
Original article

Long-term weight changes and risk of rheumatoid
arthritis among women in a prospective cohort: a
marginal structural model approach

Nathalie E. Marchand 1, Jeffrey A. Sparks 1, Susan Malspeis1,
Kazuki Yoshida1, Lauren Prisco1, Xuehong Zhang2,3, Karen Costenbader1,
Frank Hu2,3,4, Elizabeth W. Karlson1 and Bing Lu1

Abstract

Objective. To examine the association of long-term weight change with RA risk in a large prospective cohort

study.

Methods. The Nurses’ Health Study II started in 1989 (baseline); after exclusions, we studied 108 505 women 25–

42 years old without RA. Incident RA was reported by participants and confirmed by medical record review. Body

weight was reported biennially through 2015. We investigated two time-varying exposures: weight changes from

baseline and from age 18; change was divided into five categories. We used a marginal structural model approach

to account for time-varying weight change and covariates.

Results. Over 2 583 266 person-years, with a median follow-up time of 25.3 years, 541 women developed RA.

Compared with women with stable weight from baseline, weight change was significantly associated with increased

RA risk [weight gain 2–<10 kg: RR¼1.98 (95% CI 1.38, 2.85); 10–<20 kg: RR¼ 3.28 (95% CI 2.20, 4.89); �20 kg:

RR¼ 3.81 (95% CI 2.39, 6.07); and weight loss >2 kg: RR¼ 2.05 (95% CI 1.28, 3.28)]. Weight gain of 10 kg or

more from age 18 compared with stable weight was also associated with increased RA risk [10–< 20 kg: RR¼2.12

(95% CI 1.37, 3.27), �20 kg: RR¼2.31 (95% CI 1.50, 3.56)]. Consistent findings were observed for seropositive

and seronegative RA.

Conclusion. Long-term weight gain was strongly associated with increased RA risk in women, with weight gain

of �20 kg associated with more than a three-fold increased RA risk. Maintenance of healthy weight may be a strat-

egy to prevent or delay RA.
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Introduction

Several lifestyle factors, including body composition [1],

diet [2–7], smoking [8] and physical activity [9] have

been associated with RA risk, while being overweight or

obese [1] is among the strongest of these risk factors.

However, while previous studies have examined the as-

sociation of prevalent obesity with RA risk, the effect of

long-term weight change, an indicator of incident obes-

ity, on RA risk has received limited attention [10]. In
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general, long-term weight change, and weight gain in

particular, can bring with it myriad negative consequen-

ces including an increased risk of diabetes [11], some

cancers [12] and mortality [13, 14]. Thus, the association

between long-term weight change and incident RA risk

is of interest, particularly weight changes leading to inci-

dent obesity during adult life.

An analysis of weight change and RA risk in prospect-

ive cohort studies may be limited by time-varying con-

founders, which may themselves be affected by

previous weight change, that lie on the causal pathway

between weight change and RA [15] (Fig. 1), limiting the

ability of traditional statistical methods to account for

these mediators and detect a possible true association.

Marginal structural models (MSM) address these factors

and allow us to obtain unbiased estimates [15]. Because

being overweight and obesity has been associated with

increased RA risk [1], we hypothesized that long-term

weight change, particularly weight gain, might be asso-

ciated with RA risk independently of baseline weight.

We studied weight change from study baseline, and

also from age 18, to isolate the effect of adult weight

gain on the risk of RA. Onset of RA has already been

associated with weight loss, and rheumatoid cachexia in

particular [16]; therefore, we also conducted lagged

analyses to address potential reverse causation.

Materials and methods

Study population

The NHSII is a prospective cohort study established in

1989, that enrolled 116 429 female nurses 25–42 years

old living in 14 US states. Participants have provided

data regarding health, weight, lifestyle and medical his-

tory on extensive biennial questionnaires. We studied

women, followed from 1989 to 2015, excluding those

who did not provide data on weight (n¼ 5581), and

those with prevalent RA or other self-reported CTD diag-

nosed before 1989 (n¼615), leaving 108 505 women for

analysis at baseline. Study participants provided written

informed consent. The study protocol was approved by

the Institutional Review Boards of the Brigham and

Women’s Hospital and the Harvard T.H. Chan School of

Public Health; the Partners HealthCare Institutional

Review Board also approved (approval #2011P001730)

the study.

Weight assessment

Information on self-reported body weight was collected

every 2 years from 1989 continuing through to the end

of the study, using a previously validated instrument

[17]. We truncated values above 350 pounds (any value

>350 was equal to 350; n¼200). Self-reported and

technician measured weight were highly correlated, with

a Pearson correlation coefficient of 0.97 [17, 18]. If

women were pregnant when body weight was meas-

ured, their previous weight was utilized when available

(when not available, they were excluded from the study).

Weight change from baseline was calculated for every

2-year interval of study cycles as weight reported in

1989 subtracted from current reported weight. The cal-

culated weight change was divided into five categories

(as has been done similarly in other NHSII studies [4]):

weight loss >2 kg from baseline; stable weight (refer-

ence group) defined as remaining within 2 kg above or

below baseline weight; weight gain of 2 to <10 kg;

weight gain of 10 to <20 kg; and weight gain of 20 kg or

more from baseline. Similar cut-off points for weight

change have been used in Nurses’ Health Study analy-

ses examining other endpoints [14].

Weight at age 18 was self-reported on the 1989 ques-

tionnaire; extreme values were truncated at 350 pounds

(n¼44). A validation study conducted in NHSII compar-

ing recalled weight to records reporting weight taken at

physical examinations found a high correlation of 0.87

between the two measures, with recalled weight tending

to be slightly lower (therefore the mean difference in

BMI was 0.5 kg/m2) [18, 19]. Weight change from age 18

FIG. 1 Directed acyclic graph showing the relationships between weight change and rheumatoid arthritis in the pres-

ence of time-varying confounding
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was calculated for every 2-year study cycle as the dif-

ference between current reported weight and weight at

age 18, and divided into five categories: weight loss

>2 kg; stable weight defined as remaining within 2 kg of

reported weight at age 18; weight gain of 2 to <10 kg;

weight gain of 10 to <20 kg; and weight gain of 20 kg or

more.

Identification of incident RA cases

Women were asked about having a self-reported phys-

ician diagnosis of RA on the biennial questionnaires.

Women who reported a new RA diagnosis were sent the

validated CTD screening questionnaire [20]. Two rheu-

matologists then independently reviewed their medical

records to confirm RA meeting the 1987 ACR [21] or

2010 ACR/EULAR criteria [22]. The date of incident RA

was defined as the date of clinical diagnosis. Serostatus

was determined by collecting clinical data from medical

records on tests done for RF or ACPA at the time of

diagnosis for cases diagnosed after ACPA assays be-

came available clinically. RA cases were classified as

having either seropositive (RF and/or ACPA positive) or

seronegative (RF and ACPA negative) RA.

Covariates

Covariate data were collected using biennial question-

naires. Time-varying covariates, associated with both

weight change (Table 1) and RA, included age (years),

smoking (0, 0–20 and 20þ pack years) [23], parity and

breastfeeding (nulliparous, parous/no breastfeeding,

parous/1–12 months breastfeeding, parous/>12 months

breastfeeding) [24], census tract median family income

(quartiles) [25], Alternative Healthy Eating Index (AHEI)

score (quartiles) [2] (based on food frequency question-

naires collected every 4 years [26]), physical activity [0–

<3, 3–<9, 9–<18, �18 metabolic equivalents (METs)

per week] [9], menopausal status and postmenopausal

hormone use (pre-menopausal, post-menopausal with

never use, current use and past use) [27]. Methodology

for the AHEI score has been described previously [28].

Briefly, it is a score of diet quality that includes 11 com-

ponents including vegetables, fruit, whole grains, sugar-

sweetened beverages and fruit juice, nuts and legumes,

red/processed meats, trans fat, long-chain omega-3

fatty acids (eicosapentaenoic acid and docosahexaenoic

acid), poly-unsaturated fatty acids, sodium and alcohol

[28]. All components are scored from 0 (worst) to 10

TABLE 1 Age-standardized characteristics in Nurses’ Health Study II at baseline in 1989

Categories of weight change in 1991 from 1989a

Loss
(>2 kg)

(n 5 14 510)

Stable
(–2 to <2 kg)
(n 5 51 202)

Gain
(2 to <10 kg)
(n 5 37 516)

Gain
(10 to <20 kg)

(n 5 4558)

Gain
(�20 kg)
(n 5 719)

Age (years)b 34.5 (4.6) 34.6 (4.6) 34.5 (4.7) 33.7 (4.7) 34.1 (4.8)
Weight (kg) in 1989 72.7 (17.0) 62.1 (12.9) 66.0 (13.8) 74.2 (16.7) 80.4 (16.9)

Census tract median family income ($1000) 42.5 (14.8) 43.7 (15.5) 42.5 (14.9) 41.9 (14.5) 40.4 (14.4)
Alternative Healthy Eating Index scorec 47.3 (10.7) 48.5 (11.15) 48.9 (11.0) 47.9 (10.7) 47.2 (10.6)

Physical activity (MET-h/wk) 22.5 (34.4) 26.2 (38.8) 24.3 (35.6) 24.1 (32.9) 28.5 (42.7)
Smoking status

0 pack years, % 62.5 66.1 65.3 63.9 60.4

0–20 pack years, % 30.7 28.8 28.9 29.6 30.9
20þ pack years, % 6.8 5.1 5.8 6.5 8.7

Parity and breastfeeding

Nulliparous, % 31.4 33.5 32.8 38.4 51.1
Parous/breastfeeding 0 mo, % 15.0 13.7 14.5 14.6 14.7

Parous/breastfeeding �12 mo, % 26.1 24.4 25.7 24.6 19.1
Parous/breastfeeding >12 mo, % 27.5 28.4 27.0 22.4 15.2

Menopausal status and postmenopausal hor-
mone use

Premenopausal, % 97.3 97.9 97.5 97.3 96.4
Postmenopausal-never use, % 0.1 0.1 0.1 0.0 0.2
ostmenopausal-current use, % 2.3 1.9 2.2 2.4 3.1

Postmenopausal-past use, % 0.2 0.1 0.2 0.3 0.4

aWeight change categories for this table defined using weight in 1991 (weight in 1989 subtracted from weight in 1991).
bValue is not age adjusted. cThe Alternative Healthy Eating Index score has a potential of range of 0 (no adherence and
therefore poorest diet quality) to 110 (perfect adherence and therefore highest diet quality) points. Values are means

(standard deviation) or medians (Q25, Q75) for continuous variables; percentages or ns or both for categorical variables,
and are standardized to the age distribution of the study population. Values of polytomous variables may not sum to

100% due to rounding.
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(best), and the total AHEI score can range from 0 to

110. A higher AHEI score indicates better diet quality.

Previous studies have revealed a protective association

between moderate alcohol intake and RA risk [5].

Women with moderate alcohol intake defined as 0.5–1.5

drinks/day received a maximum score of 10 but non-

drinkers or heavy drinkers were assigned lower scores

[28]. Physical activity was measured using validated

questionnaires where participants were asked about

average amount of time spent engaged in several recre-

ational physical activities per week [29]. A total recre-

ational physical activity estimate was calculated for

each woman using the average time spent on 11 com-

mon activities using a published MET score [30]. Hours

per week spent on each activity was multiplied by the

MET score, and these were summed together to create

a total estimate of physical activity.

Statistical analyses

Censoring events included date of RA diagnosis, death,

loss to follow-up (censoring), or 1 June 2015 (end of

study period), whichever occurred first. We calculated

age-adjusted descriptive statistics in order to summarize

participant characteristics. We used MSMs to estimate

the effect of weight changes (multinomial exposure vari-

ables) both from baseline and from age 18 on RA risk

[15, 31, 32]. MSMs allow for exposure switching (switch-

ing between weight change categories over the course

of the study) and time-varying confounders [15, 32].

To develop our MSMs, we first calculated the stabilized

weight for the exposure variable as a ratio of two condi-

tional probabilities: the numerator was the probability of

adherence to a particular weight change category (in

these analyses we had five categories, ranging from

weight loss to weight gain) given weight change in the

previous cycle [33] and the denominator was the prob-

ability of adherence to a certain weight change category,

given weight change in the previous cycle, time-varying

and baseline confounders. We used a multinomial logistic

regression model with our categorical weight change

variable as the response variable where, as described

above, the numerator included weight change in previous

cycle as the explanatory variable, and the model for the

denominator included weight at baseline (for the weight

change from baseline analysis) or at age 18 (for the

weight change from age 18 analysis), weight change in

the previous cycle, and time-varying confounders includ-

ing: age smoking, parity and breastfeeding, census tract

median family income, alcohol intake, physical activity,

and menopausal status and postmenopausal hormone

use. Similarly, we calculated the stabilized weight for cen-

soring using a binomial logistic regression model where

censoring was the response variable. The overall weight

was the product of stabilized weights for exposure and

censoring. The final weight was the cumulative product

of all previous weights for each study period, thereby

accounting for all information from previous periods at

each timepoint, truncated at 99.5% and 0.5% [34, 35].

We applied the final weight to our study sample to create

a pseudo-population and developed pooled logistic re-

gression models to estimate the odds ratio (OR) and ro-

bust 95% CI using a Generalized Estimating Equation

approach [32, 33]. With rare outcomes such as incident

RA, the OR can be approximated as a risk ratio (RR).

We then performed secondary analyses to investigate

the association between weight change and RA risk by

serostatus (seropositive RA or seronegative RA) as sep-

arate outcomes using the same methods as the primary

analysis. Separate datasets were created to exclude

those with seropositive RA for the seronegative RA anal-

yses, and likewise to exclude those with seronegative

RA for the seropositive RA analyses. In addition, to in-

vestigate whether reverse causation of weight change

as a manifestation of early RA may have explained the

findings, we conducted lagged analyses, where onset of

RA was separated by one additional study cycle (2–

4 years) from the assessment of weight changes but not

other covariates. In sensitivity analyses, adjustment for

smoking as a never/past/current variable, rather than as

pack years of smoking, did not change results. We did

not conduct analyses stratified by age – for example,

dichotomized at age 50 or 55 – as has been done in

previous Nurses’ Health Study analyses, because most

participants in NHSII were <50 years of age at baseline.

All statistical tests were two-sided at a statistical sig-

nificance level of 0.05, performed using SAS 9.4 (SAS

Institute, Cary, NC, USA).

Results

Baseline characteristics

Of the 108 505 women included in this study over a max-

imum of 26 years, 541 developed RA; 357 of these cases

were seropositive. Table 1 shows the age-standardized

baseline characteristics according to categories of weight

change. Women in the highest category of weight gain

(�20 kg) had a higher weight at study baseline compared

with women in all other categories of weight change.

Women with the greatest weight gain also participated in

a greater number of total hours of physical activity and

had a higher pack years of smoking at baseline. Further,

more were postmenopausal and more were current or

past users of post-menopausal hormones. Fewer of these

women had children, and when they had children, fewer

breastfed their babies for 12 or more months. They also

consumed less alcohol and lived in areas with a lower me-

dian census tract family income. These preliminary results

at baseline may provide insights for multivariable analyses.

Additionally, seropositive and seronegative RA cases had

similar baseline characteristics (Supplementary Table S1,

available at Rheumatology online).

Weight change from baseline and RA risk

Weight gain from study baseline was associated with a

significantly increased risk of all RA, seropositive RA

and seronegative RA. Compared with stable weight,

defined as remaining within a range of 2 kg above or

Long-term weight changes and risk of rheumatoid arthritis among women
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below baseline weight, weight gain from baseline of 2 to

<10, 10 to <20 and �20 kg was associated with

increased RA risk (RR¼ 1.98, 95% CI 1.38, 2.85;

RR¼ 3.28, 95% CI 2.20, 4.89; RR¼ 3.81, 95% CI 2.39,

6.07, respectively) (Table 2). Weight gain was significant-

ly associated with increased seropositive RA risk (RR for

weight gain of 2 to <10 kg¼1.66, 95% CI 1.08, 2.56;

RR for weight gain of 10 to <20 kg¼3.17, 95% CI 1.98,

5.08; RR for weight gain of �20 kg¼3.54, 95% CI 2.04,

6.12) and seronegative RA (RR for weight gain of 2 to

<10 kg¼2.94, 95% CI 1.49, 5.80; RR for weight gain of

10 to <20 kg¼3.62, 95% CI 1.71, 7.67; RR for weight

gain of �20 kg¼4.64, 95% CI 1.92, 11.21) (Table 2).

Weight loss of >2 kg was associated with increased RA

risk (RR¼ 2.05, 95% CI 1.28, 3.28) and seropositive RA

risk (RR¼ 2.08, 95% CI 1.21, 3.58) but not increased

seronegative RA risk (RR¼ 1.95, 95% CI 0.76, 5.05)

(Table 2).

Weight change from age 18 and RA risk

Weight gain from age 18 of 10 kg or more was associ-

ated with significantly increased RA risk, as well as

seropositive and seronegative RA risk. Weight gain of 10

to <20 and �20 kg from age 18 years was associated

with increased RA risk (RR¼2.12, 95% CI 1.37, 3.27;

RR¼ 2.31, 95% CI 1.50, 3.56, respectively), seropositive

RA risk (RR¼1.84, 95% CI 1.09, 3.10; RR¼2.16, 95%

CI 1.29, 3.61, respectively) and seronegative RA risk

(RR¼ 2.93, 95% CI 1.34, 6.40; RR¼2.77, 95% CI 1.26,

6.08, respectively) (Table 2).

Lagged analyses

Results for lagged analyses, in which weight change

from baseline was assessed 2–4 years prior to RA inci-

dence, in order to protect against potential reverse

causation, were similar but attenuated for all RA and

TABLE 2 Associations between weight change from baseline and age 18 with RA

Categories of time-updated weight change from baseline

Loss (>2 kg) Stable (–2 to <2 kg) Gain (2 to <10 kg) Gain (10 to <20 kg) Gain (�20 kg)

All RA
# of cases/person-years 48/197 984 51/450 712 193/974 788 131/453 192 69/201 566

RR (95% CI) Unadjusted 2.10 (1.42, 3.12) Ref 1.71 (1.26, 2.33) 2.46 (1.78, 3.40) 2.88 (2.01, 4.14)
RR (95% CI) MSMa 2.05 (1.28, 3.28) Ref 1.98 (1.38, 2.85) 3.28 (2.20, 4.89) 3.81 (2.39, 6.07)
Seropositive RA

# of cases/person-years 35/197 778 38/450 190 116/973 710 91/452 792 48/201 404
RR (95% CI) Unadjusted 2.06 (1.30, 3.26) Ref 1.38 (0.96, 1.99) 2.29 (1.57, 3.35) 2.69 (1.76, 4.12)

RR (95% CI) MSMa 2.08 (1.21, 3.58) Ref 1.66 (1.08, 2.56) 3.17 (1.98, 5.08) 3.54 (2.04, 6.12)
Seronegative RA
# of cases/person-years 13/197 425 13/449 678 77/972 561 40/452 145 21/201 117

RR (95% CI) Unadjusted 2.24 (1.04, 4.82) Ref 2.68 (1.49, 4.82) 2.95 (1.58, 5.51) 3.44 (1.72, 6.87)
RR (95% CI) MSMa 1.95 (0.76, 5.05) Ref 2.94 (1.49, 5.80) 3.62 (1.71, 7.67) 4.64 (1.92, 11.21)

Categories of time-updated weight change since age 18

Loss (>2 kg) Stable (–2 to <2 kg) Gain (2 to <10 kg) Gain (10 to <20 kg) Gain (�20 kg)

All RA
# of cases/person-years 32/174 225 27/210 913 111/801 307 168/676 627 201/698 871
RR (95% CI) Unadjusted 1.43 (0.85, 2.38) Reference 1.08 (0.71, 1.65) 1.94 (1.29, 2.91) 2.23 (1.49, 3.33)

RR (95% CI) MSMa 1.23 (0.72, 2.11) Reference 1.16 (0.74, 1.81) 2.12 (1.37, 3.27) 2.31 (1.50, 3.56)
Seropositive RA

# of cases/person-years 26/174 065 19/210 693 68/800 407 104/675 826 140/698 123
RR (95% CI) Unadjusted 1.65 (0.91, 2.98) Reference 0.94 (0.57, 1.57) 1.70 (1.05, 2.78) 2.21 (1.37, 3.56)
RR (95% CI) MSMa 1.30 (0.70, 2.42) Reference 0.95 (0.56, 1.62) 1.84 (1.09, 3.10) 2.16 (1.29, 3.61)

Seronegative RA
# of cases/person-years 6/173 867 8/210 494 43/799 612 64/674 884 61/696 922

RR (95% CI) Unadjusted 0.90 (0.31, 2.60) Reference 1.41 (0.66, 3.01) 2.49 (1.19, 5.20) 2.29 (1.09, 4.78)
RR (95% CI) MSMa 1.03 (0.34, 3.06) Reference 1.77 (0.79, 3.99) 2.93 (1.34, 6.40) 2.77 (1.26, 6.08)

Study conducted in the Nurses’ Health Study II between 1989 and 2015. aAdjusted for previous questionnaire cycle weight
change, baseline weight in 1989, age (years, continuous), smoking (never smoker, <20 pack years of smoking, 20þ pack

years of smoking), parity and breastfeeding status (nulliparous, parous/no breastfeeding, parous/1–12 months breastfeeding,
parous/>12 months breastfeeding), menopausal status and hormone use (pre-menopausal, post-menopausal with never
use, current use and past use), census tract median family income (quartiles), physical activity (0–2.9, 3–8.9, 9–17.9, �18

METs/week), Alternative Healthy Eating Index (quartiles). kg, kilograms; MSM, marginal structural model.
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seropositive RA (RR for weight gain of �20 kg¼2.24,

95% CI 1.37, 3.65 and 2.28, 95% CI 1.28, 4.06, respect-

ively), but there was not a significantly increased risk of

RA with weight loss for all RA, seropositive RA or sero-

negative RA (Table 3). In lagged analyses, weight loss

since age 18 was likewise not significantly associated

with RA risk, and results for weight gain since age 18

were similar but attenuated for all RA (RR for weight

gain of 10 to <20 kg¼1.81, 95% CI 1.17, 2.78; RR for

weight gain of �20 kg¼1.72, 95% CI 1.12, 2.65) and

seronegative RA (RR for weight gain of 10 to

<20 kg¼2.29, 95% CI 1.11, 4.74; RR for weight gain of

�20 kg¼2.32, 95% CI 1.13, 4.79). Increased risk was

not statistically significant for seropositive RA (RR for

weight gain of 10 to <20 kg¼1.65, 95% CI 0.98, 2.79;

RR for weight gain of �20 kg¼ 1.53, 95% CI 0.90, 2.59)

(Table 3).

Discussion

In this large prospective cohort of women, we found

that long-term weight gain, both from study baseline

(covering a period of up to 26 years; median age at

baseline was 35 years) and from the age of 18, was

associated with significantly increased RA risk. For

those with the greatest amount of weight gain (�20 kg),

weight accumulated during adult life was associated

with a nearly 4-fold increased RA risk, and a >2-fold

increased risk when weight gain was calculated from

age 18. This association was present for both seroposi-

tive and seronegative RA and was slightly stronger for

seronegative RA, which is consistent with results from a

Danish case control study that found that obesity was

associated with seronegative RA and all RA [36].

Perhaps this is because the seronegative RA group

includes a potentially heterogeneous population that

may include those with different types of inflammatory

arthritis, of which inflammatory osteoarthritis has previ-

ously been positively associated with BMI [36]. The

increased RA risk we observed in association with

increasing weight gain remained even in lagged analy-

ses of 2–4 years before diagnosis, further supporting our

findings.

Weight loss was also associated with an increased

risk of all RA and seropositive RA in our main analysis,

but this association did not remain in lagged analyses.

This suggests that reverse causation due to RA cach-

exia (RA related weight loss 2–4 years prior to diagnosis)

in the non-lagged analyses may have been responsible

for these findings, and weight loss may, thus, be an indi-

cator of prodromal disease, rather than a risk factor.

Increased levels of inflammatory cytokines, in particular

TNF-a, are observed in those with RA, which may serve

to shift the body towards a catabolic state as it stimu-

lates body protein degradation [37] and these increased

cytokine levels have been observed up to 12 years be-

fore the onset of RA [38], indicating that rheumatoid

cachexia may also begin before RA is diagnosed.

Being overweight or obese is an established risk fac-

tor for RA [39], but these studies have been studying

the effect of prevalent obesity on disease risk. To our

knowledge, the effect of weight change, particularly dur-

ing adult life, on incident RA in the general population is

under-researched. This includes the novel approach of

including an evaluation of the association between inci-

dent obesity and RA risk, which is important given that

the increased risk of incident RA we found was in

younger and middle-aged women, and women reach

their peak BMI between the ages of 50 and 59 years of

age [40]. A previous study of 92 participants found that

weight change 2 years after bariatric surgery was not

significantly associated with later incident RA risk [10]

even though weight loss following bariatric surgery has

been associated with reduced disease activity among

those with RA [41]. Long-term weight gain may play a

role in increasing RA risk via systemic inflammation that

is a known underlying feature of both RA [38] and

weight gain [42]. Adipose tissue is a recognized source

of inflammatory biomarkers including TNF-a and IL-6

[43], and adipokines including adiponectin, leptin, pro-

granulin and lipocalin-2 [44]. Weight gain has been asso-

ciated with changes in CRP, IL-6, leptin and adiponectin

levels [42, 45]. Furthermore, those with RA have been

shown to have significantly higher levels of soluble TNF

receptor 2 (sTNFR2) (a proxy for TNF-a) [38] and mod-

estly higher levels of IL-6 [38] many years in advance of

disease onset, and leptin has been associated with

increased disease duration [46]. We did not assess

whether or not the weight gain found in this cohort was

attributable predominantly to a gain in fat mass, rather

than fat-free mass; however, body composition change

during the menopause transition, which many of the

women in the NHSII cohort would have been going

through during the time of our study (occurring around

50 years of age), is typically characterized by fat mass

change [47]. Therefore, for those already at an increased

risk of RA via genetic background [48] or lifestyle

choices (e.g. smoking, reduced physical activity), limiting

weight gain and its associated inflammation may be a

beneficial preventive action. However, as a single risk

factor of RA, increased adiposity might not significantly

increase clinical diagnosis of RA, compared with those

who maintained a stable weight.

Using an MSM approach in our analyses allowed us

to deal with the time-varying confounding. In addition,

by conducting our analyses in the ‘pseudo-population’

we were able to statistically approximate the study con-

ditions of a randomized controlled trial (RCT) in which

we could specify hypothetical weight-change interven-

tions of interest [49]. An RCT studying the effect of

weight change on RA risk would face several prohibitory

limitations: participants might not adhere to dietary or

lifestyle interventions leading to a weight change of up

to 20 or more kg [50]; ethical concerns associated with

randomizing participants to long-term weight gain; and

the large number of participants required to observe a

sufficient number of RA cases over a potentially long

Long-term weight changes and risk of rheumatoid arthritis among women
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study period. To our knowledge, there have been no

RCTs studying the effect of lifestyle interventions on RA

risk, likely for the above-mentioned reasons. Therefore,

using a statistical approach to approximate an RCT in

an already existing longitudinal cohort was warranted.

To obtain unbiased estimates using an MSM approach,

the following conditions are required: no measurement

error, no unmeasured confounding and no model misspe-

cification [15, 33]. In regard to the first, validated ques-

tionnaires were used to obtain all data on exposure,

covariates [26, 29] and RA outcome [20], which was add-

itionally confirmed by two independent rheumatologists.

The presence of unmeasured confounding is possible,

though the homogeneous nature of the NHSII cohort may

have limited this. Model misspecification was probably

also limited, as our results were consistent in both the

main and secondary analyses, and robust when various

cut-points were chosen for the exposure variable.

Notable strengths of this study include the long-term

nature of this prospective cohort study with repeated

measures of exposure, covariates and RA confirmed by

ACR criteria [20, 26, 29] in which a relatively small per-

centage of women were lost to follow-up (90% active

follow-up rate).

This study also has limitations of note. There may have

been some measurement error for current weight; how-

ever, self-reported weight measurement was validated in

this cohort [17, 18] with a high correlation (0.97) having

been reported between technician and self-reported

weight. Reported weight at age 18 has also been vali-

dated [18, 19] and still had a relatively high correlation

(0.87) with medical records despite the recall nature of

this question. Further, measurement error for weight

would be non-differential (similar among cases and non-

cases) and attenuate results [51]. There may also have

been differential misclassification for diagnosed RA, in-

stead of other arthritis types or chronic pain conditions.

However, all study participants had multiple questionnaire

years in which to report RA, all were trained nurses, and

self-reported RA was verified by two independent rheu-

matologists following ACR criteria, thereby limiting the

possibility of such misclassification. Due to the common

concern for residual confounding, or confounders also

being mediators, in cohort analyses, we used an MSM

approach that effectively deals with time-varying con-

founding and mediators in the context of treatment

switching (i.e. movement between categories of weight

change over the study period) [15, 32]. Further, the inci-

dence of RA in our cohort was slightly lower than that

found in the United States (US) generally [52]. In addition,

the NHSII cohort is predominantly composed of mostly

white and well-educated health professionals, with initial

age of 25–42 years. The total US population, with a much

wider age distribution, may contain more people closer

to the peak age of RA onset. Therefore, results may not

be generalizable to other populations; replication in more

diverse cohorts is recommended.

In conclusion, long-term weight gain during adult life is

an important risk factor for incident RA among women.

This finding has considerable clinical implications for coun-

selling of individuals at high risk for RA, in particular those

with a family history of the disease, and should be con-

firmed in other populations including men and non-Whites.
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