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ABSTRACT 
Purpose: Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II 
receptor blockers (ARBs) are effective in the treatment of cardiovascular 
disease. Next to effects on hypertension and cardiac function, these drugs have 
anti-inflammatory and immunomodulating properties which may either facilitate 
or protect against the development of autoimmunity, potentially resulting in 
autoimmune diseases. Therefore, we determined in the current study the 
association between ACE inhibitor and ARB use and incident rheumatoid 
arthritis (RA). 
Methods: A matched case–control study was conducted among patients treated 
with antihypertensive drugs using the Netherlands Information Network of 
General Practice (LINH) database in 2001–2006. Cases were patients with a 
first-time diagnosis of RA. Each case was matched to five controls for age, sex, 
and index date, which was selected 1 year before the first diagnosis of RA. ACE 
inhibitor and ARB exposure was considered to be any prescription issued in the 
period before index date. Logistic regression analysis was used to estimate odds 
ratios (ORs) and their 95% confidence intervals (CI). 
Results: Our study included 211 cases and 667 matched controls. After 
controlling for potential confounders, ever use of ACE inhibitors or ARBs was 
not associated with incident RA (adjusted ORs [95%CI], 0.99 [0.55–1.79] and 
1.02 [0.67–1.56], respectively). The adjusted ORs (95%CI) for current and past 
use of ACE inhibitors were 1.18 (0.75–1.85) and 0.61 (0.28–1.35). For current 
and past use of ARBs, these adjusted ORs (95%CI) were 1.40 (0.80–2.45) and 
0.29 (0.05–1.67), respectively. No duration and dose–effect relationship was 
observed. 
Conclusions: ACE inhibitor or ARB use is not associated with incident RA.  
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INTRODUCTION 
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin II receptor 
blockers (ARBs) have been reported to reduce mortality and morbidity from 
cardiovascular events among patients with hypertension, renal, and cardiovascular 
diseases.[1-7] In addition to their effects on blood pressure, cardiac function, and 
antiproteinuric effect, ACE inhibitors and ARBs have anti-inflammatory and 
immunomodulating properties.[8-11] Open-label studies with rheumatoid arthritis 
(RA) patients and experimental studies in collagen-induced arthritis suggested a 
beneficial effect of ACE inhibitors and ARBs in arthritis.[12-15] Similarly, ACE 
inhibitors and ARBs reduce the incidence and severity of experimental autoimmune 
myocarditis.[16] Otherwise, it has been postulated that the immunomodulating effects 
of ACE inhibitors may facilitate autoimmune responses.[17, 18] Indeed, several case 
reports have suggested that ACE inhibitors may facilitate the development of 
autoantibodies[19-21] and autoimmune diseases such as lupus-like syndrome, 
vasculitis, and pemphigus.[22-42] Furthermore, one patient with ARB-associated 
pemphigus has been reported.[43] 
The proposed mechanisms by which ACE inhibitors or ARBs may facilitate and be 
protective for RA are unclear. 
The anti-inflammatory effects of ACE inhibitors and ARBs are likely due to changes 
in cellular immunity[8] and to inhibiting adhesion molecule upregulation, chemotaxis, 
and the release of cytokines by immune cells.[44-46] As a result, ARBs and ACE 
inhibitors may interfere with leukocyte–endothelial cell adhesion and thereby prevent 
the influx of inflammatory cells in the inflamed synovial membrane and at the 
cartilage–pannus junction. 
Importantly, Shao and colleagues showed in a study with angiotensin-II-infused 
hypertensive rats elevated levels of the T-helper cells 1 (Th1) cytokine interferon-γ 
and decreased levels of Th2 cytokine IL-4. By administering in these rats an ARB, 
the imbalance of Th subsets was corrected.[47] Furthermore, Platten and colleagues 
demonstrated in an animal model of experimental autoimmune encephalitis, 
mimicking multiple sclerosis, that ACE inhibitors modulate this disease by 
suppressing autoreactive Th1 and Th17 cells and promoting T-regulatory cells.[8] 
Otherwise, Coelho dos Santos and colleagues found that ACE inhibitors increase the 
intensity of Trypanosoma cruzi infection of human monocytes and decreases the 
expression of the modulatory cytokine IL-10 while inducing Th17 cells[17] and hence 
may promote RA, psoriasis, and psoriatic arthritis.[48-50] Finally, studies have shown 
that captopril blocks activation-induced apoptosis in T cells[18, 51] and hence may 
interfere with clonal deletion and disturb the maintenance of self-tolerance, thus 
facilitating autoimmunity.[17, 18] 
The objective of our study was to investigate whether the use of ACE inhibitors or 
ARBs increase or decrease incident RA in a large observational study. 

METHODS 

Study population 
Data for this study were obtained from the Netherlands Information Network of 
General Practice (LINH), a database derived from general practices that records data 
on morbidity, drug prescriptions, and referrals on a continuous basis in electronic 
medical records. The LINH includes 350 000 patients who were registered at 85 
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practices from 2001 through 2006.[52] Prescription data were classified according to 
the Anatomical Therapeutic and Chemical (ATC) classification,[53] and morbidity 
was coded by using the International Classification of Primary Care (ICPC) 
scheme.[54] The study was carried out according to Dutch legislation on privacy. The 
privacy regulation of the study was approved by the Dutch Data Protection 
Authority. According to Dutch legislation, neither obtaining informed consent nor 
approval by a medical ethics committee was obligatory for observational studies. 

Study design 
We performed a nested, matched case–control study among patients treated with 
antihypertensive drugs. Under our definition of antihypertensive drugs, we included 
miscellaneous antihypertensive drugs (ATC code C02), thiazide diuretics (ATC code 
C03), beta-blocking agents (ATC code C07), calcium channel blockers (ATC code 
C08), ACE inhibitors (ATC code C09A/C09B), and ARBs (ATC code C09C/C09D). 

Case definition 
All patients who were first diagnosed with RA and were registered with a general 
practitioner (GP) for at least 1 year at index date were included in the study. 
Subsequent diagnoses of RA were disregarded. The date exactly 1 year before the 
date of first-time diagnosis of RA was subsequently used as index date because the 
diagnosis is usually made after the disease has been symptomatic for some period.[55, 

56] When the index date was shifted 1 year before the first-time diagnosis of RA, 
patients still had to have a medical history of at least 1 year before this new index 
date. Patients were considered as having a diagnosis of RA if the first-time diagnosis 
registered by GP was verified by a referral to a rheumatologist by the use of at least 
one prescription of disease modifying antirheumatoid drug (DMARD) or two or 
more prescriptions of systemic corticosteroids after index date.[57] 
Patients were excluded from the study if they had a medical record of ankylosing 
spondylitis (ICPC code L88.2) or received at least one prescription of DMARDs 
before index date, if they had a diagnosis of RA by the GP with no confirmation 
according to the mentioned criteria, or if they had no registered medical history for 1 
year.[57] 

Control selection 
Of the antihypertensive drug users, five controls were matched to each RA case on 
age (within 5 years), sex, and index date. Controls were required to be registered at 
least 1 year in the general practice before index date to minimise information bias. 
The exclusion criteria used in case selection were applied to controls. 

Definition of exposure 
Using data on prescription dispensing date and days supplied, we determined the 
exposure to ACE inhibitors and ARBs for each patient in the study. All the patients 
were users of at least one antihypertensive drug. Current use was defined as 
receiving at least one prescription of ACE inhibitors and ARBs within 6 months 
before index date, and past use was defined as receiving a prescription of ACE 
inhibitors and ARBs but discontinued treatment more than 6 months before index 
date. Patients, who were current or past users of ACE inhibitors and ARBs 
simultaneously, were categorised as a separate group. Patients who were not users of 
ACE inhibitors or ARBs but were users of another antihypertensive drug such as 
thiamine diuretics, calcium antagonists, and beta blockers were used as the reference 
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category. The expected duration of ACE inhibitor and ARB use until index date was 
based on treatment time and prescribed drug supply (determined by the number of 
prescribed tablets), and was divided into three categories: [1] 1-365 days, [2] 366-
1095 days, and [3] more than 1095 days. We calculated the dose of ACE inhibitors 
and ARBs according to the defined daily dose (DDD), which is the average daily 
dose of a drug for its main indication in adults[51] (1 DDD corresponds with captopril 
50 mg, enalapril 10 mg, lisinopril 10 mg, perindopril 4 mg, ramipril 2.5 mg, quinapril 
15 mg, fosinopril 15 mg, losartan 50 mg, valsartan 80 mg, irbesartan 0.15 g, 
candesartan 8 mg, telmisartan 40 mg, and olmesartan medoxomil 20 mg). Based on 
almost equal distributions of ACE inhibitor and ARB use, ACE inhibitor exposure 
was categorised into three categories of less than 0.75 DDD per day, 0.75–1.25 DDD 
per day, and more than 1.25 DDD per day, and ARB exposure was categorised as 
less than 1.0 DDD per day and more than 1.0 DDD per day to assess a potential 
dose–response relationship. 

Potential confounders 
Potential confounders included prescriptions within 6 months preceding the index 
date for nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, proton 
pump inhibitors, statins, aspirin, antibiotics, hormone replacement therapy, 
antidepressants, calcium antagonists, and thiazide diuretics and comorbidities 
including diabetes, hyperlipidaemia, cardiovascular disease, and chronic obstructive 
pulmonary disease (COPD).[58] Patients were classified as diabetic when they had a 
diagnosis of diabetes (identified by ICPC codes T89 or T90) or when they received 
antidiabetic therapy before index date. Hyperlipidaemia was considered present 
when the patient had a medical record of hyperlipidaemia (identified by ICPC code 
T93) or used lipid-lowering drugs prior to the index date. COPD and cardiovascular 
disease were identified by ICPC code R95 and ICPC codes K71, K73–K84, K89, 
K90, K92–K96, and K99, respectively. 

Statistical analysis 
Continuous variables were expressed as mean ± standard deviation, and categorical 
variables were expressed as frequencies and percentages. For baseline characteristics, 
continuous data were analysed by Student's t-test and categorical data by chi-square 
test or Fisher exact test when appropriate. Logistic regression conditioned on the 
matching factors was used to study the association between ACE inhibitor and ARB 
use and the risk of RA. Odds ratios and 95% confidence intervals (95%CIs) were 
estimated. We evaluated the effects of ever use, current and past use, and specific 
type, duration and DDDs of ACE inhibitor and ARB on the risk of developing RA. 
In addition to controlling for age, sex, and calendar time by matching, estimates were 
adjusted for the mentioned confounders. Furthermore, we evaluated the confounding 
effects of aspirin, statins, antibiotics, hormone replacement therapy, corticosteroids, 
antidepressants, and thiazide diuretics and diabetes, hyperlipidaemia, and COPD, but 
we did not include these covariates in the regression models because we did not 
observe more than 10% change in the estimate of the exposure–outcome association 
by adding each time one of these variables into the model.[59] A p value of ≤ 0.05 was 
considered statistically significant. We used SAS version 9.2 (SAS Institute, Cary, 
North Carolina) to analyse the data. We performed a sensitivity analysis where we 
investigated the influence of thiazide diuretics on the association between ACE 
inhibitors/ARB and RA because several studies have demonstrated the association 
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between thiazide diuretics and autoimmune reactions.[60, 61] To explore the influence 
of inclusion of prevalent cases in the study, we performed two sensitivity analyses 
where we shifted the index date exactly 2 and 3 years before the first-time diagnosis 
of RA. Two sensitivity analyses were performed to examine the effect of 
misclassification of patients by changing the definition of the outcome (RA). First, 
we varied the definition of the outcome (RA), specified as first-time diagnosis of RA 
and a referral to a rheumatologist and a prescription of DMARDs after index date 
(irrespective of the use of corticosteroids), a definition used in another study.[62] 
Second, we investigated the influence of the inclusion of patients with psoriatic 
arthritis and performed an analysis that excluded patients with a medical record for 
psoriasis. 

RESULTS 
The study population consisted of 57 457 patients who used at least one prescription 
of antihypertensive drugs during the study period from 2001 through 2006. Of those, 
877 patients had a first-time diagnosis of RA. Of these RA patients, 72 patients were 
excluded because they used at least one prescription of DMARDs before index date 
and 269 patients because they had no minimum registered medical history of 1 year. 
In addition, 325 patients were excluded from the study because the first-time 
diagnosis of RA by the GP was not confirmed according to the predefined criteria. 
After these exclusions, we identified 211 eligible RA patients that were matched to 
667 controls. 
Characteristics of the study population at the index date are described in Table 1. The 
average age of the study population was 65 years, and approximately 67% were 
women. RA patients used more often corticosteroids, NSAIDs, antidepressants, and 
proton pump inhibitors and were more often diagnosed with COPD than were 
controls. The duration of registration with the GP was approximately 11.2 years in 
RA patients and 10.5 years in controls. Table 2 shows that ACE inhibitor use or ARB 
use prior to the index date was not associated with incident RA (adjusted odds ratios 
[ORs], 1.02 [95%CI, 0.59–1.78]) and (adjusted OR, 1.02 [95%CI, 0.69–1.51]), 
respectively. The adjusted ORs (95%CI) of incident RA associated with current and 
past use of ACE inhibitors were 1.15 (0.76–1.74) and 0.70 (0.34–1.47), respectively. 
Current and past use of ARBs were not associated with incident RA (adjusted ORs 
[95%CI], 1.39 [0.82–2.33] and 0.29 [0.06–1.96], respectively). In addition, current 
use and past use of the combination therapy of ACE inhibitors and ARBs were not 
associated with incident RA. 

[TABLE 1. AND TABLE 2] 
No relation between the duration and intensity of use of ACE inhibitors or ARBs, 
expressed as days of use and numbers of DDD, and the risk of developing RA was 
observed (Table 3). Stratifying results according to the type of ACE inhibitor and 
ARB use showed no risk differences between ACE inhibitor or ARB users and 
nonusers (data not shown). 
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[TABLE 3] 

Sensitivity analyses 
The risk of RA associated with ACE inhibitors or ARBs was similar for subjects 
using thiazide diuretics and subjects not using thiazide diuretics. When we shifted the 
index date 2 and 3 years before the first-time diagnosis of RA, we found no 
association between ACE inhibitor and ARB use and incident RA (data not shown), 
and no difference in the distribution of NSAID and corticosteroid use between cases 
and controls was observed. When the analysis was restricted to RA patients referred 
to a rheumatologist or received at least one prescription of a DMARD after index 
date, the adjusted ORs (95%CI) for ACE inhibitor and ARB use and the risk of 
developing RA were 0.92 (0.45–1.87) and 0.89 (0.36–1.79), respectively. To exclude 
possible bias by accidental inclusion of patients with psoriatic arthritis among RA 
patients, we repeated the analysis after removing the patients who had a recorded 
diagnosis of psoriasis. Results were consistent with all other analyses (adjusted 
ORace inhibitor, 1.03 [95%CI, 0.61–1.85]; adjusted ORARB, 1.06 [95%CI, 0.68–
1.53]; and adjusted ORACE inhibitor and ARB, 1.63 [95%CI, 0.74–3.57]). 

DISCUSSION 
The present study did not demonstrate an association between ACE inhibitor and 
ARB use and the risk of developing RA. The effect was consistent when we defined 
the exposure to ACE inhibitors and ARBs as current and past use and duration of 
use. Furthermore, no dose–response effect was observed. Thus, our data do not 
support the hypothesis that ACE inhibitors and ARBs either facilitate or protect 
against RA. 
To our knowledge, this is the first observational study investigating the influence of 
ACE inhibitor and ARB use and incident RA. Evidence for the association between 
ACE inhibitor and/or ARB use and the occurrence of autoimmune diseases was 
derived from case reports of lupus-like disease, vasculitis, and pemphigus.[22-43] In 
these case reports, the commonly prescribed ACE inhibitors such as captopril and 
enalapril were often reported as a suspected drug for the occurrence of these 
autoimmune diseases. In our study, however, we observed no difference in the risk 
estimates of individual ACE inhibitors and the risk of developing RA. 
Several studies have shown the beneficial effects of ARB and ACE inhibitor use in 
animal models of induced arthritis.[13, 14, 63, 64] Furthermore, in an open study of 
patients with active RA treated with captopril, reductions in joint symptoms, the 
number of swollen joints, and reduced levels of C-reactive protein (CRP) were 
found.[12] In addition, in an open study using pentopril, no clinical improvement in 
patients with RA was observed, although CRP levels decreased.[65] Furthermore, 
ARB use in RA patients was found to be associated with a significant reduction in 
erythrocyte sedimentation rate.[15] Findings are, however, inconclusive.[15, 66] 
Several limitations of our study should be considered in the interpretation of these 
results. First, the definition of RA in our study was based on GPs' diagnosis, a 
referral to a rheumatologist, or prescriptions of DMARDs and/or corticosteroids after 
index date. We may have used a relatively sensitive, but nonspecific, diagnosis of 
RA because no specific ICPC codes were available for other rheumatic diseases, for 
example, psoriatic arthritis. Furthermore, no data on examinations such as the 
presence of anti-cyclic citrullinated peptide antibodies or X-ray of hands and feet 
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were available for making a diagnosis of RA. Therefore, false positives, meaning that 
not all cases were true cases of RA, may have diluted the results of our study, and we 
may have underestimated the OR of RA. However, our results remained unchanged 
when analyses were restricted to RA patients referred to a rheumatologist or those 
who received DMARDs after their first-time diagnosis, or when we excluded 
patients with a diagnosis for psoriasis, or when we modified the index date exactly 2 
and 3 years before the first-time diagnosis of RA. Because of limited power of our 
study population, we used an index date exactly 1 year before the first-time diagnosis 
of RA. When the analysis was restricted to RA patients referred to a rheumatologist 
and received at least one prescription of a DMARD after index date, the results were 
consisted with all other analyses. Our findings indicate no association between ACE 
inhibitor and ARB use and incident RA when we used other criteria for defining RA 
in our study. 
Second, our study was observational, and patients were not randomly assigned to 
antihypertensive therapy. Physicians and patients selected antihypertensive drug 
therapies, and this may have introduced bias. We think, however, that it is unlikely 
that this bias has influenced our results because no differences between cases and 
controls in the prescriptions of other antihypertensive drugs were observed. Third, 
misclassification of ACE inhibitor and ARB use may be a concern in this study 
because we used computerised prescription data from the GP. Patients may have 
been nonadherent to the treatment of ACE inhibitors or ARBs and therefore could 
have used less ACE inhibitors or ARBs than prescribed. However, this 
misclassification is likely to be nondifferential between cases and controls and may 
have resulted in an underestimation of the association between use of ACE inhibitors 
and/or ARBs and RA. Fourth, selection bias may have been introduced in this study 
because GPs could have paid more attention to comorbidities of RA patients. Yet, the 
average duration in the registry is almost equal between RA and controls, and 
therefore, the patients in our study had similar opportunities to have been prescribed 
an ACE inhibitor or ARB. Further limitations include the lack of information on 
dietary intake, physical activity, and smoking and limited data on other examinations 
(e.g., blood pressure, lipid levels).[67-69] From the approximately 57 457 eligible 
patients who were taking antihypertensive medication, we ultimately included 211 
RA patients in our study. Due to several exclusions, our results may not necessarily 
be extrapolated to all treated hypertensive patients. In addition, the group of users of 
ACE inhibitors and ARBs in our study was relatively small. 
Strengths of our study include the use of different classes of antihypertensive drugs 
and the use of a computerised database, allowing us to use routinely recorded 
medical and prescription data from GPs. Consequently, recall bias was minimised. 
Another strength of our study is its inclusion of patients who were prescribed an 
antihypertensive drug. By including only these patients, we have ensured that 
prognostic factors such as cardiovascular risk factors (e.g., hypertension) were 
almost evenly distributed between the RA patients and controls.[70] Furthermore, 
because hypertension may be considered as an immune-mediated disease[71, 72] 
hypertension-related immunological abnormalities relevant for the development of 
RA were probably also equally distributed between both groups. Nonetheless, 
hypertension is more prevalent in RA patients than in the general population,[73] and 
theoretically, in view of their immunomodulating capacities, the use of ACE 
inhibitors and/or ARBs might prevent the development of RA. 



Jong, H.J.I. de, Vandebriel, R.J., Saldi, S.R.F., Dijk, L. van, Loveren, H. van, Cohen Tervaert, 
J.W., Klungel, O.H. Angiotensin-converting enzyme inhibitors or angiotensin II receptor 
blockers and the risk of developing rheumatoid arthritis in antihypertensive drug users. 
Pharmacoepidemiology and Drug Safety: 2012, 21(8), 835-843  
 

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

In conclusion, the present study suggests that there is no association between incident 
RA and ACE inhibitor or ARB use. Our results indicate that the beneficial effects of 
ACE inhibitors and ARBs studied in patients with RA were not observed among 
hypertensive patients without clinically manifest RA. Furthermore, our study does 
not underline findings from individual case reports suggesting that ACE inhibitors 
and ARBs may facilitate the development of autoimmune diseases. Based on these 
findings, we believe that both ACE inhibitors and ARBs are considered to be safe for 
patients with a risk of developing RA. Further research using larger sample size and 
a prospective study design are needed to confirm our findings. It is of interest to 
replicate the design of this study to assess the association with psoriasis and psoriatic 
arthritis. 
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