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Purpose: Statins are known as cholesterol-lowering agents, but have been suggested for the treatment of asthma because of their anti-inflamma-
tory effects. In this study, the potential therapeutic effects of atorvastatin were investigated in asthmatic patients. Methods: A total of 62 patients
with persistent mild to moderate asthma who presented at asthma clinics of Arak University of Medical Sciences were recruited in a double-blind
randomized clinical trial. The asthma clinical control score was assessed based on the standardized Asthma Control Test. Lung volume, i.e., percent-
age of forced expiratory volume in one second (FEV1%) and percentage of forced vital capacity (FVC%), and peripheral blood eosinophils were also
measured. The intervention group was treated with atorvastatin 40 mg per day for 8 weeks, while the control group received a placebo. Asthma
controller treatments were not changed. At the beginning and end of the study, serum cholesterol and triglyceride levels were measured to evaluate
adherence of the patients to the treatment. Results: The asthma control score did not significantly differ between the intervention and control
groups (P=0.06). Difference in FEV1%, FVC%, and blood eosinophil count between the intervention and control groups were not statistically signifi-
cant (P>0.05). The differences in post-treatment cholesterol and low-density lipoprotein cholesterol levels were significant (P<0.05). Conclu-

sions: Our study shows that atorvastatin is not effective in the treatment of persistent mild to moderate asthma.
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INTRODUCTION

Asthma is a global health problem that can severely restrict life
activities and can even cause death if not controlled. It affects
about 300 million people worldwide, with a mortality rate of
about 250,000 annually.! Despite the availability of effective
treatments, some patients develop a type of asthma that is diffi-
cult to manage and relatively insensitive to corticosteroids. Al-
though the cost of asthma control seems high for both the pa-
tient and society, the cost of untreated asthma is even higher.!
As a result of progress in the understanding of asthma patho-
physiology, new targets have been identified for its treatment.
One of the drug classes that has recently attracted attention is
the statins.>®

Statins are among the most common medications used in lip-
id disorders and were originally prescribed to treat cardiovas-
cular diseases"’; however, they have more effects than just low-
ering blood cholesterol.®” The anti-inflammatory and immuno-
modulatory effects of statins have been widely described.*"
They have been shown to decrease serum C-reactive protein
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(CRP) and tumor necrosis factor-o. (TNF-a) levels,” reduce the
expression of cyclooxygenase-2 (Cox-2) and other proinflam-
matory molecules in animal models," directly inhibit the major
histocompatibility complex-2 (MHC-2) induction in lympho-
cyte activation,® and inhibit the activation, proliferation, and
differentiation of T lymphocytes to T helper 1 cells (Th1)."*** Al-
though the exact mechanisms for the various effects of statins
are unknown,” their use in diseases with an inflammatory ba-
sis, including asthma, has been proposed.'®

The anti-inflammatory effects of simvastatin in a rat experi-
mental model of allergic asthma sensitized with ovalbumin were
shown for the first time in 2004,'” and similar results were re-
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ported in 2006." In another study, simvastatin was used in pa-
tients with mild to moderate asthma, but no anti-inflammatory
effect was detected.”® The findings regarding the effects of fluv-
astatin, atorvastatin, and other statins in asthma management
have been controversial.*** Several studies using mice sensi-
tized with ovalbumin have suggested that statins may be effec-
tive in asthmatic patients,”* although the results were incon-
clusive. For this reason, we investigated the effect of atorvastatin
for the treatment of asthmatic patients.

MATERIALS AND METHODS

The research protocol was approved by the Scientific Ethics
Committee of Arak University of Medical Sciences, and written
informed consent was obtained from the volunteers. Patients
with mild persistent to moderate persistent asthma (grades 2
and 3 of severity criteria for asthma)* aged 18 to 70 years who
presented at asthma clinics of Arak University of Medical Sci-
ences from 24 October 2010 to 10 April 2011 were included in
this double-blind clinical trial. Exclusion criteria included tak-
ing statin drugs at the time of the study, a history of sensitivity to
statins, severe asthma leading to hospitalization within a month
prior to the beginning of the study, smoking, hepatitis or active
liver disease, myopathy or myositis, and pregnancy. A sample
size of 31 patients in the control and intervention groups was
deemed to be sufficient to determine a 5-degree increase in the
Asthma Control Test (ACT) score, based on an alpha of 0.05 and
90% power. Volunteer patients were alternately allocated to the
intervention and control groups based on the time of entering
the study. A 24-hour phone line was provided to report any side
effects of the drug or asthma exacerbation.

All patients completed a standardized ACT questionnaire*
upon entering the study, followed by a spirometry test (Desk-
top, Pony FX, Italy). A peripheral blood sample was taken to de-
termine blood eosinophil counts, and serum low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), total cholesterol, and triglyceride (TG) levels.
The intervention group was treated using 40-mg atorvastatin
tablets (Sobhan Pharmaceutical Company, Iran) once daily for
8 weeks, while the control group received a placebo. The place-
bo tablets, prepared by the Food and Drug Department of Arak
University of Medical Sciences, were composed of starch and
were similar to the atorvastatin tablets in size, shape, and color.
The drug and placebo tablets were administered to patients by
a staff member. Asthma controller treatments were not changed.
Improvement in the degree of clinical control of asthma symp-
toms based on the ACT score was the primary outcome. The
improvement in lung volume, which was quantified as the per-
centage of forced expiratory volume in one second (FEV1%) and
the percentage of forced vital capacity (FVC%), and the reduc-
tion in the number of peripheral blood eosinophils after atorv-
astatin treatment compared with placebo were considered sec-
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ondary outcomes.

Serum cholesterol and TG measurements were used to evalu-
ate adherence to the treatment. Four weeks after treatment ini-
tiation, the ACT questionnaire was re-administered, and the
patients were visited to assess possible side effects of the drug
and evaluate the asthma control level. Finally, after 8 weeks of
treatment, the patients completed the ACT questionnaire for
the third time, and a spirometry test was performed. A further
peripheral blood sample was collected to determine changes in
peripheral blood eosinophil counts and serum cholesterol and
TG levels. The data were analyzed using the statistical software
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) and charts were
plotted using Excel software (Microsoft, USA). Both indepen-
dent and dependent samples #-tests were used for comparison
of the groups and subgroups. Student’s #-test and the chi-squared
test were used as appropriate to compare the treatment and the
control groups. The significance level was set at P<0.05.

RESULTS

A total of 73 patients initially agreed to participate. Eleven vol-
untarily left the study, and five were excluded due to complica-
tions of the disease or asthma exacerbation (Fig. 1). No mortali-
ty occurred during the study period. Demographic information
of the patients is summarized in Table 1. As shown in Table 2,
the improvement in the ACT score was not significantly differ-
ent between the intervention and control groups (P=0.06). In
terms of the secondary outcomes, there were differences in
FEV1%, FVC%, and blood eosinophil counts, but the differenc-

[ 73 patients invited }

—»‘ 11 patients excluded voluntarily

\
[ 62 patients participated in the study }

o

31 patients in
placebo group

31 patients in
atorvastatin group

2 patients 3 patients
excluded dueto |/ excluded due to
asthma > asthma
exacerbation exacerbation,

myalgia, and
headache
\ \
29 patients 28 patients
completed the study completed the study

Fig. 1. Flow diagram of patient participation in the study.
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Table 1. Demographic information

Characteisc Contrlgroup . ntrventon group
Female (%) 19(67.86) 15(51.72)
Age (yr) 39.68+12.89 40.00+£14.47
Stage 2 asthma 13(46.43) 14 (48.28)
Stage 3 asthma 15(53.57) 15(51.72)
Height (cm) 166.39+8.71 168.59+7.01
Weight (kg) 69.75+£12.37 70.62+10.65
BMI (kg/m?) 2511+£3.98 24.78+3.22
Volunteer data missing 6(8.22) 5(6.85)
Missing data due to complications 2(2.74) 3(4.11)
ACT score before treatment 15.27+4.34 16.78+4.11
ACT score after treatment 17.93+4.47 19.89+3.20
FEV1 before treatment (%) 78.66+14.46 7857+£13.29
FEV1 after treatment (%) 81.82+13.42 83.45+10.81
FVC before treatment (%) 85.66+13.60 94.96+43.71
FVC after treatment (%) 89.86+ 1157 91.89+10.84
Blood eosinophils before treatment ~ 221.31+£134.02  244.36+154.48
Blood eosinophils after treatment 2045213464  179.14+117.43
Total cholesterol before treatment ~ 204.41148.24 205.71468.90
(mg/dL)
Total cholesterol after treatment 202.65+48.22 162.85+51.23

(mg/dL)
LDL-C before treatment (mg/dL)
LDL-C after treatment (mg/dL)
HDL-C before treatment (mg/dL)
HDL-C after treatment (mg/dL)
TG before treatment (mg/dL)
TG after treatment (mg/dL)

118.76£41.76
117.65+£41.23
49721771
4927771
120.21+42.42
120.41+£41.48

118.32£39.82
83.39£31.31
48.71+10.06
50.85+£10.89
121.96+43.17
104.25+£35.53

Values are mean £ SD or number (%), as appropriate. BMI, Body mass index;
ACT, Asthma Control Test; FEV1, forced expiratory volume in one second; FVC,
forced vital capacity; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol; TG, triglyceride.

Table 2. Comparison of measured variables before and after treatment
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es between the intervention and control groups was not signifi-
cant (P>0.05). Although the changes in TG and HDL-C levels
between the intervention and control groups were not signifi-
cant (P>0.05), the post-treatment total cholesterol and LDL-C
levels differed significantly between the two groups (P=0.004
and P=0.001, respectively) (Figs. 2 and 3).

250 -
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Mean total cholesterol (mg/dL)

50

Intervention Control

Fig. 2. Mean total cholesterol after 8 weeks of treatment with atorvastatin (in-
tervention) or placebo (control) (P>0.05).
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Fig. 3. Mean low-density lipoprotein cholesterol (LDL-C) after 8 weeks of treat-
ment with atorvastatin (intervention) or placebo (control) (P>0.05).

Control group

Intervention group

Variable Pvalue
Before treatment  After treatment Pvalue Before treatment  After treatment Pvalue
ACT 15.27+4.34 17.83+4.47 0.000 16.78+4.11 19.85+3.20 0.000 0.060
FEV1% 7865+ 14.64 81.82+13.42 0.001 7857+13.29 83.46+10.81 0.006 0.610
FVC% 85.65+13.60 89.86+11.57 0.001 94.96+43.71 91.89+10.48 0.702 0.500
Eosinophil count 221.31+134.01 204.62+134.64 0.008 24435+15447 17914411743 0.000 0.450
Total cholesterol (mg/dL) 2044144824 202.65+48.22 0.152 205.714+68.90 162.85+51.23 0.000 0.004
LDL-C (mg/dL) 118.75+41.75 117.85+41.23 0.306 118.32+39.81 83.39+31.31 0.000 0.001
HDL-C (mgy/dL) 49724770 49274771 0.215 48.71+10.05 50.85+10.89 0.016 0.530
TG (mgy/dL) 120.20+42.42 120.41+41.48 0.880 121.96+43.17 104.25+35.53 0.000 0.120

Values are mean= SD or number as a percentage. ACT, Asthma Control Test; FEV1%, percentage of forced expiratory volume in one second; FVC%, percentage of
forced vital capacity; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
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DISCUSSION

In this study, our assumption was that statins have unusual
anti-inflammatory properties and may be effective in the treat-
ment of asthma, as inflammation plays a central role in its
pathogenesis. The primary variable of the study was the stan-
dard ACT questionnaire score, which provided a qualitative
evaluation. The spirometric change provided a quantitative as-
sessment of lung function, and the change in peripheral blood
eosinophil counts was used as an indirect indicator of airway
inflammation severity. Blood lipid measurements were used to
assess the reliability of the patient’s adherence to the treatment
regimen. Our findings showed that atorvastatin was not effec-
tive in improving ACT scores or pulmonary volumes, including
FEV1 and FVC. Furthermore, the peripheral blood eosinophil
count showed no significant change. The significant difference
in blood LDL-C and total cholesterol levels between the inter-
vention and control groups indicated that the patients had ad-
hered to the drug regime.

Our results are consistent with those of Menzies and col-
leagues," who used simvastatin for the first time in the treat-
ment of mild to moderate asthma in humans; they were unable
to show evidence of an anti-inflammatory effect of simvastatin
after 4 weeks of treatment. In another study, the addition of
atorvastatin to inhaled corticosteroids resulted in a reduction in
the number of macrophages in sputum, but no improvement
in the control of asthma symptoms.*

The therapeutic effects of statins were first reported by McKay
et al.'” in a mouse sensitized with ovalbumin; simvastatin led to
a reduction in inflammatory cells and eosinophilia as well as
IL-4 and IL-5 levels in bronchoalveolar lavage (BAL) fluid. A lat-
er similar study showed that simvastatin reduced the levels of
specific IgE against ovalbumin and the total numbers of inflam-
matory cells, macrophages, and neutrophils in the BAL fluid of
an allergic mouse sensitized with ovalbumin.'® A reduction in
allergic inflammation of the airways and inhibition of Th1- and
Th2-associated chemokines has also been reported in ovalbu-
min-sensitized mice.”® Smooth muscle hypersensitivity in re-
sponse to acetylcholine was significantly reduced in mice treat-
ed with lovastatin.?* Pravastatin inhibited systemic sensitivity to
allergens, with reduced production of IL-12 and inhibition of
antigen presentation in the lungs of mice.”

With regard to human studies, fluvastatin has been shown to
inhibit the proliferation of peripheral blood mononuclear cells,
decrease the production of IL-5 and IFN-y, and inhibit Th1 and
Th2 cell migration.”” Wachter® reported a correlation between
taking statins and a reduced rate of asthma exacerbation.

One probable reason for the lack of a significant clinical re-
sponse to statins in our study, as well as in other human stud-
ies, is that the therapeutic effects observed in vitro and in mice
do not necessarily occur in humans. Alternatively, the effect of
statins might have been primarily due to the inhibition of the
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activity and differentiation of lymphocytes toward the Th1 sub-
type.’*'**® However, the effect of statins on Th2 cells, which are
the predominant lymphocytes in the pathogenesis of asthma, is
inconclusive. Finally, it may be that a favorable clinical response
requires a higher drug dosage or a longer period of treatment,
or that the variables selected in this study were insufficiently
sensitive to show improved asthma control.

As a limitation of this study, we did not have access to more
sensitive quantitative methods for evaluating airway hyper-re-
sponsiveness and inflammation. Measurements made using a
peak flow meter, methacholine challenge test, or quantitative
and sensitive CRP assay, or measurements of the number of sa-
liva eosinophils, the fraction of exhaled nitric oxide, or alveolar
nitric oxide® may provide more informative results.

In conclusion, our data indicate that atorvastatin is not effec-
tive for the treatment of mild to moderate asthma. More research
on the effects of statins on severe asthma is necessary. As statins
may exert a therapeutic effect by influencing the remodeling
process, we propose the evaluation of patient responses to long-
term treatment with statins.
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