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Background: Statins have, due to their anti-inflammatory properties, been suggested to
potentially improve chronic obstructive pulmonary disease (COPD) outcomes. We aimed to
investigate the effect of statins on time to first exacerbation and all-cause mortality in high-
risk COPD outpatients.

Methods: All outpatients with COPD seen at the Department of Respiratory Medicine,
Copenhagen University Hospital Amager and Hvidovre, Denmark in 2016 were identi-
fied and followed for 3.5 years in this retrospective, registry-based cohort study of time
to first acute exacerbation of COPD (AECOPD) or death. AECOPD was defined as
a rescue course of oral corticosteroid and/or hospital admission. The association was
estimated using time-varying crude and multivariable Cox proportional hazard
regression.

Results: The cohort comprised 950 COPD outpatients, mean (SD) age 71 (11) years, and
FEV1 44% predicted (IQR 33%; 57%). The annual exacerbation rate was 0.88 (1.68) and
211 patients (22%) had a history of hospital admission for AECOPD in the 12 months prior
to index date. Three hundred and ninety-three patients (41.4%) were defined as statin users,
with 131 (33.3%) having filled the first prescription for statin after index date. Statin use was
not associated with reduced risk of AECOPD. When stratifying for moderate and severe
exacerbations in a sub-analysis in the same model, statin use did not have an increased HR
for exacerbation of either severity (HR = 1.02 (95% CI 0.85to 1.24; p = 0.811) and HR =
1.07 (95% CI 0.89 to 1.29; p = 0.492) respectively). Statin use was not associated with all-
cause mortality (HR 1.05 (95% CI, 0.75 to 1.47, p = 0.777)).

Conclusion: We did not find any association between statin use and risk of AECOPD or all-
cause mortality. The result adds to the evidence that an aggressive approach with statin
treatment upfront is not beneficial in COPD, unless prescribed according to current guide-
lines for cardiovascular diseases.

Keywords: chronic obstructive pulmonary disease, cardiovascular disease, exacerbations,
statins, mortality

Plain Language Summary
What is Already Known on This Topic

® An association between statin use and reduced risk of exacerbations and mortality has
been reported in observational studies. A single RCT has reported no effect of 40 mg
simvastatin daily on exacerbation rate in COPD patients without CVD.
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® Results from observational studies on statin therapy and
COPD-related outcomes in COPD patients with concomi-
tant CVD diverge, leaving the role of statin therapy in
COPD yet to be elucidated.

What This Study Adds

® This 3.5-year retrospective cohort study including 950
patients did not find any association between statin use
and reduced time to first AECOPD or risk for all-cause
mortality.

® In an unselected COPD patient population, an aggressive,
upfront statin therapy is not warranted in patients without
CVD - however, our data suggest a continued high burden
and undertreatment of CVD in COPD patients.

Background

Chronic obstructive pulmonary disease (COPD) and car-
diovascular disease (CVD) are two of the world’s leading
causes of morbidity and mortality,' with a large unmet
need for more efficient treatments for COPD beyond
smoking cessation, rehabilitation and controller therapy
with primarily long-acting bronchodilators and inhaled
corticosteroids to alter disease prognosis.”

In terms of pathophysiology, there is a well-established
association between COPD and CVD, where inflamma-
tion-driven pulmonary and vascular damage caused by
chronic exposure to tobacco smoke accounts for a major
part of the common link between the two diseases. It has
also been suggested though that COPD may be an indivi-
dual risk factor for CVD, but this assumption remains
disputed.>”” Regardless, COPD patients have more than
two-fold increase in the odds of having CVD, relative to
COPD-free patients.® Due to their close association and
common risk factors, it has been hypothesized that some
conventional therapies used to treat CVD could have
a potential role in the treatment of COPD, especially in
those with concomitant CVD. Furthermore, CVD in
COPD is assumed to be systematically underdiagnosed
due to the overlapping symptoms between the two
diseases.® However, presently, no compelling evidence
has emerged that could warrant an aggressive and upfront
approach to preventive statin treatment in COPD patients
for COPD-related outcomes.®

While statins are mainly known for their plasma cho-
lesterol-lowering effects through 3-hydroxy-3-methyl-
glutaryl-coenzyme A-reductase inhibition, studies have
shown pleiotropic effects, including anti-inflammatory
actions capable of significantly lowering C-reactive

protein (CRP) and interleukin-6 (IL-6) in COPD
patients.” A subset of COPD patients have elevated levels
of systemic inflammation, and it has been suggested that
this population might have the most benefit of statin treat-
ment for COPD-related outcomes, due to the inflammatory
components of both COPD and CVD.'*!!

A recent meta-analysis investigating the role of statins
in the treatment of COPD show a discordance between
observational and randomized clinical trials (RCT)."”
While observational studies have shown promising results
with reduced exacerbations and mortality in COPD
patients, RCTs fail to show an effect.” However, many
studies focus on COPD patients without concurrent CVD
and often using short (<365 days) follow-up time.’
Considering the high CVD burden in COPD, it can be
argued that the populations in these studies are not repre-
sentative of real-world COPD populations where CVD
comorbidity is exceedingly common. As such, both obser-
vational and RCT studies are needed to elucidate the effect
of statin treatment on COPD in real-world settings.

In the present study, we aimed to examine the associa-
tions between statin use, time to exacerbation and all-
cause mortality over 3.5 years in an unselected population
of high-risk COPD outpatients followed at a university
hospital.

Methods
Study Design and Setting

The present study is a retrospective cohort study using
data from medical journals and a nationwide medication
registry. It included patients from a single center using
a fixed time follow-up interval.

The
Outpatient Clinic,

study was conducted at the Respiratory
Copenhagen University Hospital
Amager and Hvidovre, Hvidovre, Denmark. Patients
with an active COPD diagnosis (confirmed by spirome-
try and assessment by a respiratory specialist) with
a scheduled visit during 2016 were included and fol-
lowed from date of routine visit (index date) to
August 2019 or to date of death. All Danish citizens
are covered by a national public health insurance with

free access to healthcare.

Ethics
Study approvals were given by the Danish Patient Safety

Authority (ref. 3-3013-3198/1) and the Greater Capital
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Region of Copenhagen’s
P-2019-674).

Data Safety Board (ref.

Data Collection

Data were collected using unique, national Danish civil
registration numbers'® to combine individual electronic
patient records with vital status, laboratory- and dispensed
prescription data.

Hospital admissions, disease severity, comorbidities
and routine visit assessment data, such as pulmonary func-
tion tests, was accessed using the electronic patient journal
system Sundhedsplatformen (Epic Inc., USA). Dispensed
prescription data from January 2014 to August 2019 was
Danish National Health Service
Prescription Registry (DNPR).'* Medication status for sta-

supplied by the

tin-, inhaler- and other therapies were based on ATC-
codes, as described in Appendix 1.

Definitions
Exposure to statin was defined as a dispensed statin pre-
scription according to three categories:

1. Persistent user: dispensed prescription of a statin up
to 4 months (121 days) before index date.

2. New user: dispensed prescription of a statin after
index date and before end of follow-up date.

3. Nonuser: no statin prescriptions between index date
and end of follow-up date.

Outcomes were defined as following:

1. All-cause mortality was defined as categorial yes or
no during the follow-up period.
2. Acute exacerbation (AECOPD) was defined as

a composite outcome of:

a. Moderate exacerbation: defined by time to first
dispensed prescription of an oral glucocorticoid
with short term use defined as filling a maximum
of 20 tablets of 25 mg in one day with or without
concurrent antibiotics.

b. Severe exacerbation: defined as time to first
hospital admission for AECOPD (>24 hours)
based on ICD-10 DJ46 and administration of
systemic corticosteroids.

The first occurring event was chosen as the date of the
composite outcome. This definition has been validated'’
and used in other observational studies.'®

COPD disease severity as defined by the Global
Initiative for Obstructive Lung Disease (GOLD) 2020
guidelines.'” CVD was defined as active or previous
ICD-10 codes corresponding to acute coronary syndrome
(I24.9), chronic ischemic heart disease (I25), diabetes
mellitus type 1 or 2 (E10, E11) or stroke (164). Baseline
inhalation medication treatment was based on dispensed
prescription data 4 months prior to index date.

Statistical Analyses

Descriptive statistics were used to present continuous vari-
ables by either median (Interquartile Range (IQR)) or mean
(Standard Deviation (SD)). Categorical variables were pre-
sented as counts (%). Missing values were presented as an
absolute number for each variable according to groups. No
sample size calculations were done prior to the study.

Crude (statin use only) and multivariable (statin use and
confounders) Cox proportional hazard regressions were used
to estimate the association of statin use with time to exacer-
bation and time to death. Given the possible change in statin
use during follow-up, statin use was included as a time vary-
ing covariate in the models. Estimates are presented as
hazard ratios (HRs) with 95% confidence intervals (CI’s).
In the Cox regression for exacerbations, death was consid-
ered a competing endpoint, therefore risk time was censored
at the time of death. Proportional assumption was evaluated
by the Schoenfeld residuals; if violated modifications to the
Cox model was made by stratifying the hazard by the violat-
ing adjusted variables.

In multivariable analysis, possible confounders were
age, sex, body mass index (BMI), heart failure, smoking
status and GOLD-severity. Inclusion of these were deter-
mined by evaluating the change in statin use HR between
models with and without the specific confounder, if suffi-
cient change was introduced the variable was included as
a confounder. Additional models with interaction between
statin use and CVD and inhaled corticosteroids (ICS) were
done. Furthermore, a sub-analysis with the same multi-
variable analysis model but with moderate and severe
exacerbations as single outcome variables.

Immortal time bias was addressed by a Mantel Byar
design.'® Accordingly, the analysis was adjusted for the
unexposed time (“immortal time”) in the “New user” statin
category avoiding a potential false increase in survival
time attributed to the fact that the patients must have
been alive to receive a statin medication and bias in
exacerbation outcome associated with death in the fixed
follow-up period (see Figure 1).
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All COPD Patients with a COPD ICD-10 Code
Followed at a Respiratory Outpatient Clinic
(n =982)

Patients Excluded
Missing Patient Records (n = 27)
COPD Ruled Out After Clinical Examinations (n = 5)

Final cohort (n = 950)

Persistent users
(n = 262)

New users
(n=131)

Statinuse [JJ Non-use

Persistent users

New users

Figure | Schematic overview of study design and Mantel-Byar approach to immortal-time bias in a retrospective cohort of 950 COPD outpatients followed for 3.5 years.

Abbreviation: COPD, chronic obstructive pulmonary disease.

Missing values were replaced with multiple imputations
using multivariate imputation by chained equations on all
data with 1000 imputations with a missing at random
assumption. Loss to follow-up was not addressed due to
a low number of missing journals. All analysis was per-
formed using R (The R Foundation, Vienna, AU) version
4.0.2, with multivariate imputation done using the mice
package'® with a significance level of @ = 0.05.

Results

A total of 982 patients were screened for eligibility, with 950
fulfilling all inclusion criteria and having patient records
available (Figure 1). Of the included patients, 47% were
male, and the mean age was 71 years (11). Of the patients,
26.0% were current smokers and 70.0% were ex-smokers,
with overall median pack-years being 43 (IQR 30; 51).

GOLD 2020 B and D were the most common disease sever-
ity classifications (34% and 36%, respectively) and the med-
ian FEV pred was 44% (IQR 33; 57) (Table 1).

Between statin users and non-users, users had slightly
higher median FEV ;pred (45% (IQR 35; 60) vs 43 (IQR 31;
56), p = 0.015). No difference in GOLD classification,
Medical Research Council (MRC)-scores, 12-month exacer-
bation history, smoking status nor maintenance COPD-
therapy were found between statin users and non-users
(Table 1). Out of 393 statin users, 131 (33.3%) were defined
as “New users” and thereby received a statin medication after
index date. The two most used statins were simvastatin (n =
211 (54.9%)) and atorvastatin (n = 149 (38.8%)) respectively.

In terms of comorbidity, 299 (31.5%) patients had one
or more diseases classified as CVD in the present study, of
whom 232 (77,6%) had dispensed a statin prescription in
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Table 1 Demographics of 950 COPD Patients, Divided by Statin Treatment Status, at an University Hospital Outpatient Clinic

Total, N = 9507 Statin Users, N = 393* Non-Users, N = 5572 p-value®
Male (sex) 448 (47%) 207 (53%) 241 (43%) 0.005
Age 71 (1) 73 (9) 69 (1) < 0.001
BMI 25.5 (5.8) 26.3 (5.5) 24.9 (5.9) < 0.001
History of smoking 0.701
Current smoker 247 (26%) 101 (26%) 146 (26%)
Ex. smoker 665 (70%) 279 (71%) 386 (69%)
Never-smoker 37 (3.9%) 13 (3.3%) 24 (4.3%)
Missing values | | 0
Pack years of smoking 43 (30, 51) 45 (32, 55) 40 (30, 50) < 0.001
Missing values 74 26 48
FEV 1 %pred 44 (33, 57) 45 (35, 60) 43 (31, 56) 0.015
Missing values | 0 |
GOLD stage 1-4 0.137
GOLD | 39 (4.1%) 19 (4.8%) 20 (3.6%)
GOLD 2 332 (35%) 149 (38%) 183 (33%)
GOLD 3 392 (41%) 162 (41%) 230 (41%)
GOLD 4 186 (20%) 63 (16%) 123 (22%)
MRC 3.30 (1.21) 3.33 (1.16) 3.28 (1.25) 0.633
Missing values 11 6 5
History of severe exacerbations (previously) 211 (22%) 89 (23%) 122 (22%) 0.848
GOLD A-D groups 0.626
A 219 (24%) 83 (22%) 136 (26%)
B 308 (34%) 134 (35%) 174 (33%)
Cc 57 (6.3%) 24 (6.3%) 33 (6.2%)
D 327 (36%) 138 (36%) 189 (36%)
Missing values 39 14 25
Comorbidities
Atrial fibrillation 157 (17%) 82 (21%) 75 (13%) 0.003
Hypertension 469 (49%) 266 (68%) 203 (36%) <0.001
Stable ischemic heart disease 79 (8.3%) 67 (17%) 2 (2.2%) <0.001
History of ACS 59 (6.2%) 49 (12%) 0 (1.8%) <0.001
Diabetes type | or Il 140 (15%) 110 (28%) 0 (5.4%) <0.001
History of stroke 102 (11%) 77 (20%) 25 (4.5%) <0.001
Congestive heart failure 76 (8.0%) 53 (13%) 23 (4.1%) <0.001
Cancer (any type) 128 (13%) 56 (14%) 72 (13%) 0.623
Peripheral vascular disease 57 (6.0%) 44 (11%) 13 (2.3%) <0.001
Osteoporosis 241 (25%) 101 (26%) 140 (25%) 0.903
Concomitant asthma 176 (19%) 58 (15%) 118 (21%) 0.015
Total cholesterol (mM) 4.62 (1.62) 4.98 (1.07) 4.23 (1.12) <0.001
Missing values 196 32 164
Single bronchodilator (LABA or LAMA) 631 (66%) 377 (68%) 254 (65%) 0.362
Dual bronchodilators (LABA and LAMA) 260 (27%) 154 (28%) 106 (27%) 0.876
ICS 69 (7.3%) 41(7.4%) 28 (7.1%) 0.991

Notes: *Statistics presented: n (%); mean (SD); median (IQR). PStatistical tests performed: chi-square test of independence; Wilcoxon rank-sum test.
Abbreviations: LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroids; ACS, acute coronary syndrome; BMI, Body Mass Index,
GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV|%pred, predicted forced expiratory volume in one second; MRC, Medical Research Council score.
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the study period. No differences in non-CVD comorbid-
ities such as cancer and osteoporosis were found between
the groups, while CVD diagnoses were more prevalent in
patients receiving statins (Table 1). Furthermore, mean
total cholesterol was significantly lower in statin users
(4.23 (SD 1.12) vs 4.98 (SD 1.07), p <0.001) (Table 2)
and 268 patients had a cholesterol level >5 mM, of which
only 78 (29.1%) received a statin medication.

Patients were followed for a total of 3.5 years with
median (IQR) of 2.82 years (2.63, 3.10), during which
2121 events were recorded for 600 patients. 373 and 344
patients experienced at least one moderate or severe exacer-
bation, respectively. For patients with exacerbations, mean
yearly exacerbation rate was 0.80/person-year (1.29) and
0.80/person-year (1.36) for moderate and severe exacerba-
tions, respectively. During follow-up, 220 patients died.

The Effect of Statin-Use on Exacerbations
In the time-varying covariate, crude Cox regression model
statin use was not found to be associated with reduced

time to AECOPD (HR = 1.10; 95% CI 0.92 to 1.32; p =
0.276). Stratifying for smoking status and adjusting for
age, sex, concomitant heart failure with reduced ejection
fraction < 40% (HFrEF), BMI, pulmonary medication
use and GOLD 2020 classification did not influence the
association between statin use and time to AECOPD (HR
= 1.15; 95% CI 0.96 to 1.39; p = 0.135) although a slight
increased HR in the statin group was observed (Table 2).

When stratifying for moderate and severe exacerba-
tions in a sub-analysis in the same model, statin use was
not to reduced time to AECOPD for either severity (HR =
1.02 (95% CI 0.85 to 1.24; p=10.811) and HR = 1.07 (95%
CI 0.89 to 1.29; p = 0.492) respectively).

The Effect of Statin-Use on All-Cause
Mortality

In the time-varying covariate, crude Cox regression model,
a non-significant increase in mortality for statin users was
observed in comparison to non-users, HR = 1.25 (95% CI
0.96 to 1.64, p = 0.10). Stratifying for age, sex and

Table 2 A Time-Varying Covariate Cox Proportional Hazard Regression for Association of Statin Use and Hazard Ratio (HR) for

Time to First Exacerbation in 950 COPD High-Risk Outpatients

Crude Adjusted Interaction CVD
HR 95% CI p-value | HR 95% CI p-value HR 95% CI p-value
Statin use 1.10 0.92, 1.32 0.276 1.15 0.96, 1.39 0.135 1.13 0.87, 1.46 0.359
Age 1.02 1.01, 1.02 <0.001 1.02 ~1.01, 1.03 <0.001
Sex
Male | |
Female 1.08 0.91, 1.30 0.365 1.09 091, 1.31 0.334
Congestive heart failure 1.04 0.76, 1.42 0816 1.03 0.74, 1.42 0.875
BMI 0.98 0.97, ~1.00 0.0344 0.98 0.97, ~1.00 0.0309
GOLD 1-4 stage
GOLD | | |
GOLD 2 3.73 1.49, 9.0 0.00411 3.71 1.51,9.12 0.00429
GOLD 3 5.74 2.34, 14.00 <0.001 5.71 2.33, 140 <0.001
GOLD 4 9.85 4.00, 24.2 <0.001 9.81 3.98, 24.1 <0.001
LABA or LAMA 1.23 0.98, 1.54 0.0749 1.23 0.98, 1.55 0.0702
LABA and LAMA 0.97 0.76, 1.23 0.792 097 | 0.76, 1.24 0.824
ICS 1.134 0.95, 1.88 0.0973 1.34 0.95, 1.89 0.0959
Cardiovascular disease 1.06 0.76, 1.48 0.718
Statin use * Cardiovascular disease 0.99 0.63, 1.54 0.968

Note: The analysis was stratified for smoking status.

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Lung Disease severity staging; LABA,
long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroids.
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Table 3 A Time-Varying Covariate Cox Proportional Hazard Regression for Association of Statin Use and Hazard Ratio (HR) for All-

Cause Mortality in 950 COPD High-Risk Outpatients

Crude Adjusted Interaction CVD
HR 95% CI p-value | HR 95% ClI p-value | HR 95% CI p-value
Statin use 125 | 0.96, 1.64 | 0.102 1.05 | 0.75, 1.47 0.777 0.8l 0.49, 1.33 | 0.402
Congestive heart failure 144 | 0.86, 2.40 0.163 1.31 0.79, 2.19 | 0.298
BMI 097 | 0.94,~1.00 | 0.008 0.96 | 0.93,0.99 | 0.0185
GOLD I-V stage
GOLD | | | | |
GOLD 2 1.54 | 045, 5.33 0.490 1.45 | 042,500 | 0.557
GOLD 3 2.31 0.68, 7.87 0.179 2.12 | 062,723 | 0227
GOLD 4 4.07 1.18, 14.1 0.0269 4.02 1.16, 13.9 | 0.0282
Cardiovascular disease 1.81 1.04, 3.14 0.0345
Statin use * Cardiovascular disease 1.03 049, 2.19 0.992

Note: The analysis was stratified for age, sex and smoking status.

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Lung Disease severity staging.

smoking status and adjusting for HFrEF, BMI and GOLD
2020 classification did not influence the association
between statin use and mortality although the HR for
mortality in the statin group was decreased to near 1, HR
=1.05 (95% CI, 0.75 to 1.47; p = 0.777) (Table 3).

Interaction Analyses

No interaction was observed between statin use and CVD
in either model (p = 0.992) (Tables 2 and 3). It did how-
ever alter the association between statin use and mortality
(HR = 0.81; 95% CI, 0.49 to 1.33; p = 0.402) in favor of
statin use.

Likewise, no interaction was found between statin and
ICS use in both models, but a borderline-significant
decrease in HR was seen for time to first AECOPD, HR
= 0.55 (95% CI, 0.29 to 1.06; p = 0.0778) and a non-
significant decrease in HR was seen for mortality, HR=
0.69 (95% CI, 0.17 to 2.80; p = 0.604). And no interaction
was found between ICS use and GOLD 1-4 severity (p =
0.221).

Discussion
In this cohort study consisting of 950 COPD outpatients
followed for 3.5 years, we did not find any association
between statin use and risk of AECOPD or all-cause
mortality after adjusting for age, sex, BMI, GOLD 2020
classification, HFrEF and

rent CVD.

smoking  status, concur-

Inflammation in COPD and CVD
Inflammation is a hallmark of COPD both locally and
systemically*® and once established, the chronic inflamma-
tion in COPD is often persistent despite smoking
cessation.”’ An AECOPD is characterized by increased
systemic inflammatory activity.”* Both endogenic and exo-
genic factors may be triggers, such as respiratory viral and
bacterial infections, but mechanisms for flare-ups remain
to be further elucidated to develop more efficient preven-
tive initiatives.” Anti-inflammatory agents such as ICS
and macrolides are widely used in certain subsets of
COPD patients with high morbidity and/or eosinophilic
inflammation.'”***> While the anti-inflammatory effect
of statins result in a significant reduction of IL-6 and
CRP levels in COPD patients,” the clinical significance
remain unknown. A subset of COPD patients have
a higher baseline inflammation level'' and therefore
might benefit the most from a reduction in local and/or
systemic inflammation. A baseline CRP level could poten-
tially guide statin use in COPD patients as a treatable trait,
on par with eosinophil-guided ICS-use.? Systemic inflam-
mation is furthermore a driver of atherosclerosis and heart
failure in CVD,?’ potentially explaining the high burden of
CVD in COPD as well as the high IL-6-drive in COPD
patients with manifest CVD compared to those without
known CVD.'” As such, COPD patients with elevated
systemic inflammatory drive have been hypothesized to
benefit most from statin treatment, both in terms of
COPD- and CVD-risk.
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The Effect of Statin Use on Exacerbations
Our findings on exacerbations are in accordance with results
from the RCT STATCOPE,*® where 40 mg daily of simvas-
tatin had no effect on exacerbation rates in COPD patients
without CVD-related comorbidities. Furthermore, in a well-
characterized Dutch cohort study, COMIC,?’ no association
between statin use and AECOPD risk was found, supporting
STATCOPE’s findings. In contrast to STATCOPE* and
COMIC,” a Danish nested case—control study by
Ingebrigtsen et al'' reported reduced odds of exacerbation
in COPD patients with CVD receiving statin treatment. The
increased HR observed in our statin group is likely due to
chance or due to confounding by indication with a sicker
statin group, because of unadjusted unmeasured bias.

The diverging results between these large, well-
characterized studies could be attributed to different COPD
populations being investigated. In the positive study by
Ingebrigtsen et al,'' the study setting was primarily primary
care, whereas the COMIC? and STATUETTE cohorts were
both conducted on moderate-to-high-risk COPD patients
from a secondary care setting. Ingebrigtsen et al'' suggest
that COPD patients with coexisting CVD as a potential tar-
get-population for statin treatment, but both the COMIC*
and STATUETTE cohorts contain a high burden of CVD
comorbidity and as such cannot be the sole explanation for
the diverging results. While CVD underdiagnosis could be
more prevalent in a general COPD population than in spe-
cialized care, it is unlikely to drive the observed positive
association. Two large Taiwanese retrospective cohort stu-
dies investigating the use of statins in high-risk populations
with a history of previous AECOPD found a beneficial effect

3031 with Lin et al*° reporting

on risk of future exacerbations,
that the effect was primarily driven by older individuals with
cardiovascular comorbidity. These findings are in accordance
with Ingebrigtsen et al'' who used a study design that also
matched on cardiovascular disease, in contrast to the present
cohort which is designed without direct matching on cardio-
vascular disease status. As expected, this led to a higher
comorbidity burden in intervention group due to confound-
ing by indication, but even after adjusting for cardiovascular
disease presence in multivariable analyses we are unable to
identify a protective effect from statin treatment on exacer-
bations in the present study.

The Effect of Statin Use on Mortality
Our findings regarding statin use on all-cause mortality
risk are in discordance with meta-analysis findings from

previous observational studies reporting reduced risk of
mortality.'> However, the COMIC?’ findings on mortality
risk are in accordance with the STATUETTE cohort. It
should be noted that in some of the studies included in the
meta-analysis by Lu et al,'? there was no adjustment for
immortal time bias, whereas both the COMIC?*’ and
STATUETTE cohorts were designed with this in mind.
Depending on the degree of immortal time this bias can
alter the results drastically due to the length of the follow-
up period.'® Our results on exacerbations are still con-
trasted though by a recent retrospective cohort study by
Raymakers et al’’ using historical data records with
COPD patients selected from a general population with
a study design intended to minimize immortal time bias
by study design. The study reported a reduced risk of
mortality favoring statins, and differences in results
could again be because of different COPD populations
where Raymakers et al>? like Ingebrigtsen et al'' selected
COPD patients from a general population. Other critical
study design differences could also account for the con-
trasting findings, as Raymakers et al** relied on prescrip-
tion data to identify patients, whereas the present study
had spirometry-verified patients and access to smoking
status and lung function parameters, both important con-
founders for mortality.>*** Another major retrospective
cohort study from Sweden by Ekstrom et al,”> with
a study design similar to the present study, found
a trend towards statins reducing mortality. Ekstrom et al*
included COPD patients on long-term supplemental oxy-
gen therapy and adjusted for cardiovascular disease in the
multivariable model. When adjusting for cardiovascular
disease in the STATUETTE cohort, similar, albeit non-
significant, reductions in mortality are seen as those
reported by Ekstrom et al > suggesting either a lack of
power or a minute effect size in the included populations.

There exists a considerable lack of evidence in terms of
RCT studies exploring statin therapy and mortality in
COPD, with current studies reporting negative results

either due to sample size **7

or inappropriate exclusion
of patients with concomitant cardiovascular disease.”®
Nevertheless, the large amount of patients included and
the sizeable mortality reduction observed in the meta-
analysis by Chang et al'> as well as the discrepancy
between observational and RCT studies, creates a large
unmet need for large, high-quality RCTs with a study
population as close to the real world as possible.

In terms of differential risk profiles within COPD,

Ingebrigtsen et al'' and an observational study by
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Lahousse et al*® have reported an association between
inflammation level and an increased risk of exacerbations
and all-cause mortality respectively, suggesting that statins
may work by altering the degree of systemic inflammation.
Lahousse et al*® also reported a more beneficial statin-
response in COPD patients with a high baseline hsCRP
on mortality. The hypothesis that systemic inflammation
drives a more beneficial statin response needs further test-
ing and studies for this are warranted. Inflammation level
could potentially help risk stratify and guide the treatment
of COPD patients.

While the present study does not include baseline
inflammatory markers, it did contain a high burden of
CVD with 31% of included patients having one or more
CVD comorbidities. Studies have shown that cardiac dis-
ease account for 12-60% of deaths in COPD patients,
depending on study population.® Thus, actively screening
for and treating CVD when indicated in COPD patients
should be of major concern for the clinician, especially as
the suggested effects of statin treatment seemingly is
found in COPD patients with concurrent CVD."'

Furthermore, we found that a significant proportion of
COPD patients followed at a university hospital outpatient
clinic never had cholesterol levels measured or received
statin treatment despite significantly elevated cholesterol
levels. Considering the significant overlap in risk factors
and the increased mortality risk with concomitant CVD in
COPD, clinicians should consider to routinely assess car-
diovascular risk parameters such as cholesterol levels in
COPD outpatient clinics.

Interestingly, ICS use in the interaction analysis altered
the HR estimate between statin use and exacerbation and
mortality in our regressions in favor of statins, suggesting
that COPD patients who are eligible for ICS treatment
might benefit even more from anti-inflammatory statin
therapy. However, this analysis was likely underpowered
but warrants further examination in future studies.

Limitations
The present study is limited by residual bias from the
observational study design using historical data from
medical journals and a national registry, however, the
use of robust statistical measures reduces overall
impact of known biases, such as immortal time bias.
The single-center recruitment from a university hospi-
tal outpatient clinic limits the external validity, yet low
loss

amounts of missing data and to follow-up

strengthens internal wvalidity. As statin use-data is

based on prescription redemption and not the prescrip-
tions themselves, adherence to redeemed doses cannot
be addressed, but is assumed to be within acceptable
limits as the statin group had a significantly lower level
of total cholesterol.

Conclusion

In this cohort study of 950 COPD outpatients, we did not
find any association between statin use and risk of
AECOPD or all-cause mortality. The result adds to the
evidence that an approach with statin treatment upfront is
not indicated per se in COPD but should be prescribed
when indicated according to current guidelines on CVD,
especially to reduce risk of mortality. Further studies
examining whether a high systemic level of inflammation
can guide statin treatment in COPD are warranted.
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