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Abstract: We aimed to assess the relationships between anthropometric measures and risk of rheuma-
toid arthritis (RA). The E3N cohort included 98,995 women (aged 40–65 years at the recruitment) who
completed mailed questionnaires on reproductive factors, lifestyle, and health-related information,
including anthropometric measures, every 2–3 years. Cox proportional hazards regression models
with age as the time scale and adjusted on known RA risk factors were used to estimate hazard ratios
(HRs) and 95% confidence intervals for the risk of incident RA in the overall population (n = 78,452)
and after stratification on smoking exposure. Incident RA diagnosis was validated in 698 women.
Abdominal obesity (waist circumference >88 cm) was associated with RA (HR = 1.2 (1.0–1.5)), in-
dependent of BMI; whereas obesity, defined as BMI ≥ 30 kg/m2, was marginally associated with
RA (HR = 1.26 (0.9–1.5), ptrend = 0.0559). Taking lean body shape (BS) as reference, medium BS at
puberty (HR = 1.3 (1.0–1.7)) and medium-large BS at perimenopausal period (HR = 1.5 (1.1–1.9))
were associated with the risk of RA among never-smoker women, independent of BMI. Regarding BS
trajectory, taking constantly lean BS as reference, constantly large BS from puberty to perimenopause
was associated with RA among non-smokers (HR = 2.10 (1.2–3.6)), independent of BMI.

Keywords: rheumatoid arthritis; prospective cohort; risk factor; anthropometric measures; body
shape trajectories

1. Introduction

Rheumatoid arthritis (RA) is the most common inflammatory rheumatic disease. Its
prevalence is estimated of 0.5%. Both environmental and genetic factors are involved in
its pathophysiology. They interact in the pathogenesis by triggering autoimmunity [1].
Some alleles of HLA-DRB1 (so called shared epitope) are associated with the development
of a subset of RA characterized by presence of ACPA (auto-antibodies directed against
the citrullinated peptide) [2]. These autoantibodies could be detected years before RA
onset (so called preclinical stage). This suggests that the autoimmune process starts several
years before the first symptoms of the disease. Active smoking has been reproducibly and
strongly associated with an increased risk of ACPA-positive RA, especially in individuals
carrying the shared epitope [1,2].

Fat tissue is well-known to secrete some pro-inflammatory cytokines. An excess of fat
tissue is accompanied by a chronic inflammation state and may increase the risk of chronic
inflammatory diseases [3]. Indeed, some case–control and cohort studies suggested that
overweight and/or obesity could be associated with risk of RA, mainly in women and
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seronegative RA [4–8]. Crowson et al. estimated that worldwide increasing prevalence
of obesity may explain 52% of the last decades’ increase in RA incidence [9]. Moreover,
some data suggested that overweight/obesity may be associated with the occurrence
of RA, independent of smoking [6]. In all these studies, body mass index (BMI) has
been the preferred measure of body fat, although it does not reflect fat distribution and
visceral fat. Other anthropometric measurements such as waist and hip circumferences
and bioimpedance-derived body fat percentage have been rarely assessed as risk factors
of RA [10]. Another measure that could be of interest since it provides both information
on body fat and its distribution is body shapes or silhouette. In addition, changes in these
anthropometric measures throughout life have never been assessed in relation to the risk
of RA but could be of interest to better understand the associations between fat tissue
distribution changes and the risk of subsequent RA. For these reasons, it seems pertinent to
investigate the impact of anthropometric measure variations throughout life on the risk of
RA by assessing the impact of body shape trajectories from childhood to perimenopause.
Some of the body shape trajectories have been shown to be associated with an increased risk
of type 2 diabetes, depression, and breast cancer in the E3N French women cohort [11–13].

Our objective was to assess the association between anthropometric measures, in-
cluding body shapes and their lifetime trajectories, and the risk of incident RA in the E3N
prospective cohort of French women.

2. Materials and Methods
2.1. The E3N Study

E3N (“Etude Epidémiologique auprès des femmes de la Mutuelle générale de l’Education
Nationale”) is a French prospective cohort study including 98,995 healthy French women.
They were born between 1925 and 1950 and affiliated to a national health insurance plan for
workers of the French education system and their families [14]. Since recruitment in 1990,
all participants completed biannual mailed questionnaires (to date, 12 questionnaires were
completed) to update their lifestyle characteristics, health-related information, and newly
diagnosed diseases. Since 2004, a linkage with the drug reimbursement claim database
from medical insurance records (Mutuelle Générale de l’Éducation Nationale (MGEN))
has been available. The average response rate per follow-up questionnaire is 83%, and the
proportion of women lost to follow-up since recruitment is very low (<3%). All participants
gave their written informed consent at recruitment. Approvals were obtained from the
French National Commission for Data Protection and Individual Freedom (327346-V14)
and the French Advisory Committee on Information Processing in Material Research in the
Field of Health (13.794).

2.2. Validation of RA Cases and Study Population

The validation of RA cases among E3N women was previously described [15]. Briefly,
in 2017, a specific questionnaire for inflammatory rheumatic disease (IRD) validation
was sent to all women who self-reported having RA (N = 2692) in three of the follow-up
questionnaires (2008, 2011, and 2014) or in any questionnaire if they reported a hospital
admission for RA. Women were considered RA cases if they confirmed having RA in the
specific questionnaire and fulfilled any of the following criteria: (1) RA confirmed by a
physician; (2) they self-confirmed taking or having taken any RA-specific disease-modifying
anti-rheumatic drugs (DMARDs) or biological treatments; (3) they self-confirmed having
RA with either rheumatoid factor (RF) or ACPA; or (4) RA met at least 4 of the 7 criteria
of the 1987 American College of Rheumatology criteria classification. In addition, women
who did not answer the specific IRD questionnaire were considered to have validated RA
if they self-reported having RA and had reimbursements of any RA-specific medication
(DMARDs or biologics) using the MGEN medication reimbursements database [16]. For
the present study, we excluded women who had other IRD or prevalent RA (i.e., already
present at baseline) or without date of RA diagnosis and who had never menstruated.
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2.3. Assessment of Anthropometric Measurements

In each follow-up questionnaire, participants were asked to report their weight. Height
was collected in 1990 and 1995 and was regularly updated since 2000. BMI was calculated at
baseline and for each follow-up questionnaire until Q11 as weight (kg)/[height (m)]2 and was
expressed in kg/m2. According to WHO (World Health Organization), BMI was categorized
as the following: <18.5 kg/m2 (underweight), 18.5–25 (normal), 25–30 (overweight), and
≥30 kg/m2 (obesity). Self-reported hip and waist circumferences, measured according to
precise instructions, were collected in the 1995 (Q4), 2002 (Q7), 2005 (Q8), 2011 (Q10), and
2014 (Q11) questionnaires. Hip circumference was defined as the largest circumference
below the umbilicus, while waist circumference was defined as the smallest circumference
between the base of the ribs and the largest point of the iliac crest [17]. These measures were
categorized in quartiles. Waist-to-hip ratio (WHR) was computed as waist circumference/hip
circumference. Abdominal obesity was assessed according to two different WHO definitions
available for women: a waist circumference >88 cm or a WHR >0.85 in women [18].

Age-related body shapes and body shape trajectories throughout life. In the first
questionnaire and using the eight Sørensen body shapes, women reported which drawing
best described their body shape at around the age of 8 years, at puberty, at ages 20–25,
35–40, and at recruitment (i.e., at perimenopausal period) (Figure 1) [19]. These eight body
shapes represented extreme thinness to obesity and were previously validated in the E3N
cohort [11–13,17,20]. For each of these age-related body shapes, we created three categories
(lean, medium, and large) using a different classification according to the period of life
(Table of the Figure 1).
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Figure 1. Classification of body shape at different ages, using Sørensen’s pictograms [19].

2.4. Covariates

Educational level (<high school, up to 2 years of university, and ≥3 years of university),
passive smoking (during childhood and/or adulthood, ever/never), physical activity (in
metabolic equivalents of task, hours/week), age at menarche, and number of full-term
pregnancies were collected at the first or second questionnaire. Active smoking status (past,
current, and never-smoker), and age at menopause were collected at baseline and regularly
updated. The relationship between all of these covariates and the risk of RA was previously
described [16,21].

2.5. Statistical Analyses

Baseline women’s characteristics are presented as mean (standard deviation (SD)) and in
quartiles for continuous variables and n (%) for categorical variables. Woman-years for each
category of exposure were estimated from the recruitment to the occurrence of RA, death, or
the last completed questionnaire (up to the 2014 questionnaire), whichever occurred first.

Body shape trajectories were constructed using Nagin’s approach to group-based
trajectory modeling [22,23]. This method is an application of finite mixture modeling
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and enabled us to define clusters of women with a similar evolution of body shape over
time. Trajectories were evaluated using the censored normal model of the SAS Proc Traj.
The optimal number of groups and shapes of trajectories was selected to best fit the data,
as evaluated by a change in the Bayesian information criterion and the percentage of
individuals included in each category. Six body shape trajectories were finally estimated
with a cubic function of age, as previously described in the E3N cohort [11–13].

Hazard ratios (HRs) and 95% confidence intervals (95% CIs) were estimated using
Cox proportional hazards regression models, with age as the time scale and stratification
according to year of birth (“before 1930”, “1930–1935”, “1935–1940”, “1940–1945”, and “after
1945”). Cox regression models were first age-adjusted (model 1), then adjusted for known
risk factors of RA, i.e., active smoking, passive smoking, educational level, and BMI if
applicable (model 2). Multi-adjusted models were additionally adjusted for ages at menarche,
at menopause, number of full-term pregnancies [21], and baseline physical activity and
included anthropometric measures significantly associated with RA in models 1 and/or 2.
Smoking, waist and hip circumferences, and BMI were time-dependent variables in the Cox
regression models. When relevant, we performed tests for linear trend by using an ordinal
score for each exposure. In addition, because smoking exposure is a major risk factor for
seropositive RA, we stratified our analyses according to this exposure (passive smoking
during childhood and/or active smoking during adulthood; ever vs. never).

Women with missing data for each anthropometric factor were excluded from Cox
regression models. For potential confounders, missing values, occurring in <5% of ob-
servations, were imputed to the median (continuous variables) or to the modal category
(categorical variables), which has proven to be satisfactory (low risk of bias) in the E3N
cohort [24]. Otherwise, a missing category was created.

All statistical analyses were performed using SAS v9.4 (SAS Institute Inc., Cary, NC,
USA). All statistical tests and corresponding p-values were 2-sided. A p-value < 0.05 was
considered statistically significant.

3. Results
3.1. Study Population

A total of 78,452 women, having a mean age of 49 years at recruitment, were included
in the overall population, for a total follow-up of 1,865,213 women-years. A total of
698 incident cases of RA occurred after recruitment (Figure 2). Table S1 shows the main
characteristics of the population and RA cases.
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3.2. RA Characteristics

The mean age at RA diagnosis was 63.7 (±9.0) years. ACPA/RF status was available
for only 229 (32.8%) cases: 209 (91.2%) were seropositive and 20 (8.7%) seronegative. The
mean follow-up from RA onset to the last questionnaire available was 10.1 ± 6.6 years.
Treatments received for incident RA were available in 505 women (72.3%): 429 RA women
received methotrexate (85%), 88 had a TNFα inhibitor (17.4%), and 39 (7.7%) other biologics
(rituximab, abatacept, tocilizumab).

3.3. Associations between Anthropometric Measures and Risk of RA
3.3.1. Obesity and Abdominal Obesity

Obesity (BMI ≥ 30 kg/m2) was significantly associated with the risk of RA (HR = 1.33
(1.0–1.8), ptrend = 0.0263) in the age-adjusted model, taking normal BMI (18.5–25 kg/m2)
as reference (Table S2). This association remained after adjustment for smoking exposure
(HR = 1.30 (95% CI 1.0–1.7), ptrend = 0.0445, Table S2) but was no longer significant in
multi-adjusted models or in the overall population (HR = 1.26 (0.9–1.5), ptrend = 0.0559) or
in analyses stratified on smoking status. However, the magnitude of HR in ever-smokers
remained high (HR = 1.35 (CI 0.9–1.9)) compared with never-smokers (HR = 1.15 (0.7–1.8))
(Table 1).

Abdominal obesity (waist circumference >88 cm) was significantly associated with RA
in all models (HR = 1.25 (1.0–1.5), p-value = 0.0338 in multi-adjusted model) (Tables S2 and 1),
independent of smoking status and BMI. The association was no longer statistically sig-
nificant in stratified analyses due probably to lack of power, since HRs remained in the
same range as in the overall population in ever-smokers (HR = 1.32 (0.9–1.8)), but was lower
in never-smokers (HR = 1.12 (0.8–1.6)). Abdominal obesity according to the waist-to-hip
circumference ratio definition was not associated with RA (Table S2).

Table 1. Hazard ratios (95% confidence intervals) for the risk of RA by BMI and abdominal obesity in
multi-adjusted model (for the overall population, ever-smokers, and never-smokers).

Body Mass Index (BMI in kg/m2) *
All Population (N = 78,452) Ever-Smokers (N = 41,816) Never-Smokers (N = 36,634)

RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI)

BMI < 18.5 17 2874 0.75 (0.5–1.2) 10 1575 0.73 (0.4–1.4) 7 1299 0.80 (0.4–1.7)
BMI = 18.5–25 455 49,253 Ref 266 26,091 Ref 187 23,162 Ref
BMI = 25–30 171 19,690 1.10 (0.9–1.3) 97 10,448 1.10 (0.8–1.3) 74 9242 1.10 (0.8–1.4)

BMI ≥ 30 55 5937 1.26 (0.9–1.5) 35 3294 1.35 (0.9–1.9) 20 2643 1.15 (0.7–1.8)
ptrend 0.0559 0.0736 0.3487

Abdominal Obesity (Waist Circumference >88 cm) *,†

All Population (N = 78,379) Ever-Smokers (N = 41,771) Never-Smokers (N = 36,608)

RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI)

No 300 34,976 Ref 170 18,477 Ref 128 16,530 Ref
Yes 139 15,582 1.25 (1.0–1.5) 85 8527 1.32 (0.9–1.8) 54 7146 1.12 (0.8–1.6)

p-value 0.0338 0.0697 0.5367

HRs: hazard ratio; 95% CI: 95% confidence interval; Ref: reference. Ever-smokers: women exposed to tobacco
during childhood and/or ever-smokers; never-smokers: women never exposed to tobacco during childhood and
never-smokers. * time-dependent variables. † From 1994 questionnaire (Q4), updated at Q7, Q9, Q10, and Q11
and according to the WHO recommended cutoff values for women: waist circumference was >88 cm (including
627 RA). Waist circumference was missing for 27,384 (34.9%). Totals do not add up because missing values were
deleted for age at the beginning of smoking among 2 women with RA (0.3%). Multi-adjusted model is stratified
by year of birth and included age, smoking (past/current/never, except for women never exposed to smoking),
passive smoking during childhood and/or adulthood (ever/never, except for women never exposed to smoking),
educational level (<high school, up to 2 years of university, ≥3 years of university), baseline physical activity in
MET.h/week (in quartiles), age at menarche (<13, 13–15, ≥15 years), age at menopause (≤45, 45–53, ≥53 years),
number of full-term pregnancies (≤1, 2, ≥3), body mass index from Q1 to Q11 (<18.5, 18.5–25, 25–30, ≥30 kg/m2),
and abdominal obesity from Q4 to Q11 (waist circumference >88 cm).
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3.3.2. Body Shapes and Their Trajectories

BS at 8 years, 20–25 years, and 35–40 years was not associated with the risk of RA
(Table S2), whereas BS at puberty was associated with the risk of RA, independent of BMI
and perimenopausal BS. Indeed, medium BS at puberty was significantly associated with
RA in all models (Tables S2 and 2), taking lean BS as reference (HR = 1.22 (1.0–1.5) in Table 2
multi-adjusted model). In stratified analyses, this association was statistically significant
only among never-smokers (HR = 1.30 (1.0–1.7)), but not among ever-smokers (HR = 1.17
(0.9–1.5)) (Table 2). In age-adjusted model 1, there was also a significant positive relationship
between medium (HR = 1.20 (1.0–1.4)), and large (HR = 1.32 (1.1–1.6)) perimenopausal BS
and RA risk (ptrend = 0.0055), taking lean BS as reference (Table S2).

The association between large BS at perimenopause was independent of known risk
factors for RA, such as smoking (HR = 1.30 (1.0–1.6), ptrend = 0.0103 after adjustment
on smoking status), but disappeared after adjustment for pre-diagnosis BMI (HR = 1.26
(0.9–1.6), ptrend = 0.0637) (model 2 in Table S2).

In the multi-adjusted model including both BS at puberty and at perimenopause,
medium BS at perimenopause was significantly associated with RA only among never-
smokers (HR =1.46 (1.1–1.9), lean BS as reference). Large BS was no longer associated
with RA among never-smokers, probably due to lack of power in this category since
HR remained in the same range and ptrend was statically significant (HR = 1.45 (0.9–2.2),
ptrend = 0.0375) (Table 2).

Table 2. Hazard ratios (95% confidence intervals) for the risk of RA by body shapes at puberty and at
baseline in multi-adjusted model (for the overall population, ever-smokers, and never-smokers).

All Population (N = 78,452) Ever-Smokers (N = 41,816) Never-Smokers (N = 36,634)
RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI)

Body shape at puberty
Lean 332 40,485 Ref 183 20,423 Ref 148 20,062 Ref

Medium 179 17,903 1.22 (1.0–1.5) 103 9835 1.17 (0.9–1.5) 75 8068 1.30 (1.0–1.7)
Large 147 15,984 1.10 (0.90–1.4) 92 9511 1.10 (0.8–1.4) 55 6473 1.14 (0.8–1.6)
ptrend 0.1760 0.3899 0.2358

Body shape at baseline (perimenopausal period)
Lean 359 44,718 Ref 220 23,804 Ref 138 20,914 Ref

Medium 200 20,041 1.15 (0.9–1.4) 103 10,489 0.94 (0.7–1.2) 96 9552 1.46 (1.1–1.9)
Large 110 9838 1.17 (0.8–1.5) 63 5330 1.0 (0.7–1.4) 47 4508 1.45 (0.9–2.2)
ptrend 0.1956 0.8268 0.0375

HRs: hazard ratios; 95% CI: 95% confidence interval; Ref: reference. Ever-smokers: women exposed to tobacco
during childhood and/or ever-smokers; never-smokers: women never exposed to tobacco during childhood
and never-smokers. Totals do not add up because missing values were deleted for age at the beginning of
smoking among 2 women with RA (0.3%) and for body shape at puberty (n = 3422; 4.4%) and for body shape
at baseline (n = 3186; 4.1%). Multi-adjusted model is stratified by year of birth and included age, smoking
(past/current/never, except for women never exposed to smoking), passive smoking during childhood and/or
adulthood (ever/never, except for women never exposed to smoking), educational level (<high school, up to
2 years of university, ≥3 years of university), baseline physical activity (in quartiles), age at menarche (<13, 13–15,
≥15 years), age at menopause (≤45, 45–53, ≥53 years), number of full-term pregnancies (≤1, 2, ≥3), baseline
physical activity in MET.h/week (quartiles), both BS at puberty and BS at baseline, and body mass index from Q1
to Q11 (<18.5, 18.5–25, 25–30, ≥30 kg/m2).

To build BS trajectories, the study population included 77,552 women (687 incident
RA), after the exclusion of women with missing information on BS at all time points
(n = 900). Six body shape trajectories from puberty to perimenopausal period (i.e., baseline)
were built and defined as: “constantly lean BS” (16.1%), “medium BS at puberty and sharp
decrease in BS after puberty” (17.5%), “large BS at puberty and decrease in BS after puberty”
(25.7%), “constantly medium BS” (15.7%), “upper midrange BS” (19.3%), and “constantly
large BS” (5.7%) (Table S1 and Figure 3).

Taking “constantly lean” BS trajectory from puberty to perimenopausal period as
reference, “constantly large” BS trajectory was significantly associated with the risk of
incident RA in the age-adjusted model (HR = 1.42 (95% CI 1.0–2.0)) (Table S2). This associa-
tion was independent of known risk factors for RA, such as smoking (HR = 1.40 (1.0–1.9)),
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but disappeared after adjustment for pre-diagnosis BMI (HR = 1.31 (0.9–1.9), model 2 in
Table S2) and in multi-adjusted model 3 (HR = 1.29 (0.9–1.9), Table 3). After stratification on
smoking exposure, “constantly large” BS trajectory was significantly associated with RA,
independent of BMI, but only among never-smokers (HR = 2.10 (1.2–3.6), ptrend = 0.0248),
taking “constantly lean” BS as reference (Table 3).
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Table 3. Hazard ratios (95% confidence intervals) for the risk of RA by body shape trajectories in
multi-adjusted model (for the overall population, ever-smokers and never-smokers).

All Population (N =77,552) α Ever-Smokers (N = 41,339) Never-Smokers (N = 36,221)
RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI) RA Non Cases HRs (95% CI)

Body shape trajectories from puberty to perimenopausal period
Constantly lean 101 12,415 Ref 59 6182 Ref 42 6233 Ref

Medium BS at puberty
and sharp decrease 114 13,477 1.04 (0.8–1.4) 67 7314 0.97 (0.7–1.4) 46 6163 1.14 (0.7–1.7)

Large BS at puberty and
decrease 152 19,780 1.0 (0.8–1.3) 98 10,868 1.0 (0.7–1.5) 54 8912 0.92 (0.6–1.4)

Constantly medium 119 12,023 1.10 (0.8–1.4) 57 6010 0.87 (0.6–1.3) 62 6013 1.44 (0.9–2.2)
Upper midrange 150 14,826 1.18 (0.9–1.5) 91 8103 1.07 (0.7–1.5) 58 6723 1.33 (0.9–2.0)
Constantly large 51 4344 1.29 (0.9–1.9) 26 2464 0.9 (0.5–1.5) 25 1880 2.10 (1.2–3.6)

ptrend 0.1243 0.9595 0.0248

HRs: hazard ratios; 95% CI: 95% confidence interval. Ref: reference. α Population included 77,552 women and
687 incident RA; 900 women were excluded because of missing data on all age-related BS. Ever-smokers: women
exposed to tobacco during childhood and/or ever-smokers; never-smokers: women never exposed to tobacco
during childhood and never-smokers. Two women were excluded from the stratified analyses because age at the
beginning of smoking was missing. Multi-adjusted model is stratified by year of birth and included age, smoking
(past/current/never, except for women never exposed to smoking), passive smoking during childhood and/or
adulthood (ever/never, except for women never exposed to smoking), educational level (<high school, up to
2 years of university, ≥3 years of university), baseline physical activity (in quartiles), age at menarche (<13, 13–15,
≥15 years), age at menopause (≤45, 45–53, ≥53 years), number of full-term pregnancies (≤1, 2, ≥3), baseline
physical activity in MET.h/week (quartiles), body mass index from Q1 to Q11 (<18.5, 18.5–25, 25–30, ≥30 kg/m2),
and body shape trajectories.

4. Discussion

In this large prospective cohort of women, and for the first time, we found that anthropo-
metric measures that reflect fat distribution variations throughout life were associated with an
increased risk of incident RA, especially among participants never exposed to smoking and
independent of BMI: medium BS at puberty, medium-large BS at perimenopausal period, and
constantly large BS trajectory from puberty to perimenopausal period. Moreover, adulthood
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abdominal obesity was also associated with RA, independent of smoking exposure, whereas
obesity (BMI ≥30 kg/m2) was not significantly associated with RA after multi-adjustments.

In numerous studies, overweight or obesity has been found to be independently asso-
ciated with an increased risk of RA, both in case–control [4–6] and cohort studies [7,10,25],
except in the Iowa Women Health Study (no association) [8]. The positive association
between obesity and RA was restricted to women or to seronegative RA in the majority
of studies [5,10,26]. Thus, our results, restricted to women never exposed to smoking, are
in line with these data, as smoking is highly associated with ACPA [1,2]. However, in the
Nurses’ Health Study (NHS), elevated BMI and abdominal obesity were positively asso-
ciated with seropositive RA, with a possible synergistic effect between elevated BMI and
positive ACPA status on the risk of RA [7,25,27]. Moreover, in a cohort of pre-RA, the risk
increased to 60% if smoking history and overweight were combined (2% in never-smokers
with normal weight) [28].

A high BMI at age 18 also increased the risk of developing RA in women followed in the
NHS I and II cohorts (HR = 1.35 (1.11–1.64) compared with normal BMI = 18.5–25 kg/m2). In
these two cohorts, the mean age of diagnosis of RA was 57.9 years in NHS I and 47.6 years
in NHS II [7]. In this same study, the duration of exposure to obesity seemed to play a role
since 10 years of obesity was associated with a 37% increased risk of developing RA [7].
This corroborates our results, suggesting the impact of long-term fatty tissue excess early
in life on the risk of subsequent RA.

In obesity, both immune cells and adipocytes infiltrate fat tissue. Adipocytes secrete
high levels of some adipokines, responsible for a pro-inflammatory state [29]. As for
example, leptin released by the fat tissue and thus increased in obese subjects, seems to be
an important adipokine because of its metabolic and immunological properties. Leptin is a
mediator of both innate and acquired immune responses by its pro-inflammatory effects:
proliferation of monocytes and activation of macrophages phagocytosis, production of pro-
inflammatory cytokines (such as TNFα, IL-6, etc.), stimulation of T and B cells proliferation,
inhibition of T-regulatory cells proliferation, and mediation of immune tolerance [29,30].
Interestingly, in RA patients, levels of some pro-inflammatory adipokines such as leptin,
resistin, and visfatin are increased in serum and synovial tissues [29,31].

Another mechanism to consider is the imbalance of the gut microbiota (dysbiosis) in
case of obesity, probably at least partly due to the Western diet, rich in pro-inflammatory
nutrients. Dysbiosis may alter the immunomodulatory role of the gut, with local and
extra-intestinal effects on immune response [29]. Interestingly, Nguyen et al. found that
chronic diarrhea (that may be due to dysbiosis) was associated with an increased risk of
RA among women included in E3N cohort [32].

Among women, changes in body shape through ages were suggested to reflect pubertal
growth and lifetime female hormonal changes from puberty to menopause, corresponding
to the reproductive period [33]. Puberty is accompanied by a growth spurt, body composi-
tion changes, including the regional distribution of body fat. The hormonal regulation of the
growth spurt and the changes in body composition depend on the release of gonadotropins,
leptin, sex-steroids, and growth hormone. Moreover, estrogen levels and their receptors,
as well as progestogen, play a role in fat distribution during the reproductive period, the
weight gain, and the increase in visceral fat at menopause [33]. It is well known that obesity
(especially abdominal obesity) reduces fertility and increases abortion risk in women due to
“low-grade inflammatory state”, functional hyperandrogenism, and hyperinsulinemia and
that these affect ovarian steroidogenesis, blood concentrations, and central regulations [34].
This inflammatory state, due to an excess of pro-inflammatory adipokines in obese subjects,
may increase the risk of auto-immune diseases such as RA, especially in part due to a
deregulation of sexual hormones in women [3,9].

Our study has some limitations. In the E3N cohort, measures of BS were self-reported,
but the use of the eight Sørensen BS drawings was validated in a dedicated study [20].
In this study, the correlation between BMI and BS was 0.78. It was demonstrated that
self-perception of the BS was “higher” among women who were overweight. Interestingly,
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women who had experienced such weight problems during adolescence had a more realistic
appreciation of their current body image [20]. Our cohort included women aged 40 to
65 years at recruitment, and we considered only incident RA; thus, results cannot be
extrapolated to RA occurring earlier in life. Moreover, our results on anthropometric
measures might not be generalizable to men, where abdominal distribution of fatty excess
is the rule. Additionally, we were unable to analyze data by auto-antibodies status, which
was unknown for most of the cohort, but we did consider smoking status, which is highly
associated with ACPA status.

Strengths include the large cohort size, the rigorous and multi-source validation
process for RA diagnoses, long follow-up period, and high response rates to question-
naires [14,15]. The rates of missing data were generally low and did not differ between
cases and non-cases [15]. Moreover, with our prospective design, anthropometric measures
as well as other covariates were collected rigorously and repeatedly before RA onset and
thus were not subject to recall/memory bias. Moreover, some exposures could be analyzed
as time-dependent variables. In addition, environmental factors, including those known to
be associated with risk of RA, were considered in multivariable-adjusted models.

5. Conclusions

We report, for the first time, independent associations between RA and body shape
throughout life. Medium body shape at puberty and medium-large body shape at peri-
menopause were associated with a moderately increased risk of RA. In addition, a con-
stantly large body shape trajectory from puberty to perimenopause among women never
exposed to smoking was associated with a 2-fold increased risk of incident RA. Our results
suggest the role of fat tissue in the physiopathology of RA. They highlight that fat distribu-
tion rather than being overweight itself is associated with the risk of RA, especially when
this “at-risk” fat distribution profile is maintained throughout life.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14050934/s1, Table S1: Baseline characteristics of study popu-
lation; Table S2: Cox proportional-hazards analysis for RA by anthropometric features.

Author Contributions: Conceptualization, C.S. and R.S.; methodology, C.S. and R.S.; resources,
C.S., Y.N., X.M., M.-C.B.-R. and R.S.; writing—original draft preparation, C.S.; writing—review and
editing, C.S., Y.N., X.M., M.-C.B.-R. and R.S.; supervision, R.S. All authors have read and agreed to
the published version of the manuscript.

Funding: The cohort was supported by a state grant ANR-10-COHO-0006 from the Agence Nationale
de la Recherche within the Investissement d’Avenir program. This study was conducted thanks to a
research grant from FOREUM Foundation for Research in Rheumatology. In addition, the validation
study was conducted with the financial support from the Société Française de Rhumatologie.

Institutional Review Board Statement: Approval was obtained from the French National Commis-
sion for Data Protection and Individual Freedom (327346-V14) and the French Advisory Committee
on Information Processing in Material Research in the Field of Health (13.794).

Informed Consent Statement: All participants signed an informed consent form at study entry.

Data Availability Statement: Data are available upon reasonable request.

Acknowledgments: The authors are indebted to all participants for their continued participation.
The authors would like to thank Pascale Gerbouin-Rerolle, Maxime Valdenaire, and Roselyn Rima
Gomes for their help on data management. The present work was performed using data from the
Inserm E3N cohort and with support from the MGEN, Gustave Roussy, and the Ligue contre le Cancer
for setting up and maintaining the cohort.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/nu14050934/s1
https://www.mdpi.com/article/10.3390/nu14050934/s1


Nutrients 2022, 14, 934 10 of 11

References
1. Klareskog, L.; Stolt, P.; Lundberg, K.; Källberg, H.; Bengtsson, C.; Grunewald, J.; Rönnelid, J.; Harris, H.E.; Ulfgren, A.K.;

Rantapää-Dahlqvist, S.; et al. A new model for an etiology of rheumatoid arthritis: Smoking may trigger HLA–DR (shared
epitope)–restricted immune reactions to autoantigens modified by citrullination. Arthritis Rheum. 2006, 54, 38–46. [CrossRef]

2. Linn-Rasker, S.P.; van der Helm-van Mil, A.H.M.; van Gaalen, F.A.; Kloppenburg, M.; de Vries, R.R.P.; le Cessie, S.; Breedveld,
F.C.; Toes, R.E.M.; Huizinga, T.W.J. Smoking is a risk factor for anti-CCP antibodies only in rheumatoid arthritis patients who
carry HLA-DRB1 shared epitope alleles. Ann. Rheum. Dis. 2006, 65, 366–371. [CrossRef] [PubMed]

3. Harpsøe, M.C.; Basit, S.; Andersson, M.; Nielsen, N.M.; Frisch, M.; Wohlfahrt, J.; Nohr, E.A.; Linneberg, A.; Jess, T. Body mass
index and risk of autoimmune diseases: A study within the Danish National Birth Cohort. Int. J. Epidemiol. 2014, 43, 843–855.
[CrossRef] [PubMed]

4. Symmons, D.; Bankhead, C.R.; Harrison, B.J.; Brennan, P.; Silman, A.J.; Bsc, E.M.B.; Scott, D.G.I. 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 Care Res. 1997, 40, 1955–1961. [CrossRef]

5. Pedersen, M.; Jacobsen, S.; Klarlund, M.; Pedersen, B.V.; Wiik, A.; Wohlfahrt, J.; Frisch, M. Environmental risk factors differ
between rheumatoid arthritis with and without auto-antibodies against cyclic citrullinated peptides. Arthritis Res. Ther. 2006,
8, R133. [CrossRef]

6. Wesley, A.; Bengtsson, C.; Elkan, A.-C.; Klareskog, L.; Alfredsson, L.; Wedrén, S.; Epidemiological Investigation of Rheuma-
toid Arthritis Study Group. Association between body mass index and anti-citrullinated protein antibody-positive and anti-
citrullinated protein antibody-negative rheumatoid arthritis: Results from a population-based case-control study. Arthritis Care
Res. 2013, 65, 107–112. [CrossRef]

7. Lu, B.; Hiraki, L.T.; Sparks, J.; Malspeis, S.; Chen, C.-Y.; Awosogba, J.A.; Arkema, E.; Costenbader, K.H.; Karlson, E.W. Being
overweight or obese and risk of developing rheumatoid arthritis among women: A prospective cohort study. Ann. Rheum. Dis.
2014, 73, 1914–1922. [CrossRef] [PubMed]

8. Cerhan, J.R.; Saag, K.G.; Criswell, L.A.; Merlino, L.A.; Mikuls, T.R. Blood transfusion, alcohol use, and anthropometric risk factors
for rheumatoid arthritis in older women. J. Rheumatol. 2002, 29, 246–254. [PubMed]

9. Crowson, C.S.; Matteson, E.L.; Davis, J.M., 3rd; Gabriel, S.E. Contribution of obesity to the rise in incidence of rheumatoid arthritis.
Arthritis Care Res. 2013, 65, 71–77. [CrossRef] [PubMed]

10. Linauskas, A.; Overvad, K.; Symmons, D.; Johansen, M.N.; Stengaard-Pedersen, K.; de Thurah, A. Body Fat Percentage, Waist
Circumference, and Obesity As Risk Factors for Rheumatoid Arthritis: A Danish Cohort Study. Arthritis Care Res. 2018, 71,
777–786. [CrossRef]

11. Fagherazzi, G.; Guillas, G.; Boutron-Ruault, M.-C.; Clavel-Chapelon, F.; Mesrine, S. Body shape throughout life and the risk for
breast cancer at adulthood in the French E3N cohort. Eur. J. Cancer Prev. 2013, 22, 29–37. [CrossRef] [PubMed]

12. Perquier, F.; Lasfargues, A.; Mesrine, S.; Clavel-Chapelon, F.; Fagherazzi, G. Body-size throughout life and risk of depression in
postmenopausal women: Findings from the E3N cohort. Obesity 2014, 22, 1926–1934. [CrossRef]

13. Fagherazzi, G.; Vilier, A.; Affret, A.; Balkau, B.; Bonnet, F.; Clavel-Chapelon, F. The association of body shape trajectories over
the life course with type 2 diabetes risk in adulthood: A group-based modeling approach. Ann. Epidemiol. 2015, 25, 785–787.
[CrossRef] [PubMed]

14. Clavel-Chapelon, F.; E3N group van Liere, M.J.; Giubout, C.; Niravong, M.Y.; Goulard, H.; Le Corre, C.; Hoang, L.A.; Amoyel, J.;
Auquier, A.; Duquesnel, E. E3N, a French cohort study on cancer risk factors. E3N Group. Etude Epidémiologique auprès de
femmes de l’Education Nationale. Eur. J. Cancer Prev. 1997, 6, 473–478.

15. Nguyen, Y.; Salliot, C.; Gusto, G.; Descamps, E.; Mariette, X.; Boutron-Ruault, M.C.; Seror, R. Improving accuracy of self-reported
diagnoses of rheumatoid arthritis in the French prospective E3N-EPIC cohort: A validation study. BMJ Open 2019, 9, e033536.
[CrossRef] [PubMed]

16. Seror, R.; Henry, J.; Gusto, G.; Aubin, H.-J.; Boutron-Ruault, M.-C.; Mariette, X. Passive smoking in childhood increases the risk of
developing rheumatoid arthritis. Rheumatology 2018, 58, 1154–1162. [CrossRef]

17. Kvaskoff, M.; Bijon, A.; Mesrine, S.; Vilier, A.; Clavel-Chapelon, F.; Boutron-Ruault, M.-C. Anthropometric features and cutaneous
melanoma risk: A prospective cohort study in French women. Cancer Epidemiol. 2014, 38, 357–363. [CrossRef]

18. Waist circumference and waist-hip ratio. In Report of a WHO Expert Consultation: Geneva, 8–11 December 2008; World Health
Organization: Geneva, Switzerland, 2011.

19. Sørensen, T.I.; Stunkard, A.J.; Teasdale, T.W.; Higgins, M.W. The accuracy of reports of weight: Children’s recall of their parents’
weights 15 years earlier. Int. J. Obes. 1983, 7, 115–122. [PubMed]

20. Tehard, B.; van Liere, M.J.; Com, N.C.; Clavel-Chapelon, F. Anthropometric measurements and body silhouette of women:
Validity and perception. J. Am. Diet. Assoc. 2002, 102, 1779–1784. [CrossRef]

21. Salliot, C.; Nguyen, Y.; Gusto, G.; Gelot, A.; Gambaretti, J.; Mariette, X.; Boutron-Ruault, M.-C.; Seror, R. Female hormonal
exposures and risk of rheumatoid arthritis in the French E3N-EPIC cohort study. Rheumatology 2021, 60, 4790–4800. [CrossRef]

22. Nagin, D. Analyzing developmental trajectories: A semiparametric, group based approach. Psychol. Methods 1999, 4, 139–157.
[CrossRef]

23. Jones, B.L.; Nagin, D.S. Advances in Group-Based Trajectory Modeling and an SAS Procedure for Estimating Them. Sociol.
Methods Res. 2007, 35, 542–571. [CrossRef]

http://doi.org/10.1002/art.21575
http://doi.org/10.1136/ard.2005.041079
http://www.ncbi.nlm.nih.gov/pubmed/16014670
http://doi.org/10.1093/ije/dyu045
http://www.ncbi.nlm.nih.gov/pubmed/24609069
http://doi.org/10.1002/art.1780401106
http://doi.org/10.1186/ar2022
http://doi.org/10.1002/acr.21749
http://doi.org/10.1136/annrheumdis-2014-205459
http://www.ncbi.nlm.nih.gov/pubmed/25057178
http://www.ncbi.nlm.nih.gov/pubmed/11838841
http://doi.org/10.1002/acr.21660
http://www.ncbi.nlm.nih.gov/pubmed/22514156
http://doi.org/10.1002/acr.23694
http://doi.org/10.1097/CEJ.0b013e328355ec04
http://www.ncbi.nlm.nih.gov/pubmed/22694827
http://doi.org/10.1002/oby.20799
http://doi.org/10.1016/j.annepidem.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26254818
http://doi.org/10.1136/bmjopen-2019-033536
http://www.ncbi.nlm.nih.gov/pubmed/31848174
http://doi.org/10.1093/rheumatology/key219
http://doi.org/10.1016/j.canep.2014.05.008
http://www.ncbi.nlm.nih.gov/pubmed/6862758
http://doi.org/10.1016/S0002-8223(02)90381-0
http://doi.org/10.1093/rheumatology/keab101
http://doi.org/10.1037/1082-989X.4.2.139
http://doi.org/10.1177/0049124106292364


Nutrients 2022, 14, 934 11 of 11

24. Garcia-Acosta, S.; Clavel-Chapelon, F. Dealing with missing, abnormal and incoherent data in E3N cohort study. Rev. Epidemiol.
Sante Publique 1999, 47, 515–523. [PubMed]

25. Marchand, N.E.; Sparks, J.A.; Tedeschi, S.K.; Malspeis, S.; Costenbader, K.H.; Karlson, E.W.; Lu, B. Abdominal Obesity in
Comparison with General Obesity and Risk of Developing Rheumatoid Arthritis in Women. J. Rheumatol. 2021, 48, 165–173.
[CrossRef] [PubMed]

26. Lahiri, M.; Luben, R.; Morgan, C.; Bunn, D.K.; Marshall, T.; Lunt, M.; Verstappen, S.; Symmons, D.; Khaw, K.-T.; Wareham,
N.; et al. Using lifestyle factors to identify individuals at higher risk of inflammatory polyarthritis (results from the European
Prospective Investigation of Cancer-Norfolk and the Norfolk Arthritis Register—the EPIC-2-NOAR Study). Ann. Rheum. Dis.
2013, 73, 219–226. [CrossRef]

27. Tedeschi, S.K.; Cui, J.; Arkema, E.V.; Robinson, W.H.; Sokolove, J.; Lingampalli, N.; Sparks, J.A.; Karlson, E.W.; Costenbader, K.H.
Elevated BMI and antibodies to citrullinated proteins interact to increase rheumatoid arthritis risk and shorten time to diagnosis:
A nested case-control study of women in the Nurses’ Health Studies. Semin. Arthritis Rheum. 2017, 46, 692–698. [CrossRef]

28. de Hair, M.J.; Landewé, R.B.; van de Sande, M.G.; van Schaardenburg, D.; van Baarsen, L.G.; Gerlag, D.M.; Tak, P.P. Smoking and
overweight determine the likelihood of developing rheumatoid arthritis. Ann. Rheum. Dis. 2013, 72, 1654–1658. [CrossRef]

29. Versini, M.; Jeandel, P.-Y.; Rosenthal, E.; Shoenfeld, Y. Obesity in autoimmune diseases: Not a passive bystander. Autoimmun. Rev.
2014, 13, 981–1000. [CrossRef]

30. Abella, V.; Scotece, M.; Conde, J.; Pino, J.; Gonzalez-Gay, M.A.; Gómez-Reino, J.J.; Mera, J.J.G.-R.A.; Lago, F.; Gómez, R.; Gualillo,
O. Leptin in the interplay of inflammation, metabolism and immune system disorders. Nat. Rev. Rheumatol. 2017, 13, 100–109.
[CrossRef]

31. Francisco, V.L.G.; Ruiz-Fernández, C.; Pino, J.; Mera, A.; Gonzalez-Gay, M.A.; Gómez, R.; Lago, F.; Mobasheri, A.; Gualillo, O.
Adipokines: Linking metabolic syndrome, the immune system, and arthritic diseases. Biochem. Pharmacol. 2019, 165, 196–206.
[CrossRef]

32. Nguyen, Y.; Mariette, X.; Salliot, C.; Gusto, G.; Boutron-Ruault, M.-C.; Seror, R. Chronic diarrhoea and risk of rheumatoid arthritis:
Findings from the French E3N-EPIC Cohort Study. Rheumatology 2020, 59, 3767–3775. [CrossRef] [PubMed]

33. Rogol, A.D.; Roemmich, J.N.; Clark, P.A. Growth at puberty. J. Adolesc. Health 2002, 31, 192–200. [CrossRef]
34. Pasquali, R.; Pelusi, C.; Genghini, S.; Cacciari, M.; Gambineri, A. Obesity and reproductive disorders in women. Hum. Reprod.

Update 2003, 9, 359–372. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/10673585
http://doi.org/10.3899/jrheum.200056
http://www.ncbi.nlm.nih.gov/pubmed/32669445
http://doi.org/10.1136/annrheumdis-2012-202481
http://doi.org/10.1016/j.semarthrit.2016.09.001
http://doi.org/10.1136/annrheumdis-2012-202254
http://doi.org/10.1016/j.autrev.2014.07.001
http://doi.org/10.1038/nrrheum.2016.209
http://doi.org/10.1016/j.bcp.2019.03.030
http://doi.org/10.1093/rheumatology/keaa133
http://www.ncbi.nlm.nih.gov/pubmed/32417889
http://doi.org/10.1016/S1054-139X(02)00485-8
http://doi.org/10.1093/humupd/dmg024
http://www.ncbi.nlm.nih.gov/pubmed/12926529

	Introduction 
	Materials and Methods 
	The E3N Study 
	Validation of RA Cases and Study Population 
	Assessment of Anthropometric Measurements 
	Covariates 
	Statistical Analyses 

	Results 
	Study Population 
	RA Characteristics 
	Associations between Anthropometric Measures and Risk of RA 
	Obesity and Abdominal Obesity 
	Body Shapes and Their Trajectories 


	Discussion 
	Conclusions 
	References

