The RESIST Study: Examining cognitive change in rheumatoid arthritis patients with mild cognitive impairment being treated with a TNF-inhibitor compared to a conventional synthetic disease-modifying anti-rheumatic drug
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Abstract
Background: Evidence suggests that TNF inhibitors (TNFi) used to treat rheumatoid arthritis (RA) may protect against Alzheimer’s disease progression by reducing inflammation.
[bookmark: _Hlk157757704]Objective: To investigate whether RA patients with Mild Cognitive Impairment (MCI) being treated with a TNFi show slower cognitive decline than those being treated with a conventional synthetic disease-modifying anti-rheumatic drug (csDMARD). 
Methods: 251 participants with RA and MCI taking either a csDMARD (N = 157) or a TNFi (N = 94) completed cognitive assessments at baseline and 6-month intervals for 18 months. It was hypothesised that those taking TNFis would show less decline on the primary outcome of Free and Cued Selective Reminding Test with Immediate Recall (FCSRT-IR) and the secondary outcome of Montreal Cognitive Assessment (MoCA). 
Results: No significant changes in FCSRT-IR scores were observed in either treatment group. There was no significant difference in FCSRT-IR between treatment groups at 18 months after adjusting for baseline (mean difference = 0.5, 95% CI = -1.3, 2.3). There was also no difference in MoCA score (mean difference = 0.4, 95% CI = -0.4, 1.3).
Conclusions: There was no cognitive decline in participants with MCI being treated with TNFis and csDMARDs, raising the possibility both classes of drug may be protective. Future studies should consider whether controlling inflammatory diseases using any approach is more important than a specific therapeutic intervention. 
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INTRODUCTION
There is growing research interest into the role of inflammation in the progression of Alzheimer’s disease (AD). Studies have shown that microglia in the central nervous system interact with soluble amyloid-beta (Aβ) oligomers and Aβ fibrils via cell-surface receptors, resulting in an inflammatory response mediated in part by the production of proinflammatory cytokines, including tumour necrosis factor (TNF)-α [1, 2]. This response is thought to be beneficial in the early stages of AD, aiding the clearance of Aβ. However, sustained activation of microglia over time, persistent exposure to proinflammatory cytokines and microglial process retraction can cause functional and structural changes that result in neuronal dysfunction, followed by degeneration [3, 4].
[bookmark: _Hlk135733563]There is evidence that peripheral blood concentrations of TNF-α are significantly higher in AD patients compared to healthy controls [5]. Furthermore, Holmes et al. [6] demonstrated an increased rate of cognitive decline in AD patients with high systemic levels of TNF-α. These findings have led to the hypothesis that reduction in circulating levels of TNF-α could lead to reduced cognitive decline in AD patients. To investigate this, a six-month pilot study administered a weekly dose of the TNF inhibitor (TNFi) etanercept to 15 AD patients [7]. Results showed a significant improvement in cognitive function among the patients, although there was no control group for comparison. A small randomised, placebo-controlled trial designed to assess tolerability that allocated 41 AD patients to receive either 50mg of etanercept or a placebo over 24 weeks found trends that favoured etanercept but no significant between-group differences in cognitive decline [8]. 
Rheumatoid arthritis (RA) is a chronic, systemic inflammatory condition primarily affecting the joint synovium. Evidence suggests that dementia risk is greater among RA patients [9]. It has been suggested that RA patients may represent a useful model population to study the association between inflammation and dementia, given that they exhibit higher levels of systemic inflammation and thus processes driven by inflammation (such as cognitive decline) may be accelerated in these individuals [10]. Furthermore, existing immunosuppressant medications used to treat RA may offer a therapeutic approach to AD by reducing systemic inflammation.
The typical first line of treatment for RA are conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) such as methotrexate. Methotrexate treatment has previously been associated with both lower [11] and higher risk [12] of dementia in RA patients. If patients do not respond to csDMARDs or are unable to tolerate them, they may be prescribed a biological drug, such as a TNFi [13, 14]. Several large-scale cross-sectional studies have reported a lower risk of developing AD among individuals with RA on TNFi treatment [15-18] (example OR 0.45 [15]). Another study of 210 RA patients without diagnosed dementia found that those being treated with a TNFi had a 50% reduced risk of cognitive impairment [19]. This finding indicates that TNFi may be protective before the onset of AD, for example among individuals with Mild Cognitive Impairment (MCI). Patients with MCI demonstrate memory impairment but do not have clinical symptoms of dementia [20]. The risk of developing AD is greater among people diagnosed with MCI, with evidence suggesting this risk is even greater among individuals carrying the APOE ε4 allele [21, 22]. 
Previous research therefore suggests that dementia risk may be lower among RA patients taking a TNFi. However, there is a lack of longitudinal studies that provide evidence for a protective effect against cognitive decline over time. A twelve-week pilot study of 15 RA patients without diagnosed cognitive impairment found that TNFi treatment was associated with improvement in cognitive function [23], but further evidence with larger samples and longer follow-up times is necessary to draw conclusions. The rheumatoid arthritis medication and memory study (RESIST) examined whether treatment with a TNFi may be associated with reduced cognitive decline in RA patients with MCI. It was hypothesised that RA patients treated with a TNFi would show less decline over an 18-month period compared to those taking a csDMARD. 
METHODS
Design and participants
RESIST was a longitudinal, observational study examining cognitive change in older adults with both RA and MCI. Data were collected during four visits to participants’ homes over an 18-month period. Study eligibility criteria were: a) age 55 and over; b) fluent in English; c) able to give informed consent to participate; d) willing and able to participate for the duration of the study; e) diagnosis of RA according to EULAR/ACR criteria [24]; f) being treated with either a csDMARD (leflunomide, methotrexate, azathioprine, cyclosporin, cyclophosphamide, sulfasalazine or hydroxychloroquine sulfate) or a TNFi (etanercept, infliximab, golimumab, adalimumab or certolizumab; participants may have also been taking a csDMARD in conjunction); g) diagnosis of MCI according to Petersen criteria [20]. Exclusion criteria were: a) significant visual/hearing impairment that would interfere with ability to complete cognitive tests; b) participation in another research study involving administration of any investigational drug; c) any previous or current medical condition that may impact on cognitive performance (according to Principal Investigator’s judgement); d) taking a non-TNFi biologic immunosuppressant (tocilizumab, abatacept, rituximab, baricitinib, sarilumab, belimumab, secukinumab, ustekinumab, ixekizumab or tofacitinib); e) taking a cholinesterase inhibitor (donepezil, rivastigmine or galantamine) or memantine. 
Participants were recruited from specialist rheumatology clinics across three UK healthcare trust areas. Three clinics were located within the Belfast Health and Social Care Trust (Belfast City Hospital, the Royal Group of Hospitals and Musgrave Park Hospital), one within the Northern Health and Social Care Trust (Antrim Area Hospital), and one within the University Hospital Southampton NHS Foundation Trust (University Hospital Southampton). Specialist nurses or rheumatology consultants from these clinics identified potentially eligible participants during regularly scheduled outpatient check-up appointments and referred them to members of the study team for screening, either immediately following these appointments or at a later date (usually within two weeks). 
The screening process involved a short interview. After obtaining written informed consent, participants provided demographic information along with a list of medication they were currently taking. Participants then completed the Montreal Cognitive Assessment (MoCA) [25]. Individuals who met the eligibility criteria outlined above were formally recruited into the study and booked in for the first home visit. Recruitment and screening were carried out between April 2018 and March 2020; the final follow-up visit was conducted in October 2021. 
Power analysis indicated that a sample size of 324 participants (108 TNFi and 216 csDMARD) was necessary for over 80% power at an alpha level of .05 (based on the assumption of a decline of 3.2 points [SD = 4.7] on the primary outcome measure in the untreated group [i.e. participants not on a TNFi], derived from [26], and a 50% reduced decline of 1.6 points [SD = 4.7] in the treated group [i.e. participants on a TNFi]). Assuming a 10% rate of drop-out in both groups, a target sample size of 360 was set (120 TNFi, 240 csDMARD).
This study was conducted in accordance with ethical standards as laid down in the Declaration of Helsinki. This study received approval from the West Midlands - Black County Research Ethics Committee (REC reference: 17/WM/0161). Research governance permission was also granted by local research and development departments in both Northern Ireland (BHSCT, NHSCT) and Southampton (UHS). All participants provided written informed consent to take part.
Materials and measures
Medication
	Participants were asked to list all medications that they were currently taking at study screening – this information was used to categorise them into either the csDMARD group or the TNFi group. The TNFi group included all participants currently taking a TNF inhibitor, either solely or in conjunction with a csDMARD. Corticosteroid (prednisolone) use was also recorded.  
Outcome measures
The primary outcome of the study was performance on the Free and Cued Selective Reminding Test with Immediate Recall (FCSRT-IR) [27]. The FCSRT is designed to measure memory under conditions that ensure appropriate attentional and semantic processing of stimuli, allowing for the measurement of any specific memory impairment absent of other impairments in attention or semantic ability. Participants were presented with a card containing four words. During the study phase, participants were asked to search for each word (e.g., ‘grapes’) using a unique category cue (e.g., ‘fruit’). Once all four items were identified, the card was removed and immediate cued recall was tested. Participants were asked to identify each item using the category cue (e.g., ‘tell me the name of the fruit’). The study phase was repeated for any items not retrieved during immediate recall, until all four items were retrieved. This procedure was then repeated with three other cards, until a total of 16 items had been identified and retrieved during immediate recall. Following 20 seconds of interference (counting backwards or forwards depending on the participant’s ability), there were three recall trials, consisting of free recall followed by cued recall for any items not retrieved during free recall. Selective reminding was conducted for any items not retrieved during cued recall. There were 20 seconds of interference between each trial. Two scores were recorded, both out of 48: free recall (the total number of items retrieved over the three free recall trials) and total recall (total number of items retrieved over the three free recall trials + the total number of items retrieved over the three cued recall trials). Different word lists were used for each visit to reduce practice effects.
	The secondary outcome of the study was MoCA score. The MoCA is a ten-minute, cognitive screening tool commonly used to detect MCI. The test assesses cognitive function across several domains, including memory, visuospatial ability, executive function, attention, concentration, working memory, language and orientation. The maximum possible score is 30. To reduce any possible practice effects, version 7.1 was used for screening, and version 7.3 was used for main study visits. Scores were adjusted for education level, with one point added for participants with twelve or fewer years of education.
Covariates
	Covariates included a range of potential confounders that may account for differences in cognitive outcomes among RA patients. Participants’ level of education was measured as a binary variable (≤/> 12 years). RA disease duration was measured as number of years since diagnosis at visit 1 (the year of diagnosis was reported by participants and confirmed in clinical records, if available).
The DAS-28 ESR [28] was used to assess RA disease activity. The DAS-28 ESR provides a composite score based on three measures: a count of swollen and/or tender joints (out of 28), erythrocyte sedimentation rate and self-rating of general wellbeing on a visual analogue scale (VAS; i.e., participants marked a line labelled ‘Best Imaginable Health State’ and ‘Worst Imaginable Health State’ at either extreme, scored 0-100). DAS-28 scores can range from 0 to 9.4. High RA disease activity has previously been associated with cognitive impairment [29].
	The Geriatric Depression Scale-Short Form (GDS) [30] was used to measure depressive symptoms. The questionnaire includes 15 yes/no items. The maximum score is 15, with higher scores representing a greater number of depressive symptoms. Higher GDS score has previously been linked to greater cognitive decline [31].
	 The short version of the Health Assessment Questionnaire (HAQ-DI) [32] was used to measure participants’ overall functional status. The HAQ-DI includes 20 items covering a range of functional activities across eight categories: dressing/grooming, rising, eating, walking, hygiene, reach, grip and usual activities. Response options for each item are 0 = ‘without any difficulty’, 1 = ‘with some difficulty’, 2 = ‘with much difficulty’, and 3 = ‘unable to do’. The total score was calculated as the average of the highest score from within each category, ranging from 0 to 3 (scores are adjusted according to the use of aids/devices/physical assistance); higher HAQ scores have been linked to poorer cognitive function in RA patients [19]The short version of the Health Assessment Questionnaire also included a visual analogue scale measurement of pain. Participants indicated their current overall level of pain by marking a 10cm line labelled ‘no pain at all’ and ‘my pain is as bad as it could possibly be’ at either extreme. Scores can range from 0 to 100.
Blood collection
Blood samples were obtained by venepuncture of a peripheral vein. At baseline blood samples were taken for DNA analysis of APOE ε4 genotype. Serum and plasma samples were initially stored at -80C onsite at either the Centre for Public Health, Queen’s University Belfast or the Memory Assessment and Research Centre Southampton. APOE genotyping was performed at the QUB Core Genomics Facility using Taqman Real Time PCR Assays (Thermo Fisher Scientific).
Procedure
Study assessments were conducted in participants’ homes by trained members of the study team (either a specialist dementia research nurse, a PhD student or a post-doctoral researcher). Four home visits took place at six-month intervals. At the first visit, participants first provided written informed consent. The original screening procedure was then repeated (i.e., participants indicated any changes to their medication and completed the MoCA) – at this point any participants who no longer met the eligibility criteria were excluded from the study. Those who were still eligible then provided a detailed medical history, and completed the FCSRT-IR, DAS-28, GDS and HAQ-DI. A blood sample was also collected. This procedure was repeated at each follow-up visit (with the exception that participants were no longer excluded based on their MoCA score at visit 2, 3 or 4). 
COVID-19
The COVID-19 pandemic had a substantial impact on the study. Study recruitment and fieldwork was halted when England and Northern Ireland entered a period of lockdown in March 2020, and did not resume until September 2020. At this point the opportunity to complete scheduled follow-ups had been missed for many participants. Once fieldwork had resumed, many participants chose not to continue with the study. Although specific reasons were not recorded, some expressed that they were not comfortable with a researcher visiting them at their home. It is important to note that given the sample in this study were aged 55 and over and immunosuppressed they were likely to be at greater risk of severe disease. In order to mitigate risk of COVID-19 infection, once data collection resumed all visits were conducted with full personal protective equipment (face mask, apron and gloves). There was an additional pause in data collection during a period of increased restrictions between January and May 2021. A decision was made to focus on completing fourth visits. As such, numbers of participants who completed visit 4 were slightly higher than those who completed visits 2 and 3. 
	The pandemic also had an impact on the duration of time between study visits. Descriptive statistics for the duration of each of these intervals is presented in Supplementary Material (Supplementary Table 1). As per study protocol follow-up visits were scheduled to take place at 6 month intervals (+/- 2 weeks). Due to lockdown-related delays, the average interval between visit 1 and visit 2 was approximately 6 and a half months (198.6 days, SD = 43.8). The average interval between visit 1 and visit 3 was 13 and a half months (408.3 days, SD = 77.4). The average interval between visit 1 and visit 4 was approximately 23 months (701.9 days, SD = 170.7).
Statistical analysis
All analyses were conducted in R (version 4.2.2) [33]. Due to larger rates of attrition at visit 2 and visit 3, analyses focused on visit 4 as the primary study end-point. Scores at visit 1 were treated as the baseline. To examine any possible systematic patterns of study withdrawal, Welch’s t-tests were conducted to compare baseline characteristics of those who did and did not complete the primary study end-point visit on all study outcomes and covariates (chi-square tests were used for categorical variables). Comparisons of baseline characteristics between the TNFi group and the csDMARD group were also conducted.  
Paired t-tests were used to test for significant within-group changes in cognitive outcomes and measures of disease activity  over time for both the csDMARD group and the TNFi group. 
To examine group differences in cognitive change over time, analysis of covariance (ANCOVA) was conducted to calculate the difference in mean FCSRT-IR scores between the TNFi and csDMARD groups at study end-point while controlling for baseline scores [34]. Adjusted models repeated the above analysis controlling for additional covariates (age, gender, education, RA disease duration, baseline VAS pain, baseline VAS wellbeing, baseline DAS-28 score, baseline GDS score and baseline HAQ-DI score). 
To examine the possible moderating effect of APOE genotype, models were re-run including the between-participants factor of APOE ε4 genotype (ε4 positive or ε4 negative) and the interaction between medication group and ε4 status. ANCOVA models comparing medication groups were then run separately for each APOE genotype subgroup.
Analyses were also repeated with MoCA as the secondary outcome variable. All analyses were conducted on available complete cases. Complete case analysis can be biased when data are missing not at random (MNAR; i.e. missingness in a given variable is related to the unobserved values in that variable). Given the possibility that missing values on the cognitive outcome were more likely among participants who experienced cognitive decline, a sensitivity analysis was conducted on the primary outcome of FCSRT-IR free recall score to examine whether a decline among those with missing data affected results. This involved conducting δ-based multiple imputation, in which missing values are imputed before an offset value (δ) is added to the imputed values; the offset value represents a specified difference in mean outcome among missing cases [35]. In this case, delta was set to be -4 (i.e., the mean free recall score among missing cases was set to be four points lower), which would represent a reasonable decline.  
RESULTS
Study attrition
The study recruitment process is summarised in Figure 1. Seven hundred and twenty-eight individuals were screened for eligibility. Of these, 262 were either ineligible or chose not to participate in the study. The remaining 466 individuals were recruited onto the study. One hundred and fifty-two participants withdrew prior to the first study visit. A further 63 participants were excluded from the study at the first visit as they no longer met the study eligibility criteria (either due to changes in medication or scoring outside the accepted cut-offs on the MoCA during the visit). Therefore, the final eligible sample who completed the first visit of the study comprised 251 participants (mean age = 69.1 years). 
Of the 251 participants who completed the first visit, 143 (57.0%) completed visit 2, 112 (44.6%) completed visit 3 and 149 (59.4%) completed visit 4. Follow-up completion rates were largely comparable in the csDMARD group (visit 2: 60.5%; visit 3: 43.3%; visit 4: 56.7%) and the TNFi group (visit 2: 51.1%; visit 3: 46.8%; visit 4: 63.8%). Comparisons of baseline characteristics between visit 4 completers and non-completers are presented in Supplementary Material (Supplementary Table 2). At baseline, study completers scored significantly higher than non-completers in FCSRT-IR free recall (mean difference = 2.5, 95% CI = 0.9, 4.2, p = .003), and on the MoCA (mean difference = 0.5, 95% CI = 0.0, 1.0, p = .039). All other comparisons were non-significant. 
Baseline characteristics
A summary of baseline characteristics for the complete sample and each individual treatment group are presented in Table 1. Participants in the TNFi group had significantly longer RA disease duration and scored significantly higher on FCSRT-IR free recall and the HAQ-DI than those in the csDMARD group. There were no between-group differences in gender, education, smoking history, APOE status, self-rated pain, wellbeing, disease activity, depressive symptoms, FCSRT-IR total recall score or MoCA score at baseline. 
In the complete sample, 70.1% of participants were taking methotrexate at study screening. This proportion was significantly greater in the csDMARD group (76.7%) compared to the TNFi group (60.3%). Eleven participants (7.6%) were taking a corticosteroid (prednisolone); this proportion did not differ between groups. 
Cognitive change over time
Table 2 presents mean scores on all outcome measures in each medication group at baseline and at the primary study end-point. Within the csDMARD group, paired-sample t-tests revealed no evidence of a significant change between baseline and end-point in FCSRT-IR free recall (25.5 versus 26.2, mean difference = 0.7, 95% CI = -0.4, 1.8, p = .219), FCSRT-IR total recall (47.0 versus 47.3, mean difference = 0.4, 95% CI = -0.2, 0.9, p = .172), or MoCA score (24.5 versus 24.9, mean difference = 0.5, 95% CI = -0.2, 1.1, p = .141). Within the TNFi group, there was also no evidence of a significant change in FCSRT-IR free recall (28.2 versus 29.0, mean difference = 0.7, 95% CI = -0.7, 2.2, p = .307), FCSRT-IR total recall (47.4 versus 47.1, mean difference = -0.3, 95% CI = -0.9, 0.3, p = .275), or MoCA score (25.0 versus 25.6, mean difference = 0.6, 95% CI = -0.1, 1.3, p = .073). Mean scores on measures of disease activity and baseline and end-point are presented in Supplementary Material (Supplementary Table 3); there was no evidence of significant changes in DAS-28 score, or self-rated pain or wellbeing. 
Group differences
As shown in Table 2, when adjusting for baseline scores, there were no significant differences between those on csDMARDs and those on TNFis in FCSRT-IR free recall score or total recall score at the primary study end-point. This remained the case when models were adjusted for age, gender, education, years diagnosed, VAS Pain, VAS Wellbeing, DAS-28 score, GDS score and HAQ-DI score. Results were the same for the secondary outcome of MoCA score, with no significant differences observed in the baseline adjusted or fully adjusted models. Repeating analyses for the primary outcome of FCSRT-IR free recall score using δ-based MI did not alter the results (results not shown). 
Additional models were created including the interaction between APOE ε4 status and medication type. P values for the interaction terms in each ANCOVA model are presented in Table 2. For both FCSRT-IR free recall score and MoCA score at study end-point, there was no significant ε4-medication interaction when adjusting for baseline score only or when additionally adjusting for all other covariates. For FCSRT-IR total recall score at study end-point, there was a significant ε4-medication interaction when adjusting for baseline score only, but this interaction became non-significant when adjusting for all other covariates. ANCOVA models comparing those on csDMARDs and those on TNFi in each APOE ε4 subgroup (ε4 positive and ε4 negative) are presented in Table 3. For all outcomes, there was no evidence of a significant difference between medication groups in either APOE ε4 subgroup, in both baseline-adjusted and fully adjusted models. 
DISCUSSION
The RESIST study compared cognitive change between RA patients with MCI who were being treated with a TNFi and those being treated with a csDMARD. It was hypothesised that participants taking a TNFi would show less cognitive decline than those taking a csDMARD. Results did not support this hypothesis. No significant declines were observed on any cognitive outcomes over the duration of the study. Additionally, there were no significant differences between the treatment groups at the end of the study when adjusting for baseline score and other covariates. In other words, participants being treated with a TNFi exhibited no difference in cognitive change over time compared to those being treated with a csDMARD.
Previous studies examining longitudinal cognitive change in RA patients being treated with a TNFi have reported mixed results. A pilot study reported an improvement in global cognitive function among RA patients (N = 15) initiating adalimumab [23]. However, this study did not include a control group for comparison, so the observed improvement could not be definitively linked to TNFi treatment. Another study reported no evidence of global cognitive decline over an average of 3.9 years in a sample of cognitively unimpaired RA patients taking biological drugs (including TNFi) [36]. The present study used a larger sample and included a comparison group who were being treated with csDMARDs. The lack of any observed cognitive change in either group, and, importantly, the absence of any between-group differences in cognitive change, suggests that, compared to csDMARDs alone, TNFi treatment offers no additional protective effect on cognition in RA patients. Similarly, a large scale cohort study of RA patients comparing TNFi treatment to treatment with a T-cell activation inhibitor (abatacept) reported no difference in risk of dementia [37].
Previous studies that have examined whether TNFi treatment slows cognitive decline in AD patients without RA did not suggest any specific benefits. A pilot study reported a significant improvement in cognitive function after six months taking etanercept, but this study employed a small sample (N = 15) and lacked a control group [7]. The only randomised controlled trial of etanercept in AD patients found trends that favoured etanercept compared to a placebo group, but no significant between-group differences in cognitive decline [8]. While the present results build on this finding by suggesting that TNFi treatment has no effect on cognitive change in patients with MCI, it is important to emphasise that, unlike previous studies, participants in this study had a diagnosis of RA. Furthermore, those in the TNFi group were being compared to patients on a csDMARD rather than a placebo group.  
Given that both MCI and RA are linked to greater risk of cognitive decline and AD [9, 21],  it might be expected that the recruited sample would show some degree of cognitive decline over the duration of the study (roughly eighteen months). Indeed, power calculations for this study were based on an observed decline of 3.2 points on the FCSRT-IR derived from a previous study of participants with MCI over the same duration [26]. However, for both study groups (csDMARD and TNFi), performance on cognitive assessments did not show any significant change. One possible reason for the lack of differences observed between groups is that the majority of both medication groups were taking methotrexate (76.7% in the csDMARD group and 60.3% in the TNFi group). Two cross-sectional studies of large health record databases have reported significantly lower risk of AD [17] and dementia (AD, vascular and mixed cause) [11] in RA patients being treated with methotrexate. Newby et al. examined dementia risk in a large multinational sample of RA patients aged 50 and over; they reported a significantly lower risk of dementia among patients taking methotrexate [38]. This risk was lowest among those on methotrexate therapy for longer than 4 years. Conversely, Chou et al. reported a higher risk of dementia in participants taking methotrexate, regardless of the exposure duration [12]. Overall, while results are somewhat mixed, the weight of evidence currently suggests that methotrexate may reduce the risk of dementia. It is possible that methotrexate may also protect against cognitive decline prior to the onset of dementia; the high rates of methotrexate use in the current sample may therefore partly explain the general lack of decline observed. 
A recent retrospective cohort study compared dementia risk in RA patients taking TNFi to those taking methotrexate [39]. Both groups had no prior exposure to either drug. No difference in dementia risk was found, suggesting that TNFi treatment may offer no additional protection compared to methotrexate. Only around 40% of those taking TNFi in the present study were not also currently taking methotrexate. In addition, data regarding historical medication use was not collected, and it is possible that those not currently taking methotrexate may have taken it in the past. Therefore, our analysis was not able to examine cognitive change among those who initiated TNFi treatment without previous methotrexate exposure. Future studies should consider the possible confounding effect of methotrexate use when evaluating the possible benefits of TNFi drugs. 
The present findings raise the possibility that controlling inflammation through a range of possible treatments may have cognitive benefits for RA patients. Adopting a treat-to-target approach has previously been recommended in the treatment of RA [40]. This approach involves regularly measuring disease activity and monitoring and adjusting drug therapy to achieve a desired outcome (ideally disease remission). Importantly the approach does not focus on recommending one specific type of therapy, but rather using any necessary therapy to achieve the therapeutic target. The absence of any difference in cognitive change between the two therapies observed in this study suggest that controlling inflammation by any means may ameliorate cognitive decline. Future studies could test this theory by examining cognition in RA patients being treated using therapeutic targets.
Analyses also examined whether the differences between treatment groups may have varied according to APOE ε4 status. Previous evidence suggests that the association between chronic systemic inflammation and AD risk is significantly greater for e4 allele carriers [41], indicating that treatment targeting inflammation in these individuals may be particularly beneficial. This study found no interaction between treatment group and ε4 status, suggesting that there was no difference in cognitive change among TNFi users with or without the ε4 allele. However, the number of ε4 carriers was relatively small (indeed, only 11 participants in the TNFi group possessed the ε4 allele); future studies with larger samples are encouraged. 
A major strength of the present study was its longitudinal design, which allowed us to evaluate the potential benefits of TNFi treatment over time, unlike previous studies which were predominantly cross-sectional. However, longitudinal studies are subject to attrition bias, something that was exacerbated in the present study by the impact of the COVID-19 pandemic. Power analysis was calculated assuming a 10% dropout rate. In practice, dropout rates were higher and there was some evidence that those who did not complete visit 4 had lower scores on the cognitive assessments at baseline (specifically FCSRT-IR free recall and MoCA). In other words, those with initially lower levels of cognitive function were less likely to complete the study. It is thus important to note that results may not be fully generalisable beyond higher functioning individuals. Furthermore, there may be other causes of missing data that were not measured, leading to biased model estimates. Future studies should endeavour to collect data on a wide range of potential causes of missing data in order to make a missing at random assumption more plausible.  
Another possible explanation for the lack of observed decline is a general practice effect for all participants. Assessments were repeated four times over the duration of the study (five times, including screening, for the MoCA), so participants were likely to be more familiar and comfortable with the procedures by the end of the study. To account for this different versions of the MoCA were used for screening and home visits, and different versions of the FCSRT-IR were used at each administration (as in previous longitudinal studies, e.g., [26]). Nevertheless, familiarity with the study procedure and interviewers may have made participants more relaxed during later assessments, which may have led to improvements in performance. 
Analyses were adjusted for a number of covariates that could have influenced cognitive performance, including age, pain level, mood and functional status. However other possible confounders were not measured, such as medication adherence and length of time on medication. In practice this meant that length of time on treatment likely varied among participants within a given treatment group. It is likely that some participants had only recently commenced TNFi treatment, and thus potential effects may not have been evident. Additionally, it is likely that those participants on TNFi treatment initiated this treatment due to more severe prior disease activity. There is evidence that higher levels of disease activity may be linked to cognitive impairment [29]; a such, including participants who had just commenced treatment may have introduced some uncontrolled bias into the analyses.  Collecting data on these unmeasured variables would allow future observational studies to control any influence they may have on cognitive change. 
Additional research will be necessary to fully evaluate the long-term effects of TNFi treatment on cognitive function in RA patients. The 18-month duration of the present study did not allow for the tracking of long-term changes typically observed in people with AD. Longitudinal studies conducted over a greater length of time may be necessary to track meaningful differences in cognitive decline. Additionally, the inclusion of a control group of individuals without RA would allow a direct comparison of observed change in RA patients to that of a non-RA population over the same duration. Such studies could also consider progression from MCI to AD as a measurable outcome, and examine whether participants on a TNFi are at greater risk of developing AD. Larger sample sizes would also allow for the separation of participants taking a TNFi in combination with a csDMARD versus those taking just a TNFi. 
In summary, no evidence was found to suggest that TNFi treatment was associated with reduced cognitive decline in RA patients with MCI when compared to csDMARD treatment alone. The lack of significant decline observed in both groups suggests both drugs may be protective. Given the urgent need to develop effective treatments for AD, further investigation of the beneficial effects of anti-inflammatory drugs is necessary. 
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Table 1: Baseline characteristics for complete analytic sample 
	Variable
	Complete Sample
	csDMARD
	TNFi
	[bookmark: _Hlk151390281]pb

	
	N
	Mean (SD) / %a
	N
	Mean (SD) / % a
	N
	Mean (SD) / % a
	

	Age
	144
	69.1 (7.9)
	86
	69.4 (8.9)
	58
	68.6 (6.3)
	.527

	Gender
	
	
	
	
	
	
	.170

	     Male
	44
	30.6
	30
	34.9
	14
	24.1
	

	     Female
	100
	69.4
	56
	65.1
	44
	75.9
	

	Education
	
	
	
	
	
	
	.591

	     ≤ 12 years
	87
	60.4
	53
	61.6
	34
	58.6
	

	     > 12 years
	55
	38.2
	31
	36.0
	24
	41.4
	

	     Missing
	2
	1.4
	2
	2.3
	-
	-
	

	Smoking
	
	
	
	
	
	
	.347

	     Smoker
	18
	12.5
	12
	14.0
	6
	10.3
	

	     Ex-smoker
	52
	36.1
	27
	31.4
	25
	43.1
	

	     Non-smoker
	74
	51.4
	47
	54.7
	27
	46.6
	

	Taking methotrexate
	
	
	
	
	
	
	.026

	     Yes
	101
	70.1
	66
	76.7
	35
	60.3
	

	     No
	42
	29.2
	19
	22.1
	23
	39.7
	

	     Missing
	1
	0.7
	1
	1.2
	-
	-
	

	Taking sulfasalazine
	
	
	
	
	
	
	.091

	     Yes
	21
	14.6
	16
	18.6
	5
	8.6
	

	     No
	122
	84.7
	69
	80.2
	53
	91.4
	

	     Missing
	1
	0.7
	1
	1.2
	-
	-
	

	Taking hydroxychloroquine sulfate
	
	
	
	
	
	
	.002

	     Yes
	21
	14.6
	19
	22.1
	2
	3.4
	

	     No
	122
	84.7
	66
	76.7
	56
	96.6
	

	     Missing
	1
	0.7
	1
	1.2
	-
	-
	

	Taking other csDMARDc
	
	
	
	
	
	
	.223

	     Yes
	6
	4.2
	5
	5.8
	1
	1.7
	

	     No
	137
	95.1
	80
	93.0
	57
	98.3
	

	     Missing
	1
	0.7
	1
	1.2
	-
	-
	

	Taking prednisolone 
	
	
	
	
	
	
	.116

	     Yes
	11
	7.6
	9
	10.5
	2
	3.4
	

	     No
	132
	91.7
	76
	88.4
	56
	96.6
	

	     Missing
	1
	0.7
	1
	1.2
	-
	-
	

	APOE
	
	
	
	
	
	
	.945

	     ε4+
	28
	19.4
	17
	19.8
	11
	19.0
	

	     ε4-
	83
	57.6
	51
	59.3
	32
	55.2
	

	     Missing
	33
	22.9
	18
	20.9
	15
	25.9
	

	Disease duration (years)
	128
	15.4 (15.2)
	75
	11.2 (14.4)
	53
	21.3 (14.6)
	<.001

	VAS Wellbeing
	144
	36.7 (24.9)
	86
	35.5 (22.5)
	58
	38.5 (28.1)
	.500

	VAS Pain
	143
	39.1 (27.6)
	86
	38.1 (28.4)
	57
	40.5 (26.6)
	.607

	DAS-28
	136
	3.3 (1.4)
	82
	3.3 (1.5)
	54
	3.4 (1.4)
	.600

	GDS
	142
	3.4 (3.6)
	85
	3.7 (3.8)
	57
	3.1 (3.2)
	.278

	HAQ-DI
	144
	1.4 (0.9)
	86
	1.2 (0.9)
	58
	1.6 (0.7)
	.003

	FCSRT-IR Free Recall
	144
	26.6 (5.4)
	86
	25.5 (5.4)
	58
	28.2 (5.0)
	.002

	FCSRT-IR Total Recall
	144
	47.1 (1.8)
	86
	47.0 (2.0)
	58
	47.4 (1.5)
	.183

	MoCA
	144
	24.8 (1.8)
	86
	24.6 (1.8)
	58
	25.0 (1.8)
	.147


NOTE. Analytic sample comprises N=144 participants with complete data on primary outcome (FCSRT-IR) at baseline and primary study end-point (visit 4). VAS = visual analogue scale; DAS-28 = disease activity scale 28; FCSRT-IR = Free and Cued Selective Recall Test – Immediate Recall; GDS = Geriatric Depression Scale; HAQ-DI = Health Assessment Questionnaire (short version); MoCA = Montreal Cognitive Assessment.
a Continuous variables are summarised as mean (SD) and categorical variables are summarised as frequency (%).
b Continuous variables were compared using Welch’s t-test and categorical variables were compared using chi-square tests.c Leflunomide,azathioprine or cyclophosphamide


Table 2: Mean scores and adjusted between-group differences on all outcome variables at baseline and primary study end-point (18 months)

	Outcome
	csDMARD
	
	TNFi
	Mean difference a (95% CI)
	p
	Adjusted mean difference (95% CI) b
	p

	
	N
	Baseline mean (SD)
	N
	End-point 
Mean (SD)
	
	N
	Baseline mean (SD)
	N
	End-point 
Mean (SD)
	
	
	
	

	FCSRT-IR Free Recall
	86
	25.5 (5.4)
	86
	26.2 (6.5)
	
	58
	28.2 (5.0)
	58
	29.0 (7.3)
	0.5 (-1.3, 2.3)
	.578
	1.3 (-1.0, 3.6)c
	.253

	FCSRT-IR Total Recall
	86
	47.0 (2.0)
	86
	47.3 (1.5)
	
	58
	47.4 (1.5)
	58
	47.1 (3.3)
	-0.5 (-1.2, 0.2)
	.182
	-0.3 (-1.2, 0.6)c
	.516

	MoCA
	88
	24.5 (1.9)
	88
	24.9 (2.8)
	
	60
	25.0 (1.8)
	60
	25.6 (2.5)
	0.4 (-0.4, 1.3)
	.308
	0.8 (-0.3, 1.8)d
	.151


NOTE. Analyses conducted using complete cases. FCSRT-IR = Free and Cued Selective Reminding Test with Immediate Recall. MoCA = Montreal Cognitive Assessment. 
a Mean difference between csDMARD and TNFi groups at primary end-point, adjusted for baseline score, from ANCOVA. 
b Mean difference between csDMARD and TNFi groups at primary end-point, adjusted for baseline score, age, gender, education, disease duration, baseline VAS Pain, baseline VAS Wellbeing, baseline DAS-28, baseline GDS and baseline HAQ-DI, from ANCOVA. 
c Complete cases due to missing covariate data: N csDMARD = 71, N TNFi = 47. 
d Complete cases due to missing covariate data: N csDMARD = 73, N TNFi = 49.



Table 3: Mean scores and adjusted between-group differences on all outcome variables at baseline and primary study end-point for participants with and without the APOE ε4 allele

	Outcome
	csDMARD
	
	TNFi
	ε4 x med interaction pa
	Mean differenceb (95% CI)
	p
	Adjusted ε4 x med interaction pc
	Adjusted mean differenced (95% CI) 
	p

	
	N
	Baseline mean (SD)
	N
	End-point 
Mean (SD)
	
	N
	Baseline mean (SD)
	N
	End-point 
Mean (SD)
	
	
	
	
	
	

	FCSRT-IR Free Recall
	
	
	
	
	
	
	
	
	
	.651
	
	
	.767
	
	

	     ε4-
	51
	25.1 (5.8)
	51
	26.3 (7.2)
	
	32
	29.0 (4.5)
	32
	29.0 (6.4)
	
	-0.3 (-2.9, 2.3)
	.813
	
	1.8 (-1.5, 5.1)e
	.277

	     ε4+
	17
	25.1 (4.9)
	17
	25.2 (5.6)
	
	11
	25.5 (5.7)
	11
	26.1 (10.7)
	
	0.4 (-4.0, 4.7)
	.867
	
	2.2 (-4.4, 8.9)f
	.469

	FCSRT-IR Total Recall
	
	
	
	
	
	
	
	
	
	.039
	
	
	.129
	
	

	     ε4-
	51
	46.9 (2.2)
	51
	47.2 (1.8)
	
	32
	47.5 (1.1)
	32
	47.4 (1.6)
	
	0.2 (-0.6, 1.0)
	.642
	
	0.4 (-0.7, 1.5)e
	.463

	     ε4+
	17
	46.9 (1.6)
	17
	47.5 (1.5)
	
	11
	46.2 (2.7)
	11
	44.7 (6.9)
	
	-1.7 (-4.3, 0.9)
	.184
	
	-1.0 (-5.6, 3.6)f
	.642

	MoCA
	
	
	
	
	
	
	
	
	
	.554
	
	
	.380  
	
	

	     ε4-
	52
	24.4 (1.9)
	52
	24.9 (2.5)
	
	33
	25.3 (1.6)
	33
	25.3 (2.6)
	
	-0.1 (-1.2, 1.1)
	.918
	
	0.1 (-1.5, 1.6)g
	.915

	     ε4+
	18
	24.8 (1.8)
	18
	24.9 (3.5)
	
	11
	24.8 (2.0)
	11
	25.5 (2.7)
	
	0.6 (-1.8, 3.0)
	.624
	
	-0.4 (-2.5, 1.8)h
	.706


NOTE. Analyses conducted using complete cases. FCSRT-IR = Free and Cued Selective Reminding Test with Immediate Recall. MoCA = Montreal Cognitive Assessment. 
a p value for interaction between APOE ε4 status (positive vs negative) and medication group, in model adjusted for baseline score only
b Mean difference between csDMARD and TNFi groups at primary end-point, adjusted for baseline score, from ANCOVA 
c p value for interaction between APOE ε4 status (positive vs negative) and medication group, in model adjusted for baseline score, age, gender, education, disease duration, baseline VAS Pain, baseline VAS Wellbeing, baseline DAS-28, baseline GDS and baseline HAQ-DI
d Mean difference between csDMARD and TNFi groups at primary end-point, adjusted for baseline score, age, gender, education, disease duration, baseline VAS Pain, baseline VAS Wellbeing, baseline DAS-28, baseline GDS and baseline HAQ-DI, from ANCOVA 
e Complete cases due to missing covariate data: N csDMARD = 47, N TNFi = 26. 
f Complete cases due to missing covariate data: N csDMARD = 12, N TNFi = 9. 
g Complete cases due to missing covariate data: N csDMARD = 48, N TNFi = 27.
h Complete cases due to missing covariate data: N csDMARD = 13, N TNFi = 9.




FIGURE CAPTIONS
Figure 1: Study participation flowchart. Exclusions due to medication included participants who were no longer taking either a csDMARD or a TNFi, and participants who were taking a medication listed in the exclusion criteria.

Figure 2: Mean change in A) FCSRT-IR free recall and B) FCSRT-IR total recall from study baseline to end-point
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