
Original article

Bariatric surgery and the incidence of rheumatoid
arthritis � a Swedish Obese Subjects study

Cristina Maglio 1,2, Yuan Zhang1, Markku Peltonen3,
Johanna Andersson-Assarsson4, Per-Arne Svensson4,5, Christian Herder6,7,8,
Anna Rudin1 and Lena Carlsson4

Abstract

Objective. The aim of this study was to determine the effect of bariatric surgery on the incidence of RA in participants of

the Swedish Obese Subjects (SOS) study.

Methods. The SOS is a longitudinal study aiming to assess the effect of bariatric surgery on mortality and obesity-

related diseases. This report includes 2002 subjects with obesity who underwent bariatric surgery and 2034 matched

controls; none of them had RA at baseline. Cases of incident RA were identified through the Swedish National Patient

Register by searching for International Classification of Diseases codes. Both intention-to-treat analyses and per-proto-

col analyses are reported. In the per-protocol analysis, participants from the control group who underwent bariatric

surgery later on during follow-up were censored at the time of surgery.

Results. During follow-up, 92 study participants developed RA. The median follow-up was 21 years (range 0�29).

Bariatric surgery was neither associated with the incidence of RA in the intention-to-treat analysis [hazard ratio (HR)

0.92 (95% CI 0.59, 1.46), P = 0.74], nor in the per-protocol analysis [HR 0.86 (95% CI 0.54, 1.38), P = 0.53]. Weight change

at the 2 year follow-up, expressed as the change in BMI compared with baseline, did not associate with the development

of RA. Higher serum CRP levels and smoking associated with the future development of RA independent of other factors.

Conclusions. We did not detect any association between bariatric surgery and the incidence of RA in subjects affected

by obesity followed up for up to 29 years.

ClinicalTrials.gov. (http://clinicaltrials.gov): NCT01479452.
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Rheumatology key messages

. Obesity has been reported as a risk factor for the development of RA.

. Bariatric surgery was not associated with a lower risk of incident RA in subjects with obesity.

. Both higher baseline CRP and smoking were associated with a greater risk for RA development.

Introduction

RA is a chronic inflammatory autoimmune disease affect-

ing primarily the joints. The disease is characterized by the

breakdown of self-tolerance mechanisms in genetically

susceptible individuals and by the activation of both

innate and adaptive immunity, leading to autoantibody

formation (RF and ACPA), synovial inflammation and car-

tilage and bone damage. The pathogenesis of RA is com-

plex and far from fully understood [1]. Several factors have

been identified that represent a risk for the development

of RA, including female sex, genetic predisposition and

smoking [2]. Large meta-analyses have also shown that

obesity is among the risk factors for the development of
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RA, especially among women [3�6]. Moreover, in subjects

with RA, obesity is associated with higher disease activity

and lower chance to achieve sustained remission [7�10].

Subjects with obesity and RA also have a worse response

to therapy, including treatment with biologic DMARDs

[11�13].

Bariatric surgery�induced weight loss in subjects with

RA has been associated with lower disease activity, a de-

crease in inflammatory markers and a decreased use of

DMARDs [14]. However, it is not known if bariatric surgery

is able to prevent the development of RA in individuals

with obesity.

The Swedish Obese Subjects (SOS) study is a longitu-

dinal controlled study on the effect of bariatric surgery on

mortality and on the incidence of obesity-related diseases

[15, 16]. We have recently shown that, in individuals with

obesity, bariatric surgery associates with a lower risk of

developing gout and psoriasis, two common inflammatory

diseases [17, 18]. The aim of this study was to determine

whether bariatric surgery associated with a lower inci-

dence of RA in SOS study participants.

Methods

SOS study design

The SOS is a longitudinal non-randomized study including

4047 subjects with obesity recruited at 25 surgical depart-

ments and 480 primary health care centres in Sweden

between 1 September 1987 and 31 January 2001, as pre-

viously described [15]. Briefly, after a recruitment cam-

paign in the media and at surgical departments and

primary health care centres, 5335 subjects were found

eligible at the matching examination. Of these, 2010 indi-

viduals chose to undergo bariatric surgery and constituted

the surgery group. A matched control group of 2037 sub-

jects was created, based on data from the matching

examination. Matching was not performed at an individual

level, but by using the method of sequential treatment

assignment on the basis of 18 matching variables, as pre-

viously reported (sex, age, weight, height, hip circumfer-

ence, waist circumference, systolic blood pressure,

triglycerides, total cholesterol, postmenopausal status,

daily smoking, diabetes, four psychosocial variables asso-

ciated with death risk and two personality traits related to

treatment preferences) [16, 20]. Ethical reasons did not

allow randomization since six of seven Swedish ethics

review boards considered the relatively high death rate

following bariatric surgery unacceptable for randomization

when the study was approved in 1987 [15, 19]. The sur-

gery patient and the conventionally treated matched pa-

tient started the study on the same day (i.e. the day of the

surgery). As previously reported, the matching process

unexpectedly created a surgery group having a slightly

higher mean body weight, a younger age and more

severe risk factors than the control group [15].

Inclusion and exclusion criteria were identical for both

groups and all the participants from the control group

were, in principle, eligible for surgery. Inclusion criteria

were age 37�60 years and BMI 534 for men and 538

for women. Exclusion criteria were previous surgery for

gastric or duodenal ulcer, earlier bariatric surgery, gastric

ulcer during the previous 6 months, ongoing or active ma-

lignancy during the past 5 years, myocardial infarction

during the past 6 months, bulimic eating pattern, drug or

alcohol abuse, psychiatric or cooperative problems con-

traindicating bariatric surgery or other rare conditions [21].

Subjects from the surgery group underwent bariatric

surgery at baseline (19% gastric banding, 68% vertical

banded gastroplasty and 13% gastric bypass). The con-

trol group received conventional non-surgical obesity

treatment at their centres of registration (ranging from in-

tensive lifestyle modifications to no treatment of any kind)

and no attempt was made to standardize the non-surgical

treatment [22]. All the subjects gave their written or oral

informed consent to participate in the study. Seven

Swedish local ethics review boards approved the study

protocol. The study is registered at ClinicalTrials.gov

with identifier NCT01479452.

Clinical and biochemical assessments

Centralized laboratory examinations were performed at

matching, at baseline and at the 2-, 10-, 15- and 20-

year follow-ups at the Central Laboratory of Sahlgrenska

University Hospital. ESR was measured at the partici-

pants’ health care centres at the time of health examin-

ation visits. CRP levels at baseline were measured with an

ultrasensitive immunoturbidimetric method (Sentinel,

Milan, Italy) using the Architect c8200 analyser (Abbott

Laboratories, Abbott Park, IL) in Helsinki, Finland between

October 2010 and April 2011. A sufficient number of

serum samples for the measurement of CRP were avail-

able for 3693 participants at baseline, when excluding

subjects with prevalent RA at baseline.

Health examinations were performed at matching, at

baseline and after 6 months and 1, 2, 3, 4, 6, 8, 10, 15

and 20 years. BMI was calculated as weight in kilograms

divided by the square of the height in metres. Changes in

BMI at the 2 year follow-up were calculated as [(value at

follow-up � baseline value)/baseline value] �100. The

variable called ‘obesity duration’ was created based on

patients’ self-reported weight at different ages and age

at baseline. The first reported BMI (calculated from self-

reported weight) 530 after 20 years of age was con-

sidered as obesity debut. Obesity duration was defined

as the time period from obesity debut to baseline age.

Outcome

The endpoint of this report was the diagnosis of RA, which

is not a predefined endpoint of the SOS study. The pri-

mary endpoint of the SOS study was mortality. Secondary

endpoints included type 2 diabetes and cardiovascular

disease [21]. To identify SOS study participants with a

diagnosis of RA, the Swedish National Patient Register

was searched for the following International

Classification of Diseases (ICD) codes for RA: 712.38

and 712.39 (ICD-8), 714.0�2 (ICD-9) and M05, M06.0,

M06.8 and M06.9 (ICD-10). The National Patient

Register includes medical records from both inpatient
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and outpatient visits all over Sweden. Inpatient care visits

have been documented since 1964, but the register

reached national coverage only in 1987. The outpatient

register does not include data about primary care, only

visits to hospital-based medical specialists, and became

nationwide in 2001. Information about serostatus was ob-

tained by a review of the ICD codes; subjects who were

seronegative at the diagnosis of RA but later developed

seropositivity according to the ICD codes were classified

as seropositive.

Based on the National Patient Register, all study par-

ticipants who had a diagnosis of RA before inclusion in the

study were considered as having ‘a prevalent RA’ and

were therefore excluded from the current study. The sub-

jects who developed RA after baseline were considered

as having incident RA. Participants were followed up until

diagnosis of RA, death, migration or end of follow-up. The

cut-off date for the current analyses was 31 December

2016. At the end of follow-up, 924 study participants

died or were censored due to emigration. Information on

death or migration was obtained from the Cause of Death

Register and the Register of the Total Population [23].

Statistical analysis

Baseline characteristics of the study population are

shown as mean (S.D.) or number (%). Baseline continuous

variables were compared by general linear model test,

whereas categorical variables were compared by �2 tests.

Kaplan�Meier method estimates of cumulative inci-

dence rates have been used to assess time to incident

RA after inclusion. Comparisons between groups were

performed by log-rank test. Hazard ratios (HRs) and cor-

responding 95% CIs for the risk of RA were calculated

with Cox proportional hazard models.

The intention-to-treat principle was used in all analyses

unless otherwise specified. In the per-protocol analysis,

participants from the control group who underwent bar-

iatric surgery during follow-up were censored at the time

of surgery. Among those subjects, study participants

who developed RA were censored only if the diagnosis

was made after the day of the surgery. Two-sided P-

values <0.05 were considered statistically significant.

Statistical analyses were performed with the Statistical

Package for Social Science (version 24.0; IBM, Armonk,

NY, USA).

Results

Baseline characteristics

We identified a total of 11 individuals with prevalent RA at

baseline, i.e. having a reported diagnosis of RA before

baseline. Therefore, after exclusion of the 11 subjects

with prevalent RA, this report included 4036 subjects:

2002 from the surgery group and 2034 from the control

group. Compared with participants from the control

group, subjects in the surgery group had higher BMI,

CRP and ESR and were more likely to be smokers, as

previously reported [15]. They also were slightly younger

compared with participants from the control group

(Table 1). As previously reported, bariatric surgery re-

sulted in a sustained reduction in BMI [�23% (95% CI

�24, �23) at the 2 year follow-up; �17% (95% CI �17,

�16) at the 10 year follow-up], whereas the change was

minimal in the control group [+0.1% (95% CI �0.3, 0.5) at

the 2 year follow-up; +1.7% (95% CI �1.0, 2.4) at the

10 year follow-up] [15].

Incidence of RA during follow-up

Ninety-two participants in the SOS study developed RA

during a follow-up for up to 29 years [median follow-up

21 years (range 0�29)]. Baseline characteristics of study

participants stratified by incident RA are shown in

Table 2. The percentage of men was lower in the group

of SOS participants who developed RA compared with

those who did not; moreover, participants who developed

RA had higher serum levels of CRP at baseline. Of the 92

study participants who developed RA, 51 were seroposi-

tive; serostatus was unknown for 17 subjects.

Bariatric surgery and the incidence of RA

Among the 92 subjects who developed RA during follow-

up, 47 belonged to the surgery group (2.3%) and 45 to the

control group (2.2%). Bariatric surgery was not associated

with the incidence of RA during follow-up, as shown in

Fig. 1A (log-rank P = 0.88). Similarly, we could not detect

any association between bariatric surgery and RA when

only seropositive RA (no = 51) was considered as the out-

come in the analysis (log-rank P = 0.52). Although previous

studies have shown that the association between higher

BMI and development of RA is stronger in women [6], we

TABLE 1 Baseline characteristics of study participants stratified by treatment group

Characteristic Control group (n = 2034) Surgery group (n = 2002) P-value

Age, years, mean (S.D.) 49 (6) 47 (6) <0.001

Sex, male, n (%) 590 (29) 589 (29) 0.77

BMI, kg/m2, mean (S.D.) 40 (5) 42 (5) <0.001
Obesity duration, years, mean (S.D.) 16 (8) 16 (8) 0.68

ESR, mm/h, mean (S.D.) 15 (11) 16 (11) 0.001

CRPa, mg/L, mean (S.D.) 6.8 (7.4) 8.1 (8.3) <0.001
Current or former smoker, n (%) 1192 (59) 1374 (69) <0.001

aMeasurements of CRP were available for 3693 study participants at baseline.
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could not detect any interaction between bariatric surgery

and sex on the incidence of RA (P = 0.92).

We also performed a per-protocol analysis. A total of

285 participants from the control group who underwent

bariatric surgery after baseline were censored at the

time of the surgery, including two subjects who developed

RA after the day of the surgery. Three subjects from the

control group developed RA before undergoing bariatric

surgery and therefore where not censored. The per-proto-

col analysis confirmed no association between bariatric

surgery and RA (log-rank P = 0.93; Fig. 1B).

Multivariable analysis for the incidence of RA

In a multivariable analysis including risk factors for RA,

bariatric surgery was not associated with the incidence

of the disease [intention to treat: HR 0.92 (95% CI 0.59,

1.46), P = 0.74; per protocol: HR 0.86 (95% CI 0.54, 1.38),

P = 0.53; Table 3]. Baseline CRP levels were significantly

associated with a higher risk of developing RA independ-

ently of bariatric surgery and other factors [intention to

treat: HR 1.28 (95% CI 1.06, 1.55), P = 0.01; per protocol:

HR 1.29 (95% CI 1.07, 1.56), P = 0.007; Table 3]. Smoking

was also associated with an increased risk for RA,

FIG. 1 Cumulative incidence of RA in the SOS study

(A) Intention-to-treat analysis. (B) Per-protocol analysis.

TABLE 2 Baseline characteristics of study participants stratified by RA diagnosis during follow-up

Characteristic Incident RA (n = 92) No incident RA (n = 3944) P-value

Bariatric surgery, n (%) 47 (51) 1955 (50) 0.77

Age, years, mean (S.D.) 48 (6) 48 (6) 0.55

Sex, male, n (%) 18 (20) 1161 (29) 0.04

BMI, kg/m2, mean (S.D.) 42 (5) 41 (5) 0.16
Obesity duration, years, mean (S.D.) 17 (8) 16 (8) 0.68

ESR, mm/h, mean (S.D.) 18 (11) 15 (10) 0.06

CRPa, mg/L, mean (S.D.) 10.1 (12.5) 7.4 (7.7) 0.002

Current or former smoker, n (%) 66 (72) 2500 (63) 0.10
Seropositive, n (%)b 51 (68) �

aMeasurements of CRP were available for 3693 study participants at baseline. bData were obtained by a review of the ICD

codes from the National Patient Register. Subjects who were seronegative at the diagnosis of RA but later developed sero-
positivity according to the ICD codes are classified here as seropositive. Seventeen subjects are not included due to unknown

status.
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although the association reached significance only in the

per-protocol analysis [intention to treat: HR 1.63 (95% CI

0.99, 2.67), P = 0.05; per protocol: HR 1.69 (95% CI 1.02,

2.81), P = 0.04; Table 3]. Neither sex nor baseline ESR,

BMI and obesity duration were risk factors for RA in this

cohort of subjects with obesity.

BMI changes and the incidence of RA

To determine whether changes in BMI rather than bariatric

surgery were associated with the development of RA, we

performed a multivariable Cox regression analysis includ-

ing BMI change at the 2 year follow-up, sex, age, ESR,

CRP and smoking. Changes in BMI at the 2 year follow-

up were not associated with the development of RA in the

intention-to-treat analysis or the per-protocol analysis [HR

0.96 (95% CI 0.82, 1.12), P = 0.57 and HR 0.99 (95% CI

0.83, 1.17), P = 0.87, respectively].

Discussion

Obesity is one of the described risk factors for the devel-

opment of RA and it negatively affects disease activity and

treatment outcomes [3, 4, 7�9]. Although it has been

shown that bariatric surgery�induced weight loss results

in decreased disease activity and improved response to

treatment, the effect of bariatric surgery on the incidence

of RA is not known [14]. In this study we could not detect

any association between bariatric surgery and the inci-

dence of RA in subjects with obesity followed up for up

to 29 years. Baseline CRP levels and smoking, but not

ESR, were associated with a greater risk of developing

RA during follow-up.

In the same cohort of >4000 subjects with obesity, we

have recently shown that bariatric surgery prevented the

development of gouty arthritis and psoriasis, but it did not

affect the incidence of PsA [17, 18]. RA and PsA are both

inflammatory joint disorders that are very different at a

clinical, immunological and pathogenic level, although

they share some features and common risk factors,

such as obesity [24]. In our previous article, the incidence

of PsA was similar in the control and bariatric surgery

groups, although there was a non-significant trend for a

lower incidence in the surgery group. Our current results

show no trends for a lower incidence of RA in the bariatric

surgery group either in the intention-to-treat analysis or

the per-protocol analysis.

Previous studies have shown that obesity augments RA

disease activity and decreases the likelihood to achieve a

sustained remission despite treatment [7�9]. Although the

negative effect of excess weight on RA disease activity

and response to treatment is widely known, the impact of

obesity per se as a risk factor for the development of RA is

still debated. Some studies show no increased risk for RA

in subjects with obesity [25�27]. Conversely, several stu-

dies, including large meta-analyses, have shown that a

higher BMI increases the risk of developing RA, although

often the increased risk due to obesity was rather modest

and possibly only limited to women [3�6, 28�30]. In our

analyses, we could not detect any significant association

between bariatric surgery as well as change in BMI 2 years

after surgery and the incidence of RA in subjects with

obesity. Moreover, no interaction was observed between

bariatric surgery and sex. However, it is important to point

out that our results do not necessarily rule out that obesity

is a risk factor for RA. It is possible to speculate that long-

term obesity, associated with a mild inflammatory state

[31], has triggered the development of asymptomatic pre-

clinical RA and that such changes could not be counter-

balanced by the subsequent weight loss. On the other

hand, our results show that obesity duration did not

affect the incidence of RA. Another possible explanation

is that the role of obesity in the pathogenesis of RA is

rather marginal, as also suggested by the HRs for the

risk of RA that in most studies, including meta-analyses,

were <1.5 [4, 5, 32]. It is also important to note that many

study participants from the surgery group still remain af-

fected by obesity even after profound weight loss follow-

ing bariatric surgery (about �23% of the original BMI), and

this allows for speculations about the possibility that an

even greater degree of weight loss might be needed to

provide protection from the development of RA.

Serum from patients with preclinical RA shows signs of

activation of the immune system, as suggested by the

presence of ACPAs, chemokines and cytokines up to

TABLE 3 Multivariable analysis for bariatric surgery and the incidence of RA

Variables

Intention to treat Per protocol

HR (95% CI) P-value HR (95% CI) P-value

Surgery vs control group 0.92 (0.59, 1.46) 0.74 0.86 (0.54, 1.38) 0.53

Men vs women 0.64 (0.37, 1.13) 0.13 0.66 (0.37, 1.16) 0.15

Age, per 10 years 1.00 (0.68, 1.48) 0.99 0.97 (0.65, 1.45) 0.89
BMI, per 10 kg/m2 1.03 (0.62, 1.71) 0.90 1.04 (0.63, 1.74) 0.87

Obesity duration, per 10 years 1.13 (0.85, 1.50) 0.40 1.16 (0.87, 1.55) 0.31

ESR, per 10 mm/h 1.04 (0.85, 1.27) 0.68 1.04 (0.85, 1.27) 0.69

CRP, per 10 mg/L 1.28 (1.06, 1.55) 0.01 1.29 (1.07, 1.56) 0.007
Current or former smoker, yes vs no 1.63 (0.99, 2.67) 0.05 1.69 (1.02, 2.81) 0.04

The adjusted HRs were calculated using a Cox proportional hazards model based on baseline data.
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10 years before the onset of the disease [33, 34]. CRP is

also known to be elevated years before the diagnosis of

RA [34�36]. Our results show that elevated CRP levels at

baseline preceded RA in subjects with obesity followed-

up for up to 29 years. This association was independent of

bariatric surgery as well as other risk factors for RA,

including smoking.

RA was not among the primary nor secondary aims of

the SOS trial, hence the study was not designed for this

outcome. As expected, the number of subjects who de-

veloped RA during follow-up was limited, suggesting that

our study might be underpowered to detect a difference in

the incidence of RA between the surgery and the control

group. Moreover, compared with the surgery group, the

control group had a less severe risk profile for RA at base-

line, including lower BMI, lower serum CRP and lower

prevalence of smokers, and to a certain extent this

might have smoothed the effect of bariatric surgery on

the development of RA. Another limitation of the study is

that the diagnosis of RA was retrieved only through the

Swedish National Patient Register by screening ICD

codes and therefore we may have missed some patients

diagnosed with RA. However, it is important to point out

that the National Patient Register is a record of all the

diagnoses made in public hospitals all over Sweden and

private practices are still uncommon in the country [37].

Moreover, in Sweden, the diagnosis of RA can be only

made by a rheumatologist, thus increasing the chances

that the record of RA diagnoses that we have is accurate.

We also have to acknowledge that the information about

serostatus is missing for 17 subjects. This limits the pos-

sibility of a more detailed analysis.

In this study we did not observe any association be-

tween bariatric surgery and the incidence of RA in sub-

jects with obesity during a long follow-up. Further

longitudinal studies in larger cohorts are needed to con-

firm this finding.
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