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The association between increased body mass index and response to conventional synthetic DMARD treatment in rheumatoid arthritis: Results from the METEOR database
Abstract
Background
Few data exist on the association between increased BMI and response to conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) in rheumatoid arthritis (RA). 
We aimed to explore the association between increased (overweight or obese) BMI on csDMARD-prescribing, methotrexate-dose and disease activity over 12-months.
Methods
Participants in an international RA database were stratified into early (<1year post-diagnosis) and established RA. EULAR response, DAS28 remission and treatments were recorded at baseline, 6-months and 12-months. Increased BMI was explored in early and established RA, as predictors of good EULAR response, DAS28 remission, number of csDMARDs and methotrexate-dose, using logistic and linear regression.
Results
Data from 1313 patients, were included, 44.3% with early RA, were examined. In early RA, increased BMI was not significantly associated with remission. In established RA, obese patients on monotherapy were significantly less likely to achieve good EULAR response or DAS28 remission at 6 months and more likely to be treated with combination csDMARDs, compared with normal BMI. In patients taking methotrexate, overweight and obese patients with early and established RA were exposed to higher methotrexate doses (mono- and combination-therapy), with a mean dose of 20mg/week, compared to 15mg/week in those of normal BMI.
Conclusion
We observed, compared to patients with normal BMI, overweight and obese individuals experienced more intensive csDMARD exposures. Similar response rates were observed in early RA but increased BMI was associated with reduced response in established RA. Optimisation of early targeted RA treatment of RA remains important, particularly in those with increased BMI where response in established disease may be attenuated.  
Keywords: rheumatoid arthritis, body mass index, DMARD, treatment, disease activity, response

Key messages:
· In established RA, patients with increased BMI are less likely to achieve remission compared to patients of normal BMI.
· In established RA, overweight or obese patients with rheumatoid arthritis are more likely to be treated with combination therapy than monotherapy.
· Overweight or obese patients are exposed to higher doses of methotrexate compared to patients of normal BMI.

BACKGROUND
Approximately 40% of the world’s population are overweight or obese [1]. High body mass index (BMI) is increasingly prevalent, up to 60%, amongst patients with rheumatoid arthritis (RA) , estimated to be up to 60% [2–4]. Obesity is a well-characterised risk factor for developing RA and is an increasingly common comorbiditycommon on first presentation of the condition [5,6].
Previous studies have demonstrateddemonstrate an association between obesity and adverse outcomes in RA, including higher disease activity, raised inflammatory markers, and increased disability [4,6,7]. In particular, highHigh  BMI at diagnosis is associated with reduced likelihood of achieving low disease activity or remission, compared to those of normal BMI, regardless of the disease modifying anti-rheumatic drug (DMARD) used [7–10]. However, most studies have been conducted in early arthritis, or within the first three years of diagnosis. Evidence, and similar work in patients with established disease is lacking [9].
Of noteDespite this, patients with high BMI have been shownappear to have slower radiographic progression [11,12], despite these poorer clinical outcomes. The explanation for this apparent paradox ical relationship between BMI and radiographic progression is not unclear, but may be due to differentialcould reflect increased csDMARD exposures in obese and overweight patients, particularly if the disease activity score (DAS28) is used as a treatment target (the “treat-to-target” approach). Excess adiposity is an inflammatory state and can increase DAS28 scores.  The effect of increased adiposity on inflammation is reflected in several components of DAS28 including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and swollen joint count [4,13]. This is further compounded by the effect of obesity on global health scores- Furthermore, patient-reported outcome measures (PROMs) in RA indicate a strong association between obesity in RA is strongly associated with and decreased health-related quality of life (HRQoL) [8,10]. Low likelihood of remission in such patients may therefore be due to a pro-inflammatory state, or PROMs, e.g. patient global assessment. 
Despite the difference in remission outcomes between obese and non-obese patients with RA, the same treat-to-target approach continues to beis used for all. It is not known whether obese and overweight patients require more intensive csDMARD therapy, or increased dose of commonly used csDMARDs, such as methotrexate (MTX), in order to achieve the same treatment targets as patients with normal BMI. Such information would enable more informed prescribing practices at diagnosis, in conjunction along with a holistic approach encompassing diet and lifestyle advice. 
Measurement of Efficacy of Treatment in the Era of Outcome in Rheumatology (METEOR) is an international, observational database, capturing real-world data of the daily clinical practice and management of patients with RA . As of 2016, the database contains data from >39,000 patients, >200,000 visits, in 32 different countries, and continues to grow [14,15]. The database comprises anonymised patient data, including basic demographics, and information at baseline and follow-up visits including disease activity and components, physical function, and medication use [16]. 
We aimed to explore the associations between overweight or obese (i.e. increased) BMI and response to treatment and DMARD prescribing patterns, stratified by patients with early and established RA, over a 12 -months period. We explored the association between increased BMI and response to csDMARD therapy and remission, and identify whether BMI is associated with use of combination csDMARDs and MTX dose of MTX prescribed.

METHODS
Study design and patient recruitment
This study used real-world data entered intoin the international METEOR database, between the years 2008 and 2013 (inclusive). Countries were included if data was of sufficient quality and completeness to conduct analyses. Information on the cohort has previously been described elsewhere [15,16]. Patients with a clinically confirmed diagnosis of RA were recruited at their initial (baseline) visit, and were included in the study if they had a confirmed follow-up appointment with a rheumatologist at 6 and 12 months (i.e. data at three3 time-points). Subjects were included if only if they had attendance was recorded at baseline, 6 months and 12 months. Patients were stratified by disease duration, with patients <≤1-year post-diagnosis of RA considered to havehaving early RA (eRA), and those >1-year post-diagnosis having established RA (estRA). 
Data were collected during regular healthcare appointments and subsequently anonymised.  A detailed description of the METEOR database has been published previously [15]. The METEOR Executive Scientific Committee approved this study and obtained approval to use data from participating centres. As all data were fully anonymised, and this study included data collected during regular health care (not from intervention studies) reviews, approval of the protocol by local ethics committees was not deemed necessary. All study procedures were in accordance with the Declaration of Helsinki.
Data collection and analysis
Basic demographics, clinical and laboratory data (components of disease activity score, DAS), and medication were recorded at each visit. Variables recorded include: patient demographics (gender, age at onset and baseline visit, height, weight), duration of disease, rheumatoid factor (RF), anti-CCP, and smoking status (ever or never smoking).
[bookmark: _Hlk67836022]Clinical and laboratory data comprised ESR, CRP, tender joint count (TJC) and swollen joint count (SJC) (from the 28 joints included in theas per the DAS28 score [17]), patient global and pain visual assessment score (VAS), and health assessment questionnaire (HAQ), which were recorded at baseline visit, and at 6 and 12 months. DAS28 was calculated at each visit, and remission assessed using the DAS28 remission criteria (DAS28≤2.6) and European League Against Rheumatism (EULAR) response criteria (good EULAR response defined as DAS28≤3.2 and a decrease in DAS28 >1.2 compared to baseline) [18]. EULAR response and DAS28 at subsequent visits (at 6 and 12 months) were compared to baseline visit (first visit).  
[bookmark: _Hlk68353457]DAS28 was calculated differently depending on completeness of submitted data from different participating centres. This included DAS28-ESR, the DAS28-CRP and DAS28 based on three variables. Of note, there were varying levels of missing data, especially for patient global assessment scores and HAQ. Due to the manner in which data is entered into the METEOR database (i.e. anonymised), it was not possible to retrospectively investigate reasons for incomplete data.
Doses of csDMARD medication were variable in completeness. Analyses on dosing variability between patients of varying BMI were therefore only conducted for MTX, as the most frequently-prescribed csDMARD and the drug for which the most complete dosing information was available. 
Exposure
BMI was calculated at baseline, using the recorded height and weight, as per World Health Organisation (WHO) definitions: normal weight (18.5-<25 kg/m2); overweight (25-<30 kg/m2); obesity (≥30 kg/m2) [1]. Underweight individuals (BMI<18.5kg/m2) were excluded from  these analyses due to the low prevalence of cases and unclear impact on response to treatment in this subgroup [19]. Exposure variables were overweight or obese BMI at baseline, as compared to patients in the WHO-defined “normal BMI” category.
Outcome
Increased BMI at baseline (overweight or obese, as per the above definitions) was explored as a predictor of DAS28 remission and good EULAR response (and their components), compared to individuals of normal BMI. Analyses were performed separately in patients with eRA and estRA, and also performed at each follow-up time-point i.e. at 6 and 12 months. Increased BMI was also explored as a predictor of number of DMARDs prescribed and MTX dose prescribed, as the most commonly used csDMARD [20]. 
Covariates
Covariates were age, gender, smoking, and baseline outcome variables (where applicable). When assessing outcomes of EULAR response and DAS28 remission, baseline DAS28 was included asconsidered a covariate. When assessing for individual components of either remission outcome, the respective baseline component of DAS28 or EULAR response was included as a covariate.
Statistical analysis
Analyses were conducted using logistic and linear regression models, controlling for the above covariates. Sensitivity analyses were subsequently performed accounting ffor corticosteroid- use (dose and duration of corticosteroids prescribed wereas unnot available).
Linear regression models used to assessassessing dose of MTX prescribed at 6 and 12 months were controlled for baseline MTX dose. In addition, rRepeated-measures multivariate analysis of variance (MANOVA) was undertaken to assess for within-person correlation.
Sensitivity analyses were also performed for symptom duration and to account for possible geographical differences by including country as a variableexplore how representative the study sample was to all METEOR participants from included countries.  

RESULTS
Baseline demographics and disease activity
From the complete database, we identified the patients with sufficient quantity and quality of data to be included in this study. Complete exposure and outcome data were available for 1,313 patients from 11 countries at baseline and follow-up visits, and these were therefore included in the analyses. Overall, 1,056 of the 1,313 patients were female (80.4%), with a mean age of 53.5 years (SD 13.3). 
With regards to disease stage of disease, 582 patients were classed as having eRA and 731 with estRA. Table 1 shows demographic and clinical variables in patients with eRA, and Table 2 describes variables in patients with estRA, . Patients are stratified by BMI category.
In both eRA and estRA, there was a relatively similar distribution of patients of normal BMI and overweight, with slightly fewer classed as obese, and a small proportion who were underweight (and excluded from analyses). 
[bookmark: _Hlk68366821][bookmark: _Hlk67834595]A sensitivity analysis was performed to compare participants with complete data at the three study visits with all of the METEOR participants with baseline data from the 11 included countries (n=8262). No significant differences were observed for gender, age, BMI category, smoking status or CCP status (supplementary table 1).
Summary of medication use
Table 3 summarises the csDMARD use s taken by patients at baseline, 6-month and 12-month visits, stratified by baseline BMI. A small number of patients stopped taking the drug after the second visit, although the reason for stopping has not been recorded. Numbers stratified by eRA and estRA for all drugs are described below.
[bookmark: _Hlk57756682]Results in in patients with early RA
With regards to patients with eRA, 582 patients were included in this study, with a mean age of 49.8 years (SD 13.6). Mean symptom duration was 3.91 years (SD 6.13) with mean time since diagnosis of 0.0420 years (SD 0.320). 196 patients had a normal BMI at baseline, with 200 overweight, 157 obese and 29 underweight. Patients who were underweight were excluded from all analyses, meaning 553 were ultimately included. At baseline, 112 patients were taking at least one csDMARD, increasing to 507 at 6 months and 505 at 12 months. With regards to co-prescription of biologic DMARDs (bDMARD), 2two patients were taking a bDMARD at baseline visit, 18 at 6 months and 32 at 12 months. Of the included patients, 115 were in DAS28 remission at 6 months and 132 were in DAS28 remission at 12 months.

[bookmark: _Hlk58447247][bookmark: _GoBack]With regard to patients newly starting a csDMARD, 398 patients with eRA commenced a csDMARD at the baseline visit, and 384 of these patients remained on this csDMARD at the second visit (i.e. at 6 months). The reason for cessation ofstopping medications at any visit were not recorded. Overall, in eRA, no associations were observed between increased BMI and likelihood of achieving DAS28 remission or good EULAR response at either 6 or 12 months, both in patients newly starting monotherapy or any combination of csDMARDs during the study period (as per outcomes in supplementary Ttable 21). There was also no significant association demonstrated in patients with eRA, between BMI and likelihood of taking combination csDMARD therapy (Table 4).

[bookmark: _Hlk57756709]Results in patients with established RA
With regards to patients with estRA, 731 were included in this study, with a mean age of 56.4 years (SD 12.4). Mean symptom duration in these patients was 12 years (SD 8.98) with mean time since diagnosis of 9.76 years (SD 7.67). Of the 731 patients, 270 had a normal BMI, 264 were overweight, 189 were obese and eight patients were underweight. Since the underweight patients were excluded from the analyses, 763 patients with estRA were ultimately included. 612 patients were taking at least one csDMARD at the baseline visit, increasing to 634 at both 6 and 12 months. With regards to co-prescription of a bDMARD, 182 patients were taking a bDMARD at the baseline visit, increasing to 417 at 6 months and 423 at 12 months. At 6 months, 249 patients were in DAS28 remission, with 248 in remission at 12 months.
[bookmark: _Hlk58447304]The numbers of patients with estRA newly starting a csDMARD at baseline visit was too low to conduct meaningful analyses (n=35). Therefore, all analyses were conducted in patients established already ontaking a csDMARD. In estRA, obese patients were significantly less likely to achieve DAS28 remission at 6 and 12 months, and good EULAR response at 6 months, compared to those of normal BMI (Figure 1). No significant association between BMI and remission outcomes was demonstrated in overweight patients classed as overweight with estRA.
Obese patients with estRA, exposed totaking csDMARD monotherapy, were significantly less likely to achieve DAS28 remission [OR 0.47 (95%CI 0.24-0.88)] or good EULAR response [OR 0.4 (95%CI 0.23-0.7)] at 6 months, compared to those of normal BMI (supplementary table 3). A similar point estimate was observed at 12 months. Analysing specific components of remission, only TJCtender joint count was increased in overweight individuals with estRA who were ontaking monotherapy, at 6 months follow-up [β 1.05 (95%CI 0.05-2.06)]. Sensitivity analyses to account for corticosteroid use demonstrated nodid not significantly change in outcomes. 
Obese estRA patients were more likely to be treated withtaking combination csDMARD therapy, than monotherapy, compared with those of normal BMI, significant at 6 months [OR 1.59 (95% CI 1.03-2.45)] (Table 4).
Association between increased BMI and MTX dose in all patients
MTX dose was available for 613 patients at sequential visits. Within this subgroup, overweight and obese patients, with both eRA and estRA, were exposed to higher doses of MTX at 6- and 12-month follow-up, compared to those of normal BMI (Figure 2). At follow-up, in overweight patients with eRA, linear regression analysis of BMI and MTX dose demonstrated: β 5.33 (95% CI 3.10-7.56); and in obese patients with eRA: β 6.01 (95% CI 3.57-8.46). In overweight patients with estRA, similar linear regression models demonstrated: β 4.87 (95% CI 3.79-5.95); in obese patients with estRA: β 2.69 (95% CI 1.56-3.83). This included patients taking MTX as part of combination therapy. Looking at MTX dosing at the baseline visit alone, a mean weekly dose of 20mg (SD 6.91) was prescribed in patients with overweight and obese BMI at baseline, compared to 15mg (SD 5.70) in those with normal BMI. 
[bookmark: _Hlk58447077]In all models, sensitivity analyses for symptom duration and geographical location did not change the significance of results. In order tIn order to investigate the influence of geographical location, all models were conducted by region; this did not ; this did not lead to a statistically significantly change the in point estimate. It is not known, however, if the variation in geographical location leads to change in clinical significance.

DISCUSSION
[bookmark: _Hlk57755367]Here, we report results from an observational study in an international “real-world” database of RA patients, with associations between BMI and response to csDMARD therapy which are relevant to the management of patients with RA.
In our cohort of patients with established RA, results are consistent with previous data demonstrating decreased likelihood of achieving remission in obese patients  with RA, despite similar therapy with csDMARDs as those of normal BMI [7]. This has previously been shown in multiple clinical trials and a larger metanalysis of 5131 patients with RA [7,8,21]. We did not, however, demonstrate a similar association in patients with early RA who are overweight or obese.
Previous studies have demonstrated an association between increased BMI and a reduced response to csDMARDs in RA [8,21,22]. Our study adds to this in several ways. We observe that stage of disease is important when assessing response to csDMARDs in RA patients with increased BMI. In our cohort of patients with estRA, results are consistent with previous data demonstrating decreased likelihood of achieving remission in obese patients, despite similar therapy with csDMARDs as those with normal BMI [7]. This has previously been shown in clinical trials and a large metanalysis of 5131 patients with RA [7,8,23]. We did not, however, demonstrate a similar association in patients with early RA.
Obese patients with estRA taking monotherapy were less likely to attain DAS28 remission or good EULAR response in our cohort, compared to non-obese patients on monotherapy. OAdditionally, overweight and obese patients with estRA were more likely to be on combination csDMARD therapy, compared to patients of normal BMI (Table 4). Despite this, having estRA and increased BMI was associated with decreased likelihood of achieving remission. Obese individuals were also found to be taking higher doses of MTX, compared to patients of normal BMI, in both eRA and estRA. While the association between BMI and response to treatment in RA is well-described in the literature [6,8,22], our study adds to the field by demonstrating altered prescribing patterns in overweight and obese individuals, including an increased number of csDMARDS and increased dose of MTX. It is possible that these more intensive treatment regimens are required in order to attain remission or good EULAR response, although we were unable to demonstrate this in our study. However, given that obese patients with eRA, as well as estRA, were exposed to higher doses of MTX compared to patients of normal BMI, this may account for the similar responses seen in patients of all BMI categories with early disease. 

[bookmark: _Hlk57922264]Previous studies have demonstrated an association between increased BMI and a reduced response to csDMARDs in RA [8,23,24]. Our study adds to this in several ways. We have observed that stage of disease is important when assessing response to csDMARDs in RA patients with increased BMI. In patients with estRA, increased BMI was associated with decreased likelihood of achieving remission. This is despite our observation that this group of patients is more likely to be on combination DMARD therapy compared to patients of normal BMI (Table 4).I However, iIncreased BMI was not associated with reduced remission rates in RA patients treated in the first 2-3 years of symptom duration. This may reflect the “treat-to-target” approach in eRA, partly and is in part supported by our observation that both eRA and estRA patients took were found to be taking higher doses of MTX in our cohort than similar patients of normal BMI.  The lack of association between increased BMI in eRA patients and remission or EULAR response in the METEOR cohort may also reflect the limitations of real-world data collection, for example inconsistencies in recording time since diagnosis, components of DAS28 and height and weight at baseline (seediscussed further in ‘Strengths and Limitations’).
While the association between BMI and response to treatment in RA is well-described [6,8,24], our study also demonstrates altered prescribing patterns in overweight and obese individuals, including an increased number of csDMARDS in estRA and increased MTX dose in both eRA and estRA. It is possible that these more intensive treatment regimens are required to attain remission or good EULAR response, although we were unable to demonstrate in our study whether patients prescribed higher MTX doses would have had similar outcomes had they been prescribed similar doses to patients of lower BMI. However, given that obese patients with both eRA and estRA were exposed to higher doses of MTX compared to patients of normal BMI, this may account for the similar responses seen in patients of all BMI categories with early disease.
[bookmark: _Hlk58448998]We know from previous studies thatPrevious studies show that, regardless of BMI, patients with estRA have less frequent remissions compared to eRA [25]. A recent meta-analysis reportdemonstrated frequency of remission in estRA asto be 19%, compared with 49% in eRA , when both groups were on active treatment [26]. In those patients with estRA and very high BMI, disease activity and physical dysfunction are significantly increased [19]. In this study, we observed similar outcomes for patients with established RA and increased BMI, despite  the increased csDMARD exposure in these individuals.
Obesity is a risk factor for developing RA and is highly prevalent at first presentationamongst those first presenting with the disease [4,5]. One reason suggested for the association between high BMI and poor clinical outcomes in RA may be the role of adipose tissue, not simply as a means of energy storage, but as an endocrine organ secretingthis is  adipokines, secreted from adipose tissue, which s . Adipokines are bioactive molecules serveing multiple regulatory functions, including the control of energy intake and inflammation [4,7][4]. Increased adiposity leads to increased production of these pro-inflammatory moleculesadipokines. Obesity may therefore be , leading obesity to be considered as a pro-inflammatory state. Several adipokines have been suggested tomay underpin the pathogenesis and disease evolvement of RA [7,13,27,28], e.g.for example leptin and adiponectin. Leptin, a satiety factor , is secreted by adipose tissue,  and is directly correlated with adipose mass. In RA, there are increased levels of leptin, whichIncreased leptin in RA contributess to joint damage [29] and disease activity [30]. A recent study demonstrated low leptin levels and low disease activity in patients with eRA and low disease activity, treated with 3 months of MTX [31]. Adiponectin , on the other hand, decreases with increasing body mass, and appears to havehas both anti- and pro-inflammatory properties [13,27]. There areThe high circulating adiponectin levels in patients with RA  compared to those without , possibly leading to increased may increase inflammation via mediation of factors such as IL-6,  and leads to . Adiponectin is also associated with radiographic progression in RA, irrespective of BMI [32–34] [34].
Whilst increased adiposity is a plausible suggestion for poorer clinical outcomes seen in overweight or obese RA patients with RA, it does not tell the full story. BMI is not a true indicator of percentage body fat mass,, and , in fact, patients with RA and cachexia may in fact have increased body fat mass, potentially leading to increasedincreasing activation of adipokines and subsequent poor clinical outcomes [19,35]. Furthermore, our results demonstrate an association between obesity and decreased likelihood of DAS28 remission, suggesting other mechanisms than simply increased inflammation leading to poorer clinical outcomes. Disease activity scores may remain higher in overweight or obese versus patients of normal BMI for multiple reasons including those not associated with RA, such as increased levels of pro-inflammatory cytokines associated with adiposity itself, as described above. This can lead to increases in Iinflammatory markers such as ESR and CRP,  are raised in obese patients with RA, reflective of the pro-inflammatory state induced by increased adiposity, contributing to increased DAS28 [6,36].
It is likely possible that the association between increased BMI and decreased likelihood of remission is more due to limitations in the DAS28 measurement, rather than underlying inflammation, although in reality, is likely to be a combination of the two. Obesity has the potential to influence disease outcomes through multiple mechanisms in addition to immunological changes. Decreased pain thresholds in patients with increased BMI may contribute to higher patient global VAS [37], while increased levels of mental health comorbidities such as depression, and anxiety, and as well as fatigue, associated with obesity, impactcontribute to quality of life scores [38–40]. Furthermore, given the lack of association between BMI and radiographic disease progression, DAS28 may falsely overestimate disease activity in patients with increased BMI, partly due to joint assessment being more difficult in obese patients [12,41].
While obesity is clearly associated with RA at disease onset, it carries prognostic implications throughout the disease trajectory. As well as leading to a pro-inflammatory state, fFactors such asincluding the use of corticosteroids as well asand inactivity due to disease burden, can further contribute to increased BMI and the cardio-metabolic comorbidities [3], highlighting the need to address BMI as part of RAthe management of RA. More work is therefore required in this field, particularly with a view to using BMI as a guide for optimal management in these patientsto guide management.

Strengths and Limitations
Our study is strengthened by the fact it usesuse of “real-life” data from multiple countries,  therefore representative of a broad patient demographic and s well as management practices. The database comprises longitudinal follow-up over time, enabling factors including patient characteristics, DAS28 and components, and medication-use to be monitored and analysed over time. We were also able to determine DAS28 and EULAR response outcomes for patients taking a broad range of RA drugs, as well as being able to and stratify analyses by early and established RA.
[bookmark: _Hlk57755413]Our study was limited by multiple factorshad several limitations. Firstly, this is a retrospective observational cohort study and therefore correlation does not equal causality. Aassociations between BMI and response to csDMARD therapy are not necessarily causal in nature, i.e. increased BMI does not necessarily lead directly to a given response to therapy.
[bookmark: _Hlk58449787]Furthermore, real-life data comes with limitations, in this case, a high incidence of missing data which greatly reduced the number of eligible subjectssample size. Subjects were only included if they had data recorded at each of the three timepoints (baseline visit, 6 months and 12 months). Due to inconsistencies in the recording of data and extent of missing variables, it was deemed inappropriate to use imputation to account for the amount of missing data in the subjects who were excluded from the studyin excluded individuals. Possible iInaccuracies in data-recording may also arise which are difficult to correct due to the multi-national nature of the dataset. However, comparison of the study sample to all country-specific METEOR registrants at this time did not reveal differences in age and gender in the registrant group, and no significant differences between prevalence of BMI categories. This is exemplified by the sSymptom duration for patients with early RA, with a mean of was a mean of 3.91 years, . This is longer than would be expected for patients with early disease. This , and could be due to a number ofnumerus factors includinge inaccurate data-recording, but also regional variations in early RA diagnostic and management pathways. DAS28 was calculated differently based on the available data. It was not possible because of anonymisation to obtain complete DAS28 component scores for all included participants. This may lead to bias but, as not unidirectional, is unlikely to influence the results significantly. 
Missing data included dosing and duration data for most drugs, including corticosteroids, meaning we were unable to account for these. However, we attempted to overcome these limitations by including only those countries with complete baseline and follow-up data at 6 and 12 months, and performing sensitivity analyses for corticosteroid use, despite lack of dosing data. We were also unable to account for sequential DMARD use, due to having only 12 months of data. In a study of extended duration, this is something we would wish to explore.

[bookmark: _Hlk67835823][bookmark: _Hlk57757498]Another major limitation of this study, particularly inMany patients with estRA were co-prescribed , is the co-prescription of a bDMARD with a csDMARD in most of the cohort. Due to the low numbers of patients with estRA on just csDMARD therapy, it would not have been possible to exclude patients with bDMARDs. Results on the associations between bDMARD therapy and remission outcomes in patients with estRA in this cohort are reported elsewhere [42] and form part of ongoing work. Initial results demonstrate obesity to be associated with delayed response to -mab tumour necrosis factor-inhibitors, with no change in response to etanercept with varying BMI..
The international nature of the database leads to inconsistencies in data entries between individual clinicians and organisations, again rendering some entries unable to be included. The missing data included dosing and duration data for most drugs, including corticosteroids, meaning we were unable to account for these in our models. However, we attempted to overcome these limitations by including only those countries with complete baseline and follow-up data at 6 and 12 months, and performing sensitivity analyses for corticosteroid use, despite the lack of dosing data. We were also unable to account for sequential DMARD use, due to having only 12 months of data, with 2 follow-up visits, available. In a study of extended duration, this is something we would wish to explore. While our analyseswe have demonstrateddemonstrate multiple associations with the potential to improve clinical practice, the small final cohort size means results may not be fully applicable at population level. There is therefore a need to repeat this study in a larger international cohort. The use of longitudinally-collected (observational) data also means it is difficult to infer causality. Finally, our analyses include data only until 2014; however, our findings remain relevant due to the continued large-scale use of , and reliance on, traditional csDMARDs, as well asand the persisting , rising prevalence of increased BMI in this population.
SummaryConclusion
In conclusion, our data confirm theOur data are consistent with previous studies demonstrating decreased likelihood of clinical remission in obese patients with RA, but adds to the field in multiple ways. Patients with eRA and increased BMI have similar rates of remission to those with normal BMI, but have increased csDMARD exposure. In estRA, increased BMI is associated with increased csDMARD exposure, but likelihood of DAS28 remission remains low. Based on these data, Ppatients with both eRA and estRA, who are overweight or obese, may require increased doses of MTX in order to achieve remission, compared with those of normal BMI.
Our results support a targeted approach to csDMARD treatment, which should be continued beyond the first few years of the disease process. Optimisation of early targeted treatment of RA remains important, particularly in those with increased BMI, where response in established disease may be attenuated.  Consideration of treatment regimens should be tailored to the individual patient, being mindful that higher doses or combination csDMARD treatment may be required in RA patients with increased BMI. 
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