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ORIGINAL ARTICLE

Chronic obstructive pulmonary disease

Statin use and exacerbations in individuals
with chronic obstructive pulmonary disease
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ABSTRACT

Background We tested the hypothesis that statin use in
individuals with COPD is associated with a reduced risk of
exacerbations.

Methods We identified 5794 individuals with COPD
and a measurement of C reactive protein (CRP) in the
Copenhagen General Population Study (2003—2008).
During 3 years of follow-up we recorded exacerbations
with hospital admissions or oral corticosteroid treatment.
In a nested case-control design, matching on age,
gender, smoking, COPD severity and comorbidity, we
estimated the association between statin use and
exacerbations. In addition, we examined the association
between statin use and high CRP (>3 mg/L), and the
association between high CRP and exacerbations during
follow-up.

Results Statin use was associated with reduced odds of
exacerbations in crude analysis, OR=0.68 (95% CI 0.51
t0 0.91, p=0.01), as well as in multivariable conditional
logistic regression analysis, OR=0.67 (0.48 to 0.92,
p=0.01). However, in the subgroup with the most severe
COPD and without cardiovascular comorbidity, we
observed a null association between statin use and
exacerbations, OR=1.1 (0.5 to 2.1, p=0.83).
Furthermore, statin use was associated with reduced odds
of a high CRP, OR=0.69 (0.56 to 0.85, p<0.001), and a
high CRP was associated with an increased risk of
exacerbations, HR=1.62 (1.35 to 1.94, p<0.001). We
estimated the percentage of excess risk of the association
of statin use with exacerbations possibly mediated
through a reduction of CRP to be 14% (4-51%).
Conclusions Statin use was associated with reduced
odds of exacerbations in individuals with COPD from the
general population, although this was not apparent in
those with the most severe COPD without cardiovascular
comorbidity. Statins may thus only associate with reduced
risk of exacerbations in patients with COPD with
coexisting cardiovascular disease.

INTRODUCTION
COPD is one of the most important global health
problems.” # COPD is characterised by exacerba-
tions, and these exacerbations constitute key events
in COPD progression, prognosis and treatment.® *
In recent years there has been a growing body of
evidence suggesting systemic inflammation as a key
element in the pathogenesis of COPD.” © As a
result, there is an increasing focus on whether use
of medications that reduce markers of systemic
inflammation may also reduce the risk of exacerba-
tions in COPD.”

What is the key question?

» Do statins have beneficial effects on exacerbations
in unselected individuals with COPD, and if so,
what might be part of the explanation?

What is the bottom line?

» Several population based studies have indicated
that statin use may reduce the risk of exacerbations
in unselected individuals with COPD, but studies
have lacked clinical characteristics such as severity
of COPD, comorbidities and markers of systemic
inflammation.

Why read on?

» In unselected individuals from the general
population our study indicates that statin use is
associated with a reduction in exacerbations in
COPD, but like in a recent randomised
controlled trial we observed a null association
in those with the most severe COPD and
without cardiovascular comorbidity suggesting
that statins may only associate with reduced
risk of exacerbations in patients with COPD
with coexisting cardiovascular disease.

Statins have effects besides a lowering of plasma
cholesterol, including anti-inflammatory effects,
which have been investigated in several studies.® ’
Studies have also shown that statin use has benefi-
cial effects on cardiovascular outcomes, possibly by
reduction of C reactive protein (CRP) levels.'® '*

In COPD, pharmaceutical database studies have
indicated a possible beneficial effect of statin use
on exacerbations.'? Although this evidence comes
from several populations, studies have lacked clin-
ical characteristics and data on markers of sys-
temic inflammation.” '* Furthermore, a recent
large randomised trial found no effect of simvas-
tatin on exacerbations in patients with the most
severe COPD, but without cardiovascular
comorbidity."*

We tested the hypothesis that statin use in indivi-
duals with COPD is associated with reduced risk of
exacerbations. This hypothesis was tested among
individuals with different severity of COPD and
cardiovascular comorbidity, as well as in the sub-
group with the most severe COPD and without car-
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Chronic obstructive pulmonary disease

METHODS

Population

We used data from the Copenhagen General Population Study
(2003-2008) comprising 55 731 participants. For this study, we
identified 5812 individuals with COPD, defined by presence of
airflow limitation (FEV, divided by FVC, FEV/FVC<0.7), no
self-reported asthma and age above 40 years.”> '® Of these,
5794 (99.7%) individuals had measurement of CRP at the
examination.

Linkage to national all-inclusive registers

From the all-inclusive Danish National Patient Registry'” we
retrieved data on hospital admissions with a discharge diagnosis
of COPD (ICD-10: J41-J44) to define severe exacerbations of
COPD." ' In addition, we identified previous hospital admis-
sions with a discharge diagnosis of ischaemic heart disease, and/
or diabetes mellitus as part of the comorbidity definition; see
online supplementary e-table 1 for further details.

From the Danish National Prescription Registry,"”” we
retrieved data on treatment with oral corticosteroids alone or in
combination with antibiotics to define moderate exacerbations
of COPD." ¥ Furthermore, we included data on previous use
and dose of maintenance pulmonary medications (long-acting
bronchodilators and fixed-dose combinations with inhaled corti-
costeroids) in either the 3 months before an exacerbation, or in
the 3 months before measurement of CRP at the examination.
In addition, we assessed the use and dose of statins during
either the 3 months before an exacerbation, or the 3 months
before measurement of CRPR We had access to dispensed medi-
cation data from 1995 until 31 December 2009, thus ensuring
at least 1year of complete follow-up for all individuals. See
online supplementary e-table 2 for all study anatomical thera-
peutical chemical codes®® wused to identify dispensed
medications.

Study approval
The study was approved by an institutional review board and
the regional ethics committee (H-KF01-144/01), and was

conducted according to the Declaration of Helsinki. Written
informed consent was obtained from all participants.

Study design
Figure 1 shows the study design.

Statin use and exacerbations

To examine the association between statin use and odds of
exacerbations, we applied a nested case-control design; see flow
diagram in online supplementary e-figure 1.'* Cases were indivi-
duals with a first exacerbation within a maximum of 3 years of
follow-up. Exacerbations were defined as a composite of medic-
ally treated exacerbations and hospital admissions with
COPD.'® Statin use was defined as at least one dispense of
statins in the 3 months prior to the exacerbation date for cases.
The exacerbation date for cases defined an index date. Controls
were assigned the same index date as their corresponding case,
and statin use was calculated in the 3 months prior to this index
date. Controls were selected from the COPD cohort by use of
risk-set sampling technique.”’ Individuals eligible to become
controls were those who matched the index case with respect to
age, gender, smoking, COPD severity (Global Initiative for
Chronic Obstructive Lung Disease, GOLD grade) and cardiovas-
cular comorbidity, and who did not have an exacerbation prior
to the index date (see online supplementary e-table 1 for further
details),* 22 but controls could later become a case, thus ensur-
ing that the ORs are unbiased estimates of the incidence rate
ratio.”! Two controls were selected for each case. The reason for
choosing a nested case-control design was that these case-
control studies are computationally more effective than cohort
studies, while producing the same estimates as a cohort study
with little loss in precision.”*

In addition, we selected a subgroup of individuals with
COPD who were 40-80 years of age, had FEV,;<80%, previous
exacerbations (within 10 years), and without cardiovascular
comorbidity. This was done to mimic the patients enrolled in a
recent randomised controlled trial (RCT).'* Among these indivi-
duals, we identified 89 cases with exacerbations, and selected

Figure 1 Study design. ‘Figure 2": Study design

Conditional logistic regression analysis

in case-control study of statin use and Measured and unmeasured
associated odds of exacerbations. potential confounders

"Figure 3': Logistic regression analysis (see Online Supplementary e-figure 4)
of statin use and associated odds of

having a high C reactive protein (CRP)

level (>3 mglL). ‘Figure 4': Cox Statin use and e)facerbatior?s in. COPD
regression analysis of high CRP and (case-control design shown in Figure 2)
associated risk of exacerbations. )
‘Figure 5': Estimated percentage of STATIN USE EXACERBATION

excess risk of the association of statin
use with exacerbations possibly
mediated through CRP, percentage of
excess risk mediated (PERM) (CRP).

Statin use and CRP
in COPD (logistic regression
analysis shown in Figure 3)

CRP and risk of exacerbations
in COPD (Cox regression
analysis shown in Figure 4)

CRP

Estimated Percentage of Excess Risk Mediated (PERM)
possibly through CRP:
(shown in Figure 5)
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168 controls as described above, except that the subgroup selec-
tion criteria only allowed matching on age, gender and
smoking.

Statin use and CRP

We assessed the association between statin use and CRP (see
figure 1) by examining the relationship between statin use in the
3 months before the measurement of CRP at the examination,

and as main outcome a categorised CRP (low <3 mg/L
<high).'®

CRP and exacerbations

We analysed the association between a high CRP at the examin-
ation and the risk of exacerbations within 3 years of follow-up
(see figure 1), by analysing the time to first exacerbation.

Percentage of excess risk mediated

We also estimated the percentage of excess risk of the associ-
ation of statin use with exacerbations in COPD possibly
mediated through CRE percentage of excess risk mediated
(PERM) (CRP).>®

Statistical analyses

Demographics

The statistical software package R (V3.0.1) was used.””
Characteristics of individuals with COPD who were statin users
versus those who did not use statins were evaluated using x*
tests or ANOVA for categorical or continuous variables as
appropriate.*®

Statin use and exacerbations

We performed a conditional logistic regression analysis
(R-package="‘survival’), to assess the association between statin
use in the 3 months before an exacerbation and odds of exacerba-
tions, in the case-control design.'> To assess a possible
dose-response relationship, we also included dose of statins (low
dose <50% of defined daily dosages <high dose).'* *° We then
adjusted the conditional logistic regression analysis for the level
of CRP (high/low).'® Furthermore, we applied a multivariable
conditional logistic regression analyses where we included as con-
founders the use of all maintenance pulmonary medications,
health behaviour (regular use of vitamin pills and regular visits to
the general practitioner), dose of all maintenance pulmonary
medications (high/low) and CRP level (high/low). See online sup-
plementary e-table 1 for a detailed description of all variables.

In sensitivity analyses, we also adjusted our estimates for
FEV,. This was done to see if inclusion of exact pulmonary
function, in addition to matching on the rather broad GOLD
grades, would affect the size of our estimates. Furthermore, we
tested if socioeconomic status assessed by education or house-
hold income,* alcohol consumption categories (daily/weekly or
monthly/none)*® and frailty assessed by reporting the feeling of
not having accomplished very much recently or reporting a
feeling of giving up, were associated with exacerbations or
affected our estimates.>!

Individuals with missing values on confounders in multivari-
able models were not included in the analysis, explaining why
the numbers reported in the multivariable models differ slightly.
We had complete register follow-up data on all individuals. The
average time until first exacerbation was 452 days.

In the subgroup analysis among those with the most severe
COPD and without cardiovascular comorbidity, we performed
the same analyses as described in our main analysis above.

Chronic obstructive pulmonary disease

Statin use and CRP
The association between statin use during the 3 months prior to
measurement of CRP at the examination, and high or low CRP
was analysed in a logistic regression analysis.'® We adjusted our
analyses for the matching variables included in the case-control
design described above: age, gender, GOLD grade, smoking and
comorbidity. We then included the confounders of use of all
maintenance pulmonary medications, health behaviour and
doses of all maintenance pulmonary medications (see online
supplementary e-table 1 for details). In a sensitivity analysis, we
included FEV as a possible confounder.

Using the multivariable logistic regression model,*® we calcu-
lated the average predicted probability of having a high CRP in
the group using statins and in the group not using statins.

CRP and exacerbations

We analysed time to first exacerbation using Cox regression ana-
lysis. Censoring was death, emigration or end of follow-up.
First, we adjusted our analyses for age, gender, GOLD grade,
smoking and comorbidity. In a sensitivity analysis, we included
an additional CRP cut point of 1 mg/L in the analysis (see
online supplementary e-table 1 for details). Then we included
the confounders of use of all maintenance pulmonary medica-
tions, health behaviour, dose of all maintenance pulmonary
medications, and in a sensitivity analysis FEV;.

Using the multivariable Cox regression model,”® we calculated
the average predicted probability of exacerbations in the group
with high CRP and in the group with low CRP

Furthermore, in a sensitivity analysis to see if high CRP is a
stable predictor of exacerbations over time, we also started
follow-up from 6 months after the measurement of CRE and
followed our participants for a maximum of 3 years.

Percentage of excess risk mediated

We estimated the percentage of excess risk of the association of
statin use with exacerbations in COPD possibly mediated by
CRR PERM(CRP),* as,

PERM(CRP) =

RR(confounder adjusted) — RR (confounder and CRP adjusted)

RR(confounder adjusted) — 1

Cls were estimated by bootstrap resampling (10 000 samples).>?
As a sensitivity analysis we estimated PERM(CRP) by including
CRP as a continuous variable instead of a categorical variable

(high/low).

RESULTS

Demographics

Among 5794 individuals with COPD, we identified 700
(12.1%) individuals who were statin users in the 3 months
before the examination date in the Copenhagen General
Population Study. Statin users were older than non-users (71 vs
66 years, p<0.001), were more likely to be male (53% vs 47%,
p<0.001) and they were less likely to be current smokers (31%
vs 40%, p<0.001). As expected, statin users were more likely to
have cardiovascular comorbidities than non-users (63% vs 18%,
p<0.001) and they were more likely to have visited their
general practitioner regularly (more than three times in the pre-
vious year, 55% vs 29%, p<0.001). Statin users did not differ
from non-users with respect to FEV; or use of maintenance pul-
monary medications; further details are shown in the left part
of online supplementary e-table 3.
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During the 3 year follow-up we identified 530 cases with
exacerbations, and selected 1016 corresponding controls. There
were no statistically significant differences between cases and
controls for any of the matching variables (all p values >0.10,
x> tests). Among 1546 individuals with COPD in the case-
control study, we identified 320 (20.7%) who were statin users
during the 3 months before the index date. The right part of
online supplementary e-table 3 shows characteristics of those
individuals with statin use versus those not using statins in the
case-control study.

Statin use and exacerbations

Statin use in the 3 months before the index date was associated
with reduced odds of exacerbations in crude conditional logistic
regression analysis, OR=0.68 (95% CI 0.51 to 0.91, p=0.01),
as well as in multivariable conditional logistic regression ana-
lysis, OR=0.67 (0.48 to 0.92, p=0.01) compared with no use
of statins. Estimates were generally robust towards possible con-
founder adjustments, as shown in the left part of figure 2.

In sensitivity analyses, only FEV; and education contributed
significantly. When including FEV; in the multivariable model
the association of statin use with exacerbations remained similar,
as shown in figure 2, and this also applied when including edu-
cation (OR=0.68 (0.5 to 1.0), p=0.049, for the association
between statin use and exacerbations).

The online supplementary e-figure 2 shows a forest plot of
possible confounding variables included in multivariable condi-
tional logistic regression analysis and their corresponding odds
of exacerbations.

In the subgroup analysis among 257 individuals (89 cases and
168 controls) with the most severe COPD and without cardio-
vascular comorbidity, we observed a null association between
statin use and exacerbations, OR=1.3 (0.7 to 2.4, p=0.46) in
crude conditional logistic regression analysis, and OR=1.1 (0.5
to 2.1, p=0.83) in multivariable conditional logistic regression
analysis, as shown in the right part of figure 2.

Statin use and CRP

As shown in figure 3, statin use in the 3 months before measure-
ment of CRP at the examination reduced the odds of having a
high CRP (>3 mg/L), OR=0.69 (0.56 to 0.85, p<0.001), in
multivariable logistic regression analysis. The average predicted
probability of having a high CRP in the group using statins was
23% compared with 30% in the group not using statins
(figure 3). The online supplementary e-figure 3 shows a forest
plot of possible confounding variables included in multivariable
logistic regression analysis and the corresponding odds of
having a high CRP

CRP and exacerbations

Multivariable Cox regression analysis showed that having a high
CRP in COPD was associated with an increased risk of exacer-
bations during follow-up, HR=1.62 (1.35 to 1.94, p<0.001),
as shown in figure 4. The average predicted probability of
having exacerbations during follow-up was 13% in the group
with high CRP compared with 8% in the group with low CRP
(figure 4).

MOST SEVERE COPD
No. of No. of MAIN ANALYSIS No. of No. of WITHOUT CARDIOVASCULAR COMORBIDITY
STATIN EXPOSURE Observations Exacerbations OR (95% ClI) Forest plot Observations Exacerbations OR (95% CI) Forest plot
CRUDE ANALYSIS: matched model
No use of statins (reference) 1226 440 . 213 72 1.00 [ ]
Statin use 320 90 0.68 (0.51-0.91)** —e— 44 17 1.28 (0.67-2.44) —
Low dose of statins 43 1 0.61(0.30-1.25) L A E— 12 4 1.03 (0.29-3.62) [ A —
High dose of statins 277 79 0.69 (0.51-0.94)* —— 32 13 1.37 (0.66-2.85) L S
Statin use (adjusted for CRP) 320 920 0.73 (0.54-0.98)* —— 44 17 1.35 (0.70-2.60) —
MULTIVARIABLE MODEL: also adjusted for
use of all mai y icati
No use of statins (reference) 1226 440 . 213 72 K [ ]
Statin use 320 90 0.71(0.53-0.96)* —— 44 17 1.26 (0.65-2.43) —r
MULTIVARIABLE MODEL: also adjusted for,
use of all mai I y dicati
and health behaviour
No use of statins (reference) 1153 419 1.00 200 70 1.00 L]
Statin use 294 0.67 (0.48-0.92)* —— 42 16 1.08 (0.54-2.13) ——
MULTIVARIABLE MODEL: also adjusted for
dose of all mai y icati
and health behaviour
No use of statins (reference) 1153 419 . 200 70 1.00 L]
Statin use 294 84 0.67 (0.48-0.92)* —— 42 16 1.09 (0.54-2.20) ——
MULTIVARIABLE MODEL: also adjusted for use
of all mail y icati
health behaviour, and CRP
No use of statins (reference) 1150 418 1.00 200 70 1.00 L]
Statin use 294 0.71(0.51-0.99)* —— 42 16 1.12 (0.56-2.22) —T—
SENSITIVITY ANALYSIS: also adjusted for
use of all mai icati
health behaviour, and FEV1
(in addition to matching on GOLD stage)
No use of statins (reference) 1153 419 1.00 200 70 1.00 [ ]
Statin use 294 0.68 (0.49-0.94)* —— 42 16 1.17 (0.58-2.39) T
| I E— — — | B — —
0.25 0.50 0.75 1.00 1.25 00 05 10 15 20 25
Odds Ratio Odds Ratio

Figure 2 Statin use and exacerbations. Results of the crude and multivariable conditional logistic regression analyses. Left part: Main analysis.
Case-control study among 1546 individuals with COPD from the general population. From left to right: number of individuals in study (‘No. of
Observations’), number of individuals with exacerbations ('No. of Exacerbations’), OR of exacerbation with 95% Cls, and a corresponding forest plot.
Significance codes: “**' for p<0.01; **' for p<0.05. Ninety-nine individuals did not have data on health behaviour, and an additional three
individuals did not have data on C reactive protein (CRP), explaining why the number of observations differ between the multivariable models.
CRUDE ANALYSIS: matched on age, gender, smoking, COPD severity (Global Initiative for Chronic Obstructive Lung Disease, GOLD grade), and
cardiovascular comorbitidy. Right part: Most severe COPD without cardiovascular comorbidity. Subgroup analysis among 257 individuals with the
most severe COPD and without cardiovascular comorbidity. From left to right: number of individuals in study (‘No. of Observations'), number of
individuals with exacerbations ('No. of Exacerbations’), OR of exacerbation with 95% Cls, and a corresponding forest plot. Fifteen individuals did not
have data on health behaviour explaining why the number of observations differ between the multivariable models. CRUDE ANALYSIS for this

subgroup: matched on age, gender and smoking.
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No. of

STATIN EXPOSURE Observations

MULTIVARIABLE MODEL: adjusted for
age, gender, GOLD stage, smoking, and comorbidity

No use of statins (reference) 4910
Statin use 681
Low dose of statins 85
High dose of statins 596

MULTIVARIABLE MODEL: adjusted for

age, gender, GOLD stage, smoking, comorbidity, and

use of all maintenance pulmonary medications,
No use of statins (reference) 4910
Statin use 681

MULTIVARIABLE MODEL: adjusted for

age, gender, GOLD stage, smoking, comorbidity,

use of all maintenance pulmonary medications,

and health behaviour
No use of statins (reference) 4668
Statin use 629

MULTIVARIABLE MODEL: adjusted for

age, gender, GOLD stage, smoking, comorbidity,

dose of all maintenance pulmonary medications,

and health behaviour
No use of statins (reference) 4668
Statin use 629

MULTIVARIABLE MODEL: adjusted for

age, gender, smoking, comorbidity,

use of all maintenance pulmonary medications,

health behaviour, and FEV1
No use of statins (reference) 4668
Statin use 629

Chronic obstructive pulmonary disease

ASSOCIATED ODDS OF HIGH CRP

No. with PROBABILITY
highCRP  OR (95% Cl) Forest plot OF HIGH CRP
1417 1.00 ] 29.7

186 0.71 (0.58-0.86)*** o 23.3
27 0.78 (0.57-1.06) —e—H
159 0.70 (0.57-0.86)*** —o—i
1417 1.00 [ ]
186 0.71 (0.58-0.86)*** —o— 23.3
1338 1.00 ] m
175 0.69 (0.56-0.85)*** —o—i
1338 1.00 ° m
175 0.69 (0.56-0.85)*** o
1338 1.00 ] 28.7
175 0.69 (0.56-0.85)*** o 22.9
r T T 1 r T T T 1

025 075 125 0 10 20 30 40
Odds Ratio %

Figure 3 Statin use and C reactive protein (CRP). Results of the multivariable logistic regression analysis. From left to right: number of individuals
in study (‘No. of Observations'), number of individuals with high CRP ('No. with high CRP’), OR of high CRP with 95% Cls, a corresponding forest

plot, and a bar plot showing the average predicted probability of having a high CRP. Significance codes: “***' for p<0.001. Individuals with missing
values on confounders in multivariable models were not included in the analyses, explaining why the numbers reported in the multivariable models

differ slightly.

In a sensitivity analysis, we analysed the risk of exacerbations
starting follow-up from 6 months after CRP measurement. In
this analysis, a high CRP remained associated with exacerba-
tions, HR=1.67 (1.41 to 2.02, p<0.001) (data not shown).

Percentage of excess risk mediated

We estimated from bootstrapped resampled PERM (CRP)’s that
approximately 14% (4-51%) of the association of statin use
with exacerbations in COPD may be mediated through a reduc-
tion of CRP; importantly, causal inference cannot be drawn
from this analysis. This is shown in figure 5, which also shows a
summary of our results.

DISCUSSION
Statin use was associated with reduced odds of exacerbations in
individuals with COPD from the general population, although
this was not apparent in those with the most severe COPD and
without cardiovascular comorbidity. Statins may thus only asso-
ciate with reduced risk of exacerbations in patients with COPD
with coexisting cardiovascular disease. Importantly, causal infer-
ence cannot be drawn from our observational analyses.
Mechanistically, studies have shown that statins have several
effects besides a lowering of plasma cholesterol, including anti-
inflammartory effects.® ° Furthermore, there is evidence of sys-
temic inflammation in a proportion of individuals with
COPD.? *3 Our study indicates that, if present, part of a poten-
tial beneficial effect of statin use on exacerbations may by
explained by reduction of systemic inflammation, marked as
reduction of CRP in individuals with COPD and cardiovascular
comorbidity.'®

Studies using pharmaceutical databases have previously indi-
cated that statin use is associated with reduced odds of exacerba-
tions in COPD.>* 3 The most recent and well-quoted study
showed that a current statin use could be associated with 40%
reduced odds of exacerbations.'? Our study finds similar asso-
ciations in a setting where we were able to include several pos-
sible confounders such as the level of CRPR As expected, we
observed that statin use in individuals with COPD is strongly
associated with lower values of CRE as shown previously in
individuals without COPD." !

The question is then, how the results of our study should be
interpreted in the light of the recent large well-conducted and
convincingly negative RCT of simvastatin on risk of COPD
exacerbations.'® In contrast to our study, the randomised study
excluded all patients with cardiovascular comorbidity. There is
substantial evidence of the burden of cardiovascular comorbid-
ity in COPD,*® and studies have also shown that cardiovascular
comorbidity may be linked to increased systemic inflammation
in COPD.® *7 In our study, cardiovascular comorbidity was
present in a large proportion of individuals with COPD.
Inflammation caused by presence of cardiovascular comorbidity
in COPD could act synergistically with pulmonary inflamma-
tion, and thereby explain our findings. Indeed, our subgroup
analysis in individuals without cardiovascular comorbidity as
well as the findings from the recent RCT suggest that statins
have no effect on COPD exacerbations in patients with the most
severe COPD and without cardiovascular comorbidity, which
we believe supports our hypothesis.

If a potential beneficial effect of statins on exacerbations
would only apply among individuals with cardiovascular
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Chronic obstructive pulmonary disease

No. of
CRP EXPOSURE

MULTIVARIABLE MODEL: adjusted for statin use,
age, gender, GOLD stage, smoking, and comorbidity

Low CRP (reference) 3988
High CRP 1603
Very low CRP (reference) 792
Intermediate CRP 3196
High CRP 1603

MULTIVARIABLE MODEL: adjusted for statin use,

age, gender, GOLD stage, smoking, comorbidity, and

use of all maintenance pulmonary medications
Low CRP (reference) 3988
High CRP 1603

MULTIVARIABLE MODEL: adjusted for statin use,

age, gender, GOLD stage, smoking, comorbidity,

use of all maintenance pulmonary medications,

and health behaviour
Low CRP (reference) 3784
High CRP 1513

MULTIVARIABLE MODEL: adjusted for statin use

age, gender, GOLD stage, smoking, comorbidity,

dose of all maintenance pulmonary medications,

and health behaviour
Low CRP (reference) 3784
High CRP 1513

MULTIVARIABLE MODEL: adjusted for statin use

age, gender, smoking, comorbidity,

use of all maintenance pulmonary medications,

health behaviour, and FEV1
Low CRP (reference) 3784
High CRP 1513

No. of
Observations Exacerbations

279
250

48
231
250

279
250

266
236

266
236

266
236

RISK OF EXACERBATION PROBABILITY

HR (95% Cl) Forest plot OF EXACERBATION
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Figure 4 C reactive protein (CRP) and exacerbations. Results of the multivariable Cox regression analysis. From left to right: number of individuals
in study (‘No. of Observations'), number of individuals with exacerbations ('No. of Exacerbations’), risk of exacerbations (HR) with 95% Cls, a
corresponding forest plot, and a bar plot showing the average predicted probability of exacerbations during follow-up. Significance codes: "***" for
p<0.001. Individuals with missing values on confounders in multivariable models were not included in the analyses, explaining why the numbers

reported in the multivariable models differ slightly.

comorbidity, this would question the suggestion for giving
statins to any patients with COPD. It could namely be argued
that most individuals with cardiovascular disease should already
be treated with statins, and therefore automatically would
receive such treatment. However, this is not always the case and
our study suggests that in patients with COPD with cardiovascu-
lar comorbidity focus on statin treatment possibly is important,
despite the recent negative randomised trial in patients with
COPD without cardiovascular comorbidity.'* Furthermore, our
observations could also relate to a possible phenotypical vari-
ability such as ‘systemic COPD’,'® 3% and questions whether
statins could be preventing dyspnoea in primary pulmonary
events, or dyspnoea in cardiac events in those with cardiovascu-
lar comorbidity.*

Clinicians are increasingly faced with the task of weighing up
evidence from RCTs against findings from pharmacoepidemiol-
ogy. RCTs are the most prominent way to assess treatment
effects, but the results of a single study should be interpreted
cautiously.®® Fortunately, RCTs and observational studies mostly
come to the same conclusions, and observational studies can be
used synergistically to test the external validity and formulate
hypotheses.** However, when the results of a single RCT and
observational studies do not concur, it is important to consider
possible reasons for the discrepancy.*”

Observational studies may be limited by selection bias caused
by unmeasured confounders (see figure 1 and see online supple-
mentary e-figure 4) that could cause unmeasured differences
between two treatment groups. On the other hand, observa-
tional data can be very important for estimating effects in
patients who are frequently excluded from clinical trials, such as

those with comorbidities. When observational studies restricted
to a subgroup with the same set of exclusion and/or inclusion
criteria as a RCT show similar results, the results from all indivi-
duals in the observational study could still be important.
A rationale for performing observational analyses is the ability
to provide estimates of drug effectiveness in patients more like
those observed in clinical practice than those enrolled in clinical
trials, since this can allow suggestions of precisely which patients
may benefit from treatment.*°

A possible limitation to our study is that severity of COPD
was defined by prebronchodilator spirometry. Therefore,
although we excluded all individuals with self-reported
asthma, we cannot exclude the possibility that some indivi-
duals with asthma may have been included in the analyses. A
possible bias in our study is a health behaviour bias; that is,
that a person who regularly uses any kind of medication, or is
regularly provided with healthcare, has certain lifestyle
characteristics that may reduce the risk of exacerbations. To
minimise such potential bias, multivariable analyses where
adjusted for health behaviour and these adjustments did not
change our estimates. However, individuals with, for example,
previous exacerbations could be more likely to be started on
statins, thereby leading to confounding by indication, which
an adjustment for a healthy user effect might not have cap-
tured fully. Nevertheless, the subgroup analysis among indivi-
duals with the most severe COPD with previous exacerbations
showed a null association between statin use and exacerba-
tions, and therefore we believe that confounding by indication
is unlikely to explain our main findings. Although we had
complete data on follow-up for all individuals, another
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Figure 5 Summary of all results.
Statin use and associated odds of
exacerbations (shown in figure 2).
Statin use and associated odds of
having a high C reactive protein (CRP)
level (>3 mg/L) (shown in figure 3).
High CRP and associated risk of
exacerbations (shown in figure 4).
Estimates of the percentage of excess
risk of the association of statins use
with exacerbations possibly mediated
through reduction of CRP, percentage
of excess risk mediated (PERM) (CRP),
with 95% Cls.

possible bias is missing baseline data, that could lead to selec-
tion bias. However, the percentages of missing values were
low, and we consider selection bias as a result of this unlikely.
Furthermore, as another possible limitation, even though we
had information on all dispensing, that is, all physically
retrieved medication at the pharmacy, this does not guarantee
that the individuals actually took all of the medication.

Among the strengths of our study is the data collection at one
site only with detailed information on all individuals, including
pulmonary function tests, and complete follow-up with regard
to exacerbations in all-inclusive nationwide registers.”
Furthermore, in our analysis, we were also able to adjust for use
and dose of all maintenance pulmonary medications, that are
expected to affect the risk of exacerbations,*' ** and our results
where robust towards these adjustments. Further strengths of
this study include the nested case-control design with a fixed
lookback period, avoiding immortal time bias which can cause
strong overestimation of treatment efficacy.

In conclusion, statin use was associated with reduced odds of
exacerbations in individuals with COPD from the general popula-
tion, although this was not apparent in those with the most severe
COPD and without cardiovascular comorbidity. Statins may thus
only associate with reduced risk of exacerbations in patients with
COPD with coexisting cardiovascular disease. Importantly, causal
inference cannot be drawn from these observational data.
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e-Table 1. Shows details of variables from the Copenhagen General Population Study (2003-2008). These variables
were included either as matching variables in the case-control design, and/or as possible confounders in multivariable

analyses.

MATCHING VARIABLES

OTHER POSSIBLE CONFOUNDERS

AGE: in years * 5 years.
GENDER: man or woman.

PULMONARY FUNCTION TESTS: according to the
Global initiative for Obstructive Lung Disease (GOLD)
grade of airflow limitation:

1. GOLD 1: forced expiratory volume in one
second (FEV1) > 80 percent of predicted (%
predicted) based on internal reference
equations from asymptomatic never
smokers.

2. GOLD 2: 50% predicted < FEV; < 80 %
predicted.

3. GOLD 3+4: FEV;< 50 % predicted.

SMOKING: reported never, former or current smoker
at the examination.

CARDIOVASCULAR COMORBIDITY: yes/no
variable. Defined by at least one of 4 criteria:

1.  Ischaemic heart disease: a discharge diagnosis of
ischaemic heart disease:
a) ICD-8:410-414
b) ICS-10: 120-125
2. Diabetes mellitus: a discharge diagnosis of
diabetes mellitus:
a) ICD-8: 249-250
b) ICD-10: E10-E11 or E13-E14.
3.  Cerebrovascular disease: reported
cerebrovascular disease.
4.  Regular use of diuretics: reported daily or almost
daily use of diuretics.

CRP:

1.  High: CRP >3 mg/L

2. Low: CRP<3 mg/L

3. Intermediate: 1 mg/l [ CRP <3 mg/L
4.  Very low: CRP <1 mg/L

STATIN USE: at least one physically retrieved dispensing of
statins in the three months before the exacerbation date=index
date in the case-control design, or in three months before
measurement of CRP.

DOSE OF STATINS: calculated in the three months described
above and divided into low or high dose by a cut-point of 50%
of defined daily dosages.

USE OF ALL MAINTENANCE PULMONARY
MEDICATIONS: Three groups:

1. Long-acting beta,-agonists

2. Long-acting anti-cholinergics

3. Fixed-dose combinations of inhaled corticosteroids with
long-acting beta,-agonists

DOSE OF ALL MAINTENANCE PULMONARY
MEDICATIONS: calculated as described for ‘DOSE OF
STATINS’, for three groups:

1. Dose of long-acting beta,-agonists

2. Dose of long-acting anti-cholinergics

3. Dose of fixed-dose combinations of inhaled corticosteroids
with long-acting beta,-agonists

HEALTH BEHAVIOUR:

1.  Regular use of vitamin pills: reported daily or almost
daily use of vitamin pills, or:

2. Regular visits to their general practitioner: reported
number of visits to their general practitioner larger
than three times per year.

SOCIOECONOMIC STATUS:

1.  Education: length of reported school education: <8
years/8-10 years/>10 years/>10 years+university.
These categories correspond to lower primary school,
higher primary school and secondary school, college,
and university in Denmark.

2. Household income: low/intermediate/high, defined
by categories of reported household income in
Danish kroner.

ALCOHOL CONSUMPTION CATEGORIES: reported alcohol
consumption categories: daily/weekly or monthly/none.
FRAILTY: reporting the feeling of not having accomplished
very much recently or reporting a feeling of giving up.




e-Table 2. Anatomic Therapeutical Chemical codes used to identify dispensed medications.

DISPENSED MEDICATIONS

ANATOMIC THERAPEUTICAL CHEMICAL CODES

Statins

C10

Long-acting beta,-agonists

RO3AC02 RO3AC03 R03CC12 RO03CC13

Long-acting anti-cholinergics

RO3BB04

Fixed-dose combinations of inhaled corticosteroids with long-
acting beta,-agonists

RO3AK06 RO3AKOQ7

Oral corticosteroids

HO02AB6 HO2AB7

Antibiotics

Jo1




e-Table 3. Characteristics of variables in the Copenhagen General Population Study.

COPD 1:2 matched case-control study
N=5,794 N=1,546
VARIABLES Statin use No statin Missing data =%61(N) Statin use No statin Missing data %6 ()
N=700 N=5,004 (COPD) N=320 N=1226 (case-control study)
CRP high (>3 mg/L) - % (No.) 27.3 (191) 28.7 (1464) 0(0) 34.4 (110) 40.0 (489) 0.2 (3)
Age — mean (SD) 70.6 (8.4) 65.6 (11.8) 0 (0) 73.1(7.5) 70.1(9.9)
Men - % (No.) 53.3 (373) 46.5 (2368) 0 (0) 58.4 (187) 45.2 (554)
FEV % of predicted — mean (SD) 79.2 (19.4) 80.3 (19.4) 0 (0) 69.5 (21.2) 69.3 (21.9)
Comorbidity” - % (No.) 62.6 (438) 18.2 (928) 0 (0) 66.2 (212) 30.2 (370)
Ischaemic heart disease - % (No.) 36.9 (258) 5.9 (301) 0 (0) 42.8 (137) 12.3 (151) Notretevant
Cerebrovascular disease - % (No.) 14.4 (100) 3.7 (188) 0.3 (19) 11.6 (37) 5.2 (63) (selection criteria)
Diabetes mellitus - % (No.) 12.1 (85) 1.3 (68) 0 (0) 11.2 (36) 3.3 (40)
Regular use of diuretics - % (No.) 27.1 (180) 11.3 (560) 2.9 (170) 37.1 (115) 19.6 (233)
Current smoking - % (No.) 31.3 (213) 39.6 (1944) 3.5 (203) 32.2 (103) 43.7 (536)
Former smoking - % (No.) 52.1 (355) 39.9 (1957) 57.8 (185) 44.7 (548)
GP visits regularly” - % (No.) 55.3 (373) 29.2 (1453) 2.6 (148) 54.9 (169) 40.2 (476) 3.6 (55)
Regular use of vitamin pills® - % (No.) 53.3 (355) 53.0 (2628) 3.0 (173) 52.0 (158) 57.8 (690) 3.2 (49)
Maintenance medications - % (No.) 5.6 (39) 5.0 (253) 0 (0) 16.9 (54) 17.4 (213) 0 (0)
Long-acting beta,-agonists - % (No.) 0.9 (6) 1.1 (54) 0 (0) 3.1(10) 2.5 (31) 0 (0)
Long-acting anti-cholinergics - % (No.) 2.0 (14) 1.9 (98) 0 (0) 7.2 (23) 7.6 (93) 0 (0)
Fixed-dose combinations - % (No.) 3.6 (25) 3.3(170) 0 (0) 10.6 (34) 11.4 (140) 0(0)

COPD = Chronic Obstructive Pulmonary Disease; CRP = C-reactive protein; FEV; = Forced Expiratory Volume in one second; GP = general practitioner. *Composite (yes/no) constructed from at least one of the
following criteria: a discharge diagnosis of ischaemic heart disease and/or diabetes mellitus, and/or reported cerebrovascular disease, and/or reported daily or almost daily use of diuretics. "Reports visiting their general
practitioner more than three times in the year before the examination. ‘Reports a daily or almost daily use of vitamin pills. “Use of long-acting beta,-agonists, and/or long-acting anti-cholinergics, and/or fixed-dose

combinations of inhaled corticosteroids with long-acting beta,-agonists in the three months before the examination, or in the three months before the index date in the case-control study.




Supplementary Figures

Suppl Figure 1: FLOW-DIAGRAM. Flow-diagram of the selection of cases and
controls among individuals with COPD in the Copenhagen General Population

Study.

The Copenhagen General Population Study

An ongoing study initiated in 2003, aiming to recruit more than 100,000 participants.

|

N=55,731
enrolled until 2008

l

N=5,812
COPD

(airflow limitation (forced expiratory volume in one second divided by forced vital capacity,
FEV,/FVC<0.70), age > 40 years, and no self-reported asthma)

l

N=1,546

N=530
Cases

examination)

(individuals with at least one
exacerbation during three
years of follow-up from the

individuals
with COPD in
< 1:2 matched
case-control study

N=1,016
Controls
(matched on age, gender,
GOLD stage, smoking
status, and comorbidity,
using risk set sampling)

Suppl Figure 2: STATINS AND EXACERBATIONS. Variables included as possible
confounders in the multivariable conditional logistic regression analysis

in the case—control study,

and their associated odds of exacerbations.

Abbreviations: GP=general practitioner; ICS/LABA= fixed-dose combinations
of inhaled corticosteroids with long—acting betas—agonists; LABA=long-
acting betaz—agonists; LAMA=long—acting anti—cholinergics.




VARIABLES

Statin use and risk of exacerbation

ICEALABA use in 3 months before exacerhation 1

LAMA use in 3 maonths before exacerbation

GP visits regularly 7

LABA use in 3 maonths before exacerbation

Yitamin use regularly -

Statin use (3 manths before exacerbation) 7

*

075 1 2 3
Qdds Ratio for exacerbation

Suppl Figure 3: STATINS AND CRP. Variables included as possible confounders

in the multivariable logistic regression analysis,

and their associated

odds of having a high CRP. Abbreviations: GOLD=Global initiative of
Obstructive Lung Disease; GP=general practitioner; ICS/LABA= fixeddose
combinations of inhaled corticosteroids with long—acting beta2—agonists;

LABA=long-acting betaz—agonists; LAMA=long—acting anti-cholinergics.




Statin use and High CRP
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VARIABLES

LABA use (previous 3 months)5 E‘ !
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ICS/LABA use (previous 3 months) - . +
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Suppl Figure 4: POTENTTAL CONFOUNDERS. Potential measured and unmeasured
confounders that could affect the association between statin use and
exacerbation.



Measured potential confounders

¢ Age

* Gender

¢ Pulmonary function
*+ Smoking

+ Comorbidity (cardiovascular)

*  Pulmonary medications

’ * Health behaviour (visits to the general practitioner (GP) and regular use of
vitamins) ‘

* CRP (C-reactive protein)

* Socio-economic status (school education and household income)

*  Frailty: markers of psychological distress

* Alcohol consumption categories

+  Exacerbations: admissions and treatment with systemic corticosteroids

Unmeasured potential confounders

¢ Lipid levels

* Medications (others than statins and pulmonary)
+ Comorbidity (non cardiovascular)

* Markers of systemic inflammation (not CRP)

*  Health behaviour: (not GP visits and vitamin use)
* Frailty: not markers of psychological distress

+ Qthers

STATIN USE EXACERBATION
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