Journal of
INTERNATIONAL
MEDICAL RESEARCH

Prospective Clinical Research Report

Journal of International Medical Research
Effect of atorvastatin on © The Author(y 2021

Article reuse guidelines:

Se ru m pe I’i o Sti n an d b I o Od sagepub.com/journals-permissions

DOI: 10.1177/0300060521 1063721

eOSinophiIS in asthma - journals.sagepub.com/home/imr
®SAGE

a placebo-controlled

randomized clinical trial

Samrad Mehrabi' ©®, Jalal Torkan? and
Massood Hosseinzadeh?

Abstract

Objective: To investigate the effect of atorvastatin on serum periostin level and blood eosinophil
count in patients with asthma.

Methods: Patients diagnosed with asthma were enrolled and randomised into an intervention or
placebo group, to receive 40 mg atorvastatin or similar placebo, daily, for 8 weeks. Spirometry
was performed at baseline, and at the end of weeks 4 and 8; patients also provided blood samples
and completed an asthma control test (ACT) at baseline and at the end of week 8. Primary study
outcomes were blood eosinophil count and serum periostin levels.

Results: Eighty patients completed the study (40 per group). Mean ACT scores were similar
between the intervention and placebo groups at baseline (17.95+3.75 versus 17.98 +3.77,
respectively), and improved in the intervention group (19.88 + 3.28), but remained unchanged
in the placebo group (18.6 & 3.26) during the treatment period. No statistically significant differ-
ences in spirometric changes, blood eosinophil count or serum periostin levels were observed
between the groups during the treatment period.

Conclusion: Spirometric parameters and inflammatory markers did not change significantly in
response to atorvastatin treatment, and did not differ between the placebo and intervention
groups.
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Introduction

Asthma is a common chronic disease affect-
ing both children and adults, with a world-
wide prevalence of more than 300 million
people that is estimated to rise each year.'
The social impact of asthma is significant, it
is associated with many school and work
days lost to absenteeism, and it represents
a great economic burden. A 2017 study esti-
mated overall annual costs per patient with
asthma to be approximately 3100 USD in
the USA and 1900 USD in Europe, with
over half of asthma-related costs caused
by a small percentage of patients (less
than 10%) with severe asthma.’ Several
guidelines differ in their diagnostic criteria
for asthma, but most state that asthma
should be suspected in patients with signs
and symptoms that include wheezing,
cough, dyspnoea, and chest tightness, and
should be confirmed by diagnostic tests,
such as spirometry.’

The main asthma symptoms result from
bronchoconstriction, mucus hypersecretion,
airway inflammation, and hyper-respon-
siveness.* Several inflammatory cells, such
as mast cells and lymphocytes that release
specific types of cytokines (e.g. interleukins
[ILs]), are increased in the airways of
patients with asthma, and chemical media-
tors, such as macrophage-derived chemo-
kines, are expressed in airway epithelial
cells, helping to attract inflammatory cells
to the patient’s airways.” Eosinophils are
differentiated forms of granulocytes that
release toxic granule proteins and reactive
oxygen species in defence against patho-
gens. They also release chemokines,

including chemokine (C-C motif) ligand 5
(CCL5, also known as RANTES), chemo-
kine (C-C motif) ligand 11 (CCLI11, also
known as eotaxin), and C-C motif chemo-
kine ligand 3 (CCL3); cytokines, such as
1L-4, IL-5, IL-13, and IL-25; lipid media-
tors; and other growth factors. In addition,
increased eosinophils in blood — eosinophil-
ia — may cause airway damage and remod-
elling, and is associated with severe asthma
and an increase in exacerbations.®’
Eosinophilia is observed in approximately
half of patients with asthma, but cannot
be used as an asthma diagnostic marker,
due to its presence in several inflammatory
conditions. Thus, research is ongoing to
find more specific markers for asthma
diagnosis.®®

Periostin, an extracellular matrix protein
of the fasciclin family, has been identified as
a downstream molecule of I1L-4 and IL-13,
and is associated with subepithelial fibrosis
in bronchial asthma.’ Periostin is suggested
to be a systemic marker of eosinophilic
airway inflammation and is overexpressed
in the lungs of patients with respiratory dis-
orders, specifically asthma; however, it has
not been significantly correlated with forced
expiratory volume in the first second
(FEV1).'"!"" Sputum and serum periostin
levels have been associated with the propor-
tion of eosinophils in sputum, but may not
have sufficient ability in predicting eosino-
philic asthma.'? Research into the role of
periostin in asthma progression, and into
the use of serum periostin levels as a
marker of asthma severity or treatment effi-
cacy, is ongoing."?
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The complex actiology of asthma and
associated treatment difficulties have
resulted in a continuing search for more
appropriate treatment, targeting inflamma-
tion.'* Atorvastatin has shown beneficiary
effects in reduction of inflammatory cell
infiltration and airway hyperresponsive-
ness, by reducing serum levels of inflamma-
tory markers, such as transforming growth
factor (TGF)—f1 and matrix metalloprotei-
nases (MMP)-9, as well as immunoglobu-
lins (Igs), such as IgE and IgG in animal
studies.'>'® However, human studies have
shown variable results regarding efficacy
on pulmonary function.'”2° Therefore, the
aim of the present study was to investigate
the effect of atorvastatin on serum levels of
inflammatory markers, spirometric param-
eters, and asthma control in patients with
asthma, to determine the usefulness of this
drug in asthma treatment.

Patients and methods

Study population

The  present  triple-blind,  placebo-
controlled, randomized clinical trial (RCT)
was conducted in Shiraz, Iran, between
January and July 2018. The study protocol
was approved by the Ethics Committee
of  Shiraz  University of  Medical
Sciences (Ethics code: IR.SUMS.MED.
REC.1396.111) and was recorded in the
Iranian Registry of Clinical Trials (IRCT
at https://www.irct.ir/user/trial/15332/view;
code: IRCT2017102216367N2). The report-
ing of this study adheres to CONSORT
guidelines. The required study sample size
was calculated to be 34 per group, allowing
for a standardized effect size of 0.65, using
previously published results.!” Considering
a 95% confidence interval (CI), study
power of 80%, and the chance of lost to
follow-up, 40 patients were planned for
each group.

Patients aged 1860 years with a history
of asthma for >1 year, who were referred
during the study period to the Lung Clinic
of Shahid Faghihi Hospital and Motahari
Clinic, both in Shiraz, Iran, were considered
for study inclusion. Additional inclusion
criteria comprised: no history of smoking
during the previous 3 months or
<10 pack/year, no history of lower respira-
tory tract infection during the previous
4 weeks, and no oral steroid or statin use
during the previous 3 months. Exclusion
criteria were: use of drugs that interact
with statins, such as antifungals, macrolide
antibiotics,  cyclosporine,  gemfibrozil,
verapamil, and amiodarone; diagnosis of
hepatitis or active hepatic disease, myopa-
thy, or myositis; and lactating or pregnant
women. Asthma was diagnosed by a
pulmonology specialist (SM) according to
history taking, physical examination, pul-
monary tests, and imaging. The study
design and objectives were explained to
all prospective participants, and written
informed consent was obtained from all
patients included in the study, with clarifi-
cation that they were free to leave the study
at any time.

Study design

A simple randomization method was used.
A statistician, who was not involved in
other steps of the study, assigned patients
to two groups A and B, using random allo-
cation software. The researcher collecting
the data, the statistician who analysed the
data, and the nurse who administered the
drugs to patients were blinded to the
group allocations, and included patients
were enrolled into the intervention or pla-
cebo groups based on the randomly
assigned codes. The intervention group
received 40mg atorvastatin  (Sobhan
Pharmaceutical Co., Tehran, Iran), orally,
once daily for 8 weeks, and the placebo
group received a placebo following the
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same schedule. The placebo was prepared
by the School of Pharmacy of Shiraz
University of Medical Sciences, and was
identical in shape and colour to atorvastat-
in, but only contained neutral ingredients
without pharmacological effect. Following
study commencement, patients who did not
adhere to the treatment schedule, did not
attend any of the study-period examina-
tions, developed any complications related
to the administered drug, or who refused to
continue the study, were excluded from the
study and the final analysis.

Study parameters

All patients underwent spirometric exami-
nation at baseline, and at the end of
weeks 4 and 8: FEV1, forced vital capacity
(FVO), FEVI1/FVC, total lung capacity
(TLC), residual volume (RV), RV/TLC,
total airway resistance (Raw), and specific
airway resistance (sRaw) were recorded for
each patient. Patients also completed the
asthma control test (ACT),”! before and
after the intervention (at baseline and at
the end of week 8). The ACT is a simple
five-item method for assessing the adequacy
of asthma control by providing a numerical
score for asthma control during the previ-
ous 4 weeks. The validity of the Persian ver-
sion of this test, used in the present study,
has been confirmed previously.*
Furthermore, a venous blood sample
(7ml) was obtained from each patient, fol-
lowing an overnight fast, at baseline and the
end of week 8, to evaluate white blood cell
(WBC) count, blood ecosinophil percentage,
total cholesterol, triglyceride, low-density
lipoprotein (LDL), high-density lipoprotein
(HDL), alanine transaminase (ALT), and
aspartate transaminase (AST). Collected
blood was immediately separated into two
samples per patient: 2ml into an anticoagu-
lation tube containing ethylenediamine
tetra-acetic acid that was sent to the immu-
nology and haematology lab at Faghihi

Hospital for immediate processing; and
5ml that was allowed to clot for 30 min at
4°C then centrifuged at 3000 g for 10 min at
4°C to collect serum. Serum samples were
stored at —70°C before use. Serum periostin
level was assayed using a human periostin
enzyme-linked  immunosorbent  assay
(ELISA) kit (Cat No. EHPOSTIN [LOT
No. 0070122017]; Thermo Fisher Scientific,
Waltham, MA, USA) according to the man-
ufacturer’s instructions, and the immunosig-
nal was measured using an ELISA plate
reader (Awareness Technology, Palm City,
FL, USA). After establishing the standard
curves and defining cut-offs, the values
were reported in ng/ml.

The primary study outcomes were blood
eosinophil count and serum periostin levels.
Secondary study outcomes were spirometric
changes and ACT scores. Patient demo-
graphics, including age, sex, weight,
height, and smoking status were extracted
from the medical records. Participants were
categorized by age, either <50 years or
>50 years, and smoking status was
recorded as positive or negative (former
and current smoking were considered as
positive). Body mass index (BMI) was cal-
culated based on the recorded weight and
height.

Statistical analyses

Continuous variables are presented as
mean +SD and categorical variables are
presented as n (%) prevalence. Data were
analysed using SPSS Statistics software for
Windows, version 23.0 (IBM, Armonk,
NY, USA). One-sample Kolmogorov—
Smirnov test was used to assess the normal-
ity of data distribution. Continuous
variables were compared between the
groups using Student’s independent sam-
ples t-test and compared within the groups
between time intervals using Student’s
paired z-test or repeated-measures analysis
of wvariance. Categorical variables were
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compared using y*-test. Potential associa-
tions between asthma severity and serum
periostin  levels were assessed with
Spearman’s correlation coefficient. A P-
value <0.05 was considered statistically
significant.

Results

A total of 80 patients were included in the
final analysis: 40 patients in each group
(Figure 1). There were no statistically sig-
nificant differences between the interven-
tion and placebo groups in terms of
demographic or clinical characteristics,
including age, sex, BMI, or smoking status
(all P>0.05; Table 1).

There was no statistically significant dif-
ference in baseline ACT score between the
intervention and placebo groups (17.95 +
3.75 versus 17.98+3.77, respectively;
P=0.98 [independent samples ¢-test]). By
the end of the study 8-week treatment
period, the ACT score had improved signif-
icantly in the intervention group (19.88 &+
3.28; P<0.001 versus baseline) but
remained unchanged in the placebo group
(18.6 £3.26; P=0.09), analysed by paired
samples z-test. Although the mean scores
after intervention were not different
between the groups at the end of treatment
(P=0.09; independent samples ¢-test), the
change in scores was significantly greater
in the intervention group compared with

[ Enrollment ]

Assessed for eligibility (n=95)

Excluded (n=14)
+ Not meeting inclusion criteria (n=12)

» + Declined to participate (n=2)
+ Other reasons (n=0)

Randomized (n=81)

l

Figure |. Flow diagram for study enrolment.

Y [ Allocation ] v
Allocated to intervention (n=40) Allocated to placebo (n=41)
+ Received allocated intervention (n=40) + Received allocated intervention (n=41)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up 1 v
A\ J
Lost to follow-up (n=0) Lost to follow-up (unwilling to continue
. . . . participation) (n=1)
Discontinued intervention (n=0)
Discontinued intervention (n=0)
v [ Analysis ] Y
Analysed (n=40) Analysed (n=40)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
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Table |I. Distribution of demographic and clinical variables in patients with asthma allocated to receive
40 mg atorvastatin (intervention group) or placebo (control group) for 8 weeks.

Study group

Intervention Placebo
Variable Category (n=40) (n=40)
Age, years 448+ 104 433L11.6
<50 years old 28 (70) 29 (72.5)
>50 years old 12 (30) Il (27.5)
Sex distribution Male 21 (52.5) 16 (40)
Female 19 (47.5) 24 (60)
BMI, kg/m? 27.15+5.04 28.07 +£5.4
Underweight 1 (2.5) 2 (5)
Normal 13 (32.5) 6 (15)
Overweight 15 (37.5) 16 (40)
Obese Il (27.5) 16 (40)
Smoking status No 21 (52.5) 16 (40)
Yes 19 (47.5) 24 (60)
Duration of asthma, years 78+68 7.5+8.1
Asthma control Poorly controlled 7 (17.5) Il (27.5)
Not well-controlled 18 (45) 14 (35)
Well-controlled 15 (37.5) 15 (37.5)
GINA staging of asthma severity Mild 15 (37.5) 10 (25)
Moderate 13 (32.5) 13 (32.5)
Severe 12 (30) 17 (42.5)
Rescue medication 20 (50) 19 (47.5)
Inhaled steroid/ LABA 32 (80) 27 (67.5)
Montelukast 22 (55) 24 (60)
Tiotropium bromide 12 (30) 15 (37.5)

Data presented as mean +SD or n (%) prevalence.

BMI, body mass index (underweight, <18.5; normal, 18.5-24.9; overweight, 25-29.9; obese, >30); GINA, Global Strategy

for Asthma Management; LABA, long-acting beta-agonist.

There were no statistically significant between-group differences (all P> 0.05; independent samples t-test or z>-test).

the placebo group (1.93 £2.61 versus 0.63 £
2.27, respectively; P=0.02; Figure 2).
Analysis of spirometric parameters
(Table 2) showed that TLC and RV were
statistically significantly reduced in the
intervention group at the end of week
8 versus baseline (both P=0.02), while
they remained unchanged in the placebo
group (P>0.05). No other parameters
showed statistically significant improve-
ments in either group over the 8-week treat-
ment period (all P>0.05). There were no
statistically significant between-group dif-
ferences in parameters, except FEVI at

the end of treatment (week 8), that was sig-
nificantly higher in the intervention group
(92.74+50.7) versus the placebo group
(75+22.9; P=0.05).

Mean WBC count, total cholesterol,
HDL, LDL, and triglyceride showed statis-
tically significant changes at the end of the
treatment period compared with baseline
values in the intervention group (all
P <0.05), but not in the placebo group
(P>0.05); however, there were no statisti-
cally significant between-group differences
in the blood parameters, except total cho-
lesterol and triglyceride at the end of
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Figure 2. Comparison of asthma control test (ACT) scores in patients with asthma who received 40 mg
atorvastatin, daily (intervention group) or placebo (control group) at baseline and at the end of treatment
(week 8). Data presented as mean £ SD; P < 0.001, baseline versus end of week 8 in the intervention group

(Student’s paired samples t-test).

treatment (P<0.05; Table 3).
Kolmogorov—Smirnov test showed that
periostin data were not normally distribut-
ed, and no statistically significant within-
group change or between-group difference
was noted during the study. In addition,
analysis by Spearman’s correlation coeffi-
cient did not reveal any correlation between
asthma severity and periostin levels at base-
line (P=0.653) or after intervention
(P=0.373).

Discussion

In the present RCT, the effects of 8-week
treatment with 40 mg/day atorvastatin on
asthma control and spirometric and serum
parameters were compared against placebo
in patients with asthma. The ACT scores
were shown to be significantly improved
in the intervention group but remained
unchanged in the placebo  group.
Furthermore, spirometric  parameters,
serum periostin level and blood eosinophil
counts were not different between the
groups. Although FEV1 was found to
differ between the groups at the end of
week 8, this was likely due to the nonsignif-
icant inverse changes in FEV1 in the inter-
vention and placebo groups. Each patient’s

serum lipid profile was evaluated before
and at the end of intervention to determine
adherence to treatment, which was con-
firmed by the significant reduction in
serum levels of total cholesterol, LDL,
and triglyceride in the intervention group.
Atorvastatin is a cholesterol-lowering
drug with anti-inflammatory effects, and
animal models have shown its efficacy in
reducing inflammatory cell infiltration and
airway hyper-responsiveness.'>'® However,
variable results have been obtained with
human studies regarding its efficacy in
treating asthma. Some have reported
better asthma control in patients with
severe asthma when using statins, while
others, like the present study, have reported
no significant difference.>* ?” In the study
by Fahimi et al.,® 17 adult patients with
moderate to severe asthma received 10 mg/
day atorvastatin or placebo for 4 weeks in a
cross-over design study. Similar to the pre-
sent study, they reported no difference in
spirometric parameters between the inter-
vention and placebo group; however, the
studies differed regarding improvement of
spirometric parameters over time in the
intervention group, as Fahimi et al.
reported a significant increase in FVC
(P=0.01), while the present study showed
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Table 2. Spirometric parameters at baseline, end of week 4 and end of week 8 in patients with asthma who
received 40 mg atorvastatin, daily (intervention group) or placebo (control group).

Group
Intervention Placebo Statistical
Spirometric parameter Treatment time-point (n=40) (n=40) significance™
FEV,, % predicted Baseline 80.5+19.4 77.6 £21.1 NS
Week 4 828+ 17.8 782+ 184 NS
Week 8 92.7 £50.7 75+229 P=0.05
Statistical significance® NS NS NSs*
FVC, % predicted Baseline 85.7 4+ 14.5 826+ 17.2 NS
Week 4 86.9+ 14.7 829+ 15.6 NS
Week 8 87.3+15.2 81.8+16.3 NS
Statistical significance® NS NS Ns#
FEV,/FVC Baseline 778+ 139 77.6 £10.9 NS
Week 4 79.3+10.5 78.6 £9.7 NS
Week 8 8l.1+9.2 78.1 £10.5 NS
Statistical significance® NS NS NS*
TLC, % predicted Baseline 97.9+23.1 95.1+16.3 NS
Week 4 97.9+20.9 95.5+19.2 NS
Week 8 964+ 183 94.1 £15.5 NS
Statistical significance’ P=0.022 NS NSs*
RV, % predicted Baseline 126.3 +-59.6 119+454 NS
Week 4 122.1 £50 113.3+433 NS
Week 8 114.4+41.7 108.6 +37.5 NS
Statistical significance® P=0.019 NS Ns*
RV/TLC Baseline 120.3 +36.4 121.9+31.7 NS
Week 4 119.1 £37.9 121.3 £29.1 NS
Week 8 115.3+£322 121.9+29.2 NS
Statistical significance® NS NS N
Raw, % predicted Baseline 209.7 £130.8 179.7 +108.9 NS
Week 4 206.5+139.3 191.3+£117.7 NS
Week 8 197.9 £ 148.6 193.1 £117.9 NS
Statistical significance’ NS NS NSs*
sRaw, % predicted Baseline 3274+ 155.2 223.7 - 168.1 NS
Week 4 223.7+ 1388 2137+ 1395 NS
Week 8 2182+ 144.6 2183+ 156.9 NS
Statistical significance® NS NS Ns*

Data presented as mean =+ SD.

FEV,, forced expiratory volume in | s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; Raw, total

airway resistance; sRaw, specific airway resistance.

*Between-group difference at each time-point (independent samples t-test); fwithin-group difference between three time-
points (repeated measures analysis of variance); *between-group difference in the change of each parameter (repeated

measures analysis of variance).
NS, no statistically significant difference (P >0.05).

only a significant reduction in TLC and
RV. These between-study differences may
be due to different doses and duration of
atorvastatin administration. A study into

the effects

of 40mg/day atorvastatin

versus placebo in patients with moderate
to severe asthma reported changes in spiro-
metric parameters in both groups without
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Table 3. Blood parameters at baseline and at the end of treatment (week 8) in patients with asthma who
received 40 mg atorvastatin, daily (intervention group) or placebo (control group).

Group
Intervention Placebo Statistical
Parameter Time-point (n=40) (n=40) significance™
White blood cell Baseline 6.99 + 1.56 8.88+12.32 NS
count, x 10 Week 8 6.46 +1.65 6.81 +1.77 NS
Statistical significance’  P=0.016 NS Ns*
Eosinophil, % Baseline 17.98 £9.9 8.11+4.63 NS
Week 8 83+4.21 8.06 +5.37 NS
Statistical significance? NS NS Ns#
Total cholesterol, mg/dl Baseline 162 +52.2 150.8 +42.4 NS
Week 8 134.15+£29.9 156.9+44 P=0.009
Statistical significance’ P =0.005 NS P=0.026*
High density lipoprotein, Baseline 4058 £11.09 44.65+9.32 NS
mg/d| Week 8 441+7.88 414182 NS
Statistical significance’  P=0.023 NS P=0.048%
Low density lipoprotein, Baseline 110.15+ 41 101.98 +29.3 NS
mg/dI Week 8 94.35+35.7 101.05+£29.66 NS
Statistical significance’  P=0.015 NS P=0.029*
Triglyceride, mg/dl Baseline 138.6+17.8 126.4+9.8 NS
Week 8 104 +25.5 125.8£9.0 P=0.028
Statistical significance’ P =0.043 NS NN
Aspartate aminotransferase,  Baseline 16.53 +6.51 18.78 + 15.82 NS
IU/L Week 8 18081128 17.324+9.66 NS
Statistical significance’ NS NS Ns¥
Alanine aminotransferase, Baseline 16.8413.52 13.54-8.04 NS
IU/L Week 8 153+88 15+10.6 NS
Statistical significance’ NS NS N
Periostin, ng/ml Baseline 941 +£7.79 1425+ 18.72 NS
Week 8 15341143 16.06 = 12.67 NS
Statistical significance‘L NS NS Ns*

Data presented as mean =+ SD.

*Between-group difference at each time-point (independent samples t-test); J‘within-group differences between
time-points (repeated measures analysis of variance); *between-group difference in the change of each parameter
(repeated measures analysis of variance).

NS, no statistically significant difference (P> 0.05).

between-group differences, which is similar
to the results of the present study (although
no changes were shown in the placebo
group).?® A trial with similar design to the
present study, involving 62 patients with
asthma randomized to receive 40mg/day
atorvastatin or placebo for 8 weeks,
showed elevated FVC in the placebo
group after 8 weeks and elevated FEV1 in

both groups after 8 weeks, without signifi-
cant difference between the groups in spiro-
metric parameters.”’ The dose/duration of
atorvastatin administration was similar to
the present study; however, they only eval-
uvated FEV1 and FVC, while the present
study reported complete spirometric results
and showed significant changes in TLC and
RV in the intervention group. As TLC and
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RV were both lower versus baseline in the
present intervention group, the study did
not reveal improvements in response to
treatment, which is consistent with previous
studies. >’

In the present study, ACT scores demon-
strated significant improvement in asthma
control in the intervention group (from
17.954+3.75 to 19.88+3.28; P <0.001),
in addition to greater change in the
intervention-group scores compared with
placebo (1.934+2.61 versus 0.63+2.27,
respectively; P =0.02). These results suggest
a beneficial effect of atorvastatin on clinical
outcomes in patients with asthma. In a sim-
ilar previously published study, 62 patients
with mild to moderate asthma, who were
randomized to receive 40mg/day atorva-
statin or placebo for 8 weeks, showed a
[AQ: 1] significant increase in asthma con-
trol scores in both groups. Mean asthma
control score increased from 15.27+4.34
to 17.83+4.47 (P<0.001) in the placebo
group and from 16.78 +4.11 to 19.85+
320 (P<0.001) in the intervention
group.””  Comparison of mean values
revealed that baseline scores in the previ-
ously published study were lower than the
present study, while mean asthma control
scores after 8 weeks in the intervention
groups were similar between the studies
(19.854+3.20 and 19.88+3.28, previous
versus present study, respectively). These
results support a positive effect of 8-week
treatment with 40 mg/day atorvastatin on
asthma control, although this effect may
not have been directly related to the drug
and requires further study.

Atorvastatin has shown beneficial effects
on reducing inflammatory markers, such as
tumour necrosis factor-a, C-reactive pro-
tein, and ILs in other diseases, such as
ischaemic stroke, rheumatoid arthritis, and
diabetes.”®* Accordingly, the present
study examined the efficacy of atorvastatin
on cosinophil count and serum periostin
levels, as these are considered important

inflammatory ~markers in  asthma.'’
Nevertheless, the present results showed
no significant changes in eosinophil count
or serum periostin in either group, and no
between-group differences were shown:
blood eosinophil count was 8.11 £4.63 at
baseline and 8.06 +5.37 after 8 weeks the
placebo group, and 17.98 +9.9 at baseline
and 8.3 +£4.21 after treatment in the inter-
vention group, with no statistically signifi-
cant change in either group or significant
between-group difference at either time-
point. In a previous study, eosinophil
count significantly reduced in the placebo
group (from 221.31 £134.01 to 204.62 +
134.64) and intervention group (from
24435+ 1544 to 179.14+117.43; both
P <0.001),%” which contrasts with the pre-
sent results. However, in line with the pre-
sent study, the previous publication
reported no significant between-group dif-
ference. Hothersall et al.'” compared out-
comes between patients receiving 40mg/
day atorvastatin for 8 weeks or placebo,
in a cross-over design study with a 6-week
washout period. A significant reduction in
absolute sputum macrophage count was
shown in the atorvastatin group, while
morning peak expiratory flow was not dif-
ferent between the groups.!” Study results
may depend on the main treatment of the
studied patients, and because of possible
drug interactions, inhaled corticosteroids
may be used as background treatment, as
in the study by Hothersall et al.'’

As described above, results vary between
the few studies addressing the efficacy of
atorvastatin on asthma control and inflam-
matory markers in patients with asthma.
Similar discrepancies have been reported
regarding the effect of other statins, such
as simvastatin, on asthma control and
inflammation reduction in patients with
asthma.’'*? In addition, wide variations
are observed among studies, in terms of dis-
ease severity, parameters, and main treat-
ments to control asthma, suggesting that
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further studies are required to determine
the exact efficacy of statins on asthma
control. Reviews have indicated that
atorvastatin reduces airway inflammation
in patients with asthma, but does not
improve lung function; however, the
investigated inflammatory markers vary
among the studies.’’ Investigations into
general inflammatory markers, such as
eosinophil count and estimated sedimenta-
tion rate, have reported the necessity to
use more specific markers.?®?” In the pre-
sent study, the change in serum periostin
levels in patients with asthma receiving
atorvastatin was investigated as a novel
potential biomarker in such patients;* but
the results showed no significant difference
in serum periostin levels between the
groups.

The present results may be limited by
several factors. Changes in airway tissue,
endothelium, or cellular levels were not
examined for a more accurate assessment
of any change in patients’ airway hyper-
responsiveness and inflammation. Only
clinical and serological parameters were
investigated, while histopathological assess-
ment of the patients may have produced
more revealing results. Furthermore, the
time-course of the present study was short
and the sample size was limited, although
they were comparable to similar studies. As
the intervention included both sexes, and
young and middle-aged patients with vary-
ing body weights and severity of asthma,
the results of the present study may be
attributed to a wide variation between
patients with asthma. Finally, further
research involving a population of patients
with elevated levels of blood eosinophils
and/or serum periostin, together with
uncontrolled severe asthma, may help elu-
cidate the potentially beneficial effects of
atorvastatin.

In conclusion, the results of the present
RCT showed no significant difference in
spirometric parameters between patients

with asthma receiving 40mg/day atorva-
statin or placebo for 8 weeks. There was
also no significant change in eosinophil
count or serum periostin levels, nor any
between-group difference in these inflam-
matory biomarkers. The only significant
difference between the groups in this study
was an improvement in the asthma control
scores in the intervention group. As this
clinical finding was not supported by lung
function test or inflammatory markers, we
cannot conclude significant efficacy of ator-
vastatin on asthma control, and the clinical
effect may have been due to other factors,
such as increased patient awareness of con-
trolling asthma. Accordingly, further stud-
ies with a larger sample size and longer
follow-up periods are required to determine
the exact effect of statins, such as atorva-
statin, on asthma control. We suggest the
measurement of more accurate parameters,
such histopathological changes, in future
studies.

Acknowledgments

The present article was extracted from the thesis
written by Jalal Torkan.

Author contributions

SM designed the study. SM, JT, and MH were
responsible for data collection. SM and JT wrote
the initial manuscript draft. SM and JT con-
ducted the analyses. SM, JT and MH contribut-
ed to writing the manuscript. All authors
contributed to the draft and approved the final
version of the manuscript.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and publication of this article: The present
study was financially supported by the
Vice-chancellor  for  research of  Shiraz



12

Journal of International Medical Research

University of Medical Sciences (grant No.
15216).

ORCID iD

Samrad Mehrabi (@ https://orcid.org/0000-
0002-8231-7815

References

1.

10.

11.

12.

. White ],

Moraes TJ, Sears MR and Subbarao P.
Epidemiology of asthma and influence of
ethnicity. Semin Respir Crit Care Med
2018; 39: 3-11.

. Nunes C, Pereira AM and Morais-Almeida

M. Asthma costs and social impact. Asthma
Res Pract 2017; 3: 1.

Paton JY, Niven R, et al
Guidelines for the diagnosis and manage-
ment of asthma: a look at the key differences
between BTS/SIGN and NICE. Thorax
2018; 73: 293-297.

. Hall S and Agrawal DK. Key mediators in

the immunopathogenesis of allergic asthma.
Int Immunopharmacol 2014; 23: 316-329.

. Kumari K and Rana A. A review on epide-

mology, pathopysiology and management of
asthma. J Appl Pharma Sci 2012; 2: 55-64.

. Carr TF, Berdnikovs S, Simon HU, et al.

Eosinophilic bioactivities in severe asthma.
World Allergy Organ J 2016; 9: 21.

. McBrien CN and Menzies-Gow A. The biol-

ogy of eosinophils and their role in asthma.
Front Med ( Lausanne) 2017; 4: 93.

. Ramirez GA, Yacoub MR, Ripa M, et al.

Eosinophils from physiology to disease: a
comprehensive review. Biomed Res Int
2018; 2018: 9095275.

. Izuhara K, Arima K, Ohta S, et al. Periostin

in allergic inflammation. Allergol Int 2014,
63: 143-151.

Jia G, Erickson RW, Choy DF, et al
Periostin is a systemic biomarker of eosino-
philic airway inflammation in asthmatic
patients. J Allergy Clin Immunol 2012; 130:
647-654.¢10.

Izuhara K, Conway SJ, Moore BB, et al.
Roles of periostin in respiratory disorders.
Am J Respir Crit Care Med 2016; 193:
949-956.

Simpson JL, Yang IA, Upham JW, et al.
Periostin levels and eosinophilic

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

inflammation in poorly-controlled asthma.
BMC Pulm Med 2016; 16: 67.

Izuhara K, Ohta S and Ono J. Using peri-
ostin as a biomarker in the treatment of
asthma. Allergy Asthma Immunol Res 2016;
8: 491-498.

Dunican EM and Fahy JV. The role of type
2 inflammation in the pathogenesis of
asthma exacerbations. Ann Am Thorac Soc
2015; 12: S144-S149.

Liu MW, Liu R, Wu HY, et al. Atorvastatin
has a protective effect in a mouse model of
bronchial asthma through regulating tissue
transglutaminase and triggering receptor
expressed on myeloid cells-1 expression.
Exp Ther Med 2017; 14: 917-930.

Huang CF, Peng HJ, Wu CC, et al. Effect of
oral administration with pravastatin and
atorvastatin on airway hyperresponsiveness
and allergic reactions in asthmatic mice. Ann
Allergy Asthma Immunol 2013; 110: 11-17.
Hothersall EJ, Chaudhuri R, McSharry C,
et al. Effects of atorvastatin added to
inhaled corticosteroids on lung function
and sputum cell counts in atopic asthma.
Thorax 2008; 63: 1070-1075.

Braganza G, Chaudhuri R, McSharry C,
et al. Effects of short-term treatment with
atorvastatin in smokers with asthma—a ran-
domized controlled trial. BMC Pulm Med
2011; 11: 16.

Tse SM, Charland SL, Stanek E, et al. Statin
use in asthmatics on inhaled corticosteroids
is associated with decreased risk of emergen-
cy department visits. Curr Med Res Opin
2014; 30: 685-693.

Yuan C, Zhou L, Cheng J, et al. Statins as
potential therapeutic drug for asthma?
Respir Res 2012; 13: 108.

Nathan RA, Sorkness CA, Kosinski M,
et al. Development of the asthma control
test: a survey for assessing asthma control.
J Allergy Clin Immunol 2004; 113: 59-65.
Sigari N, Sigari N, Ghasri H, et al
Validation of Persian version of asthma con-
trol test based on new global initiative for
asthma guidelines. Tanaffos 2011; 10: 49-53.
Zeki AA, Oldham J, Wilson M, et al. Statin
use and asthma control in patients with
severe asthma. BMJ Open 2013; 3: ¢003314.


https://orcid.org/0000-0002-8231-7815
https://orcid.org/0000-0002-8231-7815
https://orcid.org/0000-0002-8231-7815

Mehrabi et al.

13

24.

25.

26.

27.

28.

Huang CC, Chan WL, Chen YC, et al
Statin use in patients with asthma: a nation-
wide population-based study. Eur J Clin
Invest 2011; 41: 507-512.

Fahimi F, Salamzadeh J, Jamaati H, et al.
Do statins improve lung function in asth-
matic patients? A randomized and double-
blind trial. Iranian Journal of
Pharmaceutical Sciences 2009; 5: 13-20.
Alavi SA, Nejatifar F, Forgan parast K,
et al. Effect of atorvastatin on indices of
chronic asthma in patients under treatment
with high dose inhaled steroid or oral ste-
roid. Jour Guilan Uni Med Sci 2010; 19:
66-72.

Moini A, Azimi G and Farivar A.
Evaluation of atorvastatin for the treatment
of patients with asthma: a double-blind ran-

domized clinical trial. Allergy Asthma
Immunol Res 2012; 4: 290-294.
Tuttolomondo A, Di Raimondo D,

Pecoraro R, et al. Early high-dosage atorva-
statin treatment improved serum immune-
inflammatory markers and functional
outcome in acute ischemic strokes classified

29.

30.

31.

32.

33.

as large artery atherosclerotic stroke: a ran-
domized trial. Medicine (Baltimore) 2016;
95: e3186.

McCarey DW, Mclnnes IB, Madhok R,
et al. Trial of Atorvastatin in Rheumatoid
Arthritis (TARA): double-blind, rando-
mised placebo-controlled trial. Lancet 2004;
363: 2015-2021.

Talaei A, Mahmudpour M and Shahdoost
M. The effect of atorvastatin on inflamma-
tory markers in patients with type two dia-
betes. J Arak Uni Med Sci 2019; 22: 67-74.
Gu W, Cui R, Ding T, et al. Simvastatin
alleviates airway inflammation and remodel-
ling through up-regulation of autophagy in
mouse models of asthma. Respirology 2017;
22: 533-541.

Tulbah AS, Ong HX, Colombo P, et al.
Could simvastatin be considered as a poten-
tial therapy for chronic lung diseases?
A debate on the pros and cons. Expert
Opin Drug Deliv 2016; 13: 1407-1420.
Matsumoto H. Serum periostin: a novel bio-
marker for asthma management. Allergol Int
2014; 63: 153-160.



	table-fn1-03000605211063721
	table-fn2-03000605211063721
	table-fn3-03000605211063721
	table-fn4-03000605211063721
	table-fn5-03000605211063721
	table-fn6-03000605211063721
	table-fn7-03000605211063721
	table-fn8-03000605211063721
	table-fn9-03000605211063721
	table-fn10-03000605211063721



