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Abstract

Objectives: Anti-inflammatory and immune-modulating effects of statins suggest that they may 

play a role in the risk of rheumatoid arthritis (RA). We aimed to perform a systematic review and 

meta-analysis of studies assessing the risk of RA in statin-users versus non-users.

Methods: We searched Medline from inception to 01/22/2019 and Embase from 1988 to Week 

03 2019 for studies that examined the association between statin use and RA without restrictions 

on language.

Results: We identified 1,161 references; of them 8 studies (5 cohort studies and 3 case-control 

studies) were included. Four cohort studies comparing statin-users versus non-users were included 

in the meta-analysis. The pooled risk ratio (RR) was 1.01; 95%CI 0.93-1.10; I2=17%. Case-

control studies showed highly heterogeneous results (I2=92%) and were not included in the meta-

analysis. One cohort study and one case-control study assessing persistence with or intensity of 

treatment with statins showed lower risk of RA with higher versus lower treatment persistence or 

intensity of statin use (pooled RR 0.66; 95%CI 0.5-0.87; I2=83%). The certainty in the evidence 

was low.

Conclusion.—In this systematic review and meta-analysis, we observed no difference in risk of 

RA in statin users vs non-users. Risk of RA may be lower in patients with higher versus lower 

statin treatment persistence or intensity. Future observational studies with guards against selection 
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bias and confounding are needed to further elucidate the impact of statin use on the risk of RA, 

considering potential differences by dosage, duration of use, study population and other factors.
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Introduction

Statins or 3-hydroxy-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors are 

widely used for treatment of hyperlipidemia and prevention of cardiovascular disease (1-6). 

There is growing evidence on cholesterol-independent or “pleiotropic” effects of statins (7, 

8). Randomized placebo-controlled trials have shown anti-inflammatory effects of statins in 

the general population (2) and in patients with chronic autoimmune inflammatory disease 

such as rheumatoid arthritis (RA) (9). Recent studies suggest that statins may also exert 

immune-modulating effects through their effect on signaling, gene transcription, epigenetic 

modifications and immune metabolism (10-12). Whether and how these immunomodulatory 

effects of statins impact the risk of development of autoimmune disease is unclear. Several 

observational studies have explored the association between statin use and onset of 

autoimmune conditions, including RA (13-22). A recent systematic review suggested that 

statin use may be associated with increased risk of systemic lupus erythematosus (SLE) and 

autoimmune myopathies (23). A systematic review and meta-analysis of a wide range of 

unintended effects of statins reported no association of statin use with “arthritis” defined as a 

combined category of RA and/or osteoarthritis, based on results of 4 studies (24). Effects of 

statins on the risk of developing RA have not been systematically reviewed. We aimed to 

perform a systematic review and meta-analysis of studies assessing the risk of RA in statin-

users versus non-users.

Materials and Methods

The systematic review was performed according to the Cochrane Handbook for Systematic 

Reviews of Interventions (25) and reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (26). The search strategy and 

subsequent literature searches were performed by an experienced medical reference librarian 

in collaboration with the lead author (Elena Myasoedova [EM]). The search strategy is 

presented in Appendix 1. There were no language restrictions. All results were downloaded 

into EndNote X8 (Thompson ISI Research soft, Philadelphia, Pennsylvania), a bibliographic 

database manager. Duplicate citations were identified and removed.

Study selection.

Two reviewers (EM and Paras Karmacharya [PK]) independently assessed the eligibility of 

identified studies. Only comparative studies examining the association between statin use 

and incidence of RA in adults were eligible for inclusion. We excluded studies in which RA 

was present at the time of statin use and animal studies. Disagreements among reviewers 

were discussed and agreement was reached by consensus.
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Data extraction.

A pre-defined data collection form was used to retrieve the information from the pertinent 

studies. EM extracted and recorded the data in the data-collection form. Adjusted effect 

estimates and 95% confidence intervals (CI) were collected from each study. We used the 

Newcastle-Ottawa Quality Assessment Scale (27), which is intended to rate selection bias, 

comparability of the exposed and unexposed groups, outcome assessment, and completeness 

of follow-up. See Appendix 2 for the specifics of using the Newcastle-Ottawa scale for 

cohort and case-control studies. We used the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) framework to evaluate the certainty of evidence. 

Following GRADE, the certainty of evidence has an initial grade based on study design; 

which can be rated down based on the domains of methodological quality, indirectness, 

inconsistency, imprecision and publication bias (28). Certainty in evidence can be rated up in 

certain situations such as when the effect size is large.

Statistical Methods

Meta-analysis.

The primary effect measures used in the studies were Odds Ratios (OR), Hazard Ratios 

(HR) and Relative Risks (RR). These effect measures were assumed to reasonably estimate 

the same association between statin use and RA occurrence given the low incidence of RA 

and thus were pooled together. Adjusted effect estimates were used for this analysis. If an 

adjusted effect estimate was not available from the study, unadjusted effect estimates were 

calculated using the study data available in the manuscript and used for sensitivity analyses 

as alternatives. Individual studies were weighted according to their log-transformed inverse 

variance. A random-effects model was used because of anticipated heterogeneity. The chi-

square test was used to assess heterogeneity among studies; I2 statistic was also calculated. 

The I2 statistic estimated the percentage of the variability in effect estimates that is due to 

heterogeneity rather than sampling error (29, 30). The possible influence of publication bias 

was graphically assessed using a funnel plot. All analyses were conducted using the 

statistical software RevMan (Version 5.3. Copenhagen, Denmark: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2014).

Results

Figure 1 shows a flow diagram of eligible studies. The literature search identified 1,161 

references which were imported for screening. Eight studies (5 cohort studies and 3 case-

control studies) were included in the systematic review (13-20). All of them were English 

language articles. The inter-rater agreement on study selection was very good (Cohen’s 

Kappa coefficient 0.90) (31).

Table 1 summarizes the main characteristics of the studies. Most of the studies were from 

the UK or Europe; performed in 1990s-2000s. All studies used large data-bases for patient 

identification and data acquisition. All studies included adults with RA (age ≥18 years), with 

minimal age at inclusion specified as ≥30 years (18, 19) or ≥40 years (14, 16, 17, 20) in 
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most studies. The majority of studies, particularly cohort studies, in this analysis were large 

with at least 300 and up to 5,730 RA cases.

Risk of bias assessment by Newcastle-Ottawa scale for case-control and cohort studies 
(Table 1).

Most studies were of good quality with no evidence of selection bias, and with good 

comparability of cases and controls or of the exposed and unexposed groups of each cohort. 

Most studies except for one (20) explicitly stated their approach to verification of RA status, 

which was done using diagnostic codes for RA in conjunction with prescription data (14-16) 

and manual records review (17). All studies evaluated new/ current exposure to statins (13, 

14, 16-20) and some studies additionally assessed the impact of recent (15) and/ or past (15, 

17) exposure to statins on the risk of RA. Ascertainment of statin exposure was by 

prescription of statins, with some studies requiring only one prescription for any statin as a 

criterion for exposure (13, 16) and others considering duration and intensity of statin use 

(13-15). All but three studies (17, 19, 20) additionally assessed adherence/ persistence with 

statins. These differences suggest some indirectness in assessment of intervention/ exposure 

among the studies. None of the studies assessed response to statin treatment. In the majority 

of studies, there was not enough information from the manuscript regarding follow-up 

assessment; only one study (13) reported the number of individuals who died/ relocated. The 

adequacy of the length of follow-up was arguable as development of RA can take many 

years. We arbitrarily chose to consider a follow up duration of 3 years or more to be 

adequate. Verification of accuracy of data extraction and quality assessment was performed 

by the second reviewer (PK).

Meta-analysis.

Four cohort studies (2 prospective and 2 retrospective cohorts) comparing risk of RA among 

statin users vs non-users were included in the meta-analysis (15, 18-20). The study by 

Hippisley-Cox et al. (19) reported effect estimates for males and females separately and for 

each type of statin without providing a combined estimate for exposed vs unexposed 

subjects. The authors disclosed that 70.7% of new statin users were prescribed simvastatin. 

Effect estimates for simvastatin as the most frequently used statin in females and males were 

included in the meta-analysis as separate studies as they had different control groups (i.e., 

female non-users and male non-uses, respectively). In the study by de Jong et al, 2018 (15) 

effect estimates were reported for current exposure to statins and recent exposure to statins 

defined as a period of time from 3 to 12 months after the end date of the most recent 

prescription. The effect estimate for current exposure was included in the meta-analysis. A 

study by Schmidt et al. (18) provided effect estimates for connective tissue disease overall 

(including RA), but did not report an adjusted effect estimate for patients with RA. Using 

the raw numbers provided in the text of the paper, we calculated the unadjusted OR for the 

risk of RA in statin users vs non-users and included it in the meta-analysis. Figure 2 shows 

the main forest plot stratified by study weight. The overall pooled effect estimate was 1.01; 

95%CI 0.93-1.10; I2=17%. Although the confidence intervals were not wide, they included 

both potentially meaningful benefit and harm of the intervention, suggesting some 

imprecision in effect estimate. Thus, the message about the effect of the intervention could 

be different from the reported effect estimate.
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The funnel plot of the association between the estimated effect size and its standard error in 

the included studies shows a fairly symmetrical distribution (Figure 3). The Egger 

Regression Asymmetry test was not performed as the power of this method to detect 

asymmetry in the distribution of the estimates may be low with the small number of studies 

included in this analysis.

Sensitivity analysis.

We calculated effect estimates for current and recent statin users vs non-users for the study 

by de Jong et al. (15). Including these estimates in the meta-analysis did not change the 

results (RR 1.08; 95%CI 0.83-1.4).

Studies by Tascilar et al. (14) and Chodick et al. (13) were not included in the meta-analysis 

as these studies assessed association between persistence with or intensity of treatment with 

statins and the risk of RA, and none of these studies had a statin non-user group. When these 

studies were analyzed separately, the pooled effect estimate was 0.66; 95%CI 0.5-0.87; 

I2=83%.

Two case-control studies evaluating relationship between statin use and the risk of RA 

showed drastically different, inconsistent results. Study by Jick et al. (17) showed protective 

effect (OR 0.59; 95% CI 0.37-0.96) and study by de Jong et al., 2012 (16) showed harmful 

effect of statins on the risk of RA (OR 1.71; 95% CI 1.16-2.53), yielding the pooled RR 

1.01; 95%CI 0.36-2.87, I2=92%. Given extreme heterogeneity of the results, limited 

information on individual’s statin exposure status over time, and relatively small number of 

patients exposed to statins these studies were not included in the meta-analysis.

Certainty in the evidence—Most of the included studies had low risk of bias based on 

the Newcastle-Ottawa scale. Heterogeneity in the analysis of cohort studies was small. The 

number of events was sufficiently large but with confidence intervals that include 

appreciable benefit and harm. There was no large magnitude of effect. Two studies showed 

dose-response associations between persistence with statins and risk of RA (13), and 

quintiles of duration-weighted average statin intensity and risk of RA (14). Study by Chodik 

et al. (13) estimated that the risk of RA was lower in patients who were highly persistent 

with statins (i.e. proportion of follow-up days covered [PDC] with statins ≥80%) compared 

to non-persistent patients (i.e. PDC < 20%): HR 0.58, 95%CI 0.52-0.65, adjusting for 

sociodemographics, comorbidities, LDL levels and efficacy of initial statin therapy. Increase 

in PDC by 10% was linked to 5.3% lower risk of RA. Extending these findings, a study by 

Tascilar et al. (14) showed that in a population of patients with persistence to statins (i.e., 

median PDC >80%) the incidence of RA was lower in the highest statin intensity quintile 

versus lowest quintile: HR 0.77, 95% CI 0.63–0.95, adjusting for smoking status, total 

cholesterol level, obesity, history of cardiovascular disease, coexistent autoimmune disease, 

hypothyroidism, and persistence with treatment., with higher as opposed to lower treatment 

persistence and intensity being associated with decreased risk of RA. However, as described 

in the sections above, the design of these two studies did not fully match the pre-specified 

question of assessing the risk of RA in statin users vs nonusers, and these studies were not 
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included in the meta-analysis. Based on these domains of the GRADE framework, the 

certainty in the evidence was considered low.

Discussion

Growing evidence of immune-modulating effects of statins suggests that this class of 

medications may affect the risk of development of autoimmune disease. Observational 

studies evaluating the association between statin use and RA onset have shown conflicting 

results suggesting protective effect (13, 14, 17), harmful effect (15, 16) or no effect (19, 20). 

This systematic review and meta-analysis provides qualitative and quantitative summary of 

the association between statin use and risk of RA from existing observational studies. In this 

systematic review and meta-analysis, we observed no difference in risk of RA in statin users 

vs non-users. The overall quality of the evidence supporting these associations was low by 

GRADE framework. Cohort studies included in the meta-analysis showed low heterogeneity 

of the results with lack of a statistically significant effect of statin exposure on RA onset. 

Case-control studies were not included in the meta-analysis primarily due to extreme 

heterogeneity of the results (I2=92%). When analyzed separately, the pooled RR for these 

studies averaged into lack of effect but with wide 95%CI extending from potential 64% 

reduction to 287% increased risk of RA. Pooling the results of the studies assessing 

persistence with or intensity of treatment with statins (13, 14), we found 34% lower risk of 

RA in those who have higher as opposed to lower treatment persistence or intensity of statin 

use. However, there was a high degree of heterogeneity in this analysis (I2=83%).

Biological plausibility.

The presence of either protective of harmful effect of statin use on the risk of RA is 

biologically plausible. Prior clinical and experimental studies suggested anti-inflammatory 

and immune-modulating effects of statins. Statins have been found to beneficially impact the 

T helper cells (Th1)/Th2 balance in patients with acute coronary syndrome, heart failure and 

RA (32-34) and decrease CD40 expression and CD40-related activation of vascular cells 

(35). Atorvastatin has been shown to ameliorate experimental autoimmune neuritis by 

decreased Th1/Th17 cytokines and up-regulated T regulatory cells (36). Literature on anti-

inflammatory effects of statins is growing, and two recent meta-analyses demonstrated 

beneficial effects of statins on RA disease activity (37, 38). Statins have been shown to 

reduce the rates of heart and kidney transplant rejection (39-41).

In contrast, there have been studies suggesting that statins may precipitate autoimmunity and 

predispose to development of SLE and lupus-like syndromes (23). Some of the included 

studies showed an adverse impact of statins on the risk of RA, particularly in the first year of 

statin use (15, 16). Taken together with the results from the studies reporting lower risk of 

RA in those who have higher as opposed to lower treatment persistence or intensity of statin 

use (13, 14), it may be suggested that there is a real variation in the treatment effect 

depending on patient characteristics or intervention.
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Clinical implications.

Given the overall lack of association between statin use and risk of RA from our main 

analysis, there is not enough evidence to suggest that any additional considerations should 

be undertaken in statin users at risk for RA. The results of this study do not support the need 

for change to the current clinical practice at this point. However, our study outlines 

directions for future research. While randomized controlled trials on the subject of this study 

may not be feasible, large prospective studies with long follow-up and adequate uniform 

assessment of exposure and outcome can help identify factors that may modify the impact of 

treatment and direct the evidence on the association between statin use and risk of RA.

This systematic review has important strengths. This is the first systematic evaluation 

providing qualitative and quantitative assessment of the association between statins and the 

risk of RA. The study takes advantage of a comprehensive, up-to-date literature search and 

formal assessment of the methodological quality of pertinent studies. There was no apparent 

publication bias based on the graphical assessment with a funnel plot.

There are several potential limitations to this study. While only few studies were included in 

the meta-analysis, heterogeneity of these studies was low (I2=17%), suggesting that 

estimates from these studies can be reliably combined in the meta-analysis. Extreme 

heterogeneity that was found for the two eligible case-control studies (I2=92%) was felt to 

be unacceptable for inclusion in the meta-analysis. The reasons for potential heterogeneity 

may include differences in patient level parameters (i.e., demographics, comorbidities), 

intervention factors (i.e., dose, timing or duration of treatment), comparator factors (i.e., 

control group treatment or the co-interventions), study design (i.e., duration of follow-up or 

the reliability of exposure and outcome measures). The overall quality of evidence 

supporting the reported associations was low, which is not unexpected in the meta-analysis 

of observational studies and is inherent to the limitations of individual studies included in 

this analysis. Quantifying the length of statin exposure was not possible due to lacking 

information on exposure and follow-up from the original studies. This should be taken into 

consideration, and caution should be used while interpreting the result of this analysis. With 

only few studies included in the meta-analysis, the results of the funnel plot should be 

viewed with caution.

In summary, in this rigorous systematic review and meta-analysis, the overall effect 

estimate was consistent with similar risk of RA in statin users and non-users. However, the 

confidence interval included both potentially meaningful benefit and harm of the 

intervention, suggesting that the message about the effect of the intervention could be 

different from the reported effect estimate if more studies become available. Risk of RA may 

be lower in patients who have higher treatment persistence or intensity of statin use, 

suggesting potential variation in treatment effect. Inherent to the limitations of the included 

studies, the certainty in the evidence was low. Future observational studies with guards 

against selection bias and confounding are needed to further elucidate the impact of statin 

use on the risk of RA, considering potential differences by dosage, duration of use, study 

population and other factors.
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Appendix 1. Search strategy*

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-

Indexed Citations and Daily <1946 to January 22, 2019>

Search history sorted by search number ascending

# Searches Results Type

1 exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/ 37420 Advanced

2 hmg coa.mp. 8300 Advanced

3 1 or 2 or statin* 1.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier, 
synonyms]

58882 Advanced

4 rheumatoid arthritis.mp. or exp Arthritis, Rheumatoid/ 139497 Advanced

5 3 and 4 346 Advanced

6 exp Dyslipidemias/dt, pc [Drug Therapy, Prevention & Control] 24323 Advanced

7 6 and 4 66 Advanced

8 5 or 7 381 Advanced

9 (hydroxymethylglutaryl coenzyme a reductase inhibitor* or atorvastatin or cerivastatin or 
compactin or fluindostatin or lovastatin or mevinolin or pitavastatin or pravastatin or 
rosuvastatin or simvastatin).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, unique identifier, 
synonyms]

27154 Advanced

10 4 and 9 112 Advanced

11 8 or 10 394

Central - same strategy as above = 95

Embase <1988 to 2019 Week 03>

Search history sorted by search number ascending
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# Searches Results Type

1 exp hydroxymethylglutaryl coenzyme A reductase inhibitor/ 134783 Advanced

2 exp rheumatoid arthritis/ 160731 Advanced

3 1 and 2 1862 Advanced

4 clinical study/ or exp case control study/ or exp case study/ or exp clinical trial/ or exp 
longitudinal study/ or exp major clinical study/ or exp prospective study/ or exp 
retrospective study/

4485701 Advanced

5 methodology/ or exp "clinical trial (topic)"/ or exp cohort analysis/ or exp correlational 
study/ or exp cross-sectional study/ or exp double blind procedure/ or exp evidence based 
practice/

2986990 Advanced

6 3 and (4 or 5) 911 Advanced

7 exp rheumatoid arthritis/ep and 3 25 Advanced

8 6 or 7 921

Footnote:
*
Description of search strategy: The initial strategy was developed in Ovid MEDLINE (1946-January 22, 2019), using 

MeSH (Medical Subject Headings) controlled vocabulary and text words for those articles not yet indexed, and then 
modified the strategy for Ovid EMBASE (1988 through week 03, January 2019). Primary terms were: (Explode 
Hydroxymethylglutaryl-CoA Reductase Inhibitors/) OR (hmg coa.mp) OR (statin.mp [multiple posting]) OR 
(hydroxymethylglutaryl coenzyme a reductase inhibitor or atorvastatin or cerivastatin or compactin or fluindostatin or 
lovastatin or mevinolin or pitavastatin or pravastatin or rosuvastatin or simvastatin OR (explode Dyslipidemias [Drug 
Therapy, Prevention and Control]) AND (rheumatoid arthritis.mp or explode Arthritis, Rheumatoid/). Explode allows 
including all of the specific terms without having to use all of the variable terms and synonyms. Multiple posting allows for 
searching in title, abstract, name of substance word, subject heading word, floating sub-heading word, keyword heading 
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, and synonyms. 
The same process was used with Ovid EMBASE with changes to accommodate more granular subject headings in 
EMBASE. Search terms were as follows: (explode hydroxymethylglutaryl coenzyme A reductase inhibitor/) AND (explode 
rheumatoid arthritis/) AND (clinical study/ or explode case control study/ or explode case study/ or explode clinical trial/ or 
explode longitudinal study/ or explode major clinical study/ or explode prospective study/ or explode retrospective study/) 
OR (methodology/ or explode "clinical trial (topic)"/ or explode cohort analysis/ or explode correlational study/ or explode 
cross-sectional study/ or explode double blind procedure/ or explode evidence based practice/).

Appendix 2. Newcastle-Ottawa scale for observational studies

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE FOR CASE 

CONTROL STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the 

Selection and Exposure categories. A maximum of two stars can be given for Comparability.

Selection

1. Is the case definition adequate?

a. yes, with independent validation ✵

b. yes, eg record linkage or based on self reports

c. no description

2. Representativeness of the cases

a. consecutive or obviously representative series of cases ✵
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b. potential for selection biases or not stated

3. Selection of Controls

a. community controls ✵

b. hospital controls

c. no description

4. Definition of Controls

a. no history of disease (endpoint) ✵

b. no description of source

Comparability

1. Comparability of cases and controls on the basis of the design or analysis

a. study controls for _______________ (Select the most important factor.) 

✵

b. study controls for any additional factor ✵ (This criteria could be 

modified to indicate specific control for a second important factor.)

Exposure

1. Ascertainment of exposure

a. secure record (eg surgical records) ✵

b. structured interview where blind to case/control status ✵

c. interview not blinded to case/control status

d. written self report or medical record only

e. no description

2. Same method of ascertainment for cases and controls

a. yes ✵

b. no

3. Non-Response rate

a. same rate for both groups ✵

b. non respondents described

c. rate different and no designation

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE FOR COHORT 

STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the 

Selection and Outcome categories. A maximum of two stars can be given for Comparability
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Selection

1. Representativeness of the exposed cohort

a. truly representative of the average _______________ (describe) in the 

community ✵

b. somewhat representative of the average _______________ in the 

community ✵

c. selected group of users eg nurses, volunteers

d. no description of the derivation of the cohort

2. Selection of the non exposed cohort

a. drawn from the same community as the exposed cohort ✵

b. drawn from a different source

c. no description of the derivation of the non exposed cohort

3. Ascertainment of exposure

a. secure record (eg surgical records) ✵

b. structured interview ✵

c. written self report

d. no description

4. Demonstration that outcome of interest was not present at start of study

a. yes ✵

b. no

Comparability

1. Comparability of cohorts on the basis of the design or analysis

a. study controls for _____________ (select the most important factor) ✵

b. study controls for any additional factor ✵ (This criteria could be 

modified to indicate specific control for a second important factor.)

Outcome

1. Assessment of outcome

a. independent blind assessment ✵

b. record linkage ✵

c. self report

d. no description

2. Was follow-up long enough for outcomes to occur
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a. yes (select an adequate follow up period for outcome of interest) ✵

b. no

3. Adequacy of follow up of cohorts

a. complete follow up - all subjects accounted for ✵

b. subjects lost to follow up unlikely to introduce bias - small number lost 

- > ____% (select an adequate %) follow up, or description provided of 

those lost) ✵

c. follow up rate < ____% (select an adequate %) and no description of 

those lost

d. no statement
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Highlights:

• Current evidence suggests similar risk of rheumatoid arthritis (RA) statin 

users vs non-users.

• Risk of RA may be decreased with higher statin treatment persistence or 

intensity.

• Studies evaluating cumulative statin exposure on the risk of RA are 

warranted.
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Figure 1. 
Flow diagram of eligible studies.
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Figure 2. 
Forest-plot random effect model meta-analysis of the association between statin use and risk 

of rheumatoid arthritis
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Figure 3. 
Funnel plot of the association between the estimated effect size and its standard error
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Table 1.

Characteristics of studies

Source,
country

Study
design

Data source
for patient
identification

Years
of
observ
ation

Number of 
RA cases
in 
comparator
groups

Age per
inclusion
criteria; 
mean
age, years

Female
sex

Length
of
follow-
up

Effect 
estimate

Newcastle
-Ottawa
scale

De Jong et 
al. (16); 
Netherlands

case- 
control

Netherlands 
Information 
Network of 
General 
Practice 
(LINH) 
database

2001- 
2006

508 cases of 
RA (81 
exposed to 
statins) and 
2369 controls 
(204 exposed 
to statins)

≥ 40; 63.4 
(cases); 
62.8 
(controls)

67.5% 
of cases 
and 
65.8% 
of 
controls

Not 
specifie 
d

OR 1.71; 
95% CI 
1.16-2.53

S****
C**
E**

Tascilar et 
al. (14); UK

nested 
case- 
control

UK Clinical 
Practice 
research 
datalink 
(CPRD)

1997- 
2009

1357 cases of 
RA (1032 
exposed to 
statins) and 
13570 
controls 
(11,118 
exposed to 
statins) 
among 
528,654 new 
statin users

≥ 40; 63.7 
(cases); 
63.8 
(controls)

60.3% 
of cases 
and 
controls

Mean 
39.2+/− 
SD 30.3 
months

HR 0.77; 
95% CI 
0.63-0.95 
for highest 
vs low statin 
intensity 
quintile

S****
C**
E**

Jick et al. 
(17); UK

nested 
case- 
control

General 
practice 
research 
database 
(GPRD)

1992- 
2001

313 cases of 
RA (41 
exposed to 
statins) and 
1252 controls 
(194 exposed 
to statins)

40-89; 
mean age 
not 
specified, 
shown 
distribution 
by age 
group

60.7% 
of cases 
and 
controls

Not 
specifie 
d

OR 0.59; 
95% CI 
0.37-0.96

S****
C**
E*

Smeeth et 
al.(20); UK

cohort, 
retrosp 
ective

The Health 
Improvement 
Network 
(THIN) 
database

1995- 
2006

2,532 incident 
RA cases 
overall out of 
729,529 
individuals; 
227 cases of 
RA in 
exposed to 
statins, 2,305 
in unexposed

40-80; 
mean age 
not 
specified, 
shown 
distribution 
by age 
group

50.2% 
in 
unexpos 
ed, 
49.3% 
in 
exposed

Median 
4.3 
years

HR 0.93; 
95% CI 
0.73-1.18

S**
C**
O*

Hippisley- 
Cox et al. 
(19); UK

cohort, 
prospe 
ctive

Q research 
database

2002- 
2008

5,730 RA 
cases among 
225,922 new 
statin users

30-84; 57.2 
(new users); 
44.4 (non- 
users)

46.4% 
in new 
users, 
51.1% 
in

Not 
specifie 
d

HR for 
simvastatin. 
Men: 0.96; 
95% CI 
0.84-1.09;

S***
C**
O**

non- 
users

women: 
1.12; 95% 
CI 0.96- 
1.32

de Jong et 
al. (15); UK

matched 
cohort, 
prospe 
ctive

CPRD 1995- 
2009

837 RA cases 
among 
511,620 
current statin 
users

≥ 40; 63.0 
(statin 
users); 62.8 
(non- users)

47.9% 
in statin 
users 
and non-
users

Mean 3 
+/− SD 
2.5 
years

HR 1.06; 
95% CI 
0.93-1.22

S****
C**
O**

Chodick et 
al. (13); 
Israel

cohort, 
retrosp 
ective

Maccabi 
Health 
Services 
(MHS)

1998- 
2007

2,578 RA 
cases among 
211,627 new 
statin users

≥ 18; 57.17 
years

50.9% Mean 
4.97 
years

HR for 
highly 
persistent vs 
non-
persistent 
patients: 
0.58; 95% 

S****
C**
O***
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Source,
country

Study
design

Data source
for patient
identification

Years
of
observ
ation

Number of 
RA cases
in 
comparator
groups

Age per
inclusion
criteria; 
mean
age, years

Female
sex

Length
of
follow-
up

Effect 
estimate

Newcastle
-Ottawa
scale

CI 0.52- 
0.65

Schmidt et 
al. (18); US

cohort, 
retrosp 
ective

San Antonio 
area military 
healthcare 
system, 
Tricare Prime/
Tricare Plus

2003- 
2010

104 RA cases 
among 6,956 
statin users 
and 122 RA 
cases among 
matched 
6,956 statin 
non-users 
driven from 
the population 
of 13,640 
statin users 
and 32,848 
nonusers

30-85; 57 in 
users and 
non-users

41.7% 
in users, 
56.2% 
in non- 
users

Not 
specifie 
d

Unadjusted 
OR for RA 
cases 
(calculated 
from the 
data in the 
manuscript) 
0.85; 95% 
CI 0.65-1.11

S****
C**
O**

Newcastle-Ottawa scale: S= selection; C=comparability; E=exposure; O=outcome
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