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Background: Several observational studies have found that statins may materially decrease
the risk of chronic obstructive pulmonary disease (COPD) exacerbations. However, most of
these studies used a prevalent user, non-user comparison approach, which may lead to
overestimation of the clinical benefits of statins. We aimed to explore the risk of COPD
exacerbations associated with statins with a new user, active comparison approach to address
potential methodological concerns. We selected fibrates, another class of lipid-lowering
agents, as the reference group because no evidence suggests that fibrates have an effect on
COPD exacerbations.

Methods: We identified patients with COPD who initiated statins or fibrates from a nationwide
Taiwanese database. Patients were followed from cohort entry to the earliest of the following:
hospitalization for COPD exacerbations, death, end of the data, or 180 days after cohort entry.
Stratified Cox regression models were used to estimate hazard ratios (HRs) and 95% confidence
intervals (Cls) of COPD exacerbations comparing statins with fibrates after variable-ratio
propensity score (PS) matching and high-dimensional PS (hd-PS) matching, respectively.
Results: We identified a total of 134,909 eligible patients (110,726 initiated statins; 24,183
initiated fibrates); 1979 experienced COPD exacerbations during follow-up. The HRs were
1.10 (95% CI, 0.96 to 1.26) after PS matching and 1.08 (95% CI, 0.94 to 1.24) after hd-PS
matching. The results did not differ materially by type of statins and patient characteristic
and did not change with longer follow-up durations.

Conclusion: This large-scale, population-based cohort study did not show that use of statins
was associated with a reduced risk of acute exacerbations in patients with COPD using state-
of-the-art pharmacoepidemiologic approaches. The findings emphasize the importance of
applying appropriate methodology in exploring statin effectiveness in real-world settings.
Keywords: chronic obstructive pulmonary disease, statins, acute exacerbations, cohort
study, new users, active comparison, high-dimensional propensity score

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by chronic airflow
limitation, systematic and pulmonary inflammation, and respiratory symptoms.'
Patients with COPD may experience 0.5 to 3.5 acute deteriorations in respiratory
symptoms requiring additional treatment (ie, exacerbations) per year.” It has been
reported that patients with COPD exacerbations requiring hospitalization within
one year may have a 2 to 4-fold increased risk of death compared to those without
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corresponding episodes.’ In addition, COPD exacerbations
increase resource utilization, undermine the quality of life,
and are associated with faster disease progress.* Therefore,
it is important to manage COPD exacerbations in this
population.

Statins are commonly used medications in lowering
blood cholesterol levels and have important roles in the
primary and secondary prevention of cardiovascular
diseases.>® However, in vitro and in vivo studies have
shown that statins may have anti-inflammatory, immuno-
modulatory, and pleiotropic actions and may therefore
COPD
exacerbations.” One meta-analysis of observational studies

confer  beneficial effects in  reducing
suggested that use of statins may materially decrease the
risk of COPD exacerbations (hazard ratio [HR], 0.64; 95%
confidence [CI], 0.55 to 0.75).® However, the prospective
randomized placebo-controlled trial of Simvastatin in the
Prevention of COPD Exacerbations (STATCOPE) trial
indicated that new use of simvastatin, one type of com-
monly used statins, neither lowered exacerbation rates
(simvastatins versus placebo: 1.36 versus 1.61 episodes
per person-year, p-value=0.54) nor delayed the time to
a first exacerbation (simvastatins versus placebo: 223 ver-
sus 231 days, p-value=0.34) in patients with COPD who
did not have concomitant cardiovascular disease and
diabetes.’ The discordant findings have raised an argument
whether the profound protective effect of statins is due to
methodological challenges of existing observational stu-
dies. Specifically, most of these observational studies iden-
tified patients who have been on statin treatment for
a period and selected non-users of statins as the reference
group. This prevalent user, non-user comparison approach
tends to yield spurious benefits given the depletion of
susceptible population, immortal time bias, and incompar-
ability between treatment groups.'®'* On the other hand,
there may be heterogeneous effects across individual sta-
tins and across patients with various comorbidities because
type of statins and patient characteristics were different
between available and the
STATCOPE trial.*’

The present study aimed to examine the risk of COPD

observational studies

exacerbations associated with statins through a new user,
active comparison approach, which facilitates to address
the aforementioned methodological concerns.'>'* We
selected fibrates, another class of lipid-lowering agents,
as the reference group because no evidence suggests that
fibrates have an effect on COPD exacerbations. We also

examined if the effect of statins varied by individual drug
and patient characteristic.

Materials and Methods

Data Source

A single-payer National Health Insurance program was
implemented in Taiwan since 1995 and reached an enroll-
ment rate of 99% by June of 2020."> The Taiwan National
Health Insurance Research Database consists of compre-
hensive information on demographic and enrollment
records, diagnosis and procedure data from outpatient
visits and hospital admissions, and pharmacy dispensing
claims from outpatient visits and hospital admissions for
99% of the total Taiwanese population (approximately
23 million). All the data of patients and health-care provi-
ders are deidentified.'® The study protocol was approved
by the National Yang-Ming University Research Ethics
Committee. Informed consent was waived given the retro-
spective nature of the study and the analysis of anonymous
data.

Study Population and Study Drugs

We identified patients who initiated statins or fibrates at
between January 1, 2009 and
2014 World  Health
Organization’s Anatomical Therapeutic Chemical classifi-

outpatient  visits

December 31, using  the

cation system codes (see Appendix Table 1 for list of

codes). Initiation of statins or fibrates was defined as
a first statin or fibrate dispensing during the study period
without any prior dispensing for both study drugs in the
preceding 365 days. The index date was the date of the
first dispensing of either study drug. To obtain sufficient
data to measure patient characteristics at baseline, we
required patients having continuous enrollment within
365 days before the index date, defined as having at least
one outpatient visit or hospital admission during this win-
dow. We further restricted the cohort patients to those
having at least one outpatient or inpatient COPD diagnosis
(International Classification of Diseases, 9th Revision,
Clinical modification [ICD-9-CM] codes 491, 492, 496)
within the same window. The algorithm had a sensitivity
of 85.0% and a specificity of 78.4%."”

Most patients with COPD were diagnosed at 40 years
old or above.' Therefore, we excluded patients with age
less than 40 years on the index date. To prevent influence
from an extreme old age or potential coding errors in birth
dates, we also excluded patients with age more than 100
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years on the index date. Moreover, we excluded patients
with missing or ambiguous information on age or sex,
patients initiating both a statin and a fibrate on the index
date, or patients initiating more than one statin on the
index date.

Outcome and Follow-Up
Our outcome of interest was COPD exacerbations, which
was defined as the first hospitalization for COPD exacer-
bations during follow-up based on the International
Classification of Diseases, 9th Revision, Clinical modifica-
tion [ICD-9-CM] codes of 491, 492, and 496 in the pri-
mary diagnosis position. The algorithm had a specificity of
99.8% and a positive predictive value of 85.6%.'®

Using the “first exposure carried forward” analysis, we
followed patients from the index date to the earliest of
outcome occurrence, death, end of the study
(December 31, 2015), or 180 days after the index date.
This approach classifies patients based on their index
exposure groups and preserves the baseline comparability
between groups. We truncated the follow-up time at 180
days after the index date to address potential exposure
misclassification during long-term follow-up.

Ascertainment of Predefined Covariates

at Baseline

Baseline predefined covariates included age on the index
date, sex, COPD duration (defined as duration from the
first COPD diagnosis date to the index date), calendar year
of the index date, mean dose of the index prescription, as
well as resource utilization, comorbidities, and other med-
ication use recorded within 365 days before the index date.
Specifically, we included several substantial covariates
highly associated with COPD exacerbations including car-
diovascular-related comorbidities, medications, outpatient
visits, and hospitalizations; proxies for COPD severity
(COPD duration, COPD-related outpatient visits, and
COPD-related hospitalizations); infection-related variables
(diagnosis of pneumonia, influenza, or acute bronchitis
and use of antibiotics); and use of inhaled treatment.

We measured resource utilization based on records of
outpatient visits and hospital admission. We ascertained
comorbidities based on outpatient and inpatient diagnosis
and procedure files and assessed medication use based on
pharmacy dispensing claims of the outpatient clinics, com-
munity pharmacies, and hospital admission. Appendix
Tables 2—4 provide more detailed covariate information.

Statistical Analysis

To control for multiple measured confounders, we esti-
mated baseline propensity scores (PS) for each individual,
defined as the probability of initiating statins versus
fibrates derived from a logistic regression model condi-
tional on the covariates mentioned above.'® To further
mitigate potential unmeasured confounding, we conducted
high-dimensional PS (hd-PS) estimation, which is a semi-
automated algorithm that identifies and prioritizes a large
number of empirical covariates that are simultaneously
The hd-PS
approach therefore facilitates to control for confounders

associated with exposure and outcome.

that are not predefined or that are imbalanced between
exposure and outcomes by chance.”*?' We chose a total
of 100 empirically identified variables and combined these
with the above mentioned predefined covariates to esti-
mate baseline hd-PS for each patient by logistic
regression.

Since we had many more patients who initiated statins,
we matched up to 10 patients who initiated statins to each
patient who initiated fibrates using a nearest-neighbor
algorithm without replacement and with a maximum
matching caliper of 0.025 on the PS and hd-PS scales,
respectively.”? We used Cox proportional hazard models to
estimate HRs and 95% CIs of COPD exacerbations com-
paring statins versus fibrates in the 10:1 variable-ratio PS
and hd-PS matched cohorts, respectively. To account for
the variable-ratio matching, the Cox model was stratified
on the matching ratio.”> We also plotted Kaplan—Meier
curves to demonstrate the probability of free of COPD
exacerbations over time.

Variable-ratio matching yields covariate balance within
each matched set, but not marginally in the overall
matched population.”” We therefore randomly selected
one initiator of statins from each set of patients matched
to each fibrate initiator and examined whether adequate
balance in covariates was achieved between treatment
groups using the index of standardized difference®>**
among this sample. To compute this index, the difference
in mean was divided by the pooled standardized deviation
between groups with an absolute value of less than 0.1
suggesting no substantial difference. As compared to
a traditional p-value, the index of standardized difference
is less likely sensitive to sample size, tends to identify
(rather  than

a statistically significant difference), if any, and are speci-

a clinically meaningful difference

fically useful for studies with large sample size.
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Sensitivity and Subgroup Analyses

In the sensitivity analyses, we examined if the risk of
COPD exacerbations associated with statins changed
materially by follow-up duration (365, 730 days, or no
truncation at maximum follow-up duration). In addition,
to prevent exposure misclassification, we also applied an
on-treatment analysis that followed patients from the index
date to outcome occurrence, death, end of the study
(December 31, 2015), 180 days after the index date, or

Patients with a prescription fill of statins
or fibrates in 2009-2014 (n=3,120,406)

treatment discontinuation or change, whenever came first.
Treatment discontinuation was defined using a grace per-
iod of up to 30 days between the end of one prescription
and the date of the next prescription, if any. Treatment
change was defined as the dispensing of a fibrate for statin
initiators or the dispensing of a statin for fibrate initiators.

In the subgroup analyses, we separately compared
individual statins with fibrates to explore potential differ-
ential risk by type of statins. We also conducted the

Excluded due to:
® Patients without continuous enrollment

within 365 days before the index date
(n=6,9006)

Patients without a COPD diagnosis before
the index date (n=2,919,276)

Patients with any prescription fills of statins
or fibrates within 365 days before the index
date (n =54,981 )

Patients with COPD who initiated
statins or fibrates (n=139,243 )

Excluded due to:
® Patients with age less than 40 years, more

than 100 years, or missing or ambiguous
information (n=3,675 )

@ Patients with missing or ambiguous
information on sex (n=261)

® Patients receiving both statins and fibrates on
the index date (n=345)

® Patients receiving more than one type of
statins on the index date(n= 53)

Eligible patients in this cohort
(n=134,909)

® Statins (n=110,726)

Atorvastatin (n=44,258)
Rosuvastatin (n =22,908)
Simvastatin (n=19,173)
Pravastatin (n=8,232)
Fluvastatin (n =7,466)
Lovastatin (n =6,265)
Pitavastatin (n=2,424)

® Fibrates (n=24,183)
Fenofibrate (n=15,336)
Gemfibrozil (n =7,364)
Bezafibrate (n=1,128)
Etofibrate (n=250)
Clofibrate (n=105)

Figure | Flowchart of the study cohort assembly.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Table | Selected Baseline Characteristics of the Eligible Cohort

Before Matching (n=134,909) After hd-PS Matching (n=127,855)
Statins Fibrates Standardized Statins Fibrates Standardized
(n=110,726) | (n=24,183) Difference® (n=103,735) | (n=24,120) Difference®

Variables n=24,120° n=24,120°
Demographics
Age, mean (SD) 67.6 (11.8) 63.9 (12.6) 0.31 63.9 (12.0) 63.9 (12.5) <0.01
Male, n (%) 64,110 (57.9) | 15,291 (63.2) 0.11 | 15229 (63.1) | 15,239 (63.2) <0.01
COPD duration, mean (SD) 595.4 (592.3) | 507.1 (513.8) 0.16 | 499.0 (516.5) | 507.4 (514.1) 0.02
Mean dose of the index prescriptions
Index dose (ddd/day), mean (SD) 0.7 (0.4) 0.8 (0.4) 0.16 0.8 (0.5) 0.8 (0.4) <0.01
Resource utilization, mean (SD)
Number of outpatient visits 42.9 (26.7) 42.8 (28.1) <0.01 43.1 (27.7) 42.8 (28.1) 0.01
Number of outpatient visits due to 8.7 (8.7) 8.0 (8.6) 0.08 8.1 (8.7) 8.0 (8.6) 0.01
cardiovascular disease®
Number of outpatient visits due to 34 (6.2) 32 (5.8) 0.04 3.3 (6.0) 32 (5.8) 0.01
respiratory diseases
Number of outpatient visits due to 4.6 (5.8) 4.2 (5.5) 0.08 4.2 (5.3) 4.2 (5.5) <0.01
COPD
Number of hospitalizations 0.6 (1.4) 0.5 (1.4) 0.05 0.5 (1.7) 0.5 (1.3) <0.01
Number of hospitalizations due to 0.4 (0.8) 0.3 (0.8) 0.14 0.3 (0.7) 0.3 (0.7) 0.01
cardiovascular disease®
Number of hospitalizations due to 0.1 (0.5) 0.1 (0.5) 0.04 0.1 (0.4) 0.1 (0.5) <0.01
respiratory diseases
Number of hospitalizations due to 0.3 (0.6) 0.1 (0.5) 0.11 0.1 (0.5) 0.1 (0.5) <0.01
COPD
Number of cholesterol test ordered 1.8 (1.5) 1.6 (1.6) 0.08 1.6 (1.4) 1.6 (1.6) <0.01
Number of triglyceride test ordered 1.7 (1.5) 1.7 (1.6) <0.01 1.7 (1.5) 1.7 (1.6) <0.01
Pneumonia and influenza vaccination, | 30,383 (27.4) 5917 (24.5) 0.07 5877 (24.4) 5911 (24.5) <0.01
n (%)
Comorbidities, n (%)
Hypertension 75,699 (68.4) | 15906 (65.8) 0.06 | 16,020 (66.4) | 15,871 (65.8) <0.01
Ischemic heart disease 37,259 (33.7) 6107 (25.3) 0.19 6042 (25.1) 6100 (25.3) <0.01
Myocardial infarction 5221 (4.7) 296 (1.2) 0.21 307 (1.3) 296 (1.2) <0.01
Coronary revascularization 5507 (5.0) 238 (1.0) 0.24 255 (1.1) 238 (1.0) <0.01
Cardiac dysrhythmia 16,050 (14.5) 2724 (11.3) 0.10 2709 (11.2) 2720 (11.3) <0.01
Congestive heart failure 17,007 (15.4) 2785 (11.5) 0.11 2803 (11.6) 2781 (11.5) <0.01
Cereborvascular disease 20,945 (18.9) 3693 (15.3) 0.10 3746 (15.5) 3683 (15.3) 0.01
Peripheral vascular disease 3152 (2.9) 747 (3.1) 0.01 738 (3.1) 745 (3.1) <0.01
Hyperlipidemia 72,648 (65.6) | 17,143 (70.9) 0.11 | 17,085 (70.8) | 17,088 (70.9) <0.01
Diabetes mellitus 39,944 (36.1) 9310 (38.5) 0.05 9387 (38.9) 9281 (38.5) 0.0l
Asthma 26,451 (23.9) 5006 (20.7) 0.08 5044 (20.9) 4999 (20.7) 0.01
Pneumonia, influenza, or acute 58,514 (52.9) | 12,998 (53.8) 0.02 | 13,036 (54.1) | 12,953 (53.7) 0.01
bronchitis
Acute bronchiectasis 3621 (3.3) 570 (2.4) 0.06 408 (1.7) 409 (1.7) <0.01
Tuberculosis 2002 (1.8) 410 (1.7) 0.0l 573 (24) 570 (2.4) <0.01
Medications, n (%)

(Continued)
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Table | (Continued).

Before Matching (n=134,909) After hd-PS Matching (n=127,855)
Statins Fibrates Standardized Statins Fibrates Standardized
(n=110,726) | (n=24,183) Difference® (n=103,735) | (n=24,120) Difference®

Variables n=24,120° n=24,120°

ACEI s/ARBs 57,274 (51.7) | 10,927 (45.2) 0.13 | 10,943 (45.4) | 10,908 (45.2) <0.01
B blockers 42,512 (384) 9154 (37.9) 0.01 9296 (38.5) 9126 (37.8) 0.02
Calcium channel blockers 62,226 (56.2) | 12,677 (52.4) 0.08 | 12,714 (52.7) | 12,656 (52.5) 0.0l
Diuretics 37,312 (33.7) 7288 (30.1) 0.08 7368 (30.6) 7268 (30.1) 0.0l
Other anti-hypertensive agents 13,771 (12.4) 3065 (12.7) 0.01 3117 (12.9) 3057 (12.7) 0.0l
Nitrates 27,457 (24.8) 4032 (16.7) 0.20 4119 (17.1) 4027 (16.7) <0.01
Anti-arrhythmic agents 7,658 (6.9) 1097 (4.5) 0.10 1117 (4.6) 1093 (4.5) 0.0l
Digoxin 5751 (5.2) 1278 (5.3) <0.01 1303 (5.4) 1271 (5.3) 0.0l
Aspirin 48,791 (44.1) 8436 (34.9) 0.19 8446 (35.0) 8420 (34.9) <0.01
Clopidogrel 12,143 (11.0) 1022 (4.2) 0.26 1027 (4.3) 1021 (4.2) <0.01
Warfarin 2,944 (2.7) 374 (1.6) 0.08 362 (1.5) 374 (1.6) <0.01
Insulin 10,369 (9.4) 2189 (9.1) 0.01 2184 (9.1) 2179 (9.0) <0.01
Oral anti-diabetic agents 32,995 (29.8) 7716 (31.9) 0.05 7772 (32.2) 7687 (31.9) 0.01
Inhaled short-acting bronchodilators | 83,741 (75.6) | 19,506 (80.7) 0.12 | 19,412 (80.5) | 19,454 (80.7) <0.01
Inhaled long-acting bronchodilators 19,140 (17.3) 2710 (11.2) 0.18 2780 (11.5) 2710 (11.2) 0.01
Inhaled corticosteroids; 18,253 (16.5) 2648 (11.0) 0.16 2695 (11.2) 2647 (11.0) 0.01
Oral bronchodilators 79,607 (71.9) | 17,117 (70.8) 0.03 | 17,061 (70.7) | 17,067 (70.8) <0.01
Oral corticosteroids 56,001 (50.6) | 11,654 (48.2) 0.05 | 11,606 (48.1) | 11,617 (48.2) <0.01
Antibiotics 81,371 (73.5) | 17,746 (73.4) <0.0l | 17,795 (73.8) | 17,692 (73.4) 0.01

*Notes: *Data were presented as absolute values. ®One initiator of statins: one randomly sampled initiator of fibrates in each matched subset. “Cardiovascular disease
included hypertension, ischemic heart disease, myocardial infarction, coronary revascularization, cardiac dysrhythmia congestive heart failure, cereborvascular disease, and

peripheral vascular disease.

Abbreviations: ACEls, angiotensin converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; COPD, chronic obstructive pulmonary disease; hd-PS, high-

dimensional propensity score.

analyses by age (=65 and <65 years), sex (male and
female), history of cardiovascular disease, diabetes, or
asthma, and prior hospitalizations due to COPD. We re-
estimated the hd-PS and re-matched patients in each of
these analyses.”

Results
Eligible Cohorts and Baseline

Characteristics

We included a total of 134,909 eligible patients; 110,726
initiated statins (82%) and 24,183 initiated fibrates (18%).
Among patients who initiated statins, atorvastatin (40%),
rosuvastatin (21%), and simvastatin (17%) were used most
frequently. Among patients who initiated fibrates, fenofi-
brate (64%) and gemfibrozil (31%) were prescribed pre-
dominantly (Figure 1). The mean (SD) age of the cohort
was 67 (11) years and 51% were male. In terms of chronic
comorbidities, most patients had hypertension (68%) and
hyperlipidemia (67%); 42% had gastritis or peptic ulcer

disease; 37% had diabetes; and 32% had ischemic heart
disease. In terms of acute respiratory infections, 53% had
pneumonia, influenza, or acute bronchitis within one year
before the index date (Table 1 and Appendix Table 5).
Before matching, patients who initiated statins were

older; had more frequent hospitalizations due to cardio-
vascular disease and COPD; were more likely to have had
a diagnosis of cardiovascular disease; and were more
likely to have used cardiovascular medications, inhaled
long-acting bronchodilators, and inhaled corticosteroids
compared to patients who initiated fibrates. Instead,
patients who initiated fibrates tended to be male; had
a higher mean dose of the index prescription; were more
likely to have had a diagnosis of hyperlipidemia, chronic
liver disease, and gout; and were more likely to have used
inhaled short-acting bronchodilators and anti-gout medica-
tions. After hd-PS matching, a total of 127,855 patients
(103,735 statin initiators and 24,120 fibrate initiators; 95%
of the total study cohort) were included in the analysis. All
patient characteristics were well balanced between statin
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initiators and fibrate initiators, with most standardized
differences less than 0.01 (Table 1 and Appendix Table 5).

Risk of COPD Exacerbations Associated

with Statins versus Fibrates

The crude incidence rate of COPD exacerbations was
32.41 per 1000 person-years (95% CI, 30.92 to 33.97) in the
statin initiators and 20.71 per 1000 person-years (95%
CL18.27 to 23.48) in the fibrate initiators with the “first
exposure carried forward” analysis during 180 days of follow-
up, which corresponded to a crude HR of 1.56 (95% CI, 1.37
to 1.79) comparing statins with fibrates. However, after adjust-
ment for baseline covariates, there was no significantly differ-
ent risk associated with statin use. The HRs after PS matching
and after hd-PS matching were 1.10 (95% CI, 0.96 to 1.26)
and 1.08 (95% CI, 0.94 to 1.24), respectively (Table 2). The
Kaplan—Meier curves comparing the probability of free of
COPD exacerbations between statin initiators and fibrate
initiators were consistent with the findings (Figure 2).

Findings of the Sensitivity and Subgroup

Analyses

The findings were similar when we followed patients for
longer periods or when we conducted the on-treatment ana-
lysis (Table 3). We also did not observe material change
when stratifying by type of statins (atorvastatin, rosuvasta-
tin, simvastatin, and other statins) or patient characteristic
(age, sex, history of cardiovascular disease, diabetes, or
asthma, and prior hospitalizations due to COPD) (Table 4).

Discussion

In this large-scale, population-based cohort study, we
examined the risk of COPD exacerbations associated
with statins in patients with COPD with a new user, active
comparison, hd-PS matched design. There was no strong
evidence to suggest a decreased risk of COPD exacerba-
tions associated with statins compared to fibrates. The
findings were robust when we applied different follow-up
durations or follow-up schemes. There were also no dif-
ferential risks by type of statins and patient characteristic.

Challenges of Exploring Statin
Effectiveness in Real-World Settings

A number of observational studies have examined the role of
statins in reducing COPD exacerbations with a prevalent user,
non-user comparison approach (Appendix Table 6).2>" Most
of them suggested that use of statins may have a remarkable

Table 2 Follow-Up, Event Rates, and Risk of COPD Exacerbations Comparing Statins with Fibrates

After hd-PS Matching (n=127,855)

Fibrates

24,120

242
4,291,170

177.9
20.60 (18.16-23.36)

1.08 (0.94—1.24)

Statins

103,735

1,436
18,367,883

177.1
22.03 (19.50-24.89)

Ref

After PS Matching(n=128,517)

Fibrates

24,150

244
4,296,470

177.9
20.74 (18.30-23.52)

110 (0.96-1.26)

Statins

104,367
1,507
18,471,866

177.0
23.14 (20.55-26.06)

Ref

Before Matching(n=134,909)

Fibrates

24,183

244
4,302,410

177.9
20.71 (18.27-23.48)

1.56 (1.37-1.79)

Statins

110,726

1,735
19,551,431

176.6
32.41 (30.92-33.97)

Ref

Variables

Number of patients

Total person-days at risk

Number of events

Mean follow-up days, mean (SD)

Incidence rate per 1,000 person-years (95% CI)*

HR (95% CI)*

Notes: *Data were weighted by matching ratio in the PS and hd-PS matching analyses.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; hd-PS, high-dimensional propensity score; HR, hazard ratio; PS, propensity score.
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A Kaplan-Meier curves before matching
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Figure 2 Kaplan—Meier curves for the probability of free of COPD exacerbations within 180 days after the index date (A) Kaplan—Meier curves before matching. (B)
Kaplan—Meier curves after hd-PS matching® “Data were weighted by matching ratio in the hd-PS matching analysis.
Abbreviations: COPD, chronic obstructive pulmonary disease; hd-PS, high-dimensional propensity score.

benefit, with relative risks of 0.19 to 0.89 compared to the non-
use of statins,?® 323436

The benefit associated with statins is even larger than
the mainstay COPD treatment — long-acting 2 agonists,
long-acting muscarinic antagonists, and long-acting B2
agonists and inhaled corticosteroids combinations —
which decrease acute exacerbations leading to hospitaliza-
tions by 14% to 18%.°®° On the other hand, although
in vitro and in vivo studies have suggested that statins may
have anti-inflammatory effects,” one meta-analysis of six

randomized placebo-controlled trials did not identify

a significant reduction in the C-reactive protein level asso-
ciated with the use of statins.*® Moreover, the STATCOPE
trial did not observe that use of simvastatin lowered
exacerbation rates or delayed the time to a first exacerba-
tion during a mean follow-up of 640 days.® Collectively,
the profound protective effect of statins should be inter-
preted with caution because of the potential design limita-
tions of available observational studies.

The prevalent user, non-user comparison approach is
convenient to implement and has an advantage of reser-
size. However, corresponding

ving the sample
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Table 3 Risk of COPD Exacerbations Comparing Statins with Fibrates, by Maximum Follow-Up Duration and Follow-Up Scheme

Maximum Follow-Up Duration Crude HR (95% CI) HR (95% CI) After PS HR (95% CI) After hd-PS
Matching Matching
“First exposure carried forward” analysis
180 days (primary analysis) 1.56 (1.37, 1.79) 1.10 (0.96,1.26) 1.08 (0.94, 1.24)
365 days 1.45 (1.31, 1.60) 1.04 (0.94, 1.15) 1.02 (0.92, 1.13)
730 days 1.39 (1.29, 1.50) 1.02 (0.94, I.11) 0.98 (0.90, 1.06)
No truncation at maximum follow-up 1.33 (1.26, 1.42) 1.01 (0.95,1.08) 0.98 (0.92, 1.04)
duration®
“On-treatment” analysis
180 days 1.72 (1.45, 2.05) I.16 (0.97, 1.38) 1.12 (0.93, 1.34)
365 days 1.65 (1.41, 1.93) 1.12 (0.95, 1.31) 1.07 (0.91, 1.27)
730 days 1.61 (1.39, 1.86) 1.09 (0.94, 1.27) 1.05 (0.90, 1.22)
No truncation at maximum follow-up 1.6l (1.39, 1.86) 1.09 (0.94, 1.26) 1.03 (0.89, 1.20)
duration®

*Notes: *The mean follow-up duration was 1,393 days before matching. ®The mean follow-up duration was 247 days before matching.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; hd-PS, high-dimensional propensity score; HR, hazard ratio; PS, propensity score.

methodological issues have also been discussed in the
examples exploring statin effectiveness not only for
COPD but
outcomes'' and overall mortality.'* Specifically, the pre-

exacerbations, '’ also for influenza-like
valent user design, which identifies patients who have
received statins for a period, may deplete susceptible
population because patients who are not responding well
to statins tend to stop treatment and therefore have less
chances to be included in the analysis.'""'? In addition, the
non-user comparison design usually decides use or non-
use of statins based on the exposure status after cohort
entry. Patients who receive statins may accordingly have
a non-exposure follow-up time prior to treatment in which
the outcome could not occur, ie, “immortal time,” which
guarantees the calculation of less events in the statin group
than in the non-statin group.'® The depletion of susceptible
population and the immortal time bias have been demon-
strated to overestimate statin effectiveness.'!’'? Moreover,
in the non-user comparison design, patient characteristics
are usually not comparable between users and non-users of
stains, leading to potential confounding by indication.''*
Unlike the available observational studies shown in

Appendix Table 6, the present study applied a new user,

active comparison design and did not find a decreased risk
of COPD exacerbations associated with statin initiators
compared with fibrate initiators. The results replicated
the findings of the STATCOPE trial, which supports our
assumption and study validity.

Potential Differential Influence on COPD
Exacerbations Across Individual Statins
and Subgroup Patients

Another issue is that type of statins and patient character-
istics were different between the available observational
studies and the STATCOPE trial. Specifically, observa-
tional studies included study patients who used a variety
of statins and had concomitant cardiovascular disease,® but
the STATCOPE trial only focused on simvastatin and
enrolled patients simultaneously without cardiovascular
diseases and diabetes.” Some observational studies have
also suggested that the benefit of statins in ameliorating
COPD exacerbations is only restricted to patients with
cardiovascular comorbidities.***'** However, the present
study did not observe a benefit associated with statin use
regardless of type of statin or history of cardiovascular
diseases, diabetes, or asthma. Further randomized con-
trolled trials that examine different statin use and include
patients with significant cardiovascular disease may facil-
itate to elucidate the potential differential influence on
COPD exacerbations across individual statins and specific
subgroup of patients.

Strength and Limitation of the

Present Study
Our study identified more than 100,000 patients from
a population-based healthcare claims database. The large
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sample size enables us to apply the rigorous new user, active
comparison design to address potential methodological con-
siderations. The large sample size also facilitates to examine
potential effect modification by type of statins and patient
characteristic. In addition, we applied a validated algorithm
to identify hospitalized exacerbation events, which mitigated
potential outcome misclassification. Moreover, we matched
statin and fibrate initiators not only using traditional PS
which included more than 50 potential predefined confoun-
ders but also using advanced hd-PS which additionally
accounted for 100 empirically driven covariates. The good
balance in patient characteristics between the treatment
groups, to a certain extent, indicated that the confounding
effects might be minimal in our study.

Our study has several limitations. First, to minimize
potential exposure misclassification during long-term
follow-up, our main analysis of the “first exposure car-
ried forward” approach followed patients up to 180 days
after cohort entry. This may not identify the long-term
effectiveness of statins, if any, accordingly. However, the
sensitivity analyses followed patients up to 365 days or
730 days, respectively, or even did not restrict the max-
imum follow-up duration. The null findings supported
the result robustness. In addition, to improve confound-
ing control, we applied the active comparison design,
included proxies for COPD severity (such as COPD
duration and prior hospitalizations due to COPD) and
risk factors of COPD exacerbations (such as history of
exacerbation attacks or respiratory infections), and
matched study patients with the sophisticated hd-PS
algorithm. However, we need to recognize that we
could not capture certain important information on health
behavior and clinical measurements such as smoking,
lung function tests, or eosinophil counts, which is an

inherent limitation of health-care claims databases.

Conclusion

This large-scale, population-based cohort study did not
show that use of statins was associated with a reduced
risk of acute exacerbations in patients with COPD using
state-of-the-art pharmacoepidemiologic approaches. The
findings emphasize the importance of applying appropriate
methodology in exploring statin effectiveness in real-
world settings. Statins should not be used as a routine
treatment in patients with COPD, especially for patients

without cardiovascular indications.
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