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ABSTRACT 
 
Objectives Statins offer significant cardiovascular benefits. Their use, however, influences 

immune regulation, which may potentially facilitate autoimmunity, eventually resulting in 
autoimmune diseases such as rheumatoid arthritis (RA).The authors studied whether statin use 
was associated with an increased risk of developing RA by conducting a case–control study 
using the Netherlands Information Network of General Practice database.  

Methods The authors identified 508 patients aged 40 years or older with a first-time diagnosis 
of RA in the period 2001–2006. Each RA case was matched to five controls for age, sex and 
index date, which was selected 1 year before the first diagnosis of RA. Odds ratios for the first-
time diagnosis of RA were verified by a referral to a rheumatologist and/or at least one 
prescription of disease-modifying anti-rheumatic drugs and/or two prescriptions of 
corticosteroids after the date of first diagnosis.  

Results Cases were more often users of statins (15.9%) compared to controls (8.6%). After 
adjustment for cardiovascular risk factors and use of comedication, statin use was associated 
with an increased risk of incident RA (adjusted OR, 1.71 (95% CI 1.16 to 2.53); p=0.007). A 
consistent trend of increasing risk with increased cumulative duration, cumulative defined daily 
doses and number of prescriptions was not observed. However, a small trend between the 
potency of statin treatment and the risk of RA was found.  

Conclusions Statin use seems to be associated with an increased risk of developing RA. Our 
findings should be replicated by additional studies.  
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INTRODUCTION 
 
Epidemiological studies have shown an increasing prevalence of autoimmune diseases in highly 

industrialised countries, which cannot be attributed to better diagnosis alone but may be due to increased 
drug use.1 2 Concerns about preventive therapies such as statins, which are widely prescribed to reduce the 
risk of cardiovascular morbidity and mortality in patients with hyperlipidaemia, hypertension or diabetes, 
have been raised.3,–,5 Several studies have shown that statins, in addition to their cholesterol-lowering 
activity, have anti-inflammatory and immunomodulatory properties, suppressing the expression of ongoing 
autoimmune responses.6,–,11 Such immunomodulating effects may hypothetically also facilitate the 
development of autoimmunity, potentially resulting in autoimmune diseases such as systemic lupus 
erythematosus and autoimmune hepatitis.12 13 Recently, a meta-analysis showed an association between 
statins and an increased risk of diabetes.14 As no distinction between the types of diabetes was made, no 
conclusions on mechanisms could be drawn.  

Several studies demonstrated that statins may exacerbate or trigger cellular apoptosis12 15 16 and induce a 
shift in Th1/Th2 balance, leading to production of autoantibodies.12 17 An increasing number of case reports 
suggest that statins can trigger rare autoimmune diseases, raising the question on whether these commonly 
prescribed drugs may facilitate the development of more common autoimmune diseases such as rheumatoid 
arthritis (RA). So far, few studies have assessed the risk of developing RA after statin treatment. A 
population-based case–control and cohort study reported that statins may be protective against the 
development of RA in patients with hyperlipidaemia,18 19 while two other population-based cohort studies 
did not observe an association between statin use and incident RA.20 21 We conducted a case–control study 
to determine the risk of developing RA associated with different exposure aspects (duration, dose, type and 
potency) of statin use.  

METHODS 
 

Study population 
 
We used the Netherlands Information Network of General Practice (LINH), a database derived from 

general practices that register data on morbidity, drug prescriptions and referrals in electronic medical 
records on a continuous basis. The LINH network includes 350 000 patients who were registered at 85 
practices in 2001–2006.22 For a number of practices, data on drug prescriptions were not available before 
the year 2001. Prescription data were classified according to Anatomical Therapeutic and Chemical (ATC) 
classification,23 and morbidity was coded using the International Classification of Primary Care (ICPC).24 

Case definition 
 
All patients who were first diagnosed as having RA and had a medical history of at least 1 year at index 

date were included in the study (figure 1). Subsequent diagnoses of RA were disregarded. The date exactly 
1 year before the date of the first-time diagnosis of RA was subsequently used as the ‘index date’ because 
the diagnosis is usually made after the disease has been symptomatic for some period of time.25 26 From the 
arthritis group (ICPC code L88), we verified the first-time diagnosis of RA registered by a general 
practitioner (GP) if:  

 
1. The patient was referred to a rheumatologist, or 
2. At least one disease-modifying anti-rheumatoid drug (DMARD; immunosuppressants, 

aminoquinolines, gold preparations and sulfasalazine) was prescribed after the index date, or  
3. Two or more prescriptions of systemic corticosteroids (glucocorticoids and combinations) were 

distributed after the index date.  
 
Since statins are widely prescribed for patients with cardiovascular diseases or cardiac risk factors that are 

more prevalent among older patients, patients younger than 40 years of age were excluded from the study. 
Furthermore, patients were excluded if they had a medical record of ankylosing spondylitis (ICPC code 
L88.2) or were taking at least one prescription of DMARDs before the index date, if they had been 
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diagnosed by the GP as having RA with no confirmation according to the above-mentioned criteria or if 
they had no registered medical history for 1 year.  

[FIGURE 1] [TABLE 1]  
 

Control selection 
 
Five controls were matched to each RA case on age (within 5 years), sex and index date. Controls were 

required to be registered in general practice for at least 1 year before the index date to minimise information 
bias. The exclusion criteria used in case selection were applied to controls.  

[TABLE 2] 
 

Definition of exposure and potential confounders 
 
Exposure to statins was defined as the use of any approved and commercially available statins 

(pravastatin, simvastatin, cerivastatin, atorvastatin and fluvastatin) in The Netherlands before the index 
date. The hazard function between statin use and RA is unknown; therefore, different aspects of statin use 
were defined. Statin users were patients who had received at least one prescription of statins before the 
index date. We determined the type of statins based on their last prescription before the index date. The 
potency of statins was determined by combining the type and the dose of statin into a single potency score 
to control for the fact that different types and doses of statins differ with respect to percentage reduction in 
total cholesterol (see online supplementary table 1).27 Potency was divided into four categories of 
increasing potency: potencies 2 and 3, potency 4, potency 5, and potencies 6 and 7. The expected duration 
of statin use until the index date was based on treatment time and prescribed drug supply (determined by 
the number of prescribed tablets). We calculated the cumulative dose of statins according to defined daily 
dose (DDD), which is the assumed average daily dose of a drug for its main indication in adults (see online 
supplementary table 2).23 Adherence to statin use was calculated by dividing the sum of the days' supply by 
the total number of days between the first prescription and the last prescription of statins in the year before 
the index date, multiplied by 100%. To determine adherence to statin use, we excluded patients who 
received one prescription of statins and did not use statins 1 year before the index date. Patients who 
received one prescription of statins before the index date were not excluded from other analyses.  

 Potential confounders included prescriptions (in the 6 months before the index date) for non-steroidal 
anti-inflammatory drugs (NSAIDs), corticosteroids, proton pump inhibitors, aspirin, antibiotics and 
hormone replacement treatment, and comorbidity (diabetes, hyperlipidaemia, hypertension, cardiovascular 
disease and asthma).28 The ICPC and ATC codes for comorbidity are presented in table 1.  

Statistical analysis 
 
Logistical regression conditioned on matching factors was used to study the association between statin use 

and risk of RA. Odds ratios and 95% CI were estimated. We evaluated the effects of cumulative duration, 
cumulative DDDs, number of prescriptions, and the specific type and potency of statins on the risk of 
developing RA. In addition to controlling for age, sex and calendar time by matching, we adjusted the 
estimates for the above-mentioned confounders. Furthermore, we evaluated the confounding effects of 
asthma, aspirin and antibiotics, but we did not include these covariates in the regression models because we 
did not observe more than 10% differences in the estimate of exposure–outcome association by adding each 
time 1 of these three variables into the model.29 We examined whether there was a linear trend across the 
categories of the potencies of statins by including the categorical variables as ordinal variables in the 
regression model. P values of ≤0.05 were considered statistically significant. We used SAS V.9.1 (SAS 
Institute, Cary, North Carolina, USA) to analyse the data.  

We performed 11 different sensitivity analyses to test the robustness of our findings, which are presented 
online (see online supplementary table 3).  
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[TABLE 3] 

RESULTS 
 
In the study population, 3074 patients with a first-time diagnosis were identified, of whom 9 patients did 

not have a matched control and 642 patients had a medical record of ankylosing spondylitis. Of 2423 
patients with RA, 848 patients were referred to a rheumatologist, 425 patients received at least one 
prescription of a DMARD and 817 patients were treated with two or more prescriptions of systemic 
corticosteroids after the index date. Regarding the 848 patients who were referred to a rheumatologist, 155 
patients were treated with a DMARD after the index date. As a result of verifying the first-time diagnosis of 
RA, we identified 508 eligible cases that were matched to 2369 controls. Of the patients with RA, the 
average age was 63 years, approximately 67% of the patients were female and 3% of the patients were 
diagnosed as having psoriasis. Fourteen per cent of the patients with RA were users of statins. Two patients 
with RA used other lipid-lowering medications. Use of corticosteroids and NSAIDs was higher in patients 
with RA than in controls. The duration of registration with the GP was approximately 11.3 years in patients 
with RA and 10.3 years in controls. The baseline characteristics of the study population are presented in 
table 2.  

Table 3 shows the results of analyses with different exposure aspects of statin use. Statin use was 
associated with an increased risk of developing RA (adjusted OR, 1.71 (95% CI 1.16 to 2.53); p=0.007). 
Regarding the number of prescriptions, an increased risk of developing RA was found for all categories of 
statin use compared to non-users. No trend between an increasing number of prescriptions and an enhanced 
risk of developing RA was observed. We explored the effect of the duration of statin use. After adjustment, 
an increased risk of developing RA was found for different categories of the duration of statin use. No clear 
relation between the duration of statin use and an increased risk of developing RA was observed. When 
data were analysed for different levels of DDD, we found no trend between the different DDD groups of 
statins and the risk of developing RA.  

Regarding confounding effects on the different strata of DDD, duration of statin prescriptions and number 
of statin prescriptions, the association between statin use and the risk of developing RA was weaker 
compared to the result of our overall analysis with ever use of statins.30 Categorising exposure according to 
level of adherence did reveal differences in effect. Only patients with an adherence rate of more than 80% 
had an increased risk of incident RA.  

The association between individual statins, their potencies and the risk of RA is shown in table 4. All 
types and potencies of statins showed an enhanced risk of incident RA. Regarding the potency of statin 
treatment, we observed a small trend between the different categories of the potencies of statin treatment 
and the risk of RA (p for trend <0.01). The results of 11 different sensitivity analyses are presented online 
(see online supplementary table 3).  

[TABLE 4] 

DISCUSSION 
 
The findings were consistent with the hypothesis that statin use is associated with an increased risk of 

developing RA. We did not observe a consistent trend of increasing risk with increased cumulative 
duration, increased cumulative DDDs and increased number of prescriptions. However, we observed a 
small trend between the potency of statin treatment and the risk of RA. With our baseline characteristics 
taken into account, cardiovascular diseases and cardiovascular risk factors (eg, hyperlipidaemia) may have 
influenced our results.  

Our hypothesis was made a priority for this study and was supported by several case reports describing the 
occurrence of autoimmune diseases during treatment with statins.12 13 Our findings are not in line with 
previous studies which found that statins exert a protective effect or no effect on developing RA.18,–,21 In a 
nested case–control study of 313 patients with incident RA and 1252 matched controls aged 40–89 years, 
current statin use was associated with a reduced risk of developing RA in patients with a diagnosis of 
hyperlipidaemia, whereas no association was found for patients without a diagnosis of hyperlipidaemia.18 



Jong, H.J.I. de, Klungel, O.H., Dijk, L. van, Vandebriel, R.J., Leufkens, H.G.M., Laan, J.W. van der, Cohen 
Tervaert, J.W., Loveren, H. van. Use of statins is associated with an increased risk of rheumatoid arthritis. 
Annals of the Rheumatic Diseases: 2012, 71(5), 648-654 

 
 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

Because of limited data on hyperlipidaemia in our study, we analysed the data of patients without a medical 
record for cardiovascular disease, diabetes and hypertension, and we still found an increased risk of 
developing RA associated with statin use. Recently, three population-based cohort studies of patients who 
were initially treated with statins have shown conflicting results.19,–,21 Smeeth et al21 reported no effect of 
statins on the development of RA, whereas Chodick et al19 reported a reduction in the risk of developing 
RA when patients were treated with statins. Both the study of Smeeth et al21 and the study of Chodick et 
al19 excluded patients with RA in the first year after the index date. In contrast to our retrospective study, 
these two prospective studies hypothetically considered a lag time between exposure to statins and incident 
RA. This could explain the differences between these two cohort studies and our results because we found 
an increased risk of RA within 6 months of statin use. Another prospective population-based cohort study 
of more than 2 million patients from 368 general practices in England and Wales showed no association 
between statin use and the risk of developing RA.20 In comparison with this population-based cohort study, 
we used a more sensitive definition of RA by verifying the patient electronic records with a referral to a 
rheumatologist and/or at least one DMARD prescription and/or two corticosteroid prescriptions after the 
date of the first diagnosis of RA. In the study of Hippisley-Cox and Coupland,20 patients were included as 
cases if they only had a diagnostic code for RA. Using a more inclusive definition of RA may have diluted 
the association between statin use and incident RA.  

The underlying mechanisms by which statins may facilitate RA are unknown, and it was not possible to 
investigate them in our study. Statins are suggested to have a direct immunomodulating effect on T cells 
that may promote a shift in Th1/Th2 balance, leading to production of autoantibodies.12 17 Statins may 
affect regulatory T cells that are critical for maintaining peripheral tolerance and preventing the 
development of RA.31,–,33 Recent studies have suggested that regulatory T cells can be unstable in the 
periphery and may promote autoimmunity.34 35 According to these studies, we hypothesise that statins do 
not cause autoimmunity but may promote a pre-existing autoimmune-prone condition to progress towards a 
clinical disease such as RA. Another possibility is that self-tolerance is lost due to non-specific bystander 
activation provided by local inflammation (microbial infection), which could result in the formation of neo-
antigens.36 This mechanism may be induced by statins that have been proven to reduce Th1 responses.8 

One of the strengths of our study is the use of a computerised database, allowing us to use routinely 
recorded medical and prescription data from GPs. Consequently, recall bias was minimised. Our study 
contains a relatively large number of patients with RA, which allowed an assessment of the association 
between statins and RA with sufficient precision. Finally, we performed a range of sensitivity analyses 
regarding outcome definition, exposure definition, and inclusion and exclusion criteria. All these analyses 
consistently showed an increased risk of incident RA associated with statin use.  

Some limitations of this study should be considered. A concern may be the power of this study; therefore, 
we used a definition of RA that is based on GP diagnosis, a referral to a rheumatologist or prescriptions of 
DMARDs or corticosteroids after the index date. Thus, we may have used a relatively sensitive but non-
specific diagnosis of RA because no specific ICPC codes were available for other rheumatic diseases (e.g., 
systemic lupus erythematosus and psoriatic arthritis) that may have attenuated the association between 
statins and RA. However, our results remained unchanged when the analyses were restricted to patients 
with RA who were referred to a rheumatologist or who received DMARDs after their first-time diagnosis, 
or when we excluded from the analysis patients with a diagnosis of psoriasis or patients who used 
corticosteroids and NSAIDs before the index date. In addition, we have attempted to verify the first-time 
diagnosis of RA by the GP: if patients were referred to a rheumatologist and received at least one DMARD 
prescription after the index date, or if patients were prescribed DMARDs after the index date. Using these 
two criteria for defining RA, we have only included patients who were referred to a rheumatologist and 
were prescribed DMARDs by their GP, or patients who were treated with DMARDs by their GP. When 
DMARDs were prescribed by the rheumatologist, the prescription of the patient may not always appear in 
the LINH data set. The LINH database does not provide medical information from the rheumatologist, but 
the Dutch guidelines for optimising GP–medical specialist communication enjoin medical specialists to 
inform GPs of the first results of the diagnostics and treatments of the referred patient.37 38 Due to this 
possible underestimation of patients with RA, we may have introduced selection bias that may produce an 
underestimation of the association.  

Using computerised prescription data from the GP may have introduced an overestimation of actual statin 
use. However, this misclassification is likely to be non-differential between cases and controls and, 
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therefore, would probably have resulted in an underestimation of the association between statin use and 
RA.  

In this study, we found an effect of statin use on the risk of developing RA. We observed no effect of past 
statin use and no trend between different groups of duration, DDDs and prescriptions of statins and the risk 
of developing RA. This may be due to the small number of patients in the study.  

There were no available data on dietary intake, physical activity and smoking, and there were limited 
available data on other examinations (eg, lipid levels, inflammatory and immunomodulatory markers (eg, 
anti-nuclear antibodies, anti-citrullinated protein antibodies)) that may be important confounders. By 
conducting simulation analyses with potential effects of smoking,39 we estimated the impact of smoking on 
the association between statin use and the development of RA.40 Our findings were similar after adjusting 
for smoking. Nonetheless, we cannot exclude the possibility of residual confounding.  

Cardiovascular morbidity and mortality are enhanced in patients with RA, and this could be due to the 
inflammatory process and the increased prevalence of traditional cardiovascular risk factors such as 
hyperlipidaemia.41,–,43 Several studies have demonstrated an unfavourable lipid profile in patients with 
RA.41 44 Therefore, statin use could be a proxy for hyperlipidaemia, which may be responsible for an 
increased risk of developing RA in our study. With our baseline characteristics taken into account, 
cardiovascular diseases and cardiovascular risk factors (eg, hyperlipidaemia) may have influenced our 
results. Therefore, we should consider that the increased risk of RA was due to hyperlipidaemia and not due 
to statins. Conversely, several studies did not find significant differences between the lipid profile of 
patients with RA and the lipid profile of the general population.45,–,47 These conflicting results can be 
attributed to inflammation and treatment with lipid-lowering drugs.45 46 48 Myasoedova et al45 reported that 
reduction of lipid levels in patients with RA is unlikely to be solely due to lipid-lowering treatment. 
Additionally, confounding by indication may have affected the results of this study. We have limited 
information on hyperlipidaemia due to under-registration of this diagnosis in the GPs' records. Therefore, to 
minimise confounding by indication, we conducted a subgroup analysis based on cardiovascular risk 
profile. Statin use was associated with an increased risk of incident RA in patients with a low 
cardiovascular risk profile.  

With the potency of statins taken into account, certain assumptions about disease severity in the patients in 
our study can be made. We believe that a high potency of statins is related to severe cardiovascular 
disease/hyperlipidaemia. Based on this assumption, we would expect the association between the increased 
potency of statin treatment and the risk of developing RA to disappear or to be much more diminished 
among those cases with severe cardiovascular disease and/or hyperlipidaemia. However, we observed a 
small trend between an increased potency of statin treatment and an increased risk of RA. Taken together, it 
is not very likely that hyperlipidaemia is the only risk factor.  

Selection bias might have been introduced in this study because GPs could have paid more attention to the 
comorbidities of patients with RA. Consequently, these patients may have an increased probability of 
receiving statins. A sensitivity analysis in which we included controls who were registered and visited the 
GP showed similar results. Additionally, the average duration of registration with the GP is almost equal 
between patients with RA and controls, indicating that the patients in our study had similar opportunities to 
have been prescribed a statin.  

Differences between GPs could have biased the results of our study if there are differences in diagnoses 
and prescribing regimens per practice. However, because of the small number of patients with RA per GP, 
we did not control for general practice effects in our analysis. It is likely that statins were prescribed before 
the first-time diagnosis of RA. In our study, we could define the date of onset of RA by the first record of 
the GP for RA, but the date of onset of the RA symptoms is unknown.49 Chan et al25 reported that the 
median time between the onset of symptoms and the diagnosis of RA was less than 1 year. To prevent this 
possible type of bias (protopathic bias) of defining the date of onset, we performed several sensitivity 
analyses by modifying the index date exactly 2, 3 and 4 years before the first-time diagnosis of RA. Our 
results remained unchanged in all sensitivity analyses. Because of the small sample size of the study 
population, we used an index date exactly 1 year before the first-time diagnosis of RA. From approximately 
500 000 eligible patients, we ultimately included 508 patients with RA in our study. Our restricted sample 
of patients with RA may hamper the external validity of the study.  

Our study shows that even if statins are effective in suppressing symptoms of ongoing autoimmunity, they 
also seem to be associated with an increased risk of developing RA. Our findings should be replicated by 
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additional studies. When confirmed, these findings indicate that precaution should be taken when 
prescribing statins for individuals with a low risk of cardiovascular disease.  
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