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Abstract

Background: Rheumatoid arthritis (RA) is a chronic inflammatory joint disorder with unknown etiology.
Atorvastatin is a lipid-lowering agent that affects the inflammatory processes.

Objective: This study aimed to determine the anti-inflammatory effects of atorvastatin on the Disease Activity
Index and high-density lipoprotein (HDL) concentrations in RA patients.

Methods: This clinical trial was performed on 38 RA patients, who were referred to the Imam Reza and Ghaem
Medical Centers of Mashhad, Iran between 2013 and 2014. Patients were divided into two groups: 1) the
intervention group, which received 40 mg of atorvastatin, and 2) the control group. Response to treatment and the
clinical status of patients were evaluated using the Disease Activity Score (DAS-28) and Visual Analogue Scale
(VAS) at weeks zero, four, eight, and twelve, based on the 2010 ACR/EULAR Criteria by two rheumatologists.
Disease activity and laboratory parameters, including erythrocyte sedimentation rate (ESR), high-sensitivity C-
reactive protein (hs-CRP), DAS-ESR, DAS- hs-CRP, high-density lipoprotein (HDL), low-density lipoprotein
(LDL), and liver function test (LFT) were measured in both groups.

Results: There was a significant difference in the mean number of swollen joints (p<<0.011), ESR (p <0.005),
DAS-ESR (P<0.043), LDL (0.036), and HDL (0.016) between the two groups. The changes in trend showed no
significant difference in the mean number of tender joints (p =0.38), VAS (p =0.715), CRP (p =0.07), DAS-hs-
CRP (p=0.431), total cholesterol (p=0.285), or TG (p =0.331) between the two groups. However, the Disease
Activity Index decreased by 48.4% in the intervention group, compared to 35.5% in the control group.
Conclusion: As the results indicated, atorvastatin has a positive effect on the course of RA. In fact, atorvastatin,
as an anti-inflammatory agent, could significantly influence inflammation in RA patients. Therefore, adding a
lipid-lowering agent to standard medications in RA may be warranted and could decrease disease activity.
Clinical trial registration: The trial was registered at the Iranian Registry of Clinical Trials (Website:
http://www.irct.ir, Irct ID: IRCT2015122425648N2).
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1. Introduction

Rheumatoid arthritis (RA) is a chronic synovial inflammatory disorder with an unknown etiology, occurring in
approximately 1% of the general population. The incidence of RA in females is 2.5 times higher than males, and its
prevalence increases with age in both men and women (1, 2). Early diagnosis and prompt treatment can prevent joint
destruction and organ damage in this disease (3, 4). The main objectives of RA treatment include pain relief,
inflammation reduction, joint function preservation, prevention of systemic involvement, and reducing morbidity.
Non-biologic Disease-Modifying Anti-Rheumatic Drugs (DMARDs), biologic DMARD agents, glucocorticoids,
and rehabilitation are known to be effective RA treatments and play an essential role in the management of
symptoms and disease progression (5). Atorvastatin, as a lipid-lowering agent, prevents the production of cholesterol
in the liver by inhibiting HMG-CoA reductase. This agent reduces total cholesterol and low-density lipoprotein
(LDL) levels (6, 7). Pro-inflammatory cytokines, including IL-6, IL-8, IL-1B, and TNFa, as well as chemokines
such as CCL5, CCL2, MMP9, and NF-KB, significantly decrease during treatment with this agent. Moreover,
interferon-gamma and cytokine concentrations significantly decrease in the T-cell culture of RA patients (8).
However, the upregulation of CD59, decay—accelerating factor in hypoxia, and IL-10 levels increase with
atrovastatin treatment (8-10). Overall, atrovastatin improves the endothelial function through elasticity enhancement
and decreases atheromatous plaque formation, endothelial damage, and systemic inflammation (6, 11, 12). This
study aimed to determine the anti-inflammatory effect of atorvastatin on the Disease Activity Index and high-density
lipoprotein (HDL) in RA patients, with regards to different genetic and epidemiologic factors associated with RA in
the Iranian population.

2. Material and Methods

2.1. Trail design

This double-blind, randomized clinical trial was conducted from November 2013 to November 2014 in academic
hospitals affiliated with the Mashhad University of Medical Sciences in Mashhad, Iran.

2.2. Sample size

The optimal sample size was calculated to be 38 subjects. This sample size was estimated based on the mean hs-
CRP reported in previous studies (5) with X,=10.4, S,=9.4, X;=3.2, S;=3.5, a=105, f=12. Assumptions include a
test power of 80% and a confidence level of 95% and the use of the following formula:

n= (Zl-d/z + Z1—B)2 X ((P1 X (1-Py) + Py % (1-P2)) / (P1 —P2)2

2.3. Participants

Thirty-eight RA patients, diagnosed by the 2010 American College of Rheumatology (ACR)/European League
against Rheumatism (EULAR) criteria, were recruited in 2013-2014 from Imam Reza and Ghaem hospitals, which
are affiliated to Mashhad University of Medical Sciences (MUMS).

2.4. Selection criteria

The inclusion criteria were as follows: 1) meeting the 2010 ACR/EULAR criteria; 2) =18 years of age; and 3)
DAS-28-ESR < 3.2. The exclusion criteria were as follows: 1) known liver disease; 2) elevated transaminase levels
two months before the study; 3) previous history of myopathy; 4) pregnancy; 5) breastfeeding; 6) use of lipid-
lowering agents; and 7) being eligible for taking a lipid-lowering agents according to the National Cholesterol
Education Program (NCEP).

2.5. Randomization and blinding
Patients were randomly divided into two groups using the random block method. Our rheumatologists were blinded
to treatment intervention during study.

2.6. Interventions and data collection

All data were collected using a checklist to record the observational results. The participants were randomly divided
into two groups: 1) the intervention group taking atorvastatin 40 mg daily with DMARDs (19 subjects), and 2) the
control group receiving DMARDs without atorvastatin (19 subjects). The patients received hydroxychloroquine
(400 mg/day), methotrexate (15- 25 mg/weekly), sulfasalazine (1-2 gr/day), and prednisolone (5-10 mg) on a daily
basis for 12 weeks. Atorvastatin (40 mg daily) was added to the regimen of the intervention group. All patients were
evaluated at weeks zero, four, eight, and twelve by two rheumatologists. Response to treatment and the clinical
status of patients were evaluated using the Disease Activity Score (DAS-28) and Visual Analogue Scale (VAS) at
weeks zero, four, eight, and twelve, based on the 2010 ACR/EULAR criteria (1) by two rheumatologists. Disease
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activity and laboratory parameters, including erythrocyte sedimentation rate (ESR), high-sensitivity C-reactive
protein (hs-CRP), DAS-ESR, high-density lipoprotein (HDL), LDL, and liver function test, were measured in both
study groups. During each visit, the clinical status of the patients was evaluated according to DAS28-ESR and VAS
criteria. Also, blood samples were obtained to determine ESR, hs-CRP, liver function test (LFT), HDL, LDL, and
total cholesterol. Additionally, response to treatment was assessed by the EULAR criteria (1).

2.7. Statistical methods
All data were entered to SPSS version 13.1. Friedman test, t-test, Chi-square, and ANOVA were used for data
analysis. P-values less than 0.05 were considered statistically significant.

2.8. Research ethics
Informed consents were obtained from all patients and the study was approved by the Ethic Committee of MUMS
(IR.mums.REC.1389.71).

3. Results

From 38 enrolled patients enrolled the study, 19 patients were assigned to the intervention group and 19 patients to
the control group. Demographic data showed that 89.8% and 99.1% of patients were female in the control and
intervention groups, respectively. Figure 1 shows the CONSORT flow diagram of the trial. The mean age of the
patients was 48.8 + 12.3 years in the control group and 43.1 + 21.4 years in the intervention group. The mean
duration of the disecase was 8.7+7.8 and 6.6 +5.6 years in the control and intervention groups, respectively.
Demographic characteristics showed no significant difference between the mean age of patients (p=0.16) and
disease duration (p=0.36) between the groups (Table 1).

RA patients diagnosed by ACR/ EULAR criteria (n=42)

l—> Excluded (n=4)

Allocation
DMARDs without / \ Atorvastatin 40 mg
atorvastatin (n=19) daily with DMARDs
Follow up and analysis (n=19) Follow up and analysis (n=19)

Figure 1. CONSORT flow diagram of the trial

Table 1. Base line data and demographic characteristics

Characteristics Control (n=19) | Case (n=19) | p-value
Age (yrs) 48.8+12.3 43.1£12.4 0.163
Disease Duration (yrs) 8.7+7.8 6.5+5.6 0.362
Patient's global assessment of disease activity (VAS) | 51.5425.6 51.8424.2 0.715
Swelling (n) 3.1£2.9 2.3+1.4 0.011
Tenderness (n) 7.545.2 9.2+4.3 0.385
Cholesterol (mg/dl) 213.5+62.8 171+30.5 0.285
Triglyceride(mg/dl) 151.4+85.1 114.3+44.6 | 0.331
HDL (mg/dl) 53.3+8.3 53.748.5 0.016
LDL (mg/dl) 134.5+22.6 112.3£20.3 | 0.036
SGOT 32.249.1 33.8417.9 0.185
SGPT 15.8+£5.0 13.744.0 0.122
ALKP 135.5+51.5 108.4+46.0 | 0.429
ESR 39.649.1 34.449.6 0.006
CRP 16.4£15.7 8.5£10.1 0.628
DAS28 ESR 5.1+0.85 4.7+0.87 0.043
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According to clinical findings, the mean number of tender and swollen joints was 7.5 £ 5.2 and 3.1 £ 2.9 in the
control group and 9.2 + 4.3 and 2.3 + 1.4 in the intervention group, respectively (Table 2). Based on VAS, the mean
self-assessment score of disease activity was 51.6 £ 25.7 in the control group and 51.8 + 24.2 in the intervention
group. The mean values of ESR, hs-CRP, DAS28-ESR, and DAS28-hs-CRP were 39.6 £ 9.1, 16.5 £ 15.8, 5.1 £
0.85, and 4.5 £+ 7.8 in the control group, respectively. Also, these values were 34.4 + 9.6, 8.5 £ 10.1, 4.8 £ 0.88, and
4.7 + 0.87 in the intervention group, respectively (Table 2, Figure 2).

Table 2. Data on swelling joints during the study

Time Control (n=19) | Case (n=19) | p-value*
Swelling (week 0) 3.1£2.9 2.3+1.4 0.011
Swelling (week 4") | 3.04£3.3 0.89+1.1

Swelling (week 8") | 2.4+2.9 1.1£1.3

Swelling (week 12 | 2.6+3.4 0.574+0.83

*According to Repeated Measures method for analysis and Hotelling's Trace test.
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Figure 2. Serologic findings (inflammatory markers)

Statistical analysis showed a significant difference in ESR (p=0.006) between the intervention and control groups.
However, there was no significant difference between the two groups in terms of joint tenderness (p=0.28) or hs-
CRP (p=0.07) (Figure 2). The laboratory tests related to lipid profile showed that the mean values of LDL, HDL,
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TG, and total cholesterol were 134.5 + 22.6, 53.36 + 8.3, 151.4 £ 85.2, and 213.5 + 62.8 in the control group,
respectively. In the intervention group, the corresponding values were 112.3 + 20.8, 53.7 = 8.5, 114.4 + 44.7, and
171.0 + 30.6, respectively. There was a significant difference in LDL (p=0.003) and HDL (p=0.016) between the
two groups. However, no significant differences were reported between the two groups in terms of cholesterol
(p=0.28) or TG (p=0.33). The findings of LFT showed that the mean values of serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvate transaminase (SGPT), and alkaline phosphatase (ALP) were 32.2 +
9.2, 15.8 £5.0, and 135.6 + 51.6 in the control group, respectively. Also, the corresponding values were 33.8 + 17.9,
13.7 + 4.0, and 108.5 + 46.0 in the intervention group, respectively. Liver function tests showed no significant
difference in SGOT (p=0.18), SGPT (p=0.12), or ALP (p=0.42) between the two groups. There was a significant
difference in the number of swollen joints (p=0.011), ESR (p=0.006), and DAS-ESR (p=0.043) between the groups.
However, no significant difference was observed between the two groups in terms of tender joints (p=0.38), VAS
score (p=0.71), hs-CRP (p=0.62), or DAS28-hs-CRP (p=0.431) according to Hotelling’s Trace coefficient test. Lipid
profile measurements demonstrated a significant difference between the intervention and control groups regarding
HDL (p=0.016) and LDL (p=0.036). Nevertheless, there was no significant difference in total cholesterol (p=0.28)
or TG (p=0.33) (Figure 2). A comparison between the control and intervention groups showed no significant
difference in SGOT (p=0.18), SGPT (p=0.12), or ALP (p=0.42). At the end of week 12, according to the EULAR
criteria, 38.5% of patients in the control group and 55.6% of patients in the intervention group showed moderate or
good responses to treatments. In total, 48.4% of patients in the intervention and control groups showed moderate or
good responses. However, according to the Chi-square test, there was no significant difference in response to
treatment between the two groups.

4. Discussion

This study revealed a significant improvement in the number of swollen joints. The number of swollen joints in the
intervention group was significantly lower than that observed in the control group. However, the number of tender
joints was not significantly different between the two groups. In general, statins have an impact on innate immune
responses through activation of endothelial cells (13), macrophages, neutrophils, and natural killer cells (14). In
addition, these agents have similar effects on acquired immune responses through suppression of antigen-presenting
cells and polarized T-cells (15). The inflammation of synovial membranes in RA arises with the activities of both
the innate and acquired immune systems. Therefore, atorvastatin may contribute to the improvement of
inflammation and, consequently joint swelling, as confirmed by previous studies (4, 13, 16, 17). According to the
obtained results, the simultaneous use of atorvastatin (40 mg/day) and DMARDs leads to a significant reduction in
ESR. This finding was consistent with studies performed by McCarey-Mclnnes et al. in 2004 and Kinlay et al. in
2003 (13, 10). DAS28-ESR assessments demonstrated a statistically significant difference between the two groups.
In addition, lipid profiles decreased during the intervention, which was consistent with the results obtained by
Charles-Schoeman et al. in 2007 and McCarey et al. in 2004 (5, 13). Moreover, previously conducted studies
revealed that atorvastatin does not reduce HDL or TG level (18, 19, 20). These results differ from our findings,
which demonstrated a significant reduction in serum HDL and LDL levels. As shown by some previous studies, the
side-effects of atorvastatin are not dose-dependent (21). According to a study by Athyros et al., the most common
and serious side-effects of atorvastatin are hepatotoxicity and myopathy, which was similar to the results of our
study (15, 22). The main limitation of our study was small sample size. Therefore, authors propose to conduct the
study in a larger population.

5. Conclusions

This study showed the positive effect of atorvastatin on the disease course of RA. Although DMARD is the first-line
treatment for RA, atorvastatin may also improve RA inflammation. In our study, the number of swollen joints in the
atorvastatin group decreased more significantly than the control group. Since RA is a chronic, debilitating,
autoimmune disorder that causes irreversible joint damage, all patients need to be treated promptly and effectively
with different combinations of traditional DMARDs in order to minimize joint destruction (9). Further studies are
required to determine the most effective therapy, which may include addition of atorvastatin to conventional
DMARD:s before initiating biologic DMARD:s.
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