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Abstract

Aims: To assess whether statin use is associated with reduced mortality in patients with chronic obstructive pulmonary disease (COPD).

Methods: Hospitalisation, drug dispensing, and mortality records were linked for New Zealanders aged 50-80 years discharged from
hospital with a first admission with COPD in 2006. Patients were classified according to whether or not they were prescribed statins prior
to admission. Baseline characteristics were compared and hazard ratios calculated for statin users versus statin non-users for all-cause
mortality over follow-up of up to 4 years.   

Results: A total of 1,687 patients (mean age 70.6 years) were followed, including 596 statin users and 1,091 non-users. There were more
men in the statin user group (58.4% vs. 48.5%), and statin users were more likely to have a history of cardiovascular disease (58.6% vs.
25.1%), prescription for frusemide as a proxy for heart failure (47.7% vs. 24.5%) or diabetes (35.4% vs.11.6%) than statin non-users
(p<0.001). A total of 671 deaths occurred during the follow-up period. After adjustment for age, sex, ethnic group, history of
cardiovascular disease, diabetes, and prescription for frusemide, the hazard ratio for statin users vs. statin non-users for all-cause mortality
was 0.69 (95% CI 0.58 to 0.84).

Conclusions: Statin use is associated with a 30% reduction in all-cause mortality at 3-4 years after first admission for COPD, irrespective
of a past history of cardiovascular disease and diabetes.
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Introduction 
Chronic obstructive pulmonary disease (COPD) is the fourth
leading cause of death in New Zealand (total population 4.4
million), and is ranked second in men and seventh in women for
years lost to disability.1-3 Aside from smoking cessation and use
of oxygen in patients with severe disease, current therapeutic
interventions only modify symptoms, with little evidence to
indicate that they positively affect disease progression.4-7 New
therapies are needed to improve prognosis and quality of life
and to reduce mortality for people with this condition.8,9

Statins (HMG-CoA reductase inhibitors) lower plasma
cholesterol and are used as part of the prevention and
management of cardiovascular disease (CVD). However,
laboratory-based and animal research has shown that statins
have a diverse range of ‘pleiotropic effects’ including anti-
inflammatory actions, anti-thrombotic properties, anti-oxidant
effects, and immunomodulatory effects.10-13 Recent evidence
suggests that statins reduce pulmonary inflammation and may
suppress the inflammation associated with cigarette smoke and
ameliorate the associated structural and functional abnormalities
in the lung.12,14 It is therefore possible that these effects may
result in therapeutic benefits in patients with COPD over and
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above reducing their risk of CVD. 
Seven published observational studies have shown that statin

use is associated with beneficial effects for COPD patients for a
number of different outcomes including COPD- and non-COPD-
related mortality and COPD exacerbations.15-21 The majority of
these studies are based on one or a limited number of sites, and
they vary in terms of their sample size, study population, follow-
up, and analytical methods. Despite their heterogeneity, they
consistently report benefit from statin use22,23 and show clinically
meaningful mortality and morbidity reduction in meta-
analyses.22,24 To our knowledge, no previous analyses have been
undertaken at a national level. We therefore used national data
to assess whether statin use is associated with reduced mortality
in patients with COPD in New Zealand.

Methods 
Data collection 
We identified all patients aged between 50 and 80 years
inclusive who were admitted to a New Zealand public hospital
during 2006 with a first primary hospital discharge code
consistent with COPD (ICD-10 codes J43 to J44) and who were
discharged alive. Where an individual had had multiple
discharges in 2006, the first COPD discharge was considered to
be the index event. Using the National Health Index (NHI)
number, a unique patient identifier used throughout the New
Zealand health system, we linked these national hospital
discharge data with mortality and drug dispensing databases for
the study population. Statins are only available on prescription in
New Zealand, all are subsidised, and prescriptions redeemed at
pharmacies are recorded. The reliability of such data has
increased substantially since 2006 and more than 90% of claims
are linked to an NHI number.   

The cases were divided into two groups based on statin use
prior to hospital admission: statin users (those redeeming
prescriptions for statins in the 6 months prior to hospitalisation)
and statin non-users (those with no prescriptions redeemed for
statins in the 6 months prior to hospitalisation). Demographic
variables (age, sex, ethnicity, and socioeconomic status) were
obtained on each participant from the NHI record. Ethnic group
was self-identified and derived from primary healthcare
enrolment records and was prioritised in the following order:
Maori (indigenous New Zealanders), Pacific, South Asian, and
Other (predominantly New Zealand European). Other variables
included: past history of CVD (admission with CVD or outpatient
CVD procedures in the last 5 years, or prescriptions redeemed for
medications for coronary heart disease, specifically glyceryl
trinitrate, isosorbide dinitrate, isosorbide mononitrate,
nicorandil, or perhexiline in the 6 months prior to COPD
admission); a past history of diabetes (admission with diabetes in
the last 5 years, or dispensing of oral hypoglycaemic drugs or
insulin in the 6 months prior to COPD admission); any dispensing
of β-blockers in the 6 months before admission; and whether
patients were currently undergoing cancer treatment  - i.e.

chemotherapy or radiotherapy (recorded in the hospital
procedure records) as an outpatient in the last 5 years). A
prescription redeemed for frusemide in the last 6 months was
used as a proxy for a past history of heart failure or cor
pulmonale. 

It was not possible to ascertain COPD severity accurately
from the available databases as no clinical measures such as
spirometry were included. However, to restrict heterogeneity (or
confounding) by disease severity, we selected only those cases
with first ever admission with COPD over the 5-year period up to
2006. Reliable data were not available on smoking status in
2006.

The study outcome of interest was time to death from any
cause over a maximum follow-up period of 4 years from the date
of hospital discharge during 2006 until 18 January 2010 (median
follow-up 2.3 years; interquartile range 0.6–3.3 years). Any
person with no recorded death was assumed to be still alive at
18 January 2010 and considered to have a censored survival time
on this date.
Statistical analysis   
Cox proportional hazard regression was used to estimate the
hazard ratio for the exposure of interest (statin treatment). Age,
ethnic group, and sex were force fitted into the model.
Socioeconomic status, chemotherapy or radiotherapy treatment,
diabetes, history of CVD, other medications, and frusemide use
were assessed as confounders if inclusion in the model changed
the beta coefficient for the exposure of interest by more than
10%.  

Proportional hazards assumptions were assessed using the R
function cox.zph which calculates tests of the proportional
hazards assumption for each covariate by correlating the
corresponding set of scaled Schoenfeld residuals with a suitable
transformation of time based on the Kaplan-Meier estimate of
the survival function. Stratification was used to allow different
baseline hazards for exposure groups where the proportional
hazards assumption appeared not to hold. Interactions between
statin use, CVD history, and frusemide were tested. Few data are
missing in routinely collected datasets so complete case analysis
was calculated. Because patients who were treated with statins
were likely to have more co-morbidities and adverse prognostic
features than those who were not, propensity scoring25 with
closest unit matching was used to check the validity of the Cox
regression. We adjusted for matched pair effects in the Cox
model of propensity matched subjects. The R project was used
for all analyses.26

Results
A total of 1,687 patients were identified who had been admitted
to any public hospital in New Zealand during 2006 and who had
a discharge diagnosis of first episode of COPD (Table 1). This
included 596 statin users and 1,091 statin non-users, giving the
frequency of statin use among COPD patients hospitalised with
exacerbations of 35%. There were more men in the statin users
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group than in the statin non-user group (58.4% vs. 48.5%,
p<0.001), and the statin user group was also more likely to have
a history of CVD (58.6% vs. 25.1%, p<0.001), to be prescribed
frusemide (47.7% vs. 24.5%, p<0.001), or to have a history of
diabetes (35.4% vs. 11.6%, p<0.001) in the previous 5 years.  

Within the statin user group, 91% (545/596) were prescribed
simvastatin and 9% (55/596) were prescribed atorvastatin, with
four individuals having both agents before admission. Of those in
the statin user group, 528 (89%) had a further prescription
redeemed for statins in the 6 months after discharge compared
with 89 (8.2%) in the statin non-user group.

During the 3–4-year follow-up period there were 671 deaths
(about 40% of all participants). Similar proportions of deaths
occurred among statin users (40.6%, 242 deaths) and among

those not using statins (39.3%, 429 deaths). Cause of death was
only available for 376 of the 671 deaths (56%) because of a
delay in coding, e.g. due to coroner’s cases where cause of death
is initially uncertain. Of the deaths with a disease classification,
137 (36%) were attributed to COPD (ICD codes J43 to J44), 69
(18%) to heart disease (ICD codes I20 to I50), 11 (3%) to stroke
(ICD codes I60 to I69), and 45 (12%) to lung cancer. The
remaining 30% of these deaths were due to other causes. 

An adjusted Cox-modelled survival plot for statin versus non-
statin use is shown in Figure 1 for the two strata of the model:
those receiving treatment for cancer and those not receiving
cancer treatment. The graph depicts the non-proportional
survival between the two strata and shows poorer survival
among the non-statin group (covariates were averaged over the
population). This analysis is adjusted for potential confounders.
After adjustment for age, sex, ethnicity, history of CVD, diabetes,
prescription for β-blockers, prescription for frusemide (as a proxy
for heart failure), the hazard ratio (HR) for statin users versus
statin non-users in Cox’s proportional hazards model was 0.69
(95% confidence intervals (CI) 0.58 to 0.84) (Table 2). Covariate
HRs did not change significantly with time, except for cancer
treatment. For this reason, the model was stratified by this

Characteristics Statin use
No Yes Total
(n = 1,091) (n = 596) (n = 1,687)

Gender
Female 562 (51.5%) 248 (41.6%) 810 (48.0%)
Male 529 (48.5%) 348 (58.4%) 877 (52.0%)

Age (years)
50-59 167 (15.3%) 45 (7.6%) 212 (12.6%)
60-69 331 (30.3%) 197 (33.1%) 528 (31.3%)
70-79 593 (54.4%) 354 (59.4%) 947 (56.1%)

Median age (years) 70.1 71.6 70.6
Ethnicity  

Other 815 (74.7%) 460 (77.2%) 1275 (75.6%)
Maori 219 (20.1%) 99 (16.6%) 318 (18.9%)
Pacific 53 (4.9%) 31 (5.2%) 84 (5.0%)
South Asian 4 (0.4%) 6 (1.0%) 10 (0.6%)

NZDep06 deprivation quintile*

1 and 2 (least 
deprived) 76 (7.3%) 47 (8.2%) 123 (7.6%)
3 and 4 143 (13.8%) 71 (12.4%) 214 (13.3%)
5 and 6 177 (17.1%) 97 (16.9%) 274 (17.0%)
7 and 8 305 (29.5%) 149 (26.0%) 454 (28.2%)
9 and 10 (most 
deprived) 334 (32.3%) 210 (36.6%) 544 (33.8%)

History of CVD 274 (25.1%) 349 (58.6%) 623 (36.9%)

History of diabetes 127 (11.6%) 211 (35.4%) 338 (20.0%)

Dispensed frusemide 267 (24.5%) 284 (47.7%) 551 (32.7%)

Dispensed β-blocker 124 (11.4%) 224 (37.6%) 348 (20.6%)

Undergoing cancer 
treatment 112 (10.3%) 86 (14.4%) 198 (11.7%)

Death during follow-up 429 (39.3%) 242 (40.6%) 671 (39.8%)

Data presented as n (%) except for median age which is presented in years

*NZDep06 is a census-based small area index of deprivation with a relative 
deprivation score assigned to each mesh block (containing a median of 
approximately 90 people) in New Zealand. It combines nine variables from the 
2006 Census reflecting eight dimensions of deprivation including income, home 
ownership, employment, and qualifications. Seventy-eight individuals had 
missing deprivation status. 

CVD=cardiovascular disease.

Table 1. Characteristics of patients at discharge from
hospital.

0 1 2 3 4

0.5

0.6

0.7

0.8

0.9

1.0

Follow up time (years)

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

Statin; no cancer
No statin; no cancer
Statin; cancer
No statin; cancer

Figure 1.  Cox modelled survival plot of statin users vs.
statin non-users for those receiving cancer treatments
and not receiving cancer treatments*

*The adjusted Cox-modelled survival plot for those treated with
statins and those not treated, for the two strata of the model;
treatment or no treatment for cancer. All other covariates are
averaged over the population. The plot is adjusted for potential
confounders such as age, sex, ethnicity, co-morbidities. The vertical
lines at the end of each data line are censoring points. They exist
because participants entered into the study at various time points
during 2006. However, all follow-up ceased at the same date on the
18 January 2010. Therefore the follow-up duration for each
individual varied depending on when exactly they entered the study.
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variable with different baseline hazards estimated for subjects
treated and not treated for cancer. 

We also carried out a propensity-matched analysis with a
restricted dataset. Individuals were matched on the basis of the
demographic and clinical characteristics associated with taking a
statin, derived from a logistic model. After matching by these
criteria, the number of participants was reduced to 1,192 overall,
but the estimate and variance for the effect of statins on
mortality (HR 0.64, 95% CI 0.48 to 0.86) was very similar to the
unmatched analysis.

Discussion 
Main findings 
This cohort study has produced several findings that are
consistent with those of other observational studies of statin use
in patients with COPD. First, statins were used by 35% of all
those admitted to hospital in 2006 with COPD.20,23 Second, those
using statins had significantly higher rates (2–3-fold) of CVD and
diabetes which might otherwise increase their mortality
(confounding by co-morbidity or drug indication).15-21 Third,
about 40% of patients died during the follow-up period, and
nearly 50% of known deaths were attributed to COPD or lung

cancer, 30% to other cancers, and only 21% to CVD.27 Lastly, a
30% lower all-cause mortality was associated with statin use
after adjustment for other risk variables. These findings are
consistent with other reported reductions in mortality of
30–50% in those with COPD taking statins.22-24 

Strengths and limitations of this study  
All cases were defined by a primary hospital discharge code for
COPD. This limited the representativeness of our sample to all
COPD patients; however, it did ensure that our sample was
primarily defined by the disease of interest (i.e. COPD). This case
definition also reduced the heterogeneity of the group in terms
of disease severity, as it excluded less severe non-hospitalised
COPD patients and also patients with more severe COPD with
multiple previous admissions.  

A weakness of the study was the lack of data on smoking
status and severity of COPD (defined by spirometry). While one
can assume that almost all cases would have been long-term
smokers, some may have quit smoking either before or after the
diagnosis, which would impact on disease progression. This is a
common limitation in most of the observational studies of
statins and COPD, and reflects the low priority that has
historically been given to the routine collection of smoking
status in hospital records. It is therefore possible that the
smoking exposure and severity of COPD was lower in statin
users than in non-users. This could have resulted in a ‘healthy
user’ effect where statin users were subject to other factors that
reduced their mortality. However, in an audit of COPD patients
with similar demographic characteristics to the current patients,
smoking status and smoking exposure were not significantly
different between statin users and non-users,23 nor did
spirometry results, past history of pneumonia, and history of
COPD exacerbation frequencies differ between statin users and
non-users. Previous observational studies that controlled for
smoking status still found an overall mortality benefit among
patients taking statins.17,20,21 It is therefore unlikely that
confounding by COPD severity (more mild disease) or smoking
history (less exposure to tobacco smoke) explained the
underlying mortality benefit seen in statin users compared with
non-users. A further weakness shared with all the observational
studies is the lack of accurate data on actual statin usage
(duration, dose, and adherence). However, poor compliance
would most likely dilute – rather than spuriously generate – a
statin-based effect.

Consistent with other studies,17-21 statin users in this study
had more co-morbid disease than non-users, specifically CVD
(59% vs. 25%) and diabetes (35% vs. 12%), but these
differences are controlled for in our analyses. In contrast to other
studies, we also used the prescription of frusemide as a marker
of heart failure and cardiovascular risk. Frusemide use was nearly
twofold greater in statin users than in non-users (48% vs. 25%)
and was the most important independent risk variable for
mortality, exceeding that of age and history of CVD (Table 2).
Despite the significantly higher rates of co-morbid diseases

Characteristics Unadjusted* Adjusted† 
HR (95% CI) HR (95% CI)

Male gender 1.32 (1.13 to 1.53) 1.20 (1.02 to 1.40)
Age (years)

50-59 Ref Ref
60-69 1.77 (1.28 to 2.45) 1.65 (1.18 to 2.31)
70-79 2.50 (1.85 to 3.39) 2.22 (1.60 to 3.07)

Ethnicity  
Other Ref Ref
Maori 0.93 (0.77 to 1.14) 1.04 (0.84 to 1.29)
Pacific 0.77 (0.53 to 1.13) 0.84 (0.57 to 1.25)
South Asian 0.71 (0.23 to 2.20) 0.77 (0.24 to 2.40)

NZDep06 deprivation quintile*

1 and 2 (least 
deprived) Ref Ref
3 and 4 0.94 (0.66 to 1.34) 1.03 (0.72 to 1.46)
5 and 6 1.02 (0.73 to 1.43) 1.07 (0.76 to 1.49)
7 and 8 0.96 (0.70 to 1.31) 1.00 (0.73 to 1.37)
9 and 10 (most 
deprived) 0.97 (0.71 to 1.32) 1.06 (0.78 to 1.46)

History of CVD 1.58 (1.36 to 1.84) 1.46 (1.24 to 1.73)

History of diabetes 1.09 (0.91 to 1.31) 1.03 (0.84 to 1.26)

Dispensed frusemide 2.10 (1.80 to 2.44) 1.94 (1.64 to 2.28)

Dispensed β-blocker 1.24 (1.04 to 1.49) 1.01 (0.84 to 1.23)

Dispensed statin 1.03 (0.88 to 1.20) 0.69 (0.58 to 0.84)

*Unadjusted univariate analysis

†Adjusted hazard ratios using Cox proportional hazard regression were adjusted 
for all variables included in table except socioeconomic status (NZDep06), as 
adjusting for this variable inflated the variance and did not change the estimate 
of the exposure of interest.

CVD=cardiovascular disease.

Table 2. Hazard ratios for all-cause mortality
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(diabetes and CVD), statin users died at the same crude rate as
non-users in the unadjusted analysis (Table 1). We could not
attribute this effect to any other prescribed drug, including use
of β-blockers. 

Although statin users have been found to have significantly
more risk of CVD than non-users, there remains the possibility
that factors other than those discussed above and medication
use may account for the reduction in mortality in those taking
statins. Further explanations for this ‘healthy user’ effect include
differences in other lifestyle factors, and access to and quality of
care between statin users and non-users.28 However, in a
previous review of statin use,23 this hypothesis was discussed in
detail but was not clearly supported by the available data.
Specifically, both the uptake and magnitude of the effect from
‘healthy actions’ such as pneumococcal vaccination were
considered insufficient to account for the mortality benefit
reported. Our results are consistent with other observational
studies15-21 in that statin users were comparable in terms of
socioeconomic status and ethnicity to non-users. In these
circumstances it is hard to attribute the mortality benefit seen
with taking statins to differences in access to, or use of,
healthcare resources. It is acknowledged that it is not possible
for cohort studies to adjust for all potential confounders, and
other unidentified confounders may have influenced the results.
However, we believe that they are unlikely to explain all of the
mortality benefit associated with statin use that we and others
have found among COPD patients.

Additional strengths of our study include the length of
follow-up, methods defining statin use (prescription dispensing
data), and the use of a propensity-matched cohort to further
validate our findings. The propensity-matched analysis
produced results similar to the unmatched regression. This
concordance between the two results suggests that the
covariate profile we had assembled contained the important
determinants of prognosis for individuals in the cohort, and
reduces the likelihood that our results are erroneous due to
unknown confounders. Furthermore, this is the only national
study to examine outcomes in statin users with COPD compared
with non-users with COPD. 
Interpretation of findings in relation to previously
published work 
This study found a 30% reduction in all-cause mortality in those
prescribed statins, which is comparable to the effect found in
previous observational studies.18-21 Cause of death data were only
available for 56% of all deaths, and it was not possible to
undertake detailed analyses for cause-specific deaths. In
addition, this study only captured deaths occurring over a
median follow-up of 2.3 years. However, the observation that
only 21% of known deaths were attributed to CVD, in contrast
to 48% for COPD-related and lung cancer-related deaths
combined, raises the possibility that statins may be associated
with a reduction in deaths from causes other than CVD.
Certainly, observational studies of statins in COPD patients to

date have reported reductions in COPD-related deaths16 and
fewer COPD exacerbations.15,17,18 Studies have also shown
reduced rates of lung cancer29-31 and non-pulmonary
malignancies among patients treated with statins.32 These
observations support the hypothesis that a reduction in mortality
associated with statin use might be attributable to an alternative
biological pathway rather than cholesterol reduction and a
reduced incidence of fatal CVD. Indeed, it is well known that
statins have much wider actions than their effect on cholesterol
– including anti-oxidant, anti-neoplastic (apoptotic), and
immune modulating effects11-14 – and statins reduce both
pulmonary inflammation and systemic inflammation.14 A
detailed review of the pharmacological actions of statins in
COPD14 suggests that the wider pleiotrophic effects of statins
may explain the reductions in both pulmonary and non-
pulmonary-related deaths. However, there are currently no data
from randomised controlled trials to prove this hypothesis.
Conclusions
The results of this study suggest that statin treatment is
associated with a reduction in all-cause mortality for patients
with COPD. If this is indeed the case, it would represent a
significant improvement in outcome for COPD patients who, to
date, receive treatments that reduce symptoms only.4-7 A small
randomised controlled trial of statin use in 125 patients with
COPD has demonstrated improved exercise tolerance and
reduced breathlessness in the treatment group over placebo.33

The positive association between statin use and reduced
mortality in COPD patients demonstrated in this and other
observational studies – together with evidence that many COPD
patients have a high absolute CVD risk, that statins appear to
suppress lung inflammation, and that statins are well tolerated
and cheap – is compelling. However, before statins can be
recommended for routine use in patients with COPD, further
randomised trial evidence with ‘hard’ clinical outcomes
including favourable changes in exercise capacity and lung
function and a favourable incremental cost-effectiveness ratio is
likely to be needed. Evidence of benefit from trial data will be
necessary to effect widespread changes in clinical practice. 
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