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Abstract

Background: Patients living with chronic obstructive pulmonary disease (COPD) are at an increased risk of lung
cancer. A common comorbidity of COPD is cardiovascular disease; as such, COPD patients often receive statins. This
study sought to understand the association between statin exposure and lung cancer risk in a population-based
cohort of COPD patients.

Methods: We identified a population-based cohort of COPD patients based on having filled at least three
prescriptions for an anticholinergic or short-acting beta-agonist (SABA). We used an array of methods of defining
medication exposure including three conventional methods (ever statin exposure, cumulative duration of use, and
cumulative dose) and two novel methods (recency-weighted cumulative duration of use and recency-weighted
cumulative dose). To assess residual confounding, a negative control exposure was used to test the validity of our
results. All exposure variables were time-dependent.

Results: The population-based cohort of COPD had 39,879 patients with mean age of 70.6 (SD: 11.2) years and, of
which, 53.5% were female. There were 12,469 patients who received at least one statin prescription. Results from
the reference case multivariable analysis indicated a reduced risk from statin exposure (HR: 0.85 (95% CI: 0.73–1.00)
in COPD patients, but this result not statistically significant. Using the two recency-weighted modelling approaches,
statin exposure was associated with a statistically significant reduction in lung cancer risk (recency-weighted
cumulative dose, HR: 0.85 (95% CI: 0.77–0.93) and recency-weighted cumulative duration of use, HR: 0.97 (95% CI:
0.96–0.99). Multivariable analysis incorporating the negative control exposure was not statistically significant (HR:
0.89 (95% CI: 0.75–1.10).

Conclusions: The results of this population-based analysis indicate that statin use in COPD patients may reduce the
risk of lung cancer. While the effect was not statistically significantly across all exposure definitions, the overall
results support the hypothesis that COPD patients might benefit from statin therapy.
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Introduction
Chronic obstructive pulmonary disease (COPD) is asso-
ciated with considerable morbidity and mortality [1].
The disease is characterized by lung and systemic in-
flammation and is typically associated with several co-
morbidities [2, 3], including cardiovascular disease
(CVD) [4]. HMG-CoA reductase inhibitors (statins)
which are indicated for treatment of patients with estab-
lished CVD [5], or at risk for CVD [6], are commonly
used by COPD patients.
Evidence suggests that COPD patients are also at in-

creased risk of lung cancer [7–10]. Multiple factors may
increase COPD patients’ lung cancer risk, one of which
is that COPD patients typically have a history of smok-
ing [11]. However, it would appear that in a subset of
patients, the increased risk of lung cancer extends be-
yond what can be attributed to their smoking status or
history. In these patients, the additional risk of lung can-
cer may be due to increased lung and/or systemic in-
flammation that can increase their risk of cancer.
Patients with concomitant CVD and COPD exhibit even
higher levels of inflammation than COPD patients with-
out CVD [12] and, as such, are likely at an even greater
risk of lung cancer.
Statins have the potential to improve outcomes in

COPD patients beyond their salutary effects on the car-
diovascular system [13]. The objective of this analysis
was to evaluate the association between statin use and
the risk of lung cancer in a population-based cohort of
COPD patients.

Materials and methods
This study used population-based, linked, administrative
data for the province of British Columbia (BC), Canada.
These databases were: the Medical Services Plan (MSP)
data file (physician billings within the universal health
system) [14], the Discharge Abstract Database (DAD)
(includes all hospital separations) [15], the PharmaNet
datafile (contains all prescriptions dispensed in the prov-
ince) [16], and the BC Cancer Registry file (details
below) [17].
Classification as a COPD patient was based on having

filled at least three prescriptions for an inhaled anticholin-
ergic medication or a short-acting beta-agonist (SABA) in
a one-year rolling time window, based on the PharmaNet
datafile. Patients were required to be 50 years of age or
greater. A subject’s index date was the date of the first of
these prescriptions with follow-up period ending at the
earliest of lung cancer diagnosis, death, or end of the
study period. Details of the cohort are available in Table 1.

Exposure measurement
Statin users were initially identified according to Ameri-
can Hospital Formulary Service (AHFS) codes [18].

While there were several different statins prescribed to
the cohort of COPD patients, a class effect was assumed
[19]. The period of exposure assessment started from
the index date until the end of follow-up (see Supple-
mentary Material). We used several different analytic ap-
proaches for defining medication exposure. Exposure
status for all methods was time-depdendent; allowing for
a patient’s exposure status to vary over the follow-up
period can result in more statistical power to detect

Table 1 Demographics of the cohort of COPD patients (n =
39,879)

Patient Characteristic Value

Age 70.6 (SD: 11.2)

Age Distribution

50 < 60 8356 (21.0%)

60 < 70 10,212 (25.7%)

70 < 80 12,436 (31.2%)

≥ 80 8785 (22.1%)

Female 21,273 (53.5%)

Income Quintile

1 9701 (25.6%)

2 7864 (20.8%)

3 6854 (18.1%)

4 6381 (16.8%)

5 5696 (15.0%)

Health Authority

Interior 8569 (21.6%)

Fraser 11,354 (28.6%)

Vancouver Coastal 7740 (19.5%)

Vancouver Island 7522 (18.6%)

Northern 2465 (6.2%)

Hospitalizations 6651 (16.7%

Any Reason 6651 (16.7%

COPD-related 1084 (2.7%)

CVD-related 512 (1.3%)

Charlson Comorbidity Categorya

0 31,354 (79.0%)

1 6303 (15.9%)

2 1176 (3.0%)

≥ 3 843 (2.1%)

Combination Therapy (ICS/LABA) 6585 (16.5%)

Physician Encounters (any reason)b 11 (3–22)

Number of Prescriptions Received (any reason)b 21 (7–44)

Values represent mean (standard deviation) or number (percentage) unless
otherwise indicated
Where percentages do not add to 100% the reason is due to rounding
aCategory 0 is a Charlson Score of 0, Category 1 is (0,2], Category 2 is (2, 3],
Category 3 is > 3. This calculation excludes COPD, CVD, and cancer. bMedian
and interquartile ranges
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moderate effects, and minimizes the likelihood of biases,
such as immortal time bias [20]. This analysis used three
‘conventional’ measures (i-iii) and two recency-weighted
approaches (iv, v): (i) time-dependent statin exposure
was the reference case analysis and classified those pa-
tients who had filled a statin prescription at any given
time during the follow-up period (after the index date)
as ‘exposed’, and those who did not as ‘unexposed’. To
calculate cumulative years of use (ii) the days supplied of
each prescription was aggregated during the follow-up
period for each patient and divided by 365 to determine
the total years of statin use. The cumulative dose (iii)
was calculated using the dose of medication prescribed
multiplied by the quantity prescribed. Statin prescrip-
tions were converted to equivalent doses of atorvastatin
(the most frequently dispensed statin in the cohort) [21].
The weighted cumulative duration of use (iv) method
was employed to account for the duration of medication
use while also accounting for when, during follow-up,
the prescription was filled with respect to the outcome
[22]. To account for when during follow-up the pre-
scription was filled, a function was estimated that
weighted prescriptions filled closer to the date of the
event, or end of follow-up, greater than those that were
filled earlier in the follow-up period, while also respect-
ing the latency period (such that exposures that are
within this period are not considered). The shape of the
weighting function was based on previous literature
employing this method [22–24]. This method assumes
that while the duration of use is important, the expo-
sures occurring immediately previous to the event, again
respecting the latency period, confer a greater protective
effect than exposures that occurred earlier in the follow-
up period. Similarly, the recency-weighted cumulative
dose (v) exposure definition was used to simultaneously
account for both the cumulative dose and the time point
at which the prescription was filled [22]. The same
weighting function was employed which assigned a
greater weight to prescriptions filled more proximal to
the outcome, while respecting the latency period.

Outcome ascertainment: lung cancer diagnosis
Lung cancer cases were retrieved the BC Cancer Registry
file [17] which contains confirmed cancer diagnoses for
the entire population of British Columbia, Canada. This
database provides information on the date of diagnosis,
cancer histology, and death date. This data file also pro-
vided information on each lung cancer case to classify
lung cancers as: (i) non-small cell lung cancer (NSCLC);
(ii) small cell lung cancer (SCLC); and (iii) ‘other’.

Latency period
To attempt to appropriately classify statin exposure with
respect to the pathogenesis of lung cancer, a one-year
(365 day) latency period (or ‘lag’ period) was applied in
the primary analysis [25]. That is, any dispensed statin
prescription which was filled in the one-year period
prior to lung cancer diagnosis, death, or censoring, was
not considered as an exposure because lung cancer
pathogenesis is likely have already been initiated during
this period, and any exposure during this period was as-
sumed to not influence lung cancer development. Each
of the approaches to defining medication exposure de-
scribed below incorporated this latency period, and the
assumption of a one-year latency period was subjected
to several sensitivity analyses.

Adjustment for potential confounders
Potential confounders of the association between statin
exposure and lung cancer diagnosis were incorporated
into the multivariable model and assessed in the one-
year period preceding the latency period. Demographic
covariates included: age, sex, neighborhood income
quintiles based neighborhood of residence, and the
health authority (regional health service) where the pa-
tient resided. For each patient, the number of prescrip-
tions dispensed (excluding statins), the number of
hospital encounters, the number of inpatient hospital
stays, and the number of physician encounters were cal-
culated. Moreover, to account for comorbidities experi-
enced by the patient during the follow-up period, the

Table 2 Bivariate, and age/sex adjusted regression results (hazard ratios and 95% confidence intervals) for each exposure definition
with time to lung cancer diagnosis as the outcome

Exposure Metrics Bivariate Age and Sex Adjusted

HR 95% CI LL 95% CI UL HR 95% CI LL 95% CI UL

Time-dependent statin exposure 0.88 0.76 1.02 0.87 0.74 1.01

Cumulative Years of Use 0.97 0.91 1.02 0.96 0.91 1.02

Cumulative Dosea 0.99 0.98 1.00 0.99 0.98 1.00

Recency-Weighted Cumulative Duration of Use 0.87 0.79 0.95 0.86 0.79 0.94

Recency-Weighted Cumulative Dose 0.98 0.96 0.99 0.98 0.96 0.99

HR hazard ratio, Ref reference category, CI confidence interval, LL lower limit, UL upper limit
aMeasured as a continuous variable (grams)
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Charlson Comorbidity Index (CCI) was calculated based
on health services records, excluding COPD, CVD, and
cancer [26, 27].

Statistical analysis
A Cox regression model was used to estimate the risk of
lung cancer diagnosis based on statin exposure. To iden-
tify potential confounders to be included the multivari-
able model, a series of bivariate regression analyses were
carried out to determine candidate covariates for the

final multivariable model (see Table 2). Each covariate
was added to the multivariable model via a stepwise se-
lection comparing Akaike Information Criterion (AIC)
values, with lower AIC values indicating a better model
fit [28]. Hazard ratios and associated 95% confidence in-
tervals are reported for each of the exposure metrics as:
(a) bivariate analyses (Table 3); (b) multivariable age-
and sex- adjusted analyses (Table 3); and (c) ‘fully’ ad-
justed multivariable analyses, with time to lung cancer
diagnosis as the outcome (Table 4). Based on our

Table 3 Bivariate regression model results, with time to lung cancer diagnosis as the outcome, for covariates to be considered for
inclusion in the multivariable model

Covariate Hazard Ratio 95% Confidence Interval p-value

Age 1.01 1.00 1.01 0.0011

Age Categories

< 60 Ref Ref Ref Ref

[60, 70) 2.02 1.67 2.43 <.0001

[70, 80) 2.33 1.95 2.80 <.0001

≥ 80 1.29 1.03 1.61 0.241

Sex (Male) 1.39 1.24 1.56 <.0001

Health Authority

Interior 1.29 0.98 1.71 0.0744

Fraser 1.23 0.93 1.62 0.1485

Vancouver Coastal 1.04 0.78 1.40 0.7687

Vancouver Island 1.46 1.10 1.94 0.0084

Northern Ref Ref Ref Ref

Income Quintile

5 Ref Ref Ref Ref

4 1.27 1.03 1.57 0.0246

3 1.14 0.92 1.41 0.2152

2 1.23 1.00 1.50 0.0491

1 1.24 1.02 1.51 0.0305

Total Number of Prescriptions 1.00 0.99 1.00 <.0001

Charlson Comorbidity Score (Continuous) 1.06 0.97 1.16 0.1853

Charlson Comorbidity Score (Categorical)

0 Ref Ref Ref Ref

1 1.15 0.98 1.36 0.0931

2 0.94 0.62 1.40 0.7459

≥ 3 0.90 0.55 1.48 0.6814

Inpatient Stay 3.57 3.16 4.03 <.0001

Number of hospitalizations 1.66 1.64 1.68 <.0001

COPD-related hospitalization 2.56 2.00 3.27 <.0001

CVD-related hospitalization 1.04 0.58 1.88 0.8958

Combination Therapy (ICS/LABA) 1.27 1.11 1.47 0.007

Number of physician encounters 1.02 1.02 1.02 <.0001

Oral glucocorticoid use 1.09 0.91 1.30 0.3399

HR hazard ratio, AIC Akaike Information Criterion, CI confidence interval, LL lower limit, UL upper limit
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previous research [29], an interaction term for statin and
ICS use was also evaluated.

Sensitivity analyses
The primary analysis assumed a one-year latency period
for lung cancer. To test this assumption, the latency
period was: (i) reduced to zero; (ii) reduced to 6 months;
and (iii) extended to 2 years. Second, lung cancer inci-
dence is low for patients less than 65 years of age [30,
31]. Therefore, a sensitivity analysis was conducted in
which the cohort of COPD patients was restricted to 65
years and over to evaluate whether statin exposure re-
sulted in a similar effect on lung cancer risk under this
restriction. Using the same model developed for the
main multivariable analysis, the lung cancer cases were
restricted to either SCLC or NSCLC (as described
above), and the association between statin use and these
specific cancer types was evaluated and is presented in
Table 2 below.

Negative control exposure
An alternative medication class was identified for which
there was no evidence of an association between this
medication and the risk of developing cancer. This ap-
proach is similar to a placebo in a trial setting; the pla-
cebo, similar to the negative control exposure, should
have no association with the study outcome [32]. There-
fore, if an association exists between the negative control
exposure, similar to what was found in the primary ana-
lysis, it is likely that the original result was due to con-
founding and provides evidence for the absence of a true
association [32–34]. Calcium channel blockers (CCB)
were chosen as the negative control exposure based on a
review of the literature which showed no association be-
tween CCB and lung cancer risk, nor evidence support-
ing an association with cancer, generally [35–37].
Consistent with existing literature that has used negative
control exposures, time-dependent CCB exposure was
included in a bivariate Cox regression model, then in the
fully-adjusted multivariable model [33, 38].

Results
A cohort of 39,879 COPD patients was identified that
met the study inclusion criteria. The mean age of the pa-
tients on their index date was 70.6 (SD: 11.2) years,
53.5% were females, and the mean follow-up time
among patients in the COPD cohort was 5.1 years. There
were 994 cases of lung cancer identified within the
COPD cohort. Additional characteristics of the cohort of
COPD patients are presented in Table 3.

Statin use
There were 12,469 COPD patients who received at least
one prescription for a statin during the study period,
and a total of 258,458 statin prescriptions were dis-
pensed. This resulted in an average of approximately 21
prescriptions per patient with atorvastatin (> 55%) being
the most commonly prescribed.

Bivariate results
In the bivariate analyses (Table 2), statin exposure was
not significantly associated with lung cancer risk using
any of the conventional methods (time-dependent ex-
posure, cumulative years of use, cumulative dose),
though the direction of the effect was in the a priori ex-
pected direction; that is, a reduction in the risk of lung
cancer associated with statin exposure. The two recency-
weighted exposure metrics, however, both showed a re-
duction in the risk of lung cancer by 13% per year of sta-
tin use (HR for recency-weighted duration of use: 0.87
(95% CI: 0.79–0.95) and 2% per gram of statin use (HR
for recency-weighted cumulative dose: 0.98; 95% CI:
0.96–0.99).

Multivariable analysis
In multivariable analysis, the hazard ratio for statin ex-
posure was in the expected direction but was not statis-
tically significant for the conventional exposure metrics
((i)-(iii) listed above). For these exposure metrics, the
largest reduction of risk resulted from the reference case
exposure definition, where time-dependent statin expos-
ure was associated with a 15% decrease in lung cancer

Table 4 Multivariable regression results for each statin exposure metric with time to lung cancer diagnosis as the outcome variable

Exposure Metric Multivariable Regressiona

HR 95% CI LL 95%CI UL p-value AIC

Time-Dependent Statin Exposure 0.85 0.73 1.00 0.050 19,132

Cumulative Years of Use 0.95 0.90 1.01 0.118 19,133

Cumulative Doseb 0.99 0.98 1.00 0.128 19,133

Recency-Weighted Duration of Use 0.85 0.77 0.93 0.001 19,122

Recency-Weighted Cumulative Dose 0.97 0.96 0.99 0.002 19,124

HR hazard ratio, AIC Akaike Information Criterion, CI confidence interval, LL lower limit, UL upper limit
aMultivariable regression analysis was adjusted for the following covariates: age, sex, region, income quintile, inpatient hospitalization, number of physician
encounters, COPD hospitalization, the year of cohort entry, Charlson Comorbidity Score, the total number of prescriptions received, oral glucocorticoid use, and
time-dependent ICS exposure. bMeasured as a continuous variable (grams)
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risk, but was not statistically significant (HR: 0.85 (95%
CI: 0.73–1.00), at an absolute threshold for statistical sig-
nificance of alpha equal to 0.05. When comparing AIC
values, the model employing a time-dependent statin ex-
posure metric provided the best fit among these metrics.
Exposure classified based on the cumulative dose of sta-
tin received had the poorest AIC value, and the esti-
mated HR was not statistically significant for lung
cancer risk (HR: 0.99 (95% CI: 0.98–1.00)).
The two recency-weighted approaches had better

(lower) AIC values compared to the conventional time-
dependent exposure definitions, exhibiting approxi-
mately a ten-point difference. The estimated multivari-
able HR for the recency-weighted duration of use
exposure metric showed a significant reduction in lung
cancer risk from per year of statin use (HR: 0.85 (95%
CI: 0.77–0.93) and the recency-weighted cumulative
dose measure showed a 5% reduction in lung cancer risk
per gram of statin (HR: 0.97 (95% CI: 0.96–0.99)). Of all
the models incorporating time-dependent covariates in
multivariable analysis, the recency-weighted duration of
use exposure definition had the best AIC value (19122).
Full results of multivariable analysis, along with AIC
values, are presented in Table 4.
Our previous work has shown that inhaled corticoster-

oid (ICS) use is associated with a reduced risk of lung
cancer [29]; therefore, an interaction term was added to
the multivariable model to evaluate whether there is a
synergistic effect between statin and ICS use in reducing
the risk of lung cancer. However the interaction term
was not statistically significant (HR: 1.01 (95% CI: 0.72–
1.42)), therefore not lending to support to the idea of a
synergistic effect of concurrent statin and ICS use.
Addition of statin use to the multivariable model includ-
ing ICS use did not alter the significant association of
ICS, suggesting an independent protective effect.

Lung cancer histology
Of the 994 cases of lung cancer identified within the
COPD cohort, 854 were classified as non-small cell lung

cancer (NSCLC) and 117 were classified as small cell
lung cancer (SCLC). The distribution of these classifica-
tions aligned with estimates from other jurisdictions that
reported approximately 15% of lung cancer cases are
classified as SCLC [31, 39]. The estimated hazard ratios
for the association between statin use the development
of NSCLC was 0.83 (95% CI: 0.70–0.99) for time-
dependent exposure and 0.83 (95% CI: 0.75–0.92) for
the recency-weighted duration of use metric. For SCLC,
the estimated HRs for each metric of statin exposure
were not statistically significant (Table 5), however, this
result may have been due to the lower number of SCLC
cases observed (n = 117).

Sensitivity analyses
Several sensitivity analyses were performed to explore
how different specifications of the latency period might
affect the results of this study. These results are pre-
sented in Table 6. When the latency period was elimi-
nated altogether, statin use was not significantly
associated with lung cancer risk using a time-dependent
statin exposure metric. When a six-month latency
period was applied, the estimated HR for each exposure
metric was not statistically significant but, again, was in
the expected direction. When the latency period was ex-
tended to two years, the association between lung cancer
risk and statin use was statistically significant, suggesting
an almost 40% reduction in lung cancer risk from statin
use compared to non-use (HR: 0.62 (95% CI: 0.52–0.73).
For the recency-weighted duration of use exposure
metric, the results were similar under this assumption,
where the estimated multivariable HR suggested a
greater than 40% reduction in lung cancer risk conferred
from statin use (HR: 0.57 (95% CI: 0.49–0.66).
In another analysis, the cohort of COPD patients was

then restricted to those 65 years of age and over to re-
flect the fact the lung cancer typically occurs in patients
near this age. The estimated HR for time-dependent sta-
tin exposure, under the reference latency period, was
0.72 (95% CI: 0.60–0.86) showing a protective effect

Table 5 Evaluation of association between statin exposure and lung cancer histology

Multivariable Regression

HR 95% CI LL 95%CI UL p value

NSCLC

Time-Dependent Statin Exposurea 0.83 0.70 0.99 0.0349

Recency-Weighted Duration of Useb 0.83 0.75 0.92 0.0004

SCLC

Time-Dependent Statin Exposure 1.18 0.77 1.80 0.4542

Recency-Weighted Duration of Use 1.04 0.82 1.32 0.7561

HR hazard ratio, CI confidence interval, LL lower limit, UL upper limit, NSCLC non-small cell lung cancer, SCLC small cell lung cancer. a This is the reference-case for
the analysis. b The recency weighted duration of use exposure metric is presented because it was selected as the best model based on AIC values (an a
priori criterion)
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from statin use on lung cancer risk. Similarly, using the
recency-weighted duration of use exposure metric, statin
use was associated with an 22% decrease in lung cancer
risk per year of statin use (HR: 0.78 (95% CI: 0.70–0.87).
An additional analysis was conducted, using a negative

control exposure, to detect whether the results of the
primary analysis were inherently biased or confounded.
To do so, the association between time-dependent CCB
exposure and lung cancer risk was explored in a multi-
variable model. In the multivariable (without statin and
ICS exposure), and in multivariable analysis including
time-dependent ICS and statin exposure, there was no
association between the CCB exposure (the negative
control exposure) and lung cancer using any definition
of medication exposure (i.e., time-dependent CCB ex-
posure HR was 0.89 (95% CI: 0.75–1.10) and 0.92 (95%
CI: 0.77–1.11) when included in the multivariable model
with the statin and ICS exposure variables).

Discussion
This study evaluated the association between lung can-
cer risk and statin exposure in a population-based co-
hort of COPD patients using an array of metrics for
quantifying medication exposure. While statin exposure
was not statistically significantly associated with a reduc-
tion in lung cancer risk across all exposure definitions,
the overall results of this study do suggest that statin use

in COPD patients reduces the risk of lung cancer and
lends support to the hypothesis that patients with COPD
might benefit from statin therapy [13]. Beyond superior
AIC values, the advantage of the recency-weighted ap-
proach is intuitive; it implies that the duration of statin
use is important, but also when that use occurs, with re-
spect to the outcome, is also important. The results of
this analysis also suggest that statin use may reduce the
risk of lung cancer in COPD patients aged sixty-five or
greater, and that the protective effect of statins might be
greater for NSCLC.
The results of this analysis are strengthened by a

plausible biological mechanism by which statin use
might reduce lung cancer risk. Lung and systemic in-
flammation, which may result from COPD or, indeed,
may be a cause of COPD [40], is associated with in-
creased lung cancer risk. Evidence suggests that elevated
levels of markers for systemic inflammation are associ-
ated with a one to three times greater likelihood of lung
cancer, independent of smoking status. Previously con-
ducted studies have reported that statin use also appears
to be associated with reduced levels of systemic inflam-
mation. Several trials conducted which demonstrated
that statin use is associated with reduced levels of sys-
temic inflammation For example, in the JUPITER trial,
statin use was associated with a 37.4% reduction in sys-
temic inflammation after 48 months relative to placebo

Table 6 Sensitivity analyses: evaluation of different lengths of the latency period and a cohort age restriction, using time-dependent
exposure and the recency-weighted duration of exposure metrics, with time to lung cancer as the outcome

Multivariable Regression

HR 95% CI LL 95%CI UL p-value

Latency Period

None

Time-Dependent Statin Exposurea 1.00 0.87 1.16 0.9698

Recency-Weighted Duration of Useb 1.04 0.97 1.12 0.2754

6 months

Time-Dependent Statin Exposure 0.96 0.82 1.12 0.5808

Recency-Weighted Duration of Use 1.00 0.92 1.08 0.9214

1 yearc

Time-Dependent Statin Exposure 0.85 0.73 1.00 0.05

Recency-Weighted Duration of Use 0.85 0.77 0.93 0.0006

2 years

Time-Dependent Statin Exposure 0.62 0.52 0.73 < 0.0001

Recency-Weighted Duration of Use 0.57 0.49 0.66 < 0.0001

Cohort (Age≥ 65 years)

Time-Dependent Statin Exposure 0.72 0.60 0.86 0.0004

Recency-Weighted Duration of Use 0.78 0.70 0.87 < 0.0001
aThis is the reference-case for the analysis. bThe recency-weighted duration of use exposure metric is presented because it was selected as the best model based
on AIC values. cA one-year latency period was assumed in the primary analysis and is presented here for comparison purposes
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[41]. In addition to their effect on systemic inflamma-
tion, there is recently published evidence from pilot
studies that suggest statin use may actually reduce
markers for local/pulmonary inflammation [42, 43]
which has also been associated with increased lung can-
cer risk.
While studies have evaluated statin use and cancer risk

[44, 45], only a limited number of studies have specific-
ally evaluated statin use and lung cancer risk. Marelli
et al. [46] conducted an analysis using electronic medical
records of 45,857 matched pairs of adult Americans with
an average of 4.6 years of follow-up, and found no statis-
tically significant relationship between exposure to sta-
tins and risk of any cancer compared with no statin
exposure (HR: 1.04 (95% CI: 0.99–1.09)). Bonovas et al.
[47] evaluated the association between statin use and
cancer risk using seven large randomized controlled tri-
als (RCTs). The results of their study showed no signifi-
cant association between statin use and the risk of any
cancer; meta-regression analysis showed some evidence
that statin use may decrease cancer incidence in younger
patients [47]. Setoguchi et al. [48] focused on an elderly
population and found no statistically significant reduc-
tion in lung cancer incidence associated with statin use.
Conversely, a meta-analysis of case-control studies pro-
duced an overall pooled OR of 0.71 (95% CI: 0.56–0.89)
for any cancer and a non-significant result of 0.75 (95%
CI: 0.50–1.11) specifically for lung cancer development
[49]. Khurana et al. [50] focused on statin use prior to
lung cancer diagnosis in the United States and reported
a significant protective effect for statin (OR: 0.55 (95%
CI: 0.52–0.59)). The same study found that the duration
of statin use also impacted the likelihood of lung cancer
development; patients that had used a statin for greater
than six months had an OR of 0.45 (95% CI: 0.42–0.48).
The results were similar for smokers who used statins
for greater than six months with an OR of 0.47 (95% CI:
0.43–0.51) compared to patients with no statin use.
While the evidence is far from unanimous, previously

completed observational studies support the idea that
statins might reduce cancer risk [51] but only one study
previously found statistically significant reductions in
lung cancer risk, specifically associated with statin use
[50]. The results of this study, however, are not
generalizable; the analysis used data from the United
States Veterans Health Administration which was almost
exclusively male (97.9%). Evidence also suggests statins
have been shown to improve survival for those who con-
tinued statin therapy after cancer diagnosis [52]. There-
fore, this study provides an important contribution to
the evidence for statin use and lung cancer risk.
In addition to the results of this study showing a po-

tential protective effect of statin use and a reduction in
lung cancer risk, the results also suggested that statin

use reduced the risk of NSCLC, specifically. The results
for SCLC, however, were not statistically significant. The
absence of a differential effect is supported by the work
of Chaturvedi et al. [53] which found that elevated levels
of systemic inflammation were associated with lung can-
cer, generally, and there was no statistically significant
difference in the levels of systemic inflammation were el-
evated in patients that developed SCLC or NSCLC. That
is, systemic inflammation appeared to be significantly as-
sociated with both types of lung cancer. Therefore, if the
mechanism by which statins are thought to reduce the
risk of lung cancer in COPD patients is via a reduction
in systemic inflammation, and elevated levels of systemic
inflammation are associated with both SCLC and
NSCLC, the results of the analysis suggesting statins re-
duce the risk of NSCLC are consistent. While the results
of the analysis with SCLC and statin use were not static-
ally significant, this is likely due to the low number of
observed SCLC cases.
Previous studies have reported that statin use in

COPD patients is associated with a slowing in the de-
cline in lung function [54], and a reduction in the risk of
all-cause mortality [13]. This evidence suggests that sta-
tins have pleiotropic effects in COPD patients and
should be considered as a potential therapy beyond
hypercholesterolemia [55]. This evidence might also sug-
gest that identification of patients with elevated levels of
systemic inflammation might offer prognostic informa-
tion and allow for targeted statin treatment.
The study has several strengths. First, it uses

population-based administrative data for an entire Can-
adian province which significantly enhances the
generalizability of its findings compared to other existing
studies. Moreover, it was possible to link this adminis-
trative data to high-quality registry data from the British
Columbia Cancer Registry file to accurately identify the
diagnosis date and histology of lung cancer. As such, the
data used in this study provides the highest level of real-
world effectiveness evidence. Moreover, where previous
studies may have lacked adequate power to identify an
association between statin exposure and lung cancer
risk, this study did not. Second, it is the first study that
has used an extensive list of medication exposure defini-
tions to address the question of whether statins might
confer benefit, in terms of reduced lung cancer risk, in
COPD patients. Statin exposure was statistically signifi-
cant in several adjusted analyses and for all exposure
definitions when the cohort was restricted to patients
aged 65 and over, which enhances the robustness of
these results. In addition, the use of recency-weighted
approaches, which showed superior model fit to the con-
ventional exposure definitions, is also a key strength,
and may provide a useful methodological approach in
future studies evaluating cancer risk associated with
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medication use. This method of defining medication ex-
posure implies that the duration of statin use is import-
ant, but also that when the use occurs, proximal to the
outcome, is important. Third, the incorporation of a la-
tency period associated with lung cancer, and, therefore,
not classifying medication exposures immediately pre-
ceding lung cancer diagnosis as relevant exposures, is a
strength of this study and should inform future observa-
tional studies in cancer research. Finally, the use of a
negative control (in this case, CCB exposure) to detect if
the results of the analysis were due to bias or confound-
ing is a major strength of this study, which provides sup-
port for a true association between statin exposure and
lung cancer risk, and significantly enhances the robust-
ness of the results.
There are several limitations to this study which re-

quire acknowledgement. First, the administrative data
used in this study did not include any clinical variables
that would be useful in the analysis (for example, level of
systemic inflammation or lung function). As such,
COPD patients were not identified according to spirom-
etry but rather based on their individual prescription re-
cords. However, previous studies have used a similar
method for identifying COPD patients [56, 57] and this
is believed to be a sensitive approach to identifying these
patients. It is possible that this approach identified some
patients as having COPD, when, in reality, they did not.
To attempt to provide a more specific definition of
COPD, we also added the requirement for a physician
encounter with an ICD-9 code (491, 492, and 496) con-
sistent with COPD within one year of the index date.
This reduced the size of our cohort by less than approxi-
mately 10% and is an approach is similar that used by
Curkendall et al. [58] and Gershon et al. [59]. Using a
more restrictive approach, for example by requiring a
hospitalization for COPD, may have only identified pa-
tients with more severe disease. Therefore, this approach
should enhance the generalizability of the study results.
In addition, the focus of this research was not to study
patients with COPD, but rather to evaluate lung cancer
risk in patients at high risk for developing the disease.
As such, while we attempted to identify a cohort of
COPD patients, it is less important that patients have
COPD, and more important that patients were at an in-
creased risk of lung cancer in the cohort. It should also
be noted that in BC, receipt of inhaled anticholinergic
medication is indicative of a COPD diagnosis. Short-
acting anticholinergic medications are only reimbursable
if the patient has a clinical diagnosis of COPD and long-
acting anticholinergic medications are reimbursable if
patients have a post-bronchodilator spirometric FEV1/
FVC < 0.7 and FEV1 < 65% of predicted, and remained
persistently symptomatic on at least three months of
continuous short-acting anticholinergic therapy. Second,

smoking status and smoking history were also not cap-
tured in our administrative data. However, previous lit-
erature does suggest that the majority of the cohort will
have a history of smoking so it would be expected that
the majority of this cohort did, indeed, have a history of
smoking. For example, estimates suggest that approxi-
mately 85% of COPD patients have a history of smoking
[60–63]; therefore, we could crudely assume that ap-
proximately 34,000 patients identified in the cohort of
COPD patients had a history of smoking. It might also
be the case that smokers may have more severe COPD,
and that this group of patients would be more likely to
develop lung cancer, which would conservatively bias
the results for the effect of statins. Third, while a strong
effect was observed for statin use and lung cancer risk,
this study is subject to the limitations of all observational
studies whereby we cannot be certain that there is an
element of unmeasured or residual confounding that ex-
plains the study results. In order to mitigate this possi-
bility, a systematic approach to identifying potential
confounders to be included in the multivariable analysis
was adopted. The magnitude of the effect size also re-
duces the likelihood that the protective effect of statin
use could be explained by residual confounding. More-
over, the use of a one-year latency period reduces the
likelihood that the study results could be explained by
protopathic bias. Finally, the study results were also con-
sistent for a variety of medication exposure definitions
and in several sensitivity analyses.

Conclusions
This analysis demonstrated that statin use in COPD pa-
tients may reduce the risk of lung cancer. Using the
recency-weighted approaches to capture statin exposure
resulted in statistically significant hazard ratios, and
these two models were deemed superior based on an a
priori specified criterion. In sub-group analyses, statin
exposure was significantly associated with a reduction in
lung cancer risk for patients 65 years of age or greater,
across all exposure metrics, and also for NSCLC. These
results were further strengthened by an analysis incorp-
orating a negative control exposure to detect residual
confounding or bias. These results strengthen the hy-
pothesis that there may be a segment of COPD patients,
likely characterized by elevated levels of inflammation,
that could benefit substantially from statin therapy.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12931-020-01344-w.

Additional file 1: Figure S1. A graphical representation of the latency
period, and how medication exposure is considered with respect to the
latency period.

Raymakers et al. Respiratory Research          (2020) 21:118 Page 9 of 11

https://doi.org/10.1186/s12931-020-01344-w
https://doi.org/10.1186/s12931-020-01344-w


Abbreviations
AIC: Akaike Information Criterion; AHFS: American Hospital Formulary Service;
BC: British Columbia; CCB: Calcium channel blockers; CVD: Cardiovascular
disease; COPD: Chronic obstructive pulmonary disease; CI: Confidence
interval; DAD: Discharge abstract database; FEV1: Forced expiratory volume in
1 s; FVC: Forced vital capacity; HR: Hazard ratio; ICS: Inhaled corticosteroid;
MSP: Medical Services Plan; NSCLC: Non-small cell lung cancer; OR: Odds
ratio; SABA: Short-acting beta-agonist; SCLC: Small cell lung cancer

Acknowledgements
The authors would like to thank Dr. Najib Ayas (University of British
Columbia, Faculty of Medicine, Division of Critical Care Medicine), Dr. Karin
Humphries (University of British Columbia, Faculty of Medicine, School of
Population and Public Health), and Dr. Dean Eurich (University of Alberta,
School of Public Health) for their critical input on an earlier version of this
manuscript. Moreover, the authors would like to thank Huiqing (Kathy) Li
(University of British Columbia, Faculty of Pharmaceutical Sciences) for her
assistance with the statistical analysis.

Disclaimer
All inferences, opinions, and conclusions drawn in this publication are those
of the authors, and do not reflect the opinions or policies of the Data
Steward(s).

Authors’ contributions
AR had full access to the data and takes responsibility for the integrity of the
data and accuracy of the analysis. AR, LL, DS, and MS conceptualized the
study design. DS and MF provided critical input into the clinical area and
interpretation of the results. CM contributed to the analytical approach, data
analysis, and interpretation of the results. All authors contributed to the
preparation and editing of the manuscript. The authors read and approved
the final manuscript.

Funding
This work was funded by the Canadian Institutes of Health Research (CIHR);
Grant number: MOP-89865.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due to privacy restrictions. Descriptions of each of the
databases are available from Population Data BC (British Columbia, Canada)
(https://www.popdata.bc.ca/).

Ethics approval
H08–00241 from the University of British Columbia Research Ethics Board
(Vancouver, Canada).

Consent for publication
Not applicable.

Competing interests
AJNR, LDL, JMF, CAM, and MS delcare that they have no competing
interests. DDS has received research funding from AstraZeneca and Merck
and have received honoraria for speaking engagements from AstraZeneca
and Boehringer Ingelheim.

Author details
1Collaboration for Outcomes Research and Evaluation (CORE), Faculty of
Pharmaceutical Sciences, University of British Columbia, 2405 Wesbrook Mall,
Vancouver, British Columbia V6T1Z3, Canada. 2BC Cancer, Vancouver, Canada.
3Faculty of Health Sciences, Simon Fraser University, Burnaby, Canada.
4Centre for Heart Lung Innovation, St Paul’s Hospital, Vancouver, Canada.
5Division of Respiratory Medicine, Faculty of Medicine, University of British
Columbia, Vancouver, Canada. 6School of Pharmacy, University of Otago,
Dunedin, New Zealand. 7Centre for Health Evaluation and Outcome Sciences,
Providence Health Research Institute, Vancouver, Canada.

Received: 21 November 2019 Accepted: 26 March 2020

References
1. Viegi G, Pistelli F, Sherrill DL, Maio S, Baldacci S, Carrozzi L. Definition,

epidemiology and natural history of COPD. Eur Respir J. 2007;30(5):993–
1013.

2. Sin DD, Anthonisen NR, Soriano JB, Agusti AG. Mortality in COPD: role of
comorbidities. Eur Respir J. 2006;28(6):1245–57.

3. Mapel DW, Hurley JS, Frost FJ, Petersen HV, Picchi MA, Coultas DB. Health
care utilization in chronic obstructive pulmonary disease: a case-control
study in a health maintenance organization. Arch Intern Med. 2000;160(17):
2653–8.

4. Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardiovascular
comorbidity in patients with chronic obstructive pulmonary disease: a
systematic review and meta-analysis. Lancet Respir Med. 2015;3(8):631–9.

5. LaRosa JC, Grundy SM, Waters DD, Shear C, Barter P, Fruchart J-C, et al.
Intensive lipid lowering with atorvastatin in patients with stable coronary
disease. N Engl J Med. 2005;352(14):1425–35.

6. Chou R, Dana T, Blazina I, Daeges M, Jeanne TL. Statins for prevention of
cardiovascular disease in adults: evidence report and systematic review for
the US preventive services task force. JAMA. 2016;316(19):2008–24.

7. Young RP, Hopkins RJ, Christmas T, Black PN, Metcalf P, Gamble GD. COPD
prevalence is increased in lung cancer, independent of age, sex and
smoking history. Eur Respir J. 2009;34(2):380–6.

8. Mannino DM, Aguayo SM, Petty TL, Redd SC. Low lung function and
incident lung cancer in the United States: data from the first National
Health and nutrition examination survey follow-up. Arch Intern Med. 2003;
163(12):1475–80.

9. Skillrud DM. COPD: causes, treatment, and risk for lung cancer. Compr Ther.
1986;12(11):13–6.

10. Turner MC, Chen Y, Krewski D, Calle EE, Thun MJ. Chronic obstructive
pulmonary disease is associated with lung cancer mortality in a prospective
study of never smokers. Am J Respir Crit Care Med. 2007;176(3):285–90.

11. Alberg AJ. Epidemiology of lung Cancer: looking to the future. J Clin Oncol.
2005;23(14):3175–85.

12. King PT. Inflammation in chronic obstructive pulmonary disease and its role
in cardiovascular disease and lung cancer. Clin Transl Med. 2015;4(1):26.

13. Raymakers AJN, Sadatsafavi M, Sin DD, De Vera MA, Lynd LD. The impact of
statin drug use on all-cause mortality in patients with COPD: a population-
based cohort study. Chest. 2017;152(3):486–93.

14. British Columbia Ministry of Health (2011): Medical services plan (MSP)
payment information file. Population Data BC Data Extract MOH (2010).
http://www.popdata.bc.ca/data. Accessed 30 Sept 2016.

15. Canadian Institute for Health Information (2011): Discharge abstract
database (hospital separations). Population Data BC. Data Extract. MOH
(2010). http://www.popdata.bc.ca/data. Accessed 30 Sept 2016.

16. British Columbia Ministry of Health (2011): PharmaNet. BC Ministry of Health
Data Extract Data Stewardship Committee (2011). http://www.popdata.bc.
ca/data. Accessed 30 Sept 2016.

17. British Columbia Cancer Agency Registry Data (2011). V2. Population Data
BC. Data Extract. BC Cancer Agency (2011). http://www.popdata.bc.ca/data.
Accessed 30 Sept 2016.

18. AHFS Drug Information. AHFS Drug Information. Available from: http://
www.ahfsdruginformation.com/. [cited 2017 May 24].

19. Rinfret S, Behlouli H, Eisenberg MJ, Humphries K, Tu JV, Pilote L. Class effects
of statins in elderly patients with congestive heart failure: a population-
based analysis. Am Heart J. 2008;155(2):316–23.

20. Suissa S, Azoulay L. Metformin and the risk of cancer: time-related biases in
observational studies. Diabetes Care. 2012;35(12):2665–73.

21. Smith MB, Lee NJ, Haney E, Carson S. Drug class review: HMG-CoA
Reductase inhibitors (statins) and fixed-dose combination products
containing a statin: final report update 5. Portland: Oregon Health & Science
University; 2009. (Drug Class Reviews). Available from: http://www.ncbi.nlm.
nih.gov/books/NBK47273/.

22. Abrahamowicz M, Bartlett G, Tamblyn R, du Berger R. Modeling cumulative
dose and exposure duration provided insights regarding the associations
between benzodiazepines and injuries. J Clin Epidemiol. 2006;59(4):393–403.

23. Dixon WG, Abrahamowicz M, Beauchamp M-E, Ray DW, Bernatsky S, Suissa
S, et al. Immediate and delayed impact of oral glucocorticoid therapy on

Raymakers et al. Respiratory Research          (2020) 21:118 Page 10 of 11

https://www.popdata.bc.ca/
http://www.popdata.bc.ca/data
http://www.popdata.bc.ca/data
http://www.popdata.bc.ca/data
http://www.popdata.bc.ca/data
http://www.popdata.bc.ca/data
http://www.ahfsdruginformation.com/
http://www.ahfsdruginformation.com/
http://www.ncbi.nlm.nih.gov/books/NBK47273/
http://www.ncbi.nlm.nih.gov/books/NBK47273/


risk of serious infection in older patients with rheumatoid arthritis: a nested
case-control analysis. Ann Rheum Dis. 2012;71(7):1128–33.

24. Avina-Zubieta JA, Abrahamowicz M, De Vera MA, Choi HK, Sayre EC,
Rahman MM, et al. Immediate and past cumulative effects of oral
glucocorticoids on the risk of acute myocardial infarction in rheumatoid
arthritis: a population-based study. Rheumatology. 2013;52(1):68–75.

25. Henschke CI, Yankelevitz DF, Yip R, Reeves AP, Farooqi A, Xu D, et al. Lung
cancers diagnosed at annual CT screening: volume doubling times.
Radiology. 2012;263(2):578–83.

26. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83.

27. Romano PS, Roos LL, Jollis JG. Presentation adapting a clinical comorbidity
index for use with ICD-9-CM administrative data: differing perspectives. J
Clin Epidemiol. 1993;46(10):1075–9.

28. Akaike H. A new look at the statistical model identification. IEEE Trans
Autom Control. 1974;19(6):716–23.

29. Raymakers AJN, Sadatsafavi M, Sin DD, FitzGerald JM, Marra CA, Lynd LD.
Inhaled corticosteroids and the risk of lung cancer in COPD: a population-
based cohort study. Eur Respir J. 2019;53(6):1801257.

30. British Columbia Cancer Agency - Facts & Figures. Available from: http://
www.bccancer.bc.ca/health-info/disease-system-statistics/bc-cancer-
statistics/facts-and-figures. [cited 2016 Dec 6].

31. Cancer Research UK - Lung cancer incidence statistics. Cancer Research UK.
2015. Available from: http://www.cancerresearchuk.org/health-professional/
cancer-statistics/statistics-by-cancer-type/lung-cancer/incidence. [cited 2016
Dec 6].

32. Arnold BF, Ercumen A. Negative control outcomes: a tool to detect bias in
randomized trials. JAMA. 2016;316(24):2597–8.

33. Arnold BF, Ercumen A, Benjamin-Chung J, Colford JM. Brief report: negative
controls to detect selection bias and measurement bias in epidemiologic
studies. Epidemiology. 2016;27(5):637–41.

34. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for
detecting confounding and bias in observational studies. Epidemiology.
2010;21(3):383–8.

35. Sørensen HT, Olsen JH, Mellemkjær L, Thulstrup AM, Steffensen FH,
McLaughlin JK, et al. Cancer risk and mortality in users of calcium channel
blockers. Cancer. 2000;89(1):165–70.

36. Fryzek JP, Poulsen AH, Lipworth L, Pedersen L, Nørgaard M, McLaughlin JK,
et al. A cohort study of antihypertensive medication use and breast Cancer
among Danish women. Breast Cancer Res Treat. 2006;97(3):231–6.

37. Grimaldi-Bensouda L, Klungel O, Kurz X, de Groot MCH, Afonso ASM, de
Bruin ML, et al. Calcium channel blockers and cancer: a risk analysis using
the UK clinical practice research Datalink (CPRD). BMJ Open. 2016;6(1):
e009147.

38. Smith GD. Negative control exposures in epidemiologic studies. Epidemiol
Camb Mass. 2012;23(2):350–1 author reply 351-352.

39. Lung Cancer | American Cancer Society. Available from: http://www.cancer.
org/cancer/lungcancer/index. [cited 2016 Dec 6].

40. Young RP, Hopkins RJ. Interleukin-6 and statin therapy: potential role in the
management of COPD. Respir Res. 2013;14:74.

41. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ,
et al. Rosuvastatin to prevent vascular events in men and women with
elevated C-reactive protein. N Engl J Med. 2008;359(21):2195.

42. Mroz RM, Lisowski P, Tycinska A, Bierla J, Trzeciak PZ, Minarowski L, et al.
Anti-inflammatory effects of atorvastatin treatment in chronic obstructive
pulmonary disease. A controlled pilot study. J Physiol Pharmacol Off J Pol
Physiol Soc. 2015;66(1):111–28.

43. Maneechotesuwan K, Wongkajornsilp A, Adcock IM, Barnes PJ. Simvastatin
suppresses airway IL-17 and upregulates IL-10 in patients with stable COPD.
Chest. 2015;148(5):1164–76.

44. Boudreau DM, Yu O, Johnson J. Statin use and Cancer risk: a comprehensive
review. Expert Opin Drug Saf. 2010;9(4):603–21.

45. Vinogradova Y, Coupland C, Hippisley-Cox J. Exposure to statins and risk of
common cancers: a series of nested case-control studies. BMC Cancer. 2011;
11:409.

46. Marelli C, Gunnarsson C, Ross S, Haas S, Stroup DF, Cload P, et al. Statins
and risk of CancerA retrospective cohort analysis of 45,857 matched pairs
from an electronic medical records database of 11 million adult Americans.
J Am Coll Cardiol. 2011;58(5):530–7.

47. Bonovas S, Filioussi K, Tsavaris N, Sitaras NM. Statins and Cancer risk: a
literature-based meta-analysis and meta-regression analysis of 35
randomized controlled trials. J Clin Oncol. 2006;24(30):4808–17.

48. Setoguchi S, Glynn RJ, Avorn J, Mogun H, Schneeweiss S. Statins and the
risk of lung, breast, and colorectal Cancer in the elderly. Circulation. 2007;
115(1):27–33.

49. Taylor ML, Wells BJ, Smolak MJ. Statins and cancer: a meta-analysis of case–
control studies. Eur J Cancer Prev. 2008;17(3):259–68.

50. Khurana V, Bejjanki HR, Caldito G, Owens MW. Statins reduce the risk of
lung Cancer in humans. Chest. 2007;131(5):1282–8.

51. Friis S, Poulsen AH, Johnsen SP, McLaughlin JK, Fryzek JP, Dalton SO, et al.
Cancer risk among statin users: a population-based cohort study. Int J
Cancer. 2005;114(4):643–7.

52. Cardwell CR, Menamin ÚM, Hughes CM, Murray LJ. Statin use and survival
from lung Cancer: a population-based cohort study. Cancer Epidemiol
Biomark Prev. 2015;24(5):833–41.

53. Chaturvedi AK, Caporaso NE, Katki HA, Wong H-L, Chatterjee N, Pine SR,
et al. C-reactive protein and risk of lung Cancer. J Clin Oncol. 2010;28(16):
2719–26.

54. Alexeeff SE, Litonjua AA, Sparrow D, Vokonas PS, Schwartz J. Statin use
reduces decline in lung function. Am J Respir Crit Care Med. 2007;176(8):
742–7.

55. Liao J, Laufs U. Pleiotropic effects of statins. Annu Rev Pharmacol Toxicol.
2005;45(1):89–118.

56. Suissa S, Assimes T, Ernst P. Inhaled short acting β agonist use in COPD and
the risk of acute myocardial infarction. Thorax. 2003;58(1):43–6.

57. Huiart L, Ernst P, Suissa S. Cardiovascular morbidity and mortality in COPD.
Chest. 2005;128(4):2640–6.

58. Curkendall SM, DeLuise C, Jones JK, Lanes S, Stang MR, Goehring E, et al.
Cardiovascular disease in patients with chronic obstructive pulmonary
disease, Saskatchewan Canada. Ann Epidemiol. 2006;16(1):63–70.

59. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T.
Identifying individuals with physcian diagnosed COPD in health
administrative databases. COPD. 2009;6(5):388–94.

60. Davis RM, Novotny TE. The Epidemiology of Cigarette Smoking and Its
Impact on Chronic Obstructive Pulmonary Disease. Am Rev Respir Dis. 1989;
140(3_pt_2):S82–4.

61. Kornmann O, Beeh KM, Beier J, Geis UP, Ksoll M, Buhl R. Newly diagnosed
chronic obstructive pulmonary disease. Respiration. 2003;70(1):67–75.

62. Vestbo J, Lange P. Natural history of COPD: focusing on change in FEV:
natural history of COPD. Respirology. 2016;21(1):34–43.

63. Lundbäck B, Lindberg A, Lindström M, Rönmark E, Jonsson AC, Jönsson E,
et al. Not 15 but 50% of smokers develop COPD?--report from the
obstructive lung disease in northern Sweden studies. Respir Med. 2003;
97(2):115–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Raymakers et al. Respiratory Research          (2020) 21:118 Page 11 of 11

http://www.bccancer.bc.ca/health-info/disease-system-statistics/bc-cancer-statistics/facts-and-figures
http://www.bccancer.bc.ca/health-info/disease-system-statistics/bc-cancer-statistics/facts-and-figures
http://www.bccancer.bc.ca/health-info/disease-system-statistics/bc-cancer-statistics/facts-and-figures
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/incidence
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/lung-cancer/incidence
http://www.cancer.org/cancer/lungcancer/index
http://www.cancer.org/cancer/lungcancer/index

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Exposure measurement
	Outcome ascertainment: lung cancer diagnosis
	Latency period
	Adjustment for potential confounders
	Statistical analysis
	Sensitivity analyses
	Negative control exposure

	Results
	Statin use
	Bivariate results
	Multivariable analysis
	Lung cancer histology
	Sensitivity analyses

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

