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Purpose: Some previously published primarily retrospective studies have shown that statins
could reduce the rate and severity of exacerbations, the length of hospital stays, and mortality
in patients with chronic obstructive pulmonary disease (COPD), but retrospective data needs
to be reviewed regarding this connection since statins are cholesterol-lowering drugs.
Therefore, the aim of this study was to investigate the independent influence of statins on
the exacerbation rate in COPD patients.

Methods: An observational retrospective study was conducted to assess the independent
influence of statins on the COPD exacerbation rate at the Department of Internal Medicine,
Pulmonary Division, Internal Intensive Care Medicine, Infectiology, and Sleep Medicine,
Mirkische Clinics Health Holding Ltd, Clinic Lidenscheid, Witten/Herdecke University
from January 1, 2010 to December 31, 2020. This study enrolled patients with COPD in
2010 and documented their exacerbation rate over a further 10 years. The number of
exacerbations in COPD patients was compared between statin users and non-users.
Results: Of the total of 295 [176 male (59.7%)] COPD patients, 105 (35.6%, CI 30.3—
41.2%) patients with COPD were treated with statins, and 190 (64.4%, CI 58.8-69.7%) were
treated without statins. The mean exacerbation rate in the COPD patients who received statin
did not differ from that in the COPD patients who did not receive statin (p = 0.175). Also, the
mortality rates did not differ between the statin-treated and non-statin-treated COPD patients
(»=0.271).

Conclusion: Statins have no effect on the exacerbation rate or mortality in COPD patients.
Keywords: chronic obstructive pulmonary disease, statins, exacerbation, infection
prophylaxis, death

Introduction

Statins are a group of active agents that inhibit endogenous cholesterol synthesis.'
These drugs are used to treat hypercholesterolemia to prevent cardiovascular dis-
eases, such as stroke, heart attack, and vascular diseases.” The different types of
statins include the following: atorvastatin, cerivastatin, fluvastatin, lovastatin,
mevastatin, pravastatin, and simvastatin.’ These substances influence lipid metabo-
lism in various ways: via the competitive inhibition of the key enzyme in choles-
terol synthesis, 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA
reductase); by reducing cholesterol biosynthesis in the liver; by increasing the
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concentration of low-density lipoprotein receptors in the
liver cells; and through the modification of lipoproteins.'
Statins have a major influence on the composition of
serum lipids, including a strong lowering effect of the low-
density lipoprotein cholesterol concentration and a slight
increase in the high-density lipoprotein concentration.*
There are also some potential pleiotropic effects of statins,
such as improvements in endothelial dysfunction, the sta-
bilization of atherosclerotic plaques, anti-inflammatory
effects, and the reduction and stabilization of the lipid

COI'G.5

The reduction of the large lipid core and the
decrease in inflammatory activity are probably of the
greatest importance in this case.® The anti-inflammatory
and antioxidant effects of statins can also help chronic
obstructive pulmonary disease (COPD) patients at risk of
exacerbation.”® In practice, however, the benefits of statins
in lowering the rate of exacerbations have been shown to
be limited.”® According to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD), COPD is
a preventable and treatable disease of the airways that is
associated with a restriction in airflow.” The disease is
progressive and associated with a chronic inflammatory
response of the lungs to harmful particles or gases.’
There have been different study results published in the
medical literature thus far. According to an analysis pub-
lished in the New England Journal of Medicine, statins
have no effect on the exacerbation rate of COPD.'” In
contrast, retrospective analyzes have shown a connection
between the use of statins and the frequency and severity
of COPD exacerbations.'''* Based on these different
study results, to date, it is not yet clear whether patients
with COPD can benefit from the anti-inflammatory effects
of statins. Therefore, the aim of this study was to investi-
gate the independent influence of statins on the COPD
exacerbation rate over a period of ten years.

Materials and Methods
Study Design, Setting, and Data

Collection

This observational cohort study retrospectively observed
the number of exacerbations in COPD patients receiving
and not receiving statin treatment. The study made use of
hospital-chart data from the Department of Internal
Medicine, Pulmonary Division, Internal Intensive Care
Medicine, Infectiology, and Sleep Medicine, Mirkische
Clinics Health Holding Ltd, Clinic Liidenscheid, Witten/
Herdecke University from 2010 to 2020. Moreover, the

study monitored 295 patients with COPD treated at this
hospital in 2010, documenting the number of exacerba-
tions between January 1, 2010 and December 31, 2020.

Patients

For this study, all COPD patients were placed into one of
two matched cohorts: in cohort 1, all COPD patients
received statin treatment, and, in cohort 2, no COPD
patients received statin treatment. All patients were
reviewed for sex; mean, and median age; as well as length
of hospital stay. The number of deaths during hospitaliza-
tion was recorded in each of the two cohorts. The study
participants were mixed in terms of age in both cohorts—
with the exception of adolescents younger than 18 years of
age and children.

Inclusion and Exclusion Criteria for This
Study

The inclusion criteria for participation in this study was
COPD patients with a history of exacerbations or other
acute illnesses with a reason for admission to this hospital
who had been examined via body plethysmography. The
study excluded COPD patients who had not undergone
a lung function test.

Diagnosis of Chronic Obstructive

Pulmonary Disease

The patient’s COPD is classified according to its severity
based on the classification of certain lung function para-
meters according to the guidelines in the 2017 version of
the Global Initiative for Chronic Obstructive Pulmonary
Disease (GOLD) I-IV.">"'® In addition, there is a further
division of each stage (GOLD A-D) into groups A-D,
which is based on the severity of symptoms, including
shortness of breath as well as exacerbation degree and
exacerbation frequency.'® The overall COPD classification
system therefore extends from GOLD I A to GOLD IV
D."” The most common values of spirometry for each
study participant, such as forced expiratory volume in
one second and the ratio forced expiratory volume in
one second to forced vital capacity, were compared as an
expression of a mean value between the two cohorts. After
collecting the data, the severity of airflow limitation
according to GOLD classification stages I A — IV D in
patients with chronic obstructive pulmonary disease was
compared between the two cohorts. The stage-appropriate
COPD to the

therapy was investigated according
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recommendations of the guidelines.”’ The drug therapy of
COPD is done in the earlier stages I-II according to the
clinical symptoms. Asymptomatic patients do not need
long-term drug therapy in these stages I-II. In stages 11—
IV, patients benefit from long-term therapy with inhaled
corticosteroids, ideally in combination with long-acting
bronchodilators.*® The classification of COPD was carried
out in each case in this study according to the latest edition
of the International Classification of Diseases (ICD J44.0
—J44.9).*!

Definition of Exacerbation of Chronic

Pulmonary Disease

The signs of an acute exacerbation in the present study
groups were defined as sudden, significant worsening of
the symptoms of an existing COPD, such as breathless-
ness, more frequent severe coughing, an increase in
coughed up mucus, increased thick mucus, a different
mucus color (yellow-green), tiredness, fatigue, or
fever.”>** The individual symptoms of COPD are not
examined in detail in this study. They are only used for

diagnosis of COPD.

Definition, Effects, Representatives of
Statins

Statins are a group of drugs that cause a decrease in the
serum concentration of cholesterol through the competitive
inhibition of the enzyme HMG-CoA reductase.>* The
active agents in the group of statins included in this
study were simvastatin, atorvastatin, fluvastatin, and
pravastatin.

Comorbidities

A comorbidity is defined as a disease that exists in a study
patient in addition to the underlying disease that is in the
foreground of the therapy.®> In this study, the number of
comorbidities was taken into account if the number was
more than nine for each group. However, if the number of
comorbidities in one cohort was less than 10, this was
taken into account for comparison purposes if, in the
other cohort, the number of comorbidities was more
than 10.

Inflammatory Laboratory Markers
After SARSTEDT
Monovette™ 4.7 mL (orange cap), C-reactive protein (nor-

sampling in lithium heparin

mal value is < 0.6 mg/dL) was measured in human serum

and plasma using a standard immunoturbidometric assay
on the Atellica® Solution analyzer (Siemens Healthcare
Diagnostics, Erlangen, Germany).

The blood leukocyte count (normal range 3600
—10,500/uL) was determined after removal in EDTA
Monovette® 2.7 mL after cluster analysis in the basophil
channel on ADVIA® 2120i hematology system with auto-
slide
Germany).

(Siemens Healthcare Diagnostics, Erlangen,
The inflammation values of the blood laboratory were
recorded as a mean and median value after taking into

account all exacerbations for each study participant.

Statistical Analysis

The different data values were expressed as percent (%)
and after the 95% confidence interval (CI) in percent,26
while the continuous numbers were specified as both the
median and the range numbers from minimum to maxi-
mum as well as the mean and standard deviation (SD).?’
The Mann—Whitney U-test for unpaired data was used to
calculate age differences, hospital stay length, forced
expiratory volume in one second, the ratio of forced
expiratory volume in one second to forced vital capacity,
inflammation values, the number of study participants with
inhaler and steroid treatment, the number of study partici-
pants with stage-appropriate COPD therapy, and the num-
ber of COPD exacerbations between the two cohorts,”®
while a chi-square analysis for the association between
two categorical variables was used to calculate the gender
differences, the number of severe COPD cases as defined
by the GOLD classification system, indication of statin
therapy, and the number of comorbidities between the
two cohorts.?’ The probability of survival was calculated
using the Kaplan—Meier method.*® All statistical calcula-
tions were carried out as two-tailed, and a p-value of <
0.05 was deemed statistically significant.

Results

This study examined a total of 295 [176 male (59.7%, CI
54.0-65.1%); 119 female (40.3%, CI 34.9-46.0%)]
patients with COPD who were treated at the Department
of Internal Medicine, Pulmonary Division, Internal
Intensive Care Medicine, Infectiology, and Sleep
Medicine, Mirkische Clinics Health Holding Ltd, Clinic
Liidenscheid, Witten/Herdecke University from January 1,
2010 to December 31, 2020. Of these, 105 (35.6%, CI 30.3
—41.2%) patients with COPD were treated with statins

(cohort 1), and 190 (64.4%, CI 58.8—69.7%) patients
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with COPD were treated without statins (cohort 2). The
initiation of statin therapy in cohort 1 was mainly in 93
(88.6%, CI 81.8-93.3%) patients with COPD for vascular
disease with statistical significance (p = 0.0169); followed
by 12 (11.4%, CI 6.7-18.9%) for hypercholesterolemia. In
cohort 2, however, treatment was discontinued in 32
(16.8%, CI 12.2—22.8%) patients with COPD due to vas-
cular disease; and statin treatment was not necessary in 13
(6.8%, CI 4.0—11.4%) patients with hypercholesterolemia.
There were no significant differences based on gender
between the two groups (p = 0.863) (Table 1). There was
also no difference in the mean age of the study participants
when comparing the two cohorts (p = 0.311) (Table 1). In
addition, the mean hospital stay length did not differ sig-
nificantly between the two cohorts (p = 0.192) (Table 1).
The majority of the study participants (81.4%, CI 76.5
—85.4%) compared to those who were overweight had
a normal weight with statistical significance (p = 0.005)
(Table 1). Almost half of the study participants in both
cohorts were still smokers with no statistical significance
(p = 0.888) (Table 1).

Most of the study participants in cohort 1 were, accord-
ing to the GOLD classification system, classified as sever-
ity III group C, while those in cohort 2 were mainly
classified as severity IV group D (Table 1). There was no
statistically significant difference between the cohorts in
terms of the number of study participants classified with
GOLD grades I-1V groups A—D (Table 1). A comparison
of those classified in COPD stages I-II groups A—B
between the two cohorts also showed no statistically sig-
nificant differences (p = 0.594) (Table 1). Likewise, the
exacerbation rates at the initial stage GOLD I of COPD
showed no statistically significant differences when com-
paring the two cohorts (p = 0.050) (Table 1). However, the
two cohorts showed statistical differences in spirometric
parameters, forced expiratory volume in one second (p =
0.024), and the ratio of forced expiratory volume in
one second to forced vital capacity (p = 0.013) (Table 1).

Each study participant from both cohorts was observed
for their number of COPD exacerbations from January 1,
2010 to December 31, 2020, and this parameter was not
found to be statistically significantly different between the
cohorts (p = 0.175) (Table 1, Figure 1).

The inhalation treatment did not differ in the compar-
ison of the two cohorts in the COPD patients receiving
long-acting beta-adrenoceptor agonists (p = 0.190) and
long-acting muscarinic antagonists (p = 0.335) (Table 1).
Only inhalation therapy with steroids differed between the

cohorts; more patients in cohort 1 used steroid therapy
with statistical significance (p = 0.014) (Table 1). Most
COPD npatients in both cohorts received stage-appropriate
treatment with no statistical difference (Table 1). The
inflammation values in the blood laboratory also did not
vary when the two cohorts were compared (Table 1).

The most frequently prescribed statins in cohort 1 in
terms of the number of COPD study patients, who received
them as treatment were the following: simvastatin (94)
(89.5%, CI 82.2-94.1%), atorvastatin (6) (5.7%, CI 2.6
—11.9%), fluvastatin (3) (2.9%, CI 1.0-8.1%), and pravas-
tatin (2) (1.9%, CI 0.5-6.7%). When the two cohorts were
compared with regard to the number of comorbidities of the
study participants, statistically significant differences were
found with the majority of diseases in cohort 1: cardiac
decompensation (p = 0.017); coronary artery disease
(p <0.0001); heart failure (p = 0.002); peripheral arterial
disease (p = 0.005); status after heart attack (p = 0.0004);
and status after stroke (p <0.0001) (Table 2). A total of 38
(12.9%, CI 9.5-17.8%) study participants died in both
cohorts, with more in cohort 2, but this was not
a statistically significant difference (p = 0.271) (Table 2).
So, the probability of survival for all COPD patients with
and without statin treatment was 87.1% (CI 83.0-91.2%)
according to the Kaplan Meier method.

Discussion

This study examined the independent effects of statins on
exacerbations in COPD patients over a long observation
period of 10 years. This study not only included the long-
term outcomes which involving the number of mortality
but also included the GOLD (I-IV) classification, the
different active agents in the group of statins, spirometry
values, inflammatory laboratory markers, stage-
appropriate COPD therapy, smoking status, and comorbid-
ities which provide evidence for the clinical treatment.
According to the results of this current study, statins did
not reduce the rate of exacerbations in COPD patients. The
mean exacerbation rates in this study were similar in the
cohorts receiving and not receiving statin treatment.
Similarly, in the early stages of COPD, the statins did
not reduce the exacerbation rates in COPD patients in
this study. The most common indication for statin therapy
was a vascular disease in this study. However, statin ther-
apy was discontinued in a small proportion of the patients
without further investigating the reasons, as this was out-

side the scope of this study.
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Table | Demographic Data, Duration of Hospitalization, Severity of Airflow Limitation After GOLD Classification Stage I-IV for
Chronic Obstructive Pulmonary Disease Patients with (Cohort |) and without (Cohort 2) Statin Treatment

Cohort | (Statins Treatment) | Cohort 2 (No Statins Treatment) p value
n = 105 (%) n =190 (%)

Male 62 (59.0) 114 (60.0) 0.863
Female 43 (41.0) 76 (40.0) 0.863
Mean age + SD 682 £ 89 69.2 9.6 0.311
Median age (range) 69 (47-89) 70 (75-96)
Obesity (BMI 30-39.9 kg/m?) 29 (27.6) 26 (13.7) 0.005
Normal weight (BMI 18.5 — 24.9 kg/m?) 76 (72.4) 164 (86.3) 0.005
Current smoker 55 (52.4) 98 (51.6) 0.888
Former smoker 50 (47.6) 92 (48.4) 0.888
Mean days at hospital + SD 83 +6.3 92+7 0.192
Median days at hospital (range) 7 (1-39) 8 (6-51)
Mean FEVI% * SD 459 + 154 423 £ 157 0.024
Mean FEVI/FVC % + SD 582 +98 553 %97 0.013
No. of patients with COPD using LABA 99 (94.3) 169 (88.9) 0.190
No. of patients with COPD using LAMA 87 (82.6) 147 (77.4) 0.335
No. of patients with COPD using Inhaled Corticosteroids 64 (61.0) 86 (45.3) 0.014
No. of patients with stage-appropriate COPD therapy 91 (86.7) 167 (87.9) 0.920
Mean CRP (< 0.6 mg/dL) + SD 36168 27 +43 0.804
Median CRP (range) 1.1 (0.1-37.7) I.1 (0.1-39.9)
Mean Leukocyte count (3.600-10.500/uL) £ SD 10,517.2 + 4014.2 10,697.4 + 3851.4 0512
Median Leukocyte count (range) 9770 (2900-23,590) 10,595 (3670-22,900)
Mean number of COPD exacerbations, severity stages I-IV 25+32 2+29 0.175
groups A-D = SD
Median number of COPD exacerbations (range), severity 1 (0-16) 1 (0-20)
stages |-V group A-D
Mean number of COPD exacerbations, severity stages |-Il 2.1 £39 1.3 29 0.594
groups A—B + SD
Median number of COPD exacerbations (range), severity 0 (0-16) 0 (0-16)
stages |1l groups A—B
Mean number of COPD exacerbations, severity stage | group 50+59 0 0.050
A £SD
Median number of COPD exacerbations (range), severity 2 (0-16) 0
stage -1V group A
GOLD classification of COPD, severity stage | group A 7 (6.7) 4 (2.1) 0.097
GOLD classification of COPD, severity stage Il group B 17 (16.2) 32 (16.8) 0.888
GOLD classification of COPD severity stage Il group C 41 (39.0) 71 (37.4) 0.863
GOLD classification of COPD severity, stage IV group D 40 (38.1) 83 (43.7) 0.420

Note: Significant p-values shown in bold.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; FEV |, Forced Expiratory Volume in | second; FEVI/FVC ratio (Tiffeneau-Pinelli index), Forced Expiratory Volume in | second /Forced Vital Capacity; LABA, Long-
acting beta-adrenoceptor agonist; LAMA, Long-acting muscarinic antagonist; SD, Standard deviation.

A study conducted by the COPD Clinical Research
Network came to the same conclusion that statins have
no effect on the COPD exacerbation rate, according to an
analysis published in the New England Journal of
Medicine in 2014."° This prospective randomized placebo-
controlled trial of simvastatin for the prevention of COPD
exacerbations included 885 patients with moderate to
severe COPD who were treated with 40 mg simvastatin
or a placebo daily for almost two years.'® In this earlier

study, the exacerbation rates were almost the same in both
study arms, namely 1.36 exacerbations in the simvastatin
group and 1.39 exacerbations in the placebo group.'’
Although there were more study participants in the pre-
vious study compared to in the present study, the study
duration of two years in the previous study was much
shorter compared to the current study period of 10 years.
The median amount of time until the first exacerbation was
observed in each patient (223 days with statin vs 231 days
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Comparison of chronic obstructive pulmonary
disease exacerbation rates between patients
with (cohort 1) and without (cohort 2) statin
treatment

,,'

NUMBER OF COPD-
EXACERBATION

@ Cohort 1

) “' L’JlL '*)A" ‘.« "~4L“blﬁ‘ L'tJJllu ’r-l' Y P T

YL
L

NUMBER OF PATIENTS WITH COPD

oCohort 2

Figure | Comparison of chronic obstructive pulmonary disease exacerbation rates between patients with (cohort |) and without (cohort 2) statin treatment. Each study
participant from both cohorts was observed for their number of COPD exacerbations from January |, 2010 to December 31, 2020. The mean number of COPD
exacerbations, severity stages |-V groups A—D was 2.5 + 3.2 in cohort | and 2 + 2.9 in cohort 2. The median number of COPD exacerbations (range), severity stages -1V
group A-D was | (0—16) in cohort | and | (0—20) in cohort 2. This parameter was not found to be statistically significantly different between the cohorts (p = 0.175).

with placebo), the number of serious side effects (0.63
events with simvastatin and 0.62 events with placebo),
and the number of deaths (28 with statin vs 30 with
placebo) did not differ between the two treatment groups
in this earlier study.'® Only patients with a history of
exacerbations were included in the New England Journal
of Medicine work. We compared the number of exacerba-
tions per COPD patient in this study over ten years.
Overall, we see a low exacerbation rate over 10 years in
our study! However, it should be emphasized that only
visits to the hospital were severe exacerbations in this
study, and the minor exacerbations were not recorded.
However, the statin treatment not only had no significant
effect in this early study or the present study but there was
not even a trend in favor of statin treatment for any end-
point, such as exacerbation and mortality rates, in this
earlier study.'® Quite apart from the fact that prospective
studies have a clear methodology and a clear statement, so
prospective studies have more of an advantage. The
authors of this earlier study concluded that simvastatin
administered at 40 mg per day in COPD patients at
a high risk of exacerbation did not affect the exacerbation
rate or the amount of time until the presence of a first
exacerbation.'® In the present study, however, different
types and concentrations of the statins were examined,
which was in contrast to the previous study, which only

used 40 mg simvastatin. However, a comparison between

another observational study might have been more appro-
priate in this case. Nevertheless, this comparison of this
current study with the previous study by Criner et al was
carried out because the prospective randomized double-
blind placebo-controlled study represents the gold standard
when it comes to testing the effectiveness of therapeutic
interventions.'® In this context, gold standard means the
highest quality of scientific primary studies with particu-
larly high evidence. The previous study had some limita-
tions, including the fact that the patients were already
Another
flaw in the above-mentioned previous study was that it

receiving the maximum standard medication.'’

excluded those study participants with cardiovascular dis-
ease that would benefit from statin therapy.'® The present
study also had some limitations, which are listed in the
section “Study Limitations” below.

A second randomized controlled trial, with rosuvastatin
treatment in stable chronic obstructive pulmonary disease
(RODEO), investigated the benefit of HMG-CoA reduc-
tase inhibitors in the COPD population and found no
benefit in terms of exacerbation rates.>' These results
were reflected in the clinical practice guidelines, which
did not support the use of HMG-CoA reductase inhibitors
to reduce COPD exacerbations.*”

The same result came from a similar observational
study carried out earlier than the present study with nearly
the same number of examination patients and the same
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Table 2 Comparison of Comorbidities (in Alphabetical Order) Between Chronic Obstructive Pulmonary Disease Patients with

(Cohort 1) and without (Cohort 2) Statin Treatment

Comorbidities Cohort | Cohort 2 p value
(Statins Treatment) (No Statins Treatment)
n = 105 (%) n =190 (%)
Acute renal failure 10 (9.5) 15 (7.9) 0.791
Alcohol disease 9 (8.6) 10 (5.3) 0.390
Allergy 15 (14.3) 14 (7.4) 0.088
Anemia 15 (14.3) 25 (13.2) 0.920
Arterial hypertension 72 (68.6) 124 (65.3) 0.655
Atrial fibrillation 24 (22.9) 32 (16.8) 0.269
Benign prostatic hyperplasia 10 (9.5) 10 (5.3) 0.249
Blood pressure derailment 7 (6.7) 16 (8.4) 0.752
Cardiac decompensation 31 (29.5) 32 (16.8) 0.017
Chronic renal failure 25 (23.8) 28 (14.7) 0.074
Constipation 6 (5.7) 10 (5.3) 0.920
Cor pulmonale 14 (13.3) 27 (14.2) 0.842
Coronary heart desease 51 (48.6) 16 (8.4) < 0.0001
Death 10 (9.5) 28 (14.7) 0.271
Dementia 7 (6.7) 22 (11.6) 0.249
Depression 9 (8.6) 10 (5.3) 0.390
Diabetes 28 (26.7) 44 (23.2) 0.597
Emphysema 21 (20.0) 54 (28.4) 0.147
Exsiccosis 10 (9.5) 17 (8.9) 0.863
Gallstones 2 (1.9) 11 (5.8) 0.207
Gastritis 9 (8.6) 18 (9.5) 0.791
Heart defect 7 (6.7) 11 (5.8) 0.764
Heart failure 47 (44.8) 50 (26.3) 0.002
Hypercholesterolemia 12 (11.4) 13 (6.8) 0.256
Hyperthyroidism 7 (6.7) 15 (7.9) 0.888
Hypokalemia 13 (12.4) 26 (13.7) 0.888
Hypothyroidism 15 (14.3) 23 (12.1) 0.718
Lung cancer 22 (21.0) 54 (28.4) 0.206
Lung infection 33 31.4) 57 (30.0) 0.888
Osteoporosis 9 (8.6) 21 (11.1) 0.639
Peripheral arterial disease 19 (18.1) 13 (6.8) 0.005
Sleep apnea syndrome 10 (9.5) 10 (5.3) 0.249
Status after heart attack 18 (17.1) 8 (4.2) 0.0004
Status after stroke 20 (19.0) 8 (4.2) <0.0001
Status after tachycardia Il (10.5) 16 (8.4) 0.708
Urinary tract infection 9 (8.6) 26 (13.7) 0.266

Note: Status after: indicates a past disease. Significant p-values shown in bold.

examination duration as used in the current study.*® This
earlier observational study showed no causal relationship

between statin use and the prevention of COPD

exacerbations.>

In contrast to that finding, some previous COPD obser-
vational studies suggested that statin use was associated
with reduced morbidity and mortality.>* It is possible that
a subgroup of COPD patients with cardiovascular indica-

tions for statin and systemic inflammation may gain

a clinical benefit from statin treatment.>* Moreover, under-
standing the immunomodulatory effects of statins in
COPD can lead to the development of new targeted
interventions.** However, this immunomodulatory effect
as an indirect expression of reduction in exacerbation rate
was not seen in the current study.

A previous retrospective nested case-control study by
Wang et al in patients with frequent COPD exacerbations

examined the association between statin use and the risk of
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a COPD exacerbation at this previous study’s hospital.''
The conclusions of this previous study were that statin use
risk of COPD
exacerbation.'" A further reduction in the risk of exacer-

was associated with a reduced
bation due to statin treatment took place when the statins
were prescribed more recently or at high doses.'' Like any
drug, the statins have a dose-dependent, but the choles-
terol-lowering drugs could not reduce the exacerbation
rates of COPD patients in this study, however.

Another previous study examined the effect of statin use
on the decline in lung function in elderly patients and
whether smoking could alter this effect.”” The results showed
that statin consumption moderated the decline in lung func-
tion in the elderly patients, with the size of this positive effect
changing with the smoking status of the individual patients.*
The estimated annual decline in lung function in the study by
Alexeeff et al for statin non-users was 23.9 mL compared to
10.9 mL for statin users. Almost half of the study participants
in this current study were still smokers.

This study compared both the number of patients and
the number of exacerbations per patient according to the
severity of COPD according to the GOLD classification
[-V between the two cohorts with and without statin
treatment. In the present study, we could not observe an
improvement in lung function as an expression of the
severity of the GOLD classification. However, the spiro-
metric values differed significantly between the two
cohorts in this present study.

Another study looked at the association between statin
use and mortality in patients with peripheral arterial dis-
ease with and without COPD.*® In summary, statin use
was associated with improved short- and long-term survi-
val in patients with peripheral arterial disease both with
and without COPD.?® Patients with COPD should be trea-
ted with an increased statin dose to achieve an optimal
both the short-
a recommendation from the last study mentioned.*® In

effect in and long-term, as
this study, an increased number of COPD patients had
peripheral arterial disease following statin treatment, and
this showed statistical significance. However, we could not
determine a difference in the mortality of the study popu-
lation of the two groups in the present study.

A systematic review of studies reporting the effects of
statin treatment in COPD was performed.’” Eight studies
met the selection criteria.'*>%** Outcomes associated
with statin treatment included decreased all-cause mortal-
ity and mortality, the incidence of emergency respiratory
care, fewer COPD exacerbations, fewer intubations for

COPD exacerbations, and mitigated decreases in lung
function.'?¢% 43 Despite the fact that although this
study did not all perform the same research compared to
the systemic review. The present study was unable to
achieve the key messages as this systemic review.

Study Limitations

This study only examined patients with COPD in the internal
medicine department of the hospital. It also did not collect
data regarding this study population’s treatment for exacer-
bations received from other hospitals. The indication for the
use of statins in cohort 1 could have changed during the 10-
year observation period of this study. Also, this study did not
thoroughly review the possible reasons for COPD patients
discontinuing statin use after their decision or by their treat-
ing physician during this study period. Patients classified as
non-statin users could have received statin medication from
their primary care doctor outside of the hospital or from other
medical departments of the hospital. Patients identified as not
exhibiting a COPD exacerbation may have experienced an
exacerbation either in primary care settings outside the hos-
pital, at another hospital, or in other medical departments
within the present hospital. Moreover, important confound-
ing factors were not measured, which could lead to an incor-
rectly observed association. This study only examined the
basic relationship between statins and the risk of exacerba-
tion without taking into account other important confounding
factors, such as co-medications that could be significant in
terms of exacerbation. Different statin substances, mainly
simvastatin, were also used in this study population, which
could possibly lead to a bias of the results.

Conclusions

This study failed to demonstrate the anti-inflammatory
effects of statins in the prevention of exacerbations in
COPD patients. An improvement in mortality in patients
receiving or not receiving statin treatment could also not
be ascertained through the use of statins in this study.
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