary results.

DISCUSSION

In two large prospective cohort studies of women, we observed
a significant association between being overweight and obese
and developing seropositive and seronegative RA, that appeared
to be stronger among women diagnosed at younger ages. We
also observed that being overweight or obese at 18 years of age
was associated with a 35% increased risk of developing RA, and
an almost 50% increased risk of developing seropositive RA in
adulthood. We observed a ‘dose-effect” of obesity years on risk
of RA at age 55 years or younger with a 37% increased risk of
RA associated with a history of 10 years of being obese.

A recent large population-based case-control study, the
Swedish Epidemiological Investigation of Rheumatoid Arthritis
(EIRA) cohort observed a significant association between obesity
and ACPA-negative RA among women (OR 1.6 (95% CI 1.0 to
3.3)), and no association between obesity and ACPA-positive RA
among women.'” Similarly, a Danish study of 515 RA cases
observed a statistically significant association between obesity
and risk of ACPA-negative RA (OR 1.34, (95% CI 1.73 to
5.98))."% Yet the population-based, prospective cohort
EPIC-Norfolk study observed that after following participants
for a median of 14 years, obesity was not significantly associated
with increased risk of inflammatory arthritis or RA in their mul-
tivariable adjusted models."’ An earlier study using the NHS
cohort with only 115 incident definite RA cases, observed a
trend towards a positive association between increasing BMI
and RA which was not statistically significant,® likely due to
being underpowered, and did not stratify by age at diagnosis of
RA. The differences between our findings and those of prior
studies may be explained by differences in population demo-
graphics and study design. Case-control studies obtain covariate
information retrospectively, and thus are vulnerable to recall
bias. Weight may change near RA diagnosis due to metabolic
effects of preclinical RA and reduced activity levels due to mus-
culoskeletal symptoms. Our study collected data on height and
weight prospectively, before the diagnosis of RA. Prior studies
also did not adjust for physical activity in their analyses, a
potentially important confounder of the BMI and RA associ-
ation. Our study excluded all women with psoriasis, previously
demonstrated to be associated with obesity, to eliminate possible
misclassification of psoriatic arthritis as seronegative RA.*® To
ensure that our referent BMI category included predominantly
healthy women, we excluded those with extreme low weight
(BMI <18.5 kg/m?).

The prospective lowa Women’s Health cohort study identified
158 RA cases and observed no association between BMI
>29.2 kg/m* compared with a BMI <23.4 kg/m? assessed at
baseline and incident RA assessed 11 years later. They also did
not observe an association between BMI at age 18 years and adult
onset RA.' Compared with the NHS and NHSII, the women
enrolled in the ITowa Women’s Health study were generally older
at enrolment (mean age 61.5 years) with a mean age at symptom
onset of 67.8 years (range 57-79 years). In our study, we observed
that the association for BMI and RA was stronger among women
diagnosed with RA at earlier ages, and we did not observe a sig-
nificant association between BMI and RA when we restricted to
RA cases diagnosed after age 55 years. Hence, if BMI is a weak
risk factor for RA diagnosed at older ages, a cohort comprised pri-
marily of older women would not observe this association. This
could also account for the lack of association between BMI and
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Table 2 HRs for incident RA, and incident seropositive or seronegative RA phenotypes, according to time-varying Body Mass Index (BMI) in NHS and NHS I E'_;
Nurses’ Health Study Nurses’ Health Study Il g
Number of cases Age-adjusted Multivariable Number of cases/ =
BMI [Person-years HR (95% CI) HR (95% CI)* person-years Age-adjusted HR (95% Cl) Multivariable HR (95% Cl)* Pooled HR (95% CI) p Hett %
All RA cases g'
All RA 3
18.5-24.9 407/1 490 667 1.00 1.00 128/1 040 272 1.00 1.00 1.00 é
25.0-29.9 271/816 778 1.15 (0.98 to 1.34) 1.16 (0.99 to 1.35) 118/492 801 1.76 (1.37 to 2.27) 1.68 (1.30 to 2.17) 1.37 (0.95 to 1.98) 0.015 Lg
>30.0 148/457 750 1.11 (0.92 to 1.35) 1.12 (0.92 to 1.37) 109/401 445 1.92 (1.48 to 2.49) 1.72 (1.31 to 2.45) 1.37 (0.91 to0 2.09) 0.012 ~
p trend 0.167 0.150 <0.001 <0.001 0.068 Q
Seropositive RA o
18.5-24.9 257/1 390 405 1.00 1.00 84/1 019 688 1.00 1.00 1.00 %
25.0-29.9 166/756 204 1.15 (0.94 to 1.40) 1.15 (0.94 to 1.41) 74/481 569 1.69 (1.24 to 2.32) 1.63 (1.19 to 2.24) 1.34 (0.96 to 1.88) 0.071 2
>30.0 87/421 741 1.09 (0.85 to 1.40) 1.08 (0.84 to 1.39) 74/390 262 1.98 (1.44 to 2.73) 1.81 (1.30 to 2.52) 1.38 (0.83 to0 2.30) 0.015 g.
p trend 0.345 0.386 <0.001 <0.001 0.133
Seronegative RA
18.5-24.9 150/1 484 299 1.00 1.00 441 038 235 1.00 1.00 1.00
25.0-29.9 105/813 544 1.18 (0.91 to 1.51) 1.19 (0.92 to 1.54) 44491 544 1.92 (1.26 to 2.93) 1.80 (1.18 to 2.76) 1.41 (0.95 to 2.11) 0.102
>30.0 61/456 258 1.21 (0.89 to 1.64) 1.25 (0.91 to 1.70) 35/400 415 1.84 (1.17 to 2.88) 1.58 (0.99 to 2.51) 1.34 (1.03 to 1.74) 0.406
p trend 0.169 0.127 0.007 0.053 0.017
RA onset <55 years of age
All RA
18.5-24.9 170/802 579 1.00 1.00 112/999 985 1.00 1.00 1.00
25.0-29.9 86/317 192 1.21 (0.93 to 1.58) 1.22 (0.93 to 1.58) 101/460 156 1.82 (1.39 to 2.39) 1.72 (1.31 to 2.27) 1.45 (1.03 to 2.03) 0.072
>30.0 56/166 957 1.51 (1.11 to 2.05) 1.51 (1.10 to 2.06) 93/370 245 2.03 (1.53 to 2.68) 1.79 (1.34 to 2.39) 1.65 (1.34 to 2.05) 0.421
p trend 0.007 0.008 <0.001 <0.001 <0.001
Seropositive RA
18.5-24.9 108/739 670 1.00 1.00 72/979 647 1.00 1.00 1.00
25.0-29.9 56/287 336 1.27 (0.92 to 1.76) 1.27 (0.91 to 1.76) 65/449 113 1.84 (1.31 to 2.57) 1.76 (1.25 to 2.47) 1.49 (1.08 2.04) 0.178
>30.0 36/149 759 1.57 (1.07 to 2.31) 1.56 (1.05 to 2.31) 61/359 345 2.07 (1.46 to 2.93) 1.87 (1.31 to 2.68) 1.72 (1.32 to 2.24) 0.498
p trend 0.015 0.019 <0.001 < 0.001 <0.001
Seronegative RA
18.5-24.9 62/798 202 1.00 1.00 40/997 976 1.00 1.00 1.00
25.0-29.9 30/315 436 1.16 (0.75 to 1.80) 1.17 (0.75 to 1.82) 36/458 922 1.83 (1.16 to 2.88) 1.71 (1.08 to 2.70) 1.41 (0.97 to 2.04) 0.243
>30.0 20/166 094 1.51 (0.91 to 1.52) 1.53 (0.90 to 2.59) 32/369 247 1.99 (1.24 to 3.18) 1.69 (1.04 to 2.75) 1.61 (1.13 to 2.31) 0.782
p trend 0.115 0.113 0.004 0.037 0.009

Bold typeface indicates significant results.

*Adjusted for age, community median income, smoking (pack-years), alcohol use (<5.0, 5.0-<15.0, >15 g/day) and physical activity (0-3, 3-9, 9-18, 18-27, >27 METs/week). Additional adjustment for women’s reproductive factors (menarche age,

parity/breastfeeding, menopausal status and postmenopausal hormone use) did not change the results.

tp Value for test of heterogeneity (het) between the 2 cohorts. Risk estimates were pooled by using a DerSimonian and Laird random-effects model.
MET, metabolic equivalent; RA, rheumatoid arthritis.

“1yBuAdoo Aq parosiold 1senb Ag 20z ‘0T IMdy uo /wod g ple//:dny wolj papeojumod ‘#T0Z AINC £2 U0 657S0Z-7T0Z-SIPWNayIuue/9eTT 0T Se paysiiand 1sii :SIQ wnayy uuy



http://ard.bmj.com/

657502771 0Z-SIPWNaYIUUR/9E | L"01:10P "CT6L—Y16L-EL:YLOT SIG Wnayy uuy “je Js ‘g M

616l

Table 3 HRs for incident RA, and incident seropositive or seronegative RA phenotypes, according to cumulative average Body Mass Index (BMI) in Nurses' Health Study and Nurses' Health Study Il

Nurses’ Health Study

Nurses’ Health Study Il

Number of cases/  Age-adjusted HR Multivariable HR Pooled HR

Cumulative average BMI  Number of cases/person-years  Age-adjusted HR (95% ClI)  Multivariable HR (95% Cl)*  person-years (95% CI) (95% CI)* (95% CI) p Hett

All RA cases

All RA
8.5-24.9 471/1 708 379 1.00 1.00 168/1 175 594 1.00 1.00 1.00
25.0-29.9 2471741 443 1.15 (0.99 to 1.35) 1.17 (1.00 to 1.37) 103/454 650 1.47 (1.1510 1.88) 1.38 (1.08 to 1.77)  1.23 (1.06 to 144) 0.271
>30.0 108/315 373 1.18 (0.96 to 1.46) 1.21 (0.97 to 1.50) 84/304 274 1.73 (1.33t0 2.25)  1.53 (1.16 to 2.01)  1.34 (1.06 to 1.68)  0.183
p trend 0.052 0.034 <0.001 0.001 <0.001

Seropositive RA
18.5-24.9 289/1 596 366 1.00 1.00 105/1 152 762 1.00 1.00 1.00
25.0-29.9 157/683 973 1.24 (1.02 to 1.51) 1.25 (1.02 to 1.52) 69/443 759 1.59 (1.17 to 2.16)  1.52 (1.11 to 2.06)  1.32 (1.11 to 1.58) 0.296
>30.0 64/283 011 1.20 (0.91 to 1.57) 1.21 (0.92 to 1.60) 58/294 997 1.92 (1.39 to 2.66)  1.75 (1.25 to 2.45)  1.44 (1.00 to 2.06) 0.100
p trend 0.062 0.058 <0.001 <0.001 0.004

Seronegative RA
18.5-24.9 182/1 701 227 1.00 1.00 63/1 173 261 1.00 1.00 1.00
25.0-29.9 90/738 623 1.06 (0.82 to 1.37) 1.09 (0.84 to 1.41) 34/453 555 1.29 (0.85 to 1.96) 1.19 (0.78 to 1.81) 1.11 (0.89 to 1.39) 0.729
>30.0 44/314 252 1.21 (0.87 to 1.69) 1.25 (0.89 to 1.76) 26/303 378 1.43 (0.90 to 2.27) 1.20 (0.75 to 1.93) 1.23 (0.94 to 1.63) 0.888
p trend 0.263 0.191 0.104 0.411 0.125

RA onset <55 years of age

All RA
18.5-24.9 196/882 579 1.00 1.00 147/1 125 955 1.00 1.00 1.00
25.0-29.9 74/282 849 1.12 (0.86 to 1.47) 1.12 (0.86 to 1.47) 88/423 641 1.51 (1.16 to 1.97)  1.41 (1.08 to 1.84)  1.26 (1.01.1.57) 0.244
>30.0 42/121 301 1.46 (1.04 to 2.04) 1.44 (1.02 to 2.03) 71/280 790 1.79 (1.34t0 2.38)  1.56 (1.16 t0 2.09) 1.51 (1.20 to 1.88) 0.727
p trend 0.031 0.039 <0.001 0.002 <0.001

Seropositive RA
18.5-24.9 126/814 611 1.00 1.00 92/1 103 419 1.00 1.00 1.00
25.0-29.9 47/254 650 1.15 (0.82 to 1.60) 1.13 (0.80 to 1.59) 58/412 959 1.61 (1.1510 2.23)  1.52 (1.09 to 2.12)  1.31 (0.98 to 1.75) 0.226
>30.0 27/107 504 1.51 (0.99 to 2.29) 1.48 (0.97.2.28) 48/271 727 1.95(1.37 t0 2.78)  1.75 (1.22 t0 2.52)  1.63 (1.24 to 2.16) 0.564
p trend 0.056 0.074 <0.001 0.002 <0.001

Seronegative RA
18.5-24.9 70/877 769 1.00 1.00 55/1 123 656 1.00 1.00 1.00
25.0-29.9 27/281 358 1.14 (0.73 to 1.78) 1.16 (0.73 to 1.82) 30/422 569 1.37 (0.87 to 2.14) 1.26 (0.80 to 1.98) 1.21 (0.88 to 1.66) 0.793
>30.0 15/120 604 1.48 (0.84 to 2.59) 1.48 (0.83 to0 2.63) 23/279 920 1.54 (0.95 to 2.52) 1.28 (0.77 t0 2.12) 1.36 (0.93 to 1.99) 0.709
p trend 0.173 0.174 0.065 0.299 0.100

Bold typeface indicates significant results.

*Adjusted for age, community median income, smoking (pack-years), alcohol use (<5.0, 5.0-<15.0, >15 g/day) and physical activity (0-3, 3-9, 9-18, 18-27, >27 METs/week).
tp Value for test of heterogeneity (het) between the 2 cohorts. Risk estimates were pooled by using a DerSimonian and Laird random-effects model.

MET, metabolic equivalent; RA, rheumatoid arthritis.
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Table 4 HRs for incident RA, and incident seropositive or seronegative RA phenotypes, according to body mass index (BMI) at 18-years-old in Nurses' Health Study and Nurses' Health Study II A
Nurses’ Health Study Nurses’ Health Study Il §
Number of cases/ Age-adjusted Multivariable Number of cases/ Age-adjusted Multivariable 8
BMI at age 18 person-years HR (95% CI) HR (95% CI)* person-years HR (95% CI) HR (95% CI)* Pooled HR (95% CI) p Hett ;
All RA cases g—
All RA g
18.5-20.0 245/813 471 1.00 1.00 111/740 798 1.00 1.00 1.00 o
20.0-22.9 307/1 065 987 0.96 (0.81 to 1.13) 0.95 (0.80 to 1.12) 153/780 354 1.30 (1.02 to 1.66) 1.27 (0.99 to 1.62) 1.08 (0.81 to 1.43) 0.056 o
23.0-24.9 107/286 070 1.23 (0.98 to 1.54) 1.18 (0.93 to 1.48) 36/200 835 1.20 (0.82 to 1.74) 1.10 (0.76 to 1.61) 1.16 (0.95 to 1.40) 0.780 §
>25.0 93/225 192 1.36 (1.07 to 1.73) 1.26 (0.99 to 1.61) 53/197 317 1.78 (1.28 to 2.46) 1.53 (1.10 to 2.14) 1.35 (1.11 to 1.64) 0.355 g—
p trend 0.004 0.029 0.001 0.024 0.002 (=]
Seropositive RA é
18.5-20.0 145/755 465 1.00 1.00 68/725 995 1.00 1.00 1.00 -
20.0-22.9 185/992 789 0.97 (0.78 to 1.21) 0.96 (0.77 to 1.19) 99/763 654 1.39 (1.02 to 1.89) 1.35 (0.99 to 1.83) 1.11 (0.80 to 1.55) 0.080 é
23.0-24.9 731265 486 1.42 (1.07 to 1.88) 1.34 (1.01 to 1.78) 27/195 732 1.49 (0.95 to 2.33) 1.36 (0.87 t0 2.13) 1.35 (1.06 to 1.71) 0.957 8
>25.0 57/206 859 1.42 (1.05 to 1.94) 1.30 (0.95 to 1.77) 38/191 338 2.10 (1.41 to 3.13) 1.81 (1.21 to 2.70) 1.49 (1.08 to 2.06) 0.201 =
p trend 0.004 0.025 <0.001 0.005 <0.001 =
Seronegative RA
18.5-20.0 100/810 187 1.00 1.00 43/739 391 1.00 1.00 1.00
20.0-22.9 122/1 061 975 0.93 (0.72 to 1.22) 0.93 (0.71 to 1.21) 54/778 574 1.17 (0.78 to 1.75) 1.15 (0.77 to 1.71) 0.99 (0.79 to 1.23) 0.387
23.0-24.9 34/284 604 0.96 (0.65 to 1.41) 0.93 (0.63 to 1.37) 9/200 346 0.76 (0.37 to 1.56) 0.71 (0.34 to 1.45) 0.87 (0.62 to 1.23) 0.519
>25.0 36/223 960 1.29 (0.88 to 1.89) 1.22 (0.83 to 1.79) 15/196 709 1.28 (0.71 to 2.31) 1.12 (0.62 to 2.02) 1.19 (0.86 to 1.64) 0.810
p trend 0.310 0.478 0.654 0.980 0.570
RA onset <55 years of age
All RA
18.5-20.0 84/375 856 1.00 1.00 95/700 885 1.00 1.00 1.00
20.0-22.9 123/497 886 1.12 (0.85 to 1.48) 1.11 (0.84 to 1.46) 131/737 890 1.30 (1.00 to 1.70) 1.27 (0.98 to 1.66) 1.19 (0.98 to 1.44) 0.481
23.0-24.9 39/131 270 1.31 (0.89 to 1.92) 1.26 (0.86 to 1.85) 29/190 217 1.12 (0.74 to 1.70) 1.04 (0.69 to 1.58) 1.16 (0.87 to 1.54) 0.507
>25.0 44/108 004 1.82 (1.26 to 2.62) 1.70 (1.18 to 2.47) 49/187 052 1.91 (1.35 to 2.69) 1.66 (1.17 to 2.36) 1.68 (1.30 to 2.17) 0.924
p trend 0.001 0.005 <0.001 0.011 <0.001
Seropositive RA
18.5-20.0 52/343 779 1.00 1.00 56/686 316 1.00 1.00 1.00
20.0-22.9 741457 265 1.06 (0.74 to 1.52) 1.05 (0.73 to 1.49) 84/721 457 1.43 (1.02 to 2.00) 1.39 (0.99 to 1.94) 1.21 (0.92 to 1.60) 0.262
23.0-24.9 28/119 954 1.51 (0.95 t02.40) 1.45 (0.91 to 2.30) 241185 247 1.60 (0.99 to 2.59) 1.49 (0.92 to 2.41) 1.47 (1.05 to 2.05) 0.933
>25.0 28/96 989 1.90 (1.20 to 3.02) 1.74 (1.09 to 2.78) 34/181 147 2.28 (1.49 to 3.50) 1.99 (1.29 to 3.06) 1.87 (1.36 to 2.56) 0.686
p trend 0.003 0.010 <0.001 0.002 <0.001
Seronegative RA
18.5-20.0 32/373 858 1.00 1.00 39/699 511 1.00 1.00 1.00
20.0-22.9 49/495 352 1.19 (0.76 to 1.86) 1.19 (0.76 to 1.86) 47/736 139 1.13 (0.74 t0 1.72) 1.11 (0.72 to 1.70) 1.15 (0.84 to 1.56) 0.817
23.0-24.9 11/130 352 0.98 (0.49 to 1.94) 0.95 (0.48 to 1.89) 5/189 733 0.46 (0.18 to 1.17) 0.43 (0.17 to 1.10) 0.68 (0.32 to 1.46) 0.184
>25.0 16/107 182 1.71 (0.94 t0 3.12) 1.64 (0.89 to 3.01) 15/186 461 1.40 (0.77 to 2.54) 1.22 (0.67 to 2.24) 1.41 (0.92 to 2.17) 0.506
p trend 0.150 0.203 0.599 0.918 0.361
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Bold typeface indicates significant results.

*Adjusted for age, community median income, smoking (pack-years), alcohol use (<5.0, 5.0-<15.0, >15 g/day) and physical activity (0-3, 3-9, 9-18, 18-27, >27 METs/week).
tp Value for test of heterogeneity (het) between the 2 cohorts. Risk estimates were pooled by using a DerSimonian and Laird random-effects model.

MET, metabolic equivalent; RA, rheumatoid arthritis.
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risk of RA in the UK primary care study that included 579 RA
cases spanning a wide age range of 20-79 years,'* and for the
lack of association observed in the prior NHS study.®*

Our study findings are consistent with those of prior studies
that identified an association between obesity and RA diagnosis
among younger women. A population-based case control study
of RA including 349 incident RA cases and 1457 controls
observed that premenopausal women in the highest quartile of
BMI had a RR of 1.5 (95% CI 1.0 to 2.3), and postmenopausal
women had a RR of 1.4 (95% CI 1.0 to 2.0) for developing
RA.® A case-control study of Minnesota residents composed of
813 RA cases and 813 controls observed a similar phenomenon
where a history of obesity was associated with RA diagnosis
under 60 years of age (OR 1.32, 95% CI 1.00 to 1.72), but not
associated with RA diagnosed at age 60 years or more (OR
1.15, 95% CI 0.82 to 1.61)."° With recent understanding of the
metabolic activity of adipose tissue, there is a growing recogni-
tion of obesity as a proinflammatory state.® There is evidence
suggesting a role of obesity in the development of other chronic
diseases, such as type 2 diabetes and cardiovascular disease.’ It
is hypothesised that adipose tissue may be exerting its effects on
the pathogenesis of these diseases via inflammatory adipokines.’
The systemic overload of adipose-derived cytokines is a
proposed cause of immune, endocrine, reproductive and
metabolic dysfunction in obesity. Studies have shown increased
levels of proinflammatory adipokines in obese and overweight
persons diagnosed with metabolic syndrome or cardiovascular
disease.>”

Adipokines originate in adipose tissue and are secreted by adi-
pocytes and adipose-resident macrophages. Adipocytes present
in obese and overweight individuals have been shown to secrete
inflammatory markers such as CRE amyloid A, TNF-q,
IL-6, interleukin-1 B (IL-1B), monocyte chemotactic protein-1
(MCP-1), and macrophage migration inhibitory factor
(MIF).* * 37 Studies have shown significantly elevated levels of
these inflammatory markers in preclinical RA.**~*! Hence, there
is biological plausibility to implicate obesity in RA pathogenesis.
The tests for interactions between BMI and other known risk
factors for RA were not significant. While physical activity and
BMI are highly correlated variables, adding physical activity, as
we have done, does not attenuate the risk associated with BMI.
Other cohorts, such as that in Rochester, Minnesota, have
observed a gradual increase in the population-based incidence
of RA over time, especially among women, and have attributed
this to rising rates of obesity.'® By contrast, the NHS and NHS2
are select birth cohorts, and thus it is not possible to obtain
population-based incidence rates. Future studies examining the
joint influence of BMI, physical activity and smoking on RA risk
would add knowledge to the mechanisms leading to RA.

Our study has a number of strengths. We prospectively identi-
fied incident cases of RA from two large cohort studies, which
enabled the detailed collection of predisease measures of BMI as
early as 18 years of age, and information on potential confoun-
ders such as smoking status, alcohol use and physical activity
allowed for time-varying analyses. Lagged analyses using single
BMI measures at 4 years and 6 years prior to RA diagnosis
yielded results consistent with our time-varying BMI and cumu-
lative average BMI results indicating that our findings are
unlikely to be influenced by recall bias, preclinical metabolic
changes, or reverse causation. Our cumulative BMI results
suggest that long-term obesity and overweight exposures are
strongly associated with risk of RA. Also, by using two cohorts,
we were able to examine associations between BMI and RA
diagnosed at different ages.

Clinical and epidemiological research

We acknowledge the limitations of our study. BMI is recog-
nised as a valid measure of absolute fat mass adjusted for height,
yet the use of BMI as a measure of fat mass decreases over the
life-course.** Among middle-aged adults, the vast majority of
variation in weight, after accounting for height, is attributed to
differences in fat. However, many elderly people lose substantial
amounts of lean body mass in their older age which contributes
to interindividual difference observed between older adults.*?
For these reasons, the lack of an observed association between
BMI and RA diagnosed at older ages may result from limitations
of BMI as an accurate measure of fat mass among older women.
Our definition of early RA onset of 55 years or younger was
selected based on prior studies that have used a range of thresh-
olds to distinguish early from late onset RA.** We also consid-
ered that women, on average, reach their peak BMI between the
ages of 50 and 59.%° Hence, our findings require replication in
an independent cohort. Our findings also raise the possibility
that our observed BMI and RA association may be due to an
unhealthy diet rather than BMI alone. Further studies are
needed to investigate whether dietary factors are more related
to risk of RA. We acknowledge that our study was limited to
women, and may not be generalisable to men with RA. Lastly,
there is potential misclassification in separating those who are
seropositive from those who are seronegative. Since ACPA was
available only in later years of the cohorts, it is possible that
some subjects who were RF-negative may be ACPA-positive, but
since these biomarkers tend to be highly correlated, we expect
that the misclassification of RA cases is minimal.

The incidence of RA in our population is in keeping with prior
reports from European countries, yet is lower than prior estimates
from the Olmsted County, Minnesota’s hospital case-based
reports.** This is likely due to the fact that we conducted a
cohort analysis among a population of healthy, working women
who were enrolled in NHS from ages 30 to 55 years, studied over
only 25 years, rather than reporting a lifetime risk or incidence
rate over the lifespan. Hence, our ability to capture subjects with
early symptoms, or who were not working as nurses at baseline
was limited and the generalisability of our findings was also
limited to this middle-age range. However, our ability to observe
an association between BMI and RA risk while applying our strin-
gent case definitions supports the robust nature of this association.

CONCLUSIONS

In conclusion, we observed that being obese increased the risk
of RA in women by 40-70% depending on age and serologic
status. The highest risk for RA was among women who were
overweight or obese at age 18 years, emphasising the public
health importance of combating the obesity epidemic at all ages.
Our study implicates being overweight or obese throughout
adult life as a risk factor in the development of seropositive and
seronegative RA for women diagnosed with RA at age 55 years
or younger. The attenuated association between BMI and RA
diagnosed at older ages may reflect differences in the patho-
physiology of RA diagnosed at earlier ages compared with that
diagnosed at older ages, or may be a result of the limitations of
BMI as a measure of total fat mass as women age.

Correction notice This article has been corrected since it was published Online
First. The authors who co-led the study have been included on the first page.
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