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ABSTRACT

Objectives: We hypothesised that severe asthmatics
taking a statin drug, in addition to inhaled
corticosteroids/long-acting B-agonist inhaler therapy,
would have better asthma symptom control and
improved lung function compared to their controls.
Study design: A retrospective, cross-sectional study of
165 patients with severe asthma seen from

2001-2008. Hierarchical linear and logistic regression
models were used for modelling fitting.

Setting: University of California, Davis Medical Center
(Sacramento, California, USA). Academic, single-centre,
severe asthma subspecialty clinic.

Participants: 612 screened, 223 eligible and

165 adult patients were included in the final study
(N=165; 31 statin users and 134 non-users).

Primary and secondary outcome measures: The
primary endpoint was asthma control as measured by the
Asthma Control Test (ACT). The secondary endpoints
included lung function, symptoms and the need for
corticosteroid burst and peripheral eosinophil count.
Results: At baseline, statin users compared to non-
users were older, had lower lung function (FEV;%
predicted, FEV,, forced vital capacity and FEF,5_759,) and
had a higher prevalence of comorbid conditions. Statin
use was associated with more aspirin and ipratropium
inhaler use than in non-users. Patients in both groups
were obese (body mass index > 30). Statin users had
better asthma symptom control compared to non-users
(higher adjusted mean ACT score by 2.2+0.94 points,
p<0.02). Median statin use was for 1 year. There were no
statistically significant differences in lung function,
corticosteroid or rescue bronchodilator use or peripheral
eosinophilia between the two groups.

Conclusions: In our severe asthma referral population,
statin users already taking inhaled controller therapy
achieved better asthma control compared to non-users.
The implications of this study is that patients with severe
asthma could potentially benefit from added statin
treatment. Because our study population was on average
obese, the obese severe asthmatic may be a viable
asthma subphenotype for further studies. Prospective
randomised clinical trials evaluating the safety and
efficacy of statins in severe asthma are warranted.

INTRODUCTION
Asthma remains difficult to control and can
progress in subsets of patients. Patients with
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Article focus

= Does adding a statin drug to standard-of-care
inhaled corticosteroids and long-acting B-ago-
nists have any therapeutic benefit in a real-life
cohort of severe asthma?

= We hypothesise that severe asthmatics would
benefit from statin therapy and have improved
asthma control.

Key messages

= Patients with severe asthma who take a statin drug
in addition to standard inhaler controller therapy
have improved asthma symptoms. Specifically, the
improved Asthma Control Test score associated
with statin use predicts a reduced risk of acute
exacerbations and reduced need for rescue bron-
chodilator use. Thus, statin use is associated with
improved control of severe asthma.

= Therapies for severe asthma are lacking, a sub-
population of asthma which comprises 10% yet
incurs over 80% of asthma healthcare costs, are
lacking. The widely available statin drugs could
be used to treat this difficult-to-control group,
which would have a considerable public health
impact worthy of further study.

= The obese patient with severe asthma may be a
viable asthma subphenotype to study the poten-
tial therapeutic benefit of statins.

Strengths and limitations of this study

= Utilisation of a real-life, decade-long severe
asthma population on maximal controller therapy.

= Median duration of statin use of 1 year.

= Novel positive association and long-term correl-
ation between statin use and severe asthma
disease control.

m The study design is retrospective, cross-sectional,
and observational.

= The database includes a relatively small sample
size of statin users.

severe asthma represent approximately 10% of
the asthma population,1 who have the lowest
quality of life and incur the greatest healthcare
costs. Innovative therapies are urgently
needed. One avenue of interest is in the statin
drugs (or ‘statins’) which inhibit 3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase (HMG-
coenzyme A reductase or HMGCR), the first
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and ratelimiting step in cholesterol biosynthesis.
Epidemiological data have linked statin use with improve-
ments in lung health and asthma-related hospitalisations
and/or emergency room visits, in particular in asthma and
chronic obstructive pulmonary disease (COPD).*> *
Improvements in exacerbation rates, intubation rates and
lung function as measured by FEV; and forced vital cap-
acity (FVC) have been reported.* > Animal experiments
and in vitro studies also support the potential anti-
inflammatory, antiproliferative, antioxidant and immuno-
modulatory effects of the statin drugs.®™

Until now, seven clinical trials in patients with mild
to moderate allergic asthma have failed to confirm a
benefit to statins with respect to symptom control or
lung function.”™® Although four of these trials mea-
sured indices of asthma control,g_12 none of them
measured exacerbations and none exclusively evalu-
ated severe asthmatics.”™!° However, in asthmatics who
smoke, atorvastatin added to an inhaled corticosteroid
(ICS) improved their asthma quality of life, suggesting
that some but not all patients with asthma might
benefit from statins.'” Several ongoing clinical trials
are currently investigating various statins in asthma
and COPD.

Given that severe asthma is refractory to many treat-
ments, is difficult to manage and can progress to irre-
versible airflow obstruction akin to COPD,16 we
investigated whether statin use might confer a benefit.
In a retrospective cross-sectional study of 165 patients
with severe asthma in our University of California,
Davis Asthma Network (UCAN) clinic, we investigated
whether statin use was associated with improvement in
asthma control and/or lung function. We hypothesised
that severe asthmatics taking a statin drug, in addition
to ICS + long-acting B-agonist (LABA) inhaler therapy,
would have better asthma symptom control and
improved lung function compared to controls. We
found that statin use was associated with higher
Asthma Control Test (ACT) scores (ie, better symptom
control), with no significant differences in lung func-
tion or peripheral eosinophilia. We could not evaluate
the effects on hospitalisation or other severe asthma
exacerbations, since the incidence of these outcomes
in our UCAN population is very low (see online sup-
plement for more information and additional refer-
ences), precluding adequate statistical power to detect
a difference.

This study highlights important considerations for
future planned asthma-statin clinical intervention
trials given asthma’s considerable phenotypic hetero-
geneity. The potential therapeutic role of statins in
severe asthma remains an open question worthy of
further study.

MATERIALS AND METHODS
Materials and methods are shown in online supplemen-
tal material (for additional details).

Study design

We conducted a retrospective, cross-sectional study of
patients with severe asthma at the UCAN clinic from
February 2001 to November 2008.

The study spanned the years of transition at our insti-
tution from paper medical records to the electronic
medical record (EMR). The process of identifying and
reviewing the older paper records took longer than ini-
tially expected. On the basis of our initial Institutional
Review Board (IRB) application, we decided to finish
our data collection in the upcoming full calendar year,
which was 2008.

Study subjects

A total of 612 patients were screened from 2001-2008 in
our UCAN database and hospital EMR. On the basis of
the eligibility criteria, a total of 165 patients with severe
asthma were evaluated: 31 statin users (exposure group)
and 134 non-users (control group; figure 1).

Inclusion criteria included age >18years, objective
findings of asthma that meet the definition of severe
asthma by the American Thoracic Society (ATS) state-
ment on refractory asthma (2000) and Global Initiative
for Asthma (GINA) 2007 criteria, on daily chronic
moderate-to-high dose ICSs and taking a statin drug,
with two or more qualified visits in the UCAN clinic.
Statin use during the study period was confirmed by
reviewing the EMR and/or pharmacy refill records and/
or change in serum fasting lipids. Atopic status was
determined by measuring the blood IgE levels and
radioallergosorbent test (RAST) panel.

Exclusion criteria included COPD or emphysema,
asthma-COPD overlap syndrome, previous lung radiation,
toxic inhalational lung injury, interstitial lung disease or
other chronic inflammatory airway disorder(s) (eg, bron-
chiectasis, cystic fibrosis and chronic infectious
bronchitis); inadequate objective documentation of

612 patients in UCAN ‘ 389 patients with < 2
database (2001-2008). clinic visits in any single
‘ calendar year (ineligible).
223 patients with 2 2 58 patients excluded
clinic visits in any single - (based on a priori
calendar year (eligible). exclusion criteria).

L 165 patients included (based

on a priori inclusion criteria).

+ +

134 statin non-users 31 statin-users
(control group). (exposure group).

Figure 1 Flow diagram of patient selection displaying the
total number of participants screened, the eligibility criteria
and the number of participants who were included and
excluded.
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asthma diagnosis; statin non-adherence or statin use
documented in only one study visit; and statin adverse
reaction or allergy.

The diagnosis of asthma and the exclusion of COPD
(and other respiratory diseases) were based on clinical
criteria as determined by the attending pulmonary
asthma specialist and as per above. These clinical para-
meters included but were not limited to the following:
history and physical examination, pulmonary function
test (PFT) and/or spirometry, relevant laboratory tests
and thoracic imaging, including chest X-ray and/or CT,
where available.

Study size
We powered this study to find between-group differences
that are similar in magnitude to that observed in the
Hothersall et al'® study. Using the sputum macrophage
data to estimate the mean and SD, with a two-sided o of
0.05, power of 80% and a 3:1 ratio of non-statin user to
statin user, we calculated a total sample size of N=122, of
which 31 were statin users. These sample size calcula-
tions were made using the Two-Arm Normal sample size
calculator on the Southwest Oncology Group website
http://www.swogstat.org/stat/public/two_normal.htm.
We selected the sputum macrophage as an indicator
of the statin’s anti-inflammatory effect, which we
assumed might translate into a clinical effect. These
were the best published data available at the time we
made our power analysis. Given the large number of
patients who qualified for the study, in the end we
studied 134 statin non-users and 31 statin users for a
total sample size of 165, which is a significantly higher
sample size than originally estimated (ie, N=165 vs 122).

Data collection procedures

Data were collected on eligible patients who were fol-
lowed in UCAN for at least 1 year. All patients seen in
the UCAN clinic during the study time frame were ini-
tially evaluated for eligibility using EMR and those
patients with less than two qualified visits were deemed
ineligible (figure 1). The remaining patients’ paper
charts were also reviewed for inclusion and exclusion
criteria.

Relevant comorbid diseases, asthma symptoms, medi-
cations, patientreported peak expiratory flow rate
(PEFR) and in-clinic spirometry were documented by
respiratory therapists prior to evaluation by the pulmo-
nologist staffing the clinic. The severity of asthma and
need for systemic steroids were determined by the staff
pulmonologist. Statin use had to be documented at least
once during any clinic visit to designate the patient as a
‘statin user.” The majority of patients had ‘statin use’
documented in every eligible visit included in the study.

Variables, predictors and endpoints

The main predictor variable or exposure was statin use
and our a priori primary endpoint was the ACT score, a
validated and recommended tool to identify and

quantify patients’ asthma control.'”™'® We chose ACT in
lieu of severe exacerbations as the primary endpoint for
two reasons: (1) the clinical utility of ACT scores in man-
aging asthma compared to other objective parameters
and (2) the low number of severe exacerbations in our
management programme UCAN cohort (<8%), which
limited statistical power and our ability to detect a differ-
ence between the two groups. The effect of statins on
severe exacerbations is reported in the online supple-
mentary material.

The a priori secondary endpoints included the follow-
ing: (1) lung function (FEV,, FVC, FEFs5 759, and
PEFR), (2) symptoms (need for corticosteroid burst,
short-acting bronchodilator use (albuterol and ipratro-
pium), limited physical activity and nocturnal symptoms)
and (3) peripheral eosinophil count.

If the prebronchodilator and postbronchodilator lung
function values were available, both were recorded, but
the post bronchodilator test with the highest value was
used for all analyses. A change of >20% improvement in
PEFR from baseline or predicted value was considered
as a clinically significant indicator of airflow variability.

Statistical analyses

Summary statistics and epidemiology

To obtain summary statistics for the various covariates of
interest, variables measured at each encounter (ie, mul-
tiple encounters per patient) were averaged across
encounters to obtain one value per variable for each
patient. To test for differences between statin users and
non-users, independent sample t tests were performed
when the variable was continuous and approximately
normally distributed. The Kruskal-Wallis test was per-
formed for the proportions of encounters that were not
normally distributed. The ¥ or Fisher’s exact test was
performed when the proportions observed were all
either 0 or 1.

Model selection

A multivariate model selection approach was implemen-
ted to test for effects due to statin use, where we used a
backward selection procedure to identify significant con-
founders. For continuous endpoints, a hierarchical
linear model with a random intercept was fitted using
the SAS software procedure Proc Mixed. For binary end-
points, a hierarchical logistic regression with a random
intercept was fitted using the SAS software procedure
Proc Glimmix. This approach accounts for the intersub-
ject correlation due to the multiple encounters (ie,
clinic visits) for each patient.

To control for possible confounders, tests for differ-
ences between statin users and non-users were con-
ducted on the pertinent variables, and any variable with
p<0.1 was included during the model selection proced-
ure. To be conservative, we chose the cut-off p value of
0.1 to avoid eliminating possible confounders, while at
the same time maintaining power by not including
unnecessary variables. A multivariate model selection
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approach was implemented to test for effects due to
statin use. We used a backward selection procedure to
identify significant confounders. In the first stage, all
variables where a significant difference was observed
between statin users and non-users were included in the
model, but statin use was not included at this initial
stage. Additionally, variables known to be important in
the published literature, whether or not significant dif-
ferences occurred between the two groups, were also
included in the models (eg, ICS and LABA use, systemic
corticosteroid use, smoking, body mass index (BMI)/
obesity, ethnicity, exacerbations in the previous
12 months and FEV; % predicted). For each endpoint, the
initial stage of model selection included all such possible
confounders as described above. At each step, the vari-
able with the highest non-significant p value was
removed until all of the remaining variables were signifi-
cant at the 0.1 level. In the second stage, the treatment
variable (statin user vs non-user) and its interaction with
all significant covariates were included in the model. In
the next stage, non-significant interaction terms were
eliminated using backward selection as described above.
This procedure tests for significant effects due to statin
use after controlling for covariates for which the data
provide evidence of possible confounding effects. Our
statistical modelling utilised a two-way a to account for
positive and negative associations with statin use with a
final p value of <0.05 to indicate statistical significance
(table 1).

RESULTS

The results are shown in online supplemental material
(for additional details).

Cohort characteristics

Summary statistics of patient demographics and charac-
teristics, as well as the types of statins used, are shown in
tables 2—4. In general, statin users were older (60.8+11.7
vs 46.6+13.9 years, p=0.0001); had lower lung function as
measured by IEV;% predicted (67.5+21.9% vs 75.5
+21.2%, p=0.07), FEV; (1.81+0.68 vs 2.22+0.82L,
p=0.0052), FVC (2.56+0.82 vs 3.02+0.99 L, p=0.0085)
and FEFg5_75¢, (1.47+0.90 vs 1.95+1.07 L, p=0.0125); had
a higher prevalence of coronary artery disease (CAD,
16.1% vs 0%; p<0.0001), hyperlipidaemia (HPL, 93.6%
vs 9.5%; p<0.0001) and diabetes mellitus (32.3% vs
13.4%, p=0.012) and a trend towards a higher preva-
lence of gastro-oesophageal reflux disease (83.9% vs
64.9%, p=0.41); had a lower prevalence of sinusitis (0%
vs 14.2%, p=0.026) and a higher medication use of ipra-
tropium (48.4% vs 31.3%, p=0.023) and aspirin (25.8%
vs 11.2%, p=0.031). There were no statistically significant
differences in sex, ethnicity, BMI, weight, PEFR, ACT
score and peripheral blood counts, including eosino-
phils, atopic status, smoking history, prevalence of rhino-
sinusitis or medication use of the following drugs: ICS,
LABA, albuterol, systemic corticosteroids, montelukast,

5-lipoxygenase inhibitor, omalizumab, non-steroidal anti-
inflammatory drugs, proton-pump inhibitor or histamine
receptor-2 (Hy) blockers.

Asthma control

Statin users had a significantly higher adjusted mean
ACT score by 2.2+0.94 points (p=0.02), indicating better
asthma control among statin users compared to
non-users (table 1). The final model showed that statin
use, smoking history, obesity (BMI>30), gastro-
oesophageal reflux disease (GERD) and FVC predict
ACT score. Smoking was associated with a reduction in
ACT of 4.04+1.2 (p=0.0013), obesity with a reduction of
2.1+0.78 (p=0.0094) and GERD with a reduction of 2.6
+0.96 (p=0.0072). Conversely, for each 1L increase in
FVC, the ACT score increased by 2.2+0.41 (p<0.0001).
There were no significant interactions among significant
variables.

Our analysis also shows that severe asthmatics taking
statins had higher adjusted mean ACT scores across the
spectrum of comorbid conditions. For example, for
patients without comorbid obesity, GERD, or smoking
history, statin users had an ACT score of 20.7 (the
highest adjusted mean ACT score) and non-users a score
of 18.5 (p=0.02). For patients with all three conditions,
statin users had an ACT score of 11.9 and non-users a
score of 9.8 (the lowest adjusted mean ACT score,
p=0.02; figure 2).

The range of ACT scores indicates relative asthma
control or lack thereof.'” ACT scores >20 indicate ‘well-
controlled’ asthma, 19-16 indicate ‘somewhat con-
trolled’ asthma, and <15 indicate ‘poorly controlled’
asthma. Specifically, for patients with a history of
smoking and independently for those who are obese
with GERD, statin use was associated with better control
by ACT criteria from poorly controlled (<15) to some-
what controlled (16-19) asthma (figure 2). For patients
without obesity, GERD or smoking history, statin use
improved them from somewhat controlled (16-19) to
well-controlled (>20) asthma (figure 2). These adjusted
mean ACT values were based on our statistical model
using a mean FVC of 294 L, the mean value in our
study population.

Lung function

For the secondary endpoint of lung function, we evalu-
ated four parameters: FEV,, FVC, FEFy5 759, and PEFR
(table 1). Trends favoured statin use, but none were stat-
istically significant in the final model.

Symptoms

To assess the effect of statins on asthma symptoms, we
evaluated five variables as indicators of asthma impair-
ment and risk for future exacerbations, including the
need for oral corticosteroid burst, bronchodilator use
(albuterol and ipratropium) and activity of daily living
symptoms (limited physical activity and nocturnal awa-
kenings; table 1).
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Table 1 Statin effect sizes adjusted for confounders
Statin effect

size p Value* Favours Final model
Primary endpointt
A Adjusted mean ACT score 2.2+0.94 0.02 Statin Statin use, obesity, GERD, h/o smoking and FVC predict ACT score
user
Secondary endpoints
Lung functiont
AFEV; (L) 0.036+0.06 0.56 Statin Age, FEV1% predicted and FVC predict FEV1
user
AFVC (L) 0.026+0.18 0.88 Statin Age and ethnicity predict FVC
user
AFEF25_759, (L) 0.088+0.16 0.59 Statin Age, FEV1% predicted, FVC and montelukast predict FEF25_75,
user
APEFR (L/min) —26.8+25.7 0.92 Non user  Systemic steroid use, PPI or Ho-blockers, and FVC predict PEFR
Symptomst
Corticosteroid burst 0.93 0.84 Statin FEV1% predicted, h/o smoking and DM predict the need for a steroid burst in clinic
user
Albuterol inhaler use 0.46 0.41 Statin ICS use strongly predicts albuterol inhaler use
user
Ipratropium inhaler use 0.83 0.71 Statin Age, h/o smoking, and FVC predict ipratropium inhaler use
user
Limited physical activity 1.09 0.91 Non user  Aspirin use and FVC predict limited physical activity
Nocturnal symptoms 1.71 0.39 Non user  Obesity predicts nocturnal symptoms/awakening
Peripheral blood countst
A Total WCC (K/mm?®) —0.77+0.72 0.29 - Systemic steroid use predicts change in WCC
A Absolute eosinophil count 0.024+0.06 0.68 Non user  No variable in the model predicts the change in absolute eosinophil count (see online
supplement)
A% Eosinophil count 0.28+0.64 0.66 Non user  Systemic corticosteroid and aspirin use predict the % eosinophil count

A This symbol represents ‘delta’ or the change due to the statin’s effect, hence, ‘statin effect size’.

*p Values represent the significance of statin use in the final model.

1Statin effect sizes are listed as the model estimate + SE. ACT was adjusted for the confounders of obesity, GERD, h/o smoking and FVC.

}Statin effect sizes are listed as ORs.

ACT, Asthma Control Test questionnaire; DM, diabetes mellitus; FVC, forced vital capacity; GERD, gastro-oesophageal reflux disease; h/o, history of; Ho, histamine receptor-2; ICS, inhaled
corticosteroid; PEFR, peak expiratory flow rate; PPI, proton-pump inhibitor; WCC, white cell count.
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Table 2 Study population unadjusted summary statistics

Non user Statin user p Value
Number of participants (N) 134 31 -
Age (mean+SD)* 46.6+13.9 60.8+11.7 0.0001
Range (years) 18-81 41-86 -
Sex (N (%))t 0.082
Male 36 (27.1) 13 (43.3)
Female 98 (72.9) 18 (56.7)
Ethnicity (N (%))t 0.79
Caucasian 82 (61.2) 17 (54.8)
African-American 23 (17.2) 8 (25.8)
Asian/Indian 14 (10.5) 3(9.7)
Hispanic 11 (8.2) 1(3.2)
Other or not noted 4 (2.9) 2 (6.5)
BMI (mean+SD)* 31.2+8.3 31.7+6.9 0.73
Range 19.5-52.4 20.0-50.0
Weight (mean+SD)* § 187.9+51.1 198.5+43.7 0.24
Smoker (current or past) 16 (11.9%) 3 (9.7%) 0.42
Lung function (mean+SD)*
FEV;% predicted 75.5+21.2% 67.5+21.9% 0.07
FEV, (L) 2.22+0.82 1.81+0.68 0.0052
FVC (L) 3.02+0.99 2.56+0.82 0.0085
FEF25_759, 1.95+1.07 1.47+0.90 0.0125
PEFR] 369.9+113.6 347.3+135.5 0.43
ACT questionnaire score* (mean+SD) 15.5+5.1 16.2+4.8 0.52
Peripheral blood counts* (mean+SD)
WCC** 9.06+2.75 8.43+2.72 0.34
Absolute eosinophil count** 0.26+0.24 0.28+0.27 0.77
Percentage of eosinophil count 3.14+2.59 3.38+2.31 0.68
Comorbidities (N (%))t
Atopy/allergies 79 (58.9) 17 (54.8) 0.675
CAD 0 (0) 5(16.1) <0.0001
Hyperlipidaemia 13 (9.5) 29 (93.6) <0.0001
Diabetes mellitus 18 (13.4) 10 (32.3) 0.012
Sinusitis 19 (14.2) 0 (0) 0.026
Rhinosinusitis 98 (73.1) 21 (67.7) 0.55
GERD 87 (64.9) 26 (83.9) 0.041
Medications (N (%))t
ICS 134 (100) 31 (100) -
LABA 107 (79.9) 25 (80.7) 0.90
Albuterol 117 (87.3) 27 (87.1) 0.56
Ipratropium 42 (31.3) 15 (48.4) 0.023
Systemic corticosteroid use 23 (17.2) 7 (22.6) 0.35
Montelukast 69 (51.5) 11 (35.5) 0.07
5-LO inhibitor 1 (0.75) 1(3.2) 0.73
Omalizumab 4 (2.9) 2 (6.5) 0.44
Aspirin 15 (11.2) 8 (25.8) 0.031
NSAIDs 8 (5.9) 2 (6.5) 0.68
PPI or Ho-blocker 63 (47.0) 20 (64.5) 0.061

*Independent t test used.
tFisher’s exact or 2 test.

+BMI is in units of kg/m?.

§Weight is in units of pounds (Ibs).
JIPEFR is in units of L/min.

*“*WCC and absolute eosinophil count units are in units of K/mm?.

TTKruskal-Wallis test.

ACT, Asthma Control Test; BMI, body-mass index; CAD, coronary artery disease; FVC, forced vital capacity; GERD, gastro-oesophageal
reflux disease; Hp, histamine receptor-2; ICS, inhaled corticosteroid; LABA, long-acting B-agonist; NSAIDs, non-steroidal anti-inflammatory

drugs; PEFR, peak expiratory flow rate; PPI, proton-pump inhibitor; 5-LO, 5-lipoxygenase.
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Table 3 Type statins used (N=31)

Name Number (%) Drug class
Simvastatin* 14 (45) Lipophilic
Atorvastatin® 13 (42) Lipophilic
Lovastatin 2 (6) Lipophilic
Pravastatin 2 (6) Hydrophilic

*Of all the statins used in patients with severe asthma, 87.1%
were either simvastatin or atorvastatin.

ICS use was the best predictor of albuterol use
(p<0.0001), and there were no significant interactions
among variables. Indicators of typical patient symptoms
showed no significant differences (table 1).

Peripheral blood counts

There were no significant associations between statin use
and peripheral eosinophil counts, a systemic marker of
allergic inflammation. In the final model, systemic cor-
ticosteroid and aspirin use predicted the % eosinophil
count (table 1).

Types of statin used and duration of use

The majority of our statin users were on simvastatin or
atorvastatin (45% vs 42%, table 3), which reflects its use
in the general US population. Lovastatin and pravastatin
were used less frequently (6%), and this is also reflected
in the general population. The lipophilic statins were
used most commonly in our patients.

On average, statin users were on a statin drug for 1.57
+1.32 years, with a median of 1year of statin use. The
range of values was as low as 0.083 years (or 1 month)
and as high as 5.25 years (table 4).

DISCUSSION
Summary of main findings
We evaluated whether statin use in patients with severe
asthma was associated with improvement in asthma control
and lung function. Our primary finding is that statin use
for a median duration of 1 year in this population is asso-
ciated with a significantly higher ACT score indicating
improved asthma symptom control, even when adjusted for
potential confounders. We found no statistically significant
differences in corticosteroid or rescue bronchodilator use,
lung function or peripheral eosinophil counts, although
the trends generally favoured statin users.

There have been two recent comprehensive reviews
on clinical studies using statins to treat asthma.?’ *'

Table 4 Duration of statin use (N=31)

Duration of statin use (years)—includes all statins in
table 3

Average 1.57+1.32
Median 1
Range 0.083-5.25
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Figure 2 Adjusted mean Asthma Control Test (ACT) score
relative to comorbid condition(s). This figure is a graphical
representation of what the model predicts in table 1 for ACT
scores relative to comorbid conditions. Our analyses showed
that severe asthmatics taking statins had higher ACT scores
adjusted for and across the spectrum of comorbid conditions
(O, obese; G, gastro-oesophageal reflux disease (GERD); S,
history of smoking and ‘none’ indicates none of these three
conditions). The dotted grey lines indicate the degree of
asthma control by ACT score: ACT>20 indicates
well-controlled (WC) asthma, ACT of 19-16 indicates
somewhat controlled (SC) asthma and ACT<15 indicates
poorly controlled (PC) asthma. For patients with a history of
smoking (S) and those who are obese with GERD (O+G),
statin use increased ACT score from PC (<15) into the SC
range (16—19; area shaded grey). For patients without these
comorbidities (none), statin use increased ACT score from SC
into the WC (>20) range (area shaded grey). The highest
adjusted mean ACT score of 20.7 was observed for
statin-using severe asthmatics without these comorbidities (ie,
none). At any given comorbid state on the x axis, the
difference in the adjusted mean ACT score between a statin
user and a non-user is 2.2+0.94 points, as indicated in

table 1. These adjusted mean ACT values were based on our
statistical model using a mean forced vital capacity (FVC) of
2.94 L, the mean value in our study population.

To our knowledge, our study is the first to show a benefi-
cial association between statin use and clinical outcomes
in a reallife cohort of severe asthma patients. It is
important to stress that our retrospective study design
cannot distinguish between association and causation, in
particular with the known limitations of statistical model-
ling. Thus, based on our results, we hypothesise that
patients with severe asthma may be a possible target
population for treatment with statins, a question ripe for
additional investigations.

Statins and biological plausibility in asthma

Between 2005 and 2008, the Centers for Disease Control
and Prevention estimated that 25.1+0.7% of Americans
aged 4byears and over, approximately 32 million
people, used a statin drug. Clinicians and researchers
have wondered what effects statins might have on lung
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biology and function, in addition to their potential lung
disease modifying effects. In terms of biological plausi-
bility, animal studies utilising allergic mouse models
showed that statins have anti-inflammatory, anti-remodel-
ling and immunomodulatory effects that attenuate
airway hyper-reactivity and improve lung function.® ® 2
Although less work has been performed on mechanisms
of action in lung resident cells, there is evidence of sig-
nificant action in airway smooth muscle cells, fibroblasts,
endothelial cells and epithelial cells in vitro.** ** Given
the pleiotropic biological effects, widespread use and
reasonable safety record of statins, they may be a poten-
tial novel therapy for asthma.

Significance of the primary endpoint: the ACT score

At baseline, the mean ACT scores between non-users
and statin users were similar (15.5 vs 16.2, respectively,
p=0.52; table 2). Yet, statin users were on average older,
with more comorbidities and had lower lung function
(table 2), perhaps indicating a ‘sicker’ cohort. However,
after controlling for confounders in our multivariate
analysis, statin users had a significantly higher adjusted
mean ACT score than non-users indicating better
asthma control'” (A adjusted mean ACT score of 2.2
+0.94 points, p=0.02 (table 1 and figure 2); see Statistical
analysis section in the online supplementary material for
additional details regarding statistical modelling). As a
single measure in the clinic, the ACT score contains sig-
nificant predictive power for determining asthma risk.
Schatz et aP® reported that the minimally important dif-
ference (MID) for ACT is a decrease of three points,
which confers a 76% increased risk of shortacting
B-agonist (SABA) use and 33% increased exacerbations
over 12 months. However, even a reduction of two points
in the ACT score in their study indicates a 46%
increased risk of SABA use and 21% increased exacerba-
tions.”” By these criteria, our statin users may have
gained considerable protection from asthma symptoms
and possibly exacerbations over at least 1 year. Our data
suggest that patients with severe rather than milder
forms of asthma might benefit from statins. However,
the therapeutic benefits of statins may occur over many
months to years, rather than in the short term.

It is also worth noting that although the adjusted ACT
score was higher in statin users, there were no statistically
significant improvements in the secondary endpoints
(table 1). This discrepancy may be due to the limitations
of our sample size or other beneficial yet subtle statin
effects captured by ACT and not the singular measures of
lung function or medication/inhaler use. The strength
of the ACT score is that it has been validated against the
asthma specialist’s rating of symptom control, quality of
life and spirometric lung function.*® The weakness of
ACT, however, is like any other scoring system or survey in
clinical medicine: as a singular measure, it cannot substi-
tute for the entire clinical picture as assessed by the clin-
ician at the bedside. This is especially true when
discrepancies appear in the various indices of asthma

control in the clinic. Despite this caveat, because of
ACT’s predictive power (eg, MID as discussed above) in
guiding clinical decisions, our findings taken in this light
do point us in an important new direction.

Our findings relative to other studies

Although most of the large retrospective studies in
COPD and/or asthma have shown that statins are asso-
ciated with improved lung function and respiratory out-
comes, Ostroukhova and colleagues published a
retrospective study showing potential harm. They evalu-
ated statin use in N=50 patients (24 statin exposed and
26 control/unexposed) with mostly mild allergic
asthma.?” They found that over a span of 6, 12 and
24 months, starting statin therapy was associated with
reduced FEV;, increased medication use and more
symptoms than controls who never started statins.
However, it is possible that the statin group may have
been sicker at baseline, had worse baseline lung func-
tion (ie, FEV; % predicted not reported) or had a statin
indication, such as atherosclerosis, which is known to
adversely affect lung function.®® A multivariate statistical
analysis to account for major known confounders was
not reported. Notably, the decline in FEV; in the statin
group also showed a proportional decline in the control
group over 24 months, with a similar proportional differ-
ence in FEV; between the two groups, raising the possi-
bility that lung function generally worsened in the entire
population regardless of statin use. An important differ-
ence between our study and Ostroukhova et als study is
that they did not report ICS use, an important controller
agent that affects asthma outcomes.

Lokhandwala et af evaluated a larger cohort (N=479
statin exposed and 958 unexposed) of patients with
asthma on ICS matched for age, sex, race and comorbid-
ities followed for 1 year. They found that asthma-related
hospitalisations and/or emergency room visits for patients
using statins were approximately half the odds as those not
on statins, indicating a benefit to statin use. They used a
propensity score-matched study design to account for
potential confounders, a strength in their study design.
Even after matching, patients on statin therapy had a
higher comorbidity index score compared to statin
non-users, indicating a potentially sicker population,
similar to our cohort. Interestingly, this difference could
have biased the findings towards worse outcomes in the
statin group. However, the opposite was true, and it is
unlikely that this difference in comorbidities could have
biased their findings towards a lower risk of asthma-related
hospitalisations in the statin group. We speculate that a
larger sample size achieving high enough power to assess
asthma exacerbations in our UCAN cohort could yield
similar results. This idea is supported by another recent
study with 3965 patients, which showed an association
between statin use and reductions in hospital admissions
due to acute asthma exacerbations.”

There have been seven published randomised clinical
trials using either simvastatin or atorvastatin for the
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treatment of mild or moderate asthma.”'® The most
striking difference between these studies and ours is
that, besides the study design, we evaluated statin use
over a median of 1year (table 4) in severe asthmatics
who were mostly obese females (table 2). Additionally,
our population had participants with a known statin
indication, including HPL or CAD, important comorbid-
ities that were not studied in these trials. Given that
asthma is a chronic disease and that comorbid cardiovas-
cular disease/atherosclerosis may interact adversely with
lung function, careful selection of patients without
known cardiovascular disease or risk factors, who are
statin naive, who have more severe asthma and who are
treated for at least 6-12 months, may be a reasonable
approach in designing future randomised clinical trials.

Statins in severe asthma: potential mechanisms and
future directions
The role of obesity or BMI status, systemic inflammation
and female sex as features of a statin-responsive popula-
tion leaves some open questions for further explor-
ation,” especially given what is known about C reactive
protein (CRP) and statins in cardiovascular diseases and
obstructive lung disease.”® ** The links between obesity,
systemic and airway inflammation (ie, elevated CRP,
leptin and adiponectin), metabolic disease, abnormal
lung function in adults and asthma outcomes are an
active area of research.”*®® Recent data suggest that
obesity-associated severe asthma may be a unique clinical
phenotype requiring further study.*> One potential
explanation for why our patients seemed to benefit from
statin use despite concurrent ICS/LABA use is that
obesity in asthma is associated with reduced response to
1CS.>* ¥ We speculate that statins may be effective in the
obese asthmatic patient who has relative ICS resistance,
and who is generally understudied and lacks specific
therapy other than weight loss.'®

It is important to emphasise that 100% of our patients
in this study were using ICS and approximately 80%
used LABAs (table 2). Therefore, statin’s observed
benefit in our study is potentially additive to
standard-of-care controller inhaler therapy. This concept
is supported by at least two recent studies by
Maneechotesuwan et al'® In their first study, they
reported that 10 mg of simvastatin in addition to
inhaled budesonide enhanced the anti-inflammatory
effects of budesonide (eg, sputum eosinophils), by
mechanisms involving alterations in indoleamine
2,3-dioxygenase and interleukin-10 release. In follow-up
work, wusing an in vitro model of asthma,
Maneechotesuwan et af® also found that the combin-
ation of simvastatin and fluticasone augments regulatory
T cell (Treg) and Thl7 responses to suppress airway
inflammation in asthma. Because severe asthma has
been linked to Th1l7 cell and neutrophilic inflamma-
tion,” these findings suggest that statins may alter the
biology relevant to severe asthma rather than milder
disease.

Study limitations

Our study is a retrospective, cross-sectional study which
can reveal associations. It is a relatively small study
(N=165) that was performed in our severe asthma clinic
at one academic medical centre. A retrospective design
cannot account for all potential confounders and limits
final conclusions. Of note, the statin users in our study
may be fundamentally different from non-users, namely
that all patients taking statins had CAD and/or HPL,
despite our efforts at designing the best statistical
models to account for such confounders. Also, we did
not assess the effects of corticosteroid use on lipid or
glucose metabolism that may have important interac-
tions and confound our results. Statistical corrections for
missing data were beyond the scope of this work; this
remains a drawback of most retrospective studies.

CONCLUSIONS

In conclusion, we report that statin use was associated
with improved asthma control in patients with severe
asthma. We speculate that adult asthmatics with poor
asthma control and atherosclerosis or systemic inflamma-
tion may be a higher risk group worthy of further study.
We believe that more work is needed to (1) determine
whether a subpopulation of asthma exists that might
benefit from statins, (2) investigate whether systemic
inflammation and/or atherosclerosis/CAD in asthma
represent a subphenotype that is more refractory to
standard treatment and (3) determine whether the
obese patient with severe asthma may be a reasonable
candidate for future statin clinical trials.
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