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ABSTRACT

Introduction: HMG-CoA (3-hydroxy-3- methylglutarylcoenzyme
A) reductase inhibitors (statins) have anti-inflammatory
properties which may be particularly useful in rheumatoid
arthritis to suppress disease activity and inflammatory factors.

Aim: The purpose of this clinical trial was to determine anti-
inflammatory properties of statins in rheumatoid arthritis.

Materials and Methods: Eighty Iranian patients with rheumatoid
arthritis, aged between 19 to 75 years were recruited to take
part in this randomized, double-blind placebo-controlled
trial. Subjects were randomly allocated to two groups to take
atorvastatin or placebo 40 mg daily as an adjunct to current
disease-modifying anti-rheumatic drugs (DMARDs) treatment.

Disease Activity Score-28 (DAS28), C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), swollen joint count (SJC)
& tender joint count (TJC) were assessed before and after three
months intervention.

Results: Analysis was based on intention to treat. DAS28
significantly declined in the atorvastatin group in comparison
with placebo (p< 0.001). SJC, TJC, CRP and ESR also were
significantly dropped in the atorvastatin group in comparison
with placebo.

Conclusion: It can be concluded that atorvastatin can suppress
RA activity and inflmmatory factors in RA patients for high to
moderate grade of inflmmation.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic illness related to joint
inflammation, progressive disability and complications in patients
which have adverse impacts on their quality of life [1,2]. It is
revealed that statins (3-Hydroxy-3 methyl-glutaryl coenzyme
A (HMG-CoA) inhibitors) which are used in hyperlipidemia and
prevention of CAD due to cholesterol-lowering effects have anti-
inflammatory and immune-modulatory impacts [3].

Statins had shown anti-inflammatory functions in several studies
[3]. This potential of having anti-inflammatory properties have raised
attention to its probable benefits in routine therapy of rheumatoid
arthritis (RA) [4-6]. Furthermore statins have a safety profile,
this may decrease demand for the long-term disease modifying
antirheumatic drugs (DMARDs) which are currently used for RA
treatment [7]. However, the largest surveys applied to evaluate the
impacts of statins in RA did not report significant results [8,9], thus
the advantages of statin therapy related to disease activity in RA
patients remains debatable.

There is contradictory evidence about efficacy of statins in custom
treatment of rheumatoid arthritis. However, debatable available
data, promotes the need for more research to find the precise
dosage and beneficial impact of statin therapy on RA disease
activity [10]. The present clinical trial was proposed to determine
the impacts of atorvastatin on inflammation and disease activity in
rheumatoid arthritis.

AIM

The aim of this randomized, double-blind placebo-controlled
trial was to determine anti-inflammatory properties of statins in
rheumatoid arthritis (RA) patients.

MATERIALS AND METHODS

The study was accepted by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences (AJUMS), Iran (ajums.
REC.1393.31) and was registered in the Iranian Registry of Clinical
Trials (IRCT ID:IRCT 2014051817738N1). The trial was carried
out from June 2014 to the October 2014 with rheumatoid arthritis
(RA) patients, referring the out-patients Rheumatology Clinic of the
Golestan Hospital, Ahvaz, Iran.

Sample size was calculated by this formula:
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(5,=2.6), S,=2.34) with regard to the most possible sample size,

mean difference was 2 [4].
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A total of 80 patients with rheumatoid arthritis, of whom (14
male, 66 female) were randomised to participate in this study
and were randomly assigned to two groups to take either 40
mg atorvastatin or placebo daily for three months [Table/Fig-1].
All patients filled in a written consent. The participants’ age was
between 19 to 75-year-old. The subjects were all compared
against the 2010 American College of Rheumatology (ACR) and
European League with the Rheumatism collaborative (EULAR)
criteria [11]. Their disease activity was moderate to severe despite
current (DMARDs) therapy. All patients had used only DMARDs
including hydroxychloroquine and MTX (methotrexate) jointly with
prednisone. None had history of any other injectable drugs such
as Anti-TNF agents or other DMARDs. Patients excluded due to
instability of DMARD use before study implementation, current
usage of statins and NSAIDs, contraindication of statins therapy
such as renal disease or impaired liver enzymes, pregnancy,
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hepatic disease, smoking, disease duration longer than 5 years
and any kind of cancer.

Only patients who met the inclusion criteria and signed consent
were invited to participate in this clinical trial. Patients were
recruited with active RA in addition with sufficient and stable
dose of similar DMARD for at least 3 months and were asked to
keep their DMARD dose from study admission. Both groups used
hydroxychloroquine 3.5 mg/kg daily, prednisolone7.5 mg daily and
0.2 mg/kg methotrexate weekly. During study, dose of these drugs
were fixed until next visit, patients didn’t use any other drug such
as NSAID or any other that may effect on their symptoms. Patients
were computer randomized by an independent administrator
at an off-site location and both patients and researchers were
uninformed of the type of allocated drug among two groups.
Atorvastatin and placebo tablets were supplied by the Faculty of
Pharmacy. Patients followed-up to 3 months.

Disease activity score (DAS28), C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), swollen joint count (SJC) &
tender joint count (TJC) were measured before and after 3 months
of taking atorvastatin & placebo 40 mg daily among two allocated
groups. It should be mentioned that 3 weeks after starting trial,
we asked patients about myalgia to ensure about a rare probable
complications of statins such as myopathy. If there were such
symptoms, we had to stop atorvastatin and check Creatine
phosphokinase (CPK) and Lactate Dehydrogenase (LDH). No
complication in this matter was reported in this trial.

Intention to treat analysis has been done, which means subjects
who did not finish 3 months of clinical trial were also considered.
The disease activity score (DAS28), is calculated at each visit using
the patient’s ESR and also number of tender and swollen joints(out
of 28). According to the National Rheumatoid Arthritis Society
[12] a DAS28 > 5.1 demonstrates active disease, a DAS28 <3.2
demonstrates well controlled disease, and a score < 2.6 qualifies
for remission. If the DAS28 score is > 3.2 or trends higher over
time, this scoring may lead the provider to adjust current therapies
to help slow disease progression.

STATISTICAL ANALYSIS

The analysis of the results was carried out using Statistical
Package for Social Sciences (SPSS) version 20. Descriptive
statistics such as means, range and standard deviation were used
to present subject’s demographic information. Paired t-tests &
two-sample independent t-tests were employed to define mean
differences of continuous variables within-group and between
two groups respectively at baseline and the end of intervention.
To find possible baseline differences between the two groups,
chi square test was used for categorical socio-demographic
and clinical variables. The p-value more than 0.05 means that
two groups were similar at baseline. Data analysis was based on
intention to treat analysis analysed by Intention-To-Treat (ITT) and
for an alteration in laboratory variables, we assumed no change for
dropouts by reassigning their baseline value forward to 3months.
The associated 95% Cl, and p<0.05 was considered as the
significant level.

RESULTS

In this randomized, double-blind placebo-controlled trial, 80 RA
patients were randomized to take 40 mg atorvastatin or placebo.
There were not any significant differences for demographic data
between the two groups at baseline. Atorvastatin was well tolerated
among subjects. The flow diagram of subject recruitment process
for 2 group parallel randomized trial is shown in the [Table/Fig-1].

The age of rheumatoid arthritis patients ranged from 19 to 75-
year-old. The mean age was 46.38 + 12.43 years. There were not
any significant differences for clinical variables at baseline between
two groups except for SJC and ESR. The comparisons between
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two groups and within each study arm are described in [Table/
Fig-2]. Disease activity score (DAS28), C-reactive protein (CRP),
Erythrocyte Sedimentation Rate (ESR), swollen joint count (SJC)
& Tender Joint Count (TJC) were significantly declined in patients
who were assigned to the atorvastatin group in comparison with
placebo (p< 0.001) [Table/Fig-2].

Elnclen: ‘ Assessed for eligibility (= 128) ‘

Excluded (n=48 )
» Mot meeting inclusion criteria (n=31)
« Declined to participate (n=17)

Randomized (n=80)

l 1 Allocation ] l
Allocated Atorvastatin (n= 40) Allocated placebo (n= 40)

+ Received Atorvastatin (n=40) + Received placebo (n= 40}

Follow-Up
J

Lost to follow-up (n=2) Lost to follow-up (n=3)

Dizcontinued intervention (n=1) Digcontinued intervention (n=1)

Did not attend final assessment (n=1) Did not attend final assessment (=21

i Analysis

Analysedfor ITT {n=40) Analysedfor ITT (n=40)

[Table/Fig-1]: CONSORT flow chart of subjects’ recruitment process for 2-group
parallel randomized trial. ITT, intention to treat.

Variables Atorvastatin Placebo p*
(n=40) (n=40)
Demographics
Gender Male 5(12.5%) 9(22.5%)
Female 35(87.5%) 31(77.5%) 0.24
Disease duration 1 33(82.5%) 28(70%)
Wyears 2 3(7.5%) 5(12.5%) 0.18
>3 4(10%) 7(17.5%)
Age 47.8+10.30 44.95+14.24 0.31
Clinical outcome measures
TJC
Baseline 9.28+4.24 10.48+3.90 0.191
End 2.80+2.25 10.90+3.41 0.000 *
P 0.000** 0.576
SJC
Baseline 7.33+3.34 9.32+3.70 0.013*
End 1.68+1.62 9.53+3.21 0.000*
P 0.000** 0.705
ESR
Baseline 51.73x24.47 42.23+9.06 0.024*
End 27+12.96 41.90+11.21 0.000*
P 0.000** 0.787
DAS28
Baseline 5.64+0.67 5.78+0.58 0.314
End 3.76+0.77 5.84+0.56 0.000*
P 0.000** 0.631

[Table/Fig-2]: Demographic data, baseline and end values of clinical variables in
rheumatoid arthritis patients following 3 months taking of atorvastatin (n=40) or
placebo (n=40).

* Significant at p<0.05

Note: Data were expressed as mean + SD

P* resulted from independent two sample t-test to compare baseline with end values in
each groups;

P** resulted from paired t-test to compare baseline with end values within a group
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Comparison of mean DAS28 and its trend in RA patients before

and after the intervention among two groups are shown in [Table/
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[Table/Fig-3]: Comparison of mean of DAS28 in patients with rheumatoid arthritis
before and after 3 months intervention among two groups; statin (n=40), placebo

(n=40).
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[Table/Fig-4]: Trends of mean DAS28 in patients with rheumatoid arthritis before

and after 3 months intervention among two groups; statin (n=40), placebo (n=40).
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[Table/Fig-5]: Classifications of DAS28 in patients with rheumatoid arthritis before

and after 3 months intervention among two groups; statin (n=40), placebo (n=40).
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[Table/Fig-6]: Classifications of C-reactive protein (CRP) in patients with rheumatoid

arthritis before and after 3 months intervention among two groups; statin (n=40)
placebo (n=40).
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Fig-3,4] respectively. Classification of DAS28 (EULAR criteria) in RA
patients before and after the intervention were defined in [Table/
Fig-5]. Almost 39 of 40 (97.5%) patients in atorvastatin group had
moderate or low DAS28 in comparison with 3 of 40 assigned in
the placebo group after 3 months [Table/Fig-5]. Classification of
C-reactive protein among two groups before and after intervention
is presented in [Table/Fig-6].

DISCUSSION

The beneficial effects of anti-inflammatory properties of statin have
been reported in several studies [4,13-15]. Primary results come
from laboratory test in vitro and from animals [16,17]. Recently,
the beneficial anti-inflammatory properties of statins have been
investigated among humans in diseases with high levels of
inflammation such as RA [4], sepsis [13], organ transplantation [14]
and multiple sclerosis [15]. The current clinical trial has been done
to determinethe anti-inflammatory impact of statin in rheumatoid
arthritis because the clinical trials in this matter are not sufficient.

The results of the current study revealed obvious suppression for
acute-phase variables (ESR and CRP) and a significant decline in
mean DAS28 score, swollen/tender joint counts in RA patients
after 3months of atorvastatin treatment with a dose of 40 mg daily.
While the level of change is modest, it can provide evidence that
statins can be beneficial in inflammatory disease. The impact of
atorvastatin in patients with moderate to severe RA revealed that
atorvastatin with a dose of 40 mg daily can significantly suppress
disease activity. Similarly, the first clinical trial (TARA)(4)aimed to
find-out anti-inflammatory role of statins on rheumatoid arthritis
was a double-blind, placebo-controlled trial among 116 RA
patients with 6 months follow-up. Atorvastatin with a dosage of 40
mg daily had the same results as our trial after 6 months compared
with those assigned to the placebo arm.

However, the TARA study had the bigger sample size and longer
follow-up time, but the indication stated by the trial was small,
more proof was required. Standard RA treatment included
DMARDs, NSAIDs, and steroids were allowed. Patients used
different DMARDSs, Also, the study demonstrated that those in the
intervention group using methotrexate had similar results to those
in the same group using a different DMARD; while there were no
differences between case and control group regarding the type of
used DMARDs in our study and taking NSAIDs was in exclusion
criteria.

The immunomodulatory properties of statins in RA patients have
been reported in three small clinical trials [18-20]. In one study
[18], 30 RA patients were randomly allocated to a group to take
methotrexate and prednisone and another group assigned to take
those 2 drugs plus atorvastatin (40 mg/day). Statin had significant
effect on suppression of RA disease activity after 6 months while
sample size of the study was less than our trial and there was no
placebo group [18].

The effects of low-dose (10 mg daily) of simvastatin was evaluated in
another study [20] for 12 weeks among 24 RA patients. Reduction
in ESR and CRP levels was reported. While the other trial [21]
with small sample size {atorvastatin (n=11) &placebo (n=9)) and
high-dose of statin (80 mg/day} for 12 weeks had no impact on
disease activity of rheumatoid arthritis. However, atorvastatin with
a dose of 20 mg have been stated to have a positive effect on the
reduction of disease activity and inflammatory markers [22] but
there was no control group and dose of the statins was different
from our trial.

Recently, two meta-analysis [23,24] have been done on
randomised controlled trials (RCTs) among RA patients taking
either statins or control. The first one [23] included 15 studies with
overall 992 RA patients (487 patients allocated to statins therapy).
Data revealed that statins down-regulate inflammatory factors and
lead to decline on disease activity, tender joint count (TJC) and
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swollen joint count (SJC), Erythrocyte Sedimentation Rate (ESR)
and C-reactive protein (CRP). This meta-analysis explored the
anti-inflammatory impacts of statins on suppression of RA activity,
which can be prescribed as an effective therapy for RA patients
[23]. In the second recent meta-analysis, a total 13 controlled
clinical trials, including 737 adult RA patients to compare the effect
of statins with placebo were included [24]. Eleven studies were
based on DAS28, whereas the other 2 studies were based on ESR
or CRP. It was reported that statins therapy significantly decreased
swollen/tender joint counts, ESR, and CRP in comparison with
placebo and might be effective to suppress RA disease activity in
patients with more active disease than others with moderate or
low disease activity [24].

A systematic review [25] of five studies [4,18,21,26,27] including
four randomized-controlled trials and a prospective cohort
observational study [26] revealed that statin medications in only
three studies [4,18,28] provide a statistically significant decrease
in the DAS28, while all five studies demonstrated that the statins
therapy improves one or more individual markers of systemic
inflammation. Four studies [4,18,26,27] reported improvement in
CRP and three studies showed an improvement in ESR [4,18,27],
three studies indicated a decreased incidence of swollen joint
counts [4,18,26] and three studies an improvement in tender
joint counts [18,26,27]. The result of this systematic review
demonstrates a trend of decreased inflammation in rheumatoid
arthritis patients related to statin therapy. However, the picture
remains unclear for the improvement in rheumatoid arthritis
disease progression with adjuvant statin use. A cross-sectional
study [29] among 209 RA patients also reported taking statins
was correlated with a higher functional status; while, there was
not any relationship regarding statins therapy and RA disease
activity.

Regardless of all supportive results that mentioned above, in a
case-control study among 508 RA patients, after adjustment
for cardiovascular risk factors was reported that statins offer
significant cardiovascular benefits; while have impact on immune
regulation, which can raise autoimmunity and lead to diseases like
rheumatoid arthritis [28]. Even though, a large observational cohort
study [26] among 4152 RA patients in which 279 patients (6.7%)
were statin users with lower C-reactive protein and swollen joint
counts indicated that statins have beneficial effects in reduction of
RA disease activity in the daily practice of rheumatology.

LIMITATION

The limitations of this study should be considered as small sample
size and single-center design. Longitudinal clinical trials in more
populations are necessary to determine the anti-inflammatory
properties of statins and its clinical long term impacts in
rheumatoid arthritis patients. Future studies should consider the
direct impact of DMARDs on systemic inflammatory markers. It
is believed that in a large high-powered interventional study, with
more rheumatoid arthritis patients, controlled dose and long-term
exposure to statins, the effects on RA disease activity should be
better explored.

CONCLUSION

Our findings showed a beneficial effect of atorvastatin on
suppression of disease activity, tender & swollen joint counts and
plasma markers of inflammation such as erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) in RA patients despite
existing DMARD therapy. Although it may not be prescribed for
first line use, these properties of atorvastatin might be useful for
vascular protection, immune modulatory and anti-inflammatory
potential. Statins therapy may be prescribable in patients with RA
(or other patients with chronic systemic inflammation).
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