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Abstract

Objective—We investigated the effect of weight loss after bariatric surgery among patients with 

rheumatoid arthritis (RA).

Methods—We conducted a retrospective cohort study of RA patients who underwent bariatric 

surgery (Roux-en-Y gastric bypass, laparoscopic adjustable gastric banding, or sleeve 

gastrectomy) at two medical centers. We obtained anthropometrics, laboratory values, RA disease 

activity, and medication use at baseline (prior to surgery), at six and twelve months post-surgery, 

and at most recent follow-up visits. RA disease activity was determined by clinical or validated 

measures. At each post-surgical visit, characteristics were compared to baseline.

Results—We identified 53 RA patients who underwent bariatric surgery. At baseline prior to 

surgery, mean body mass index was 47.8 kg/m2 (SD 7.7), mean weight was 128.2 kg (SD 24.1), 

and 57% had moderate/high RA disease activity. Twelve months post-surgery, subjects lost a 

mean of 41.0 kg (SD 17.3), 70% (SD 24) of excess weight (P<0.001). RA disease activity 

significantly improved at post-surgical visits (P<0.001). At 12 months post-surgery, 6% had 

moderate/high disease activity compared to 57% at baseline (P<0.001). At most recent follow-up 

(mean 5.8 years [SD 3.2] after surgery), 74% were in remission compared to 26% at baseline 

(P<0.001). Subjects had significantly lower erythrocyte sedimentation rate, C-reactive protein, and 

RA-related medication use at follow-up visits compared to baseline (P<0.05).

Conclusion—After substantial weight loss from bariatric surgery, RA patients had lower disease 

activity, decreased serum inflammatory markers, and less RA-related medication usage. Weight 

loss may be an important non-pharmacologic strategy to reduce RA disease activity. However, 

Correspondence: Jeffrey A. Sparks, MD, MMSc, Department of Medicine, Division of Rheumatology, Immunology and Allergy, 
Brigham and Women's Hospital, 75 Francis Street, Boston, MA 02115, Phone: (617) 732-5325, Fax: (617) 732-5766, 
jasparks@partners.org. 

Financial disclosures: The authors report no other financial disclosures.

Author contributions: All authors were involved in drafting the article or revising it critically for important intellectual content, and 
all authors approved the final version to be published. Dr. Sparks had full access to all of the data in the study and takes responsibility 
for the integrity of the data and the accuracy of the data analysis.
Study conception and design. Sparks, Halperin, E. Karlson, Bermas.
Acquisition of data. Sparks, Halperin, E. Karlson, Bermas.
Analysis and interpretation of data. Sparks, Halperin, J. Karlson, E. Karlson, Bermas.

HHS Public Access
Author manuscript
Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 December 01.

Published in final edited form as:
Arthritis Care Res (Hoboken). 2015 December ; 67(12): 1619–1626. doi:10.1002/acr.22629.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



other factors, such as improved efficacy of medications, improved physical activity, and metabolic 

changes, may also have contributed to these post-surgical improvements.

Introduction

Obesity, defined as a body mass index (BMI) greater than 30 kg/m2, is a serious public 

health problem that has been associated with many chronic diseases, including hypertension, 

diabetes mellitus, coronary heart disease, and cancer (1). Additionally, obesity causes a 

systemic inflammatory state due in part due to the secretion of adipokines by adipocytes and 

is associated with an elevation of serum inflammatory markers, such as C-reactive protein 

(CRP) and erythrocyte sedimentation rate (ESR) (2, 3). Overweight and obesity are 

associated with an increased risk of incident rheumatoid arthritis (RA) as well as increased 

RA disease severity and decreased treatment efficacy (4-8).

Bariatric surgery causes substantial weight loss that has been associated with improvement, 

and sometimes remission, of chronic diseases such as diabetes mellitus and hypertension (9, 

10). Weight loss after bariatric surgery decreases serum uric acid levels in patients with 

diabetes and reduces serum inflammatory markers in the obese (11-13). However, the effect 

of substantial weight loss after bariatric surgery on systemic inflammatory rheumatic 

diseases has not been studied.

RA is a systemic, inflammatory autoimmune disease that affects about 1% of the population 

and causes polyarthritis (14). Elevation of acute phase reactants, including ESR and CRP, 

often correlate with RA disease activity (15). Disease-modifying antirheumatic drugs 

(DMARDs) are the mainstay of RA treatment, while glucocorticoids and non-steroidal anti-

inflammatory drugs (NSAIDs) are used for symptomatic relief (16). Non-pharmacologic 

treatments such as dietary changes, physical activity, and weight loss, typically play a 

secondary role in RA management; it is unclear whether these interventions modify RA 

disease activity (17).

In this retrospective cohort study, we aimed to determine the effect of weight loss after 

bariatric surgery on RA. We hypothesized that weight loss after bariatric surgery would 

improve RA disease activity, decrease serum markers of inflammation, and reduce RA-

related medication usage.

Methods

Study sample and data source

We conducted a retrospective cohort study of RA patients who underwent bariatric surgery 

using electronic medical record (EMR) data. To identify potential subjects, we performed 

electronic queries in the Partners HealthCare Research Patient Database Registry among 

patients with clinical data at Brigham and Women's Hospital and Massachusetts General 

Hospital (both located in Boston, Massachusetts, USA) between 1993 and 2013. Bariatric 

surgery was defined as Roux-en-Y gastric bypass (current procedural terminology [CPT] 

codes 43644, 43645, or 43864), sleeve gastrectomy (CPT code 43775), laparoscopic 

adjustable gastric banding (CPT codes 43659 or 43770), or other absorption limiting gastric 
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procedures (CPT codes 43842, 43843, 43845, or 43847). We reviewed EMR notes from 

three months prior to surgery to July 2014 among subjects with at least two billing codes for 

RA (714.0) according to the 9th edition of the International Classification of Diseases 

(ICD-9). All subjects met the 1987 American College of Rheumatology RA classification 

criteria at time of bariatric surgery (18). Subjects who had adequate clinical data available in 

the EMR before and after bariatric surgery were included in the study (see Figure 1 for flow 

diagram defining the analyzed study sample). All aspects of this study were approved by the 

Partners HealthCare Institutional Review Board.

Demographics, RA disease, anthropometrics, laboratory, and clinical measures

The index date was defined as the date of bariatric surgery. We collected data at the 

following time points: index date, baseline (closest clinical assessment prior to bariatric 

surgery), six months (±2) post-bariatric surgery, 12 months (±2) post-bariatric surgery, and 

most recent follow-up. Data were collected through routine medical care; medical records 

with assessments of joint signs, symptoms, and RA disease activity measures were 

prioritized for review. Data on demographics, comorbidities, and RA characteristics 

(serologic status, bone erosions on radiography, and disease duration) were evaluated as 

available at the index date.

BMI was calculated based on measured weight (in kilograms) divided by measured height 

(in meters-squared) (19). We calculated weight loss at each post-surgical time point, as well 

as percent excess weight loss (percent of baseline weight above BMI of 25 kg/m2 lost at 

each post-surgery point) (20). Laboratory values (CRP, ESR, white blood cell count [WBC], 

and platelet count) were measured in the routine clinical setting.

Two board-certified rheumatologists (JAS and BLB) reviewed medical records to determine 

RA disease activity, the second of whom was blinded to timing of bariatric surgery and 

amount of weight lost. RA disease activity was categorized according to accepted criteria 

into high, moderate, low, or remission (21, 22). Validated RA disease activity measures 

were available for 9/53 subjects at baseline and at least one follow-up point. Measures 

included: Disease Activity Score with 28-Joint Count with CRP (DAS28-CRP), DAS28-

ESR, Clinical Disease Activity Index (CDAI), Simplified Disease Activity Index (SDAI), 

and Routine Assessment of Patient Index Data (RAPID).(23) Some subjects had RA disease 

activity measured by DAS28-CRP or CDAI in computerized modules designed for use in 

routine medical care (24). Since validated measures were unavailable in most patients, 

abstractors based assessment on patient symptoms, tender/swollen joint count, laboratory 

data, and treating clinician's global clinical assessment of RA disease activity according to 

an agreed upon a priori protocol (24). RA-related medications were collected at each time 

point and included DMARDs (further classified as biologic [bDMARD] or non-biologic 

[nbDMARD]), NSAIDs, and glucocorticoids.

Statistical analysis

We compared changes in anthropometrics, laboratory values, RA disease activity, and RA-

related medication use between each post-surgical time point and baseline values for each 

subject using paired statistical tests. We used paired T-tests for normally distributed 
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continuous variables, Wilcoxon signed-rank tests for non-normally distributed continuous 

variables, and McNemar's test for categorical variables. We compared measures at six and 

12 months post-surgery and at most recent follow-up, to baseline measures. For all analyses, 

we considered a two-tailed P value <0.05 as statistically significant. Analyses were 

performed using IBM SPSS Statistics for Windows, Version 22.0 (Armonk, NY).

Results

We identified 53 RA patients who underwent bariatric surgery at two large academic 

medical centers with EMR data before and after surgery. Surgeries occurred between 2000 

and 2012 for subjects in these analyses. The mean age at bariatric surgery was 47.9 years 

(standard deviation [SD] 10.5), 94% of subjects were female, and 72% were white (Table 1). 

Roux-en-Y gastric bypass was the most frequent type of bariatric surgery (81% of subjects). 

At bariatric surgery, all subjects were obese: mean weight was 128.2 kg (SD 24.1) and mean 

BMI was 47.9 kg/m2 (SD 7.7). The mean duration of RA was 8.6 years (SD 8.1), 51% were 

seropositive, and 40% had radiographic evidence of bone erosions. The most common 

comorbidities were osteoarthritis (26%), asthma (25%) and type 2 diabetes mellitus (25%).

After bariatric surgery, subjects lost substantial weight (mean 32.5 kg [SD13.6] at six 

months post-surgery, 41.0 kg [SD 17.3] at 12 months post-surgery, and 35.4 kg [SD 23.0] at 

most recent follow-up; P<0.001 for all time points compared to baseline). Mean most recent 

follow-up visit was 5.8 years (SD 3.2) after bariatric surgery and occurred up to July 2014. 

Mean BMI at six months post-surgery was 35.7 kg/m2 (SD 6.9); 12 months post-surgery 

was 32.6 kg/m2 (SD 7.0); and most recent follow-up was 34.6 kg/m2 (SD 8.0) (P<0.001 for 

all time points compared to baseline BMI; mean 47.8 kg/m2 [SD 7.7]). Twelve months after 

bariatric surgery, subjects lost a mean of 70% (SD 24) of excess weight above a BMI of 25 

kg/m2.

At baseline, 51% of subjects were classified as having moderate RA disease activity, 6% as 

high, 17% as low, and 26% were in remission. RA disease activity category measures were 

significantly lower at all follow-up time points compared to baseline (P<0.001, Table 2). 

Twelve months after bariatric surgery, only 6% of subjects were classified as having high or 

moderate RA disease activity at baseline, decreased from 57% at baseline (P<0.001). 

Twelve months after bariatric surgery, 68% of subjects were in remission compared to 26% 

at baseline (P<0.001).

CRP was significantly lower at six months post-surgery (10.1 mg/L [SD 13.1], P<0.05), 12 

months post-surgery (5.9 mg/L [SD 8.2], P<0.001) and most recent follow-up (4.1 mg/L 

[SD 5·4], P<0.001), all compared to baseline (26.1 mg/L [SD 20.9], Figure 2). Similarly, 

ESR was significantly lower at six months post-surgery (35.4 mm/hr [SD 20.4], P<0.05), at 

12 months post-surgery (26.1 mm/hr [SD 2.0], P<0.05), and at most recent follow-up (18.0 

mm/hr [SD 12·6]; P<0.001) all compared to baseline (45.7 mm/hr [SD 26.2]). The use of 

DMARDs, NSAIDs, and glucocorticoids were decreased at all post-surgical time points 

compared to baseline (P<0.05). At baseline, 93% of subjects were on a DMARD compared 

to 59% at 12 months post-surgery (P<0.001). Biologic and non-biologic DMARD use was 

less common at all post-surgical time points (P<0.05). However, similar frequencies of 
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subjects were taking two or three DMARDs at every time point assessed. Only one subject 

(2%) was in remission on no RA-related medications at baseline compared to 12 (23%) 

subjects at 12 months post-surgery, however this was not statistically significant (P=0.28). 

Figure 3 shows study subjects stratified by RA disease activity categories assessed at 

baseline. RA disease activity improved after substantial weight loss from bariatric surgery in 

subjects classified with high, moderate, and low RA disease activity, and remained stable for 

subjects in remission at baseline.

Some subjects experienced serious adverse events after bariatric surgery (19/53 [36%] 

experienced at least one adverse event). Ten subjects (19%) underwent re-operation for lysis 

of adhesions, persistent nausea, malposition, dehiscence, or ventral hernia repair. Six 

subjects (11%) had post-operative serious infections (consisting of wound infection, 

pneumonia, and C. difficile colitis) and three subjects (6%) had intestinal obstructions. 

Pulmonary embolism occurred in one subject (2%) 94 days after initial Roux-en-Y gastric 

bypass and 28 days after exploratory laparoscopy for persistent nausea and gastrostomy tube 

placement. One subject (2%) died 111 days after Roux-en-Y gastric bypass; an autopsy was 

not performed.

Discussion

Our study describes reduced serum inflammatory markers, decreased RA disease activity 

and less RA medication use after bariatric surgery in patients with RA. Twelve months after 

bariatric surgery, subjects in our study lost a mean of 41 kg, corresponding to 70% mean 

excess weight loss. Prior to bariatric surgery, 57% had moderate/high RA disease activity, 

and this decreased to only 6% twelve months after surgery. This was not related to more 

aggressive medical management, as RA-related medication usage also significantly 

decreased after bariatric surgery, with 98% on medications at baseline compared to only 

66% one year after surgery. We also observed significantly decreased serum inflammatory 

markers at all post-operative time points compared to baseline.

Only one prior study investigated the effect of weight loss on RA. Engelhart et al. enrolled 

19 overweight RA patients in a non-surgical weight loss intervention; subjects lost a mean 

of 4.5 kg and their physical function significantly improved (25). No prior study has 

investigated the effects of more substantial weight loss on RA, the effects of bariatric 

surgery on RA, or examined changes in RA disease activity before and after bariatric 

surgery. While reductions in ESR and CRP after bariatric surgery have been previously 

reported, ESR and CRP changes in RA patients after bariatric surgery have not been studied 

(12, 13). A previous study evaluating CRP levels after bariatric surgery also noted 

improvements in CRP, though not as marked as the reduction in CRP that we report (26). In 

that study, CRP levels at baseline prior to bariatric surgery were 3.6 mg/L (compared to 26.1 

mg/L in our study), 2.6 mg/L six months post-bariatric surgery (10.1 mg/L in our study), and 

0.96 mg/L twelve months post-bariatric surgery (5.9 mg/L in our study) (26). Therefore, the 

reduction of CRP in the patients in our study was beyond what was expected from weight 

loss alone and thus may reflect an intrinsic reduction in systemic inflammation.
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Excess body weight has been associated with higher risk of developing RA (4, 7, 27). Others 

have suggested that adipocyte-derived pro-inflammatory cytokines such as leptin, resistin, 

and visfatin contribute to ongoing inflammation that may eventually manifest in clinical RA 

and increase RA disease activity (28). In a high-risk population with arthralgias and positive 

RA-related antibodies, those who smoked and had increased BMI were more likely to 

develop classifiable RA (29).

Obesity may also contribute to a more severe clinical course among those with RA. Elevated 

BMI is associated with worse RA outcomes compared to those with normal BMI, including 

higher RA disease activity, poorer clinical response to treatment, worse quality of life, lower 

physical function, and more pain (5, 30-32). Among early RA patients however, obese 

patients are less likely to develop bone erosions compared to those with normal BMI, 

perhaps due to paradoxical anti-inflammatory effects of adiponectin on synoviocytes 

(33-35).

RA patients with obesity may have reduced response to DMARDs. In several studies, 

among those initiating tumor necrosis factor-α inhibitors, RA patients with obesity were less 

likely to be in remission after one year compared to those with normal BMI (8, 36-39). 

Other DMARDs may also be less effective in obese patients compared to those without 

obesity (40). Therefore, the high RA disease activity we observed prior to bariatric surgery 

may have been in part explained by decreased DMARD efficacy in those with more severe 

obesity. In our study, we note that similar frequencies of patients were on two or more 

DMARDs both before and after bariatric surgery, but the frequency of patients on a single 

DMARD markedly decreased. The overall markedly reduced need for DMARDs together 

with the increase in medication-free remission after bariatric surgery suggests that intrinsic 

changes in RA disease activity or response to DMARDs may have occurred.

The use of non-DMARD RA-related medications was also significantly reduced after 

bariatric surgery in our study. It is possible that the observed reduction in RA-related 

medication usage was in part due to perioperative medication adjustments as prior to 

bariatric surgery, patients are typically instructed to discontinue immunosuppressants, 

glucocorticoids, and NSAIDs due to the perioperative risk of gastrointestinal bleeding, poor 

wound healing, and infection. However, this is unlikely to be the sole explanation, as the 

reduction in RA-related medication persisted well after surgery, with 28% of subjects in 

remission off all RA-related medications at most recent follow-up (mean 5.8 years), 

accompanied by continued improvement in RA disease activity. This contrasts with prior 

studies in which only 12% of medically treated RA patients remain medication-free after 

two years of clinical remission (41). Our results suggest that bariatric surgery might 

significantly reduce the need for RA-related medications and even induce long-term RA 

remission requiring no medications in some patients.

Obesity is clearly associated with osteoarthritis, and 26% of subjects in our study had this 

diagnosis (42, 43). This association may be due in part to metabolic, in addition to 

mechanical, factors, as osteoarthritis is more prevalent in persons with obesity not only in 

weight-bearing joints, but also in the hands (43). Thus, it is possible that hand osteoarthritis 

contributed to some signs and symptoms of pain, tenderness, and swelling in our study, 
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which might have also improved with weight loss (44). However, in our study the majority 

of subjects were seropositive and many had bone erosions, characteristic of RA but not 

osteoarthritis. Moreover, all subjects were assessed by experienced rheumatologists, who 

had expertise in differentiating between hand osteoarthritis and the findings of RA. 

Nonetheless, detecting synovitis in small joints in obese patients by physical examination 

alone is difficult even for experienced clinicians; therefore some of the reported 

improvements in joint examinations may have been due to reduced adiposity after bariatric 

surgery.

Some subjects in our study experienced serious adverse events after bariatric surgery, 

including re-operation, infection, pulmonary embolism, and death. Due to the limited sample 

size of our study, we are unable to determine whether adverse events from bariatric surgery 

in RA patients differ compared to the general population of patients undergoing bariatric 

surgery (10).

Our study has several limitations. The study design was a retrospective uncontrolled, 

observational cohort without a comparison group that utilized data collected in routine 

medical care. Ascertainment of RA disease activity was performed by blinded chart review 

when validated measures were not available. However, among a subset of subjects (N=9) 

with validated RA disease measures available at baseline and at least one follow-up time 

point, our findings were similar. Since validated measures were not collected consistently, 

we were not able to analyze whether individual components of RA disease activity 

measures, such as tender or swollen joints, were also improved after bariatric surgery. A 

potential source of bias in our study was that patients and providers were aware of bariatric 

surgery status, weight lost, and improvements in ESR and CRP. These factors might have 

influenced components of RA disease activity measures. We attempted to reduce this 

potential source of bias by blinded chart review to bariatric surgery status and weight loss.

Since we relied on data collected during routine clinical practice, not all data were available. 

For example, not all subjects had RF and anti-CCP tested at the institutions in this study as 

some had longstanding deforming RA diagnosed elsewhere and serologic markers were not 

routinely retested. Moreover, some subjects had longstanding RA diagnosed prior to the 

clinical availability of anti-CCP. This may explain a relatively low frequency of seropositive 

RA patients in this study. We note that obesity may have a stronger association with 

seronegative RA than seropositive RA, particularly in women (7). In our study, some 

subjects were excluded due to inadequate data for analysis, raising the possibility that our 

study sample may not be representative of patients with active RA (see Figure 1). However, 

given that both institutions included our study are large tertiary centers where RA patients 

with severe or refractory disease are routinely referred, our study sample likely represents 

RA patients with longstanding and active RA. In addition, almost all subjects in our study 

were women, likely reflecting the female predominance in both RA prevalence and bariatric 

surgery seekers. This raised the question of whether the effects of obesity in RA may be 

different for women and men (7, 45). However, the impact of weight loss after bariatric 

surgery on RA disease activity in our study was substantial, so that even a modest effect in 

men may still have clinical benefit.
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Decreased mechanical strain on joints, subjective improvements in overall health, increased 

efficacy of medications at reduced weight, improved diet, and increased physical activity, 

may all have influenced RA disease activity measures without representing true changes in 

the underlying disease. While these factors may have played a role in the post-surgical 

improvements observed in our study, the substantial improvements in RA disease activity 

measures, reduced serum markers of inflammation, and decreased use of RA-related 

medications are all suggestive of reduced systemic inflammation.

Finally, we note that it is unclear whether the observed improvement in RA measures after 

bariatric surgery is related to the substantial weight loss itself, or to surgery-specific effects. 

Bariatric surgical procedures have profound metabolic effects, beyond those attributable to 

weight loss (46). In patients with type 2 diabetes who undergo Roux-en-Y gastric bypass, 

the need for glucose-lowering medications is significantly reduced within days, well before 

significant weight loss (47). The mechanisms responsible for these effects are only partially 

understood, and hypotheses include alterations in the microbiome, which may also influence 

RA (48-50). Alterations in gut hormones after bariatric surgery, particularly glucagon-like 

peptide-1, may further modulate inflammation and metabolic factors involved in RA disease 

activity (51). We were unable to investigate whether the specific surgical interventions, or 

the degree of weight lost, have differential effects on changes in RA measures in our study. 

Prospective studies of RA patients undergoing bariatric surgery with consistent 

measurement of RA disease activity, metabolic factors, and tissue samples for microbiome 

and translational studies are necessary to clarify the exact mechanisms for the clinical 

improvement we observed after bariatric surgery in RA patients.

In conclusion, we demonstrated that after bariatric surgery RA disease activity significantly 

improved, serum markers of inflammation decreased, and the usage of RA-related 

medications decreased. In this observational study, these effects were evident six months 

after surgery and persisted for years. Our findings suggest that weight loss may have an 

important role in the non-pharmacologic management of RA in patients with obesity. 

Whether the observed improvements in RA are attributable to substantial weight loss, 

specific effects of bariatric surgery, decreased inflammatory burden, reduced mechanical 

joint stress, improved quality of life, or a combination of these factors, warrants further 

study. Prospective, controlled studies are needed to elucidate the impact of weight loss and 

bariatric procedures on inflammation and disease activity in RA and to determine the 

mechanisms that mediate these effects.
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Significance and Innovation

• Previous studies indicate that obesity worsens rheumatoid arthritis (RA) disease 

activity and contributes to worse clinical outcomes, but no study has evaluated 

the effect of substantial weight loss after bariatric surgery among patients with 

RA.

• Among 53 RA patients who underwent bariatric surgery, there were significant 

improvements in RA disease activity, serum inflammatory markers, and RA-

related medication usage.

• One year after bariatric surgery, only 6% had moderate/high RA disease activity 

compared to 57% at baseline (P<0.001).

• These findings suggest that substantial weight loss may have an important role 

in the non-pharmacologic management of RA in patients with obesity although 

factors specifically related to bariatric surgery may have contributed to the 

improvements described.
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Figure 1. 
Flow diagram illustrating the identification of the final analyzed study sample (CPT, Current 

Procedural Terminology; ICD-9, International Classification of Diseases, 9th Revision; RA, 

rheumatoid arthritis).
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Figure 2. 
Mean values in subjects at baseline (prior to bariatric surgery), six months post-surgery, 12 

months post-surgery, and most recent follow-up: A. body mass index; B. C-reactive protein; 

C. erythrocyte sedimentation rate; D. white blood cell count; E. platelet count. *P<0.05 

compared to baseline; **P<0.001 compared to baseline.
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Figure 3. 
Rheumatoid arthritis disease activity in subjects after bariatric surgery stratified by RA 

disease activity classification at baseline prior to bariatric surgery.
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Table 1

Characteristics of subjects at bariatric surgery (N=53).

Mean age, years (SD) 47.9 (10.5)

Female sex, n (%) 50 (94)

Race, n (%)

 White 38 (72)

 Black 8 (15)

 Hispanic 7 (13)

Type of bariatric surgery, n (%)

 Roux-en-Y gastric bypass 43 (81)

 Laparoscopic adjustable gastric banding 7 (13)

 Sleeve gastrectomy 3 (6)

Body mass index, kg/m2 (SD) 47.9 (7.7)

Weight, kg (SD) 128.4 (23.6)

WHO BMI category, n (%)

 Normal (18.5-24.9 kg/m2) 0 (0)

 Overweight (25-29.9 kg/m2) 0 (0)

 Obese I (30-34.9 kg/m2) 2 (4)

 Obese II (35-39.9 kg/m2) 8 (15)

 Obese III (≥40 kg/m2) 43 (81)

Comorbidities, n (%)

 Osteoarthritis 14 (26)

 Asthma 13 (25)

 Type 2 diabetes mellitus 13 (25)

 Congestive heart failure 4 (8)

 Coronary artery disease 3 (6)

 Cancer 2 (4)

 Chronic obstructive pulmonary disease 1 (2)

RA characteristics, n (%)

 Positive rheumatoid factor 25 (47)

 Positive anti-cyclic citrullinated peptide 16 (30)

 Seropositive RA* 27 (51)

 Erosive RA 21 (40)

RA duration, years (SD) 8.6 (8.1)

RA disease activity, n (%)

 Remission 14 (26)

 Low 9 (17)

 Moderate 27 (51)

 High 3 (6)

RA-related medications**, n (%)

 On any DMARD 49 (93)

 On any bDMARD 27 (51)
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 On any nbDMARD 37 (70)

 Number of DMARDs

  0 4 (8)

  1 32 (60)

  2 13 (25)

  3 4 (8)

 On NSAID 24 (45)

 On glucocorticoid 9 (17)

 On any DMARD, NSAID, or glucocorticoid 52 (98)

 Remission and no DMARDs, NSAIDs, or glucocorticoids 1 (2)

*
Seropositive RA was defined as positive rheumatoid factor or anti-cyclic-citrullinated peptide antibody.

**
Medications were as of baseline visit (mean of 96 days [SD 89] prior to bariatric surgery).

BMI, body mass index; bDMARDS, biologic disease-modifying anti-rheumatic drugs; DMARDs, disease-modifying anti-rheumatic drugs; 
nbDMARDs, non-biologic disease-modifying anti-rheumatic drugs; NSAIDs, non-steroidal anti-inflammatory drugs; RA, rheumatoid arthritis; SD, 
standard deviation; WHO, World Health Organization.
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Table 2

Characteristics of subjects at baseline, six months post-bariatric surgery, 12 months post-bariatric surgery, and 

most recent follow-up visit (N=53).

Baseline (mean 
96 days [SD 89] 
before bariatric 

surgery) 
(Reference)

6 months post-
bariatric surgery

12 months post-
bariatric surgery

Most recent follow-
up (mean 5.8 years 

[SD 3.2] post-
bariatric surgery)

Anthropometrics, mean (SD)1

Body mass index, kg/m2 47.8 (7.7) 35.7 (6.9)** 32.6 (7.0)** 34.6 (8.0)**

 Change in body mass index, kg/m2 N/A -12.1 (4.8)** -15.2 (6.1)** -13.3 (8.3)**

Weight, kg 128.2 (24.1) 95.8 (22.0)** 87.7 (20.0)** 93.2 (24.0)**

 Change in weight, kg N/A -32.5 (13.6)** -41.0 (17.3)** -35.4 (23.0)**

 % Excess weight loss N/A 56 (21)** 70 (24)** 57 (47)**

RA disease activity and medication use, N 
(%)1

RA disease activity

 Remission 14 (26) 38 (72)** 36 (68)** 39 (74)**

 Low 9 (17) 12 (23)** 9 (17)** 12 (23)**

 Moderate 27 (51) 2 (4)** 3 (6)** 1 (2)**

 High 3 (6) 1 (2)** 0 (0)** 0 (0)**

RA-related medications

 On any DMARD 49 (92) 41 (77)* 31 (59)** 33 (62)**

 On any bDMARD2 27 (51) 23 (43)** 19 (36)** 25 (47)**

 On any nbDMARD3 37 (70) 29 (55)* 23 (43)* 22 (42)*

 Number of DMARDs

  0 4 (8) 12 (23)* 17 (32)* 19 (36)*

  1 32 (60) 27 (51)* 16 (30)* 17 (32)*

  2 13 (25) 12 (23)* 12 (23)* 12 (23)*

  3 4 (8) 2 (4)* 3 (6)* 4 (8)*

 On NSAID4 24 (45) 8 (15)* 8 (15)* 8 (15)*

 On Glucocorticoid 9 (17) 7 (13)* 5 (9)* 3 (6)*

 On any DMARD, NSAID, or 
glucocorticoid

52 (98) 44 (83) 35 (66) 35 (66)

 Remission and no DMARDs, NSAIDs, or 
glucocorticoids

1 (2) 8 (15) 12 (23) 15 (28)

*
P<0.05 compared to baseline.

**
P<0.001 compared to baseline.

1
Changes in anthropometrics, laboratory values, RA disease activity, and medication usage are compared to baseline.
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2
Biologic DMARDs used were etanercept, adalimumab, infliximab, golimumab, abatacept, rituximab, and tocilizumab.

3
Non-biologic DMARDs used were methotrexate, hydroxychloroquine, sulfasalazine, azathioprine, and mycophenolate mofetil.

4
Non-steroidal anti-inflammatory drugs used were ibuprofren, naproxen, celecoxib, rofecoxib, nabumetone, etodolac, diclofenac, and 

indomethacin.

bDMARDS, biologic disease-modifying anti-rheumatic drugs; DMARDs, disease-modifying anti-rheumatic drugs; ESR, erythrocyte sedimentation 
rate; N/A, not applicable; nbDMARDs, non-biologic disease-modifying anti-rheumatic drugs; NSAIDs, non-steroidal anti-inflammatory drugs; 
RA, rheumatoid arthritis.
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