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Rationale: Decreased lung function has been linked to increased
inflammation and oxidative stress. Statins have demonstrated anti-
inflammatory and antioxidant properties.
Objectives: We investigated the effect of statin use on decline in lung
function in the elderly, and whether smoking modified this effect.
Methods: Our study population included 2,136 measurements on 803
elderly men from the Normative Aging Study whose lung function
(FVC and FEV1) was measured two to four times between 1995 and
2005. Subjects indicated statin use and smoking history at each visit.
We used mixed linear models to estimate the effects of each
covariate, adjusting for subject and possible confounders.
Measurements and Main Results: For those not using statins, the
estimated decline in FEV1 was 23.9 ml/year (95% confidence interval
[CI], 227.8 to 220.1 ml/yr), whereas those taking statins had an
estimated 10.9-ml/year decline in FEV1 (95% CI, 216.9 to 25.0 ml/
yr). We also examined the effect of statins with smoking by dividing
the cohort into four groups: never-smokers, longtime quitters (quit
> 10 yr ago), recent quitters (quit , 10 yr ago), and current smokers.
We found a significant three-way interaction between time since
first visit, statin use, and smoking status (P , 0.001). Within each
smoking category, the effect of statins was always estimated to be
beneficial, but the size of the improvement in the decline rate varied
among smoking groups. We found similar results for FVC decline.
Conclusions: Our results indicate that statin use attenuates decline in
lung function in the elderly, with the size of the beneficial effect
modified by smoking status.
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Lung function has been shown to predict both cardiovascular
mortality and total mortality (1, 2). In addition, a higher rate of
decline in lung function has been associated with increased risks
of both mortality (3, 4) and hospitalizations related to chronic
obstructive pulmonary disease (COPD) (3). COPD, a condition
characterized by airway limitation, inflammation, and long-term
lung function decline, is a leading cause of mortality in the
United States and the world (5).

Research has demonstrated that statins have many pleiotro-
pic effects, including antiinflammatory and antioxidant effects.
Statins have been shown to reduce serum levels of C-reactive

protein (CRP), a marker of systemic inflammation (6). In
addition, statins have been shown to reduce lung inflammation
in transplant recipients (7). Studies have also demonstrated that
statins reduce oxidative stress (8). Inflammation is considered
central to the pathogenesis of COPD and oxidative stress is also
believed to be important in its development (5). No study has
previously investigated the effects of statin use on decline in
lung function in smokers and nonsmokers.

We hypothesized that statins would have a protective effect
on decline in lung function. This study examines whether the
use of statins affects the rate of lung function decline in the
elderly. In addition, we investigated whether smoking history
modified this effect of statins.

METHODS

Study Population

Subjects in this study were part of the Veterans Administration (VA)
Normative Aging Study, a longitudinal study established in 1963,
details of which have been published previously (9). Briefly, 2,280
men from the greater Boston area, ages 21 to 80 years, enrolled in the
study after an initial health screening determined that they were free of
known chronic medical conditions. Participants visited the study center
every 3 years to undergo physical examinations and fill out question-
naires. Our analyses included 803 subjects whose lung function was
measured at least twice between January 1995 and June 2005.

Study center visits took place in the morning, after an overnight fast
and abstinence from smoking. Physical examinations included mea-
surement of height and lung function (FVC and FEV1). Subjects
indicated pulmonary disorders (asthma, chronic bronchitis, emphy-
sema) by a questionnaire based on the American Thoracic Society
Division of Lung Diseases 1978 questionnaire (10). Information on
smoking habits and medication use was also collected by questionnaire,
with responses confirmed by a trained interviewer. Descriptive statis-
tics for these data divided by statin use are listed in Table 1. Note that
because of the observational nature of our study, some subjects began
using statins during the study period and are thus in both groups,
depending on the visit date. Because our groups are not independent,
we provide Table 1 for a more general comparison of the group
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characteristics and did not calculate statistically significant differences
between the groups.

Lung Function Data

Pulmonary function tests were performed as previously reported (11).
Briefly, a water-filled recording spirometer was used to obtain meas-
ures of FVC and FEV1, with values adjusted by body temperature and
pressure. These spirometric tests were performed in accordance with
American Thoracic Society guidelines. The average levels for FVC and
FEV1 by smoking category are listed in Table 2.

Statistical Methods

We chose the following variables a priori and included them in all of
our models regardless of statistical significance: baseline age, height at
visit, race, cigarette smoking at visit (current smoker, long-ago quitter,
recent quitter, and pack-years), chronic lung conditions at visit
(asthma, emphysema, and chronic bronchitis), season, weekday, and
year of visit.

Measurements of FVC and FEV1 were taken for each subject on up
to four visits, with 377 patients measured twice, 322 measured three
times, and 104 measured four times, between January 1995 and June
2005. We used a mixed linear model for our analysis to account for
both the repeated measurements on each subject as well as the
observational nature of our study. An association between the de-
pendent variable and a covariate was considered to be significant if the
covariate had a P value of less than 0.05 in the model.

We estimated the annual decline in lung function by statin use via
an interaction term in the model. We present the estimated effect of
statin use on decline in lung function as the change in milliliters per
year of FVC or FEV1. These changes were calculated by Dyrs 3 b, with

95% confidence intervals (CI) Dyrs 3 (b 6 1.96 3 SE), where Dyrs is
the change in years (1 yr for our model), b is the estimated regression
coefficient for time, and SE is the standard error of b.

RESULTS

Descriptive statistics for the cohort are shown in Table 1.
Subjects using statins had more diagnosed coronary disease
than nonusers, but otherwise the groups differed little. Al-
though lung function was somewhat lower for statin users than
for nonusers, the use of statins increased over time. Hence,
these measurements were generally made at an older age than
the measurements without statins. Models that control for age
or time are then required to examine the association between
lung function and statin use.

All the models presented here include both white and black
subjects, using a dummy variable to account for race. Because
fewer than 2% of subjects were black, we also ran these models
including only white subjects and produced equivalent results
(data not shown). Thus, we included both black and white
subjects in the models to increase power. We considered whether
bronchodilator and/or corticosteroid use might be influencing
these results. The use of these medications was low (only 3% of
observations), and when we ran our model excluding those
patients taking either medication we produced equivalent results
(data not shown). Thus, we kept these subjects in the models
presented here.

We first examined the effect of statins on lung function
decline for the entire cohort. For subjects not using statins, the
estimated annual decline in FEV1 was 23.9 ml/year (95% CI,
227.8 to 220.1 ml/yr), whereas the decline was estimated
at 10.9 ml/year (95% CI, 216.9 to 25.0 ml/yr) for nonusers
(P value for interaction , 0.001). Similarly, the estimated de-
cline in FVC was 36.2 ml/year (95% CI, 241.5 to 230.8 ml/yr)
for subjects not taking statins, whereas those taking statins
were estimated to have a 14.0-ml/year decline in FVC (95%
CI, 222.2 to 25.9 ml/yr) (P value for interaction , 0.001).

For comparison, we also ran unadjusted models with time as
the only covariate. We ran the models separately for statin users
and nonusers to obtain unadjusted estimates of change in lung
function for each group, with results listed in Table 3. These
unadjusted estimates were very similar to the estimates from
our model adjusting for covariates.

In our first model, we controlled for the effects of smoking
(see STATISTICAL METHODS), because smoking is known to cause
more rapid lung function decline. In our second model, we
examined whether smoking status modified the estimated effect
of statins. We divided the cohort into four groups: (1) never-
smokers, (2) longtime quitters (quit > 10 yr ago), (3) recent
quitters (quit , 10 yr ago), and (4) current smokers. The three-
way interaction among time since first visit, statin use, and
smoking status was significant for FEV1 (P value for interaction
, 0.001) and for FVC (P value for interaction , 0.001). We
obtained separate estimates for statin users and nonusers in
each smoking category (Table 4; Figures 1 and 2). Within each
smoking group, those not taking statins were estimated to
experience faster declines in FEV1 and FVC than those taking

TABLE 2. LUNG FUNCTION BY SMOKING STATUS CATEGORY

FEV1 (L) FVC (L)

Smoking Status n Mean SD Mean SD

Never-smoker 645 2.61 0.54 3.41 0.67

Longtime quitter (quit > 10 yr before visit) 1,211 2.55 0.59 3.41 0.69

Recent quitter (quit , 10 yr before visit) 168 2.36 0.66 3.29 0.69

Current smoker 96 2.25 0.59 3.24 0.65

TABLE 1. DESCRIPTIVE STATISTICS

Variable

Statin Users*

(n 571)

Not Using

Statins* (n 1,565)

Age, yr 71.7 (6.5) 70.5 (7.4)

Height, m 1.74 (0.066) 1.74 (0.070)

Ethnic background, n (%)

White 558 (98.4) 1518 (98.0)

Black 9 (1.6) 31 (2.0)

Smoking status, n (%)

Never-smoker 162 (28.6) 483 (31.1)

Longtime quitter (quit > 10 yr before visit) 353 (62.4) 858 (55.2)

Recent quitter (quit , 10 yr before visit) 38 (6.7) 130 (8.4)

Current smoker 13 (2.3) 83 (5.3)

Lifetime smoking, pack-years† 30.9 (23.0) 28.8 (23.8)

Chronic pulmonary diseases, n (%)

Doctor-confirmed asthma 29 (5.0) 107 (6.8)

Unconfirmed asthma 2 (0.35) 8 (0.51)

Doctor-confirmed chronic bronchitis 35 (6.2) 101 (6.49)

Unconfirmed chronic bronchitis 2 (0.35) 12 (0.77)

Doctor-confirmed emphysema 12 (2.1) 45 (2.9)

Unconfirmed emphysema 2 (0.35) 5 (0.32)

Coronary heart disease, n (%) 327 (57.3) 279 (17.8)

FVC, L 3.27 (0.66) 3.44 (0.68)

FEV1, L 2.45 (0.59) 2.57 (0.59)

Values are listed as mean (SD) or number (%), where indicated. This table

includes data collected at each visit for all measurements on all subjects.

* Some subjects are in both groups (began taking statins during study period).
† Pack-years for former or current smokers.

TABLE 3. UNADJUSTED CHANGES IN LUNG FUNCTION BY
STATIN USE

Effect by

Statin Use

Change in

FEV1 (ml/yr)

95% Confidence

Interval

Change in

FVC (ml/yr)

95% Confidence

Interval

Not using statins 224.0 227.1 to 220.8 234.5 238.8 to 230.2

Using statins 212.4 218.9 to 25.9 214.9 224.2 to 25.6
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statins, but the size of the effect varied somewhat with smoking
status.

Because of the uneven groupings within our study population
and the resulting overlaps of confidence intervals, the estimates
presented here are only suggestive of any actual differences
among subgroups. In general, all subgroups appear to experience
a beneficial effect of statins, and the differences in the size of that
effect do not appear to be extreme. In terms of the net difference
in rates of decline between statin nonusers and users within each
subgroup, the recent quitters had the greatest net difference for
FEV1 (19.7 ml/yr) and longtime quitters had the greatest net
difference for FVC (24.7 ml/yr). In terms of the fold-difference in
rates of decline, the longtime quitter group had the highest fold
difference for both FEV1 (z2.5) and FVC (z3). Our results
suggest (weakly) that longtime quitters and recent quitters may
be able to benefit more from statin use than other groups.

DISCUSSION

Our analyses support our hypothesis that statin use has a pro-
tective effect on decline in lung function. We found that a notice-
ably attenuated lung function decline is predicted for those who
are taking statins compared with those who are not taking statins.
In addition, we looked at smoking status and found a significant
three-way interaction among year, statin use, and smoking status
in predicting lung function. Our results examining effect modifi-
cation by smoking status suggested that longtime quitters and
recent quitters may experience a larger beneficial effect from
statins as compared with never-smokers and current smokers, but

additional studies including more current smokers would be
needed to confirm that finding.

To our knowledge, this is the first study to report a beneficial
effect of statins on the rate of lung function decline. Although
several promising medications are under investigation, no
treatment for patients with COPD other than for smoking
cessation has been consistently shown to improve the long-term
rate of lung function decline (5). Our results point to a treatment
that could potentially benefit those with COPD in addition to
the benefits of stopped smoking. We observed that the rates of
declines of FVC and FEV1 are cut at least in half in longtime
quitters and recent quitters who are taking statins compared
with those not taking statins. Although clinical trials will be
needed to determine the actual size of the effect, our estimates
suggest that, if these effects are confirmed, statin use could have
a noticeable clinical benefit. Also, the link between lung
function and mortality and the reduced levels of lung function
in the elderly indicate the importance of a possibility of
reducing the rate of decline.

Very little research has been published that examines the
effect of statins on lung function. A recent abstract published
for the Chest 2006 conference examined the effects of statin use
on lung function in 485 elderly subjects who were current or
former smokers (12). This abstract reported reduced declines in
FVC and FEV1 for statin users compared with nonusers.
Although we do not know the details of this study as only an
abstract has been published, these preliminary results are
consistent with the effects we identified in this study for current
and former smokers. The scope of our study is broader by

Figure 1. Decline in FEV1 by statin use and smoking status.

TABLE 4. DECLINE IN FVC AND FEV1 BY STATIN USE AND SMOKING STATUS

Effect by Statin Use and

Smoking Status

Smoking Status

Statin

Use n

Change in

FEV1 (ml/yr) 95% CI P Value

Change in

FVC (ml/yr) 95% CI P Value

Never No 483 222.6 228.6 to 216.5 0.069 232.7 241.0 to 224.4 0.008

Never Yes 162 213.7 222.0 to 25.4 215.0 226.5 to 23.6

Longtime quitter No 858 221.6 226.6 to 216.6 ,0.001 237.4 244.3 to 230.5 ,0.001

Longtime quitter Yes 353 28.2 214.8 to 21.6 212.7 221.8 to 23.6

Recent quitter No 130 235.1 248.7 to 221.5 0.059 236.5 255.2 to 217.7 0.211

Recent quitter Yes 38 215.4 233.5 to 2.7 218.5 243.2 to 6.3

Current No 83 241.2 255.9 to 226.4 0.238 246.1 266.5 to 225.6 0.324

Current Yes 13 227.8 247.4 to 28.3 230.6 257.7 to 23.6

Definition of abbreviation: CI 5 confidence interval.

P values represent significance of pairwise interactions.
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including never-smokers and comparing these effects to cate-
gories of smoking history, and our study population is larger in
size.

Another relevant study examined the effect of statin use on
lung transplant recipients (7). This study found that among
double-lung and heart–lung recipients, statin users (n 5 9) had
significantly better post-transplantation spirometry than non-
users (n 5 64). When considering the single-lung recipients, the
study found improved lung function in statin users, but the
effect was smaller and the researchers observed high variability
between baseline and subsequent pulmonary function tests.
This study also examined inflammatory cells in the bronchoal-
veolar lavage fluid and found significantly lower percentages of
neutrophils and lymphocytes in statin users compared with
nonusers. Although this study of post-transplantation effects
of statin is not representative of a larger population in a normal
aging process, the beneficial effects of statins observed are
consistent with our findings, and the inflammatory cell counts
suggest that the improved lung function seen in statin users
could result from reduced inflammation in the lung.

One possible mechanism for the protective effect of statins
relates to lung inflammation. A recent review suggests that, given
the wide-ranging antiinflammatory properties of statins, there is
a potential for the clinical use of statins in treating respiratory
disease that merits further investigation (13). Animal studies
have found that statins reduce neutrophil levels in lung tissue
when lipopolysaccharides are used to induce an inflammatory
response in the lung (14, 15). Another study on rats showed that
statins protected against smoking-induced lung damage and
exhibited some antiinflammatory effects on the lung (16). In
humans, the study by Johnson and colleagues mentioned above
found reduced levels of neutrophils and lymphocytes in the
bronchoalveolar lavage of statin users compared with nonusers
(7). Statins have also been shown to suppress or reduce the
concentrations of other cells related to inflammatory responses,
including Th1 cells, interferon-g cells (17), and natural killer cells
(18), and IL-8 production in human lung tissue (19, 20).

Decreasing systemic inflammation may also be a possible
mechanism for the effect of statins on lung function. Statins are
known to reduce serum levels of CRP (6). Cross-sectional
studies have found an inverse relationship between CRP and
lung function, in which higher levels of CRP are associated with
lower lung function, even in healthy subjects (21). Two recent
studies have examined the relationship of CRP to lung function
decline using both cross-sectional and longitudinal analyses.
Both studies found the usual inverse relationship between

serum CRP and FVC and/or FEV1 in cross-sectional analyses
(22, 23). In longitudinal analyses, although neither study found
a significant association between baseline serum CRP and
decline in FVC and/or FEV1 between the two study visits,
one of them found that increases in CRP levels between visits
were associated with greater declines in FEV1 (23).

Inflammation and lung function decline are also linked in
studies of COPD. COPD is characterized by chronic airway
inflammation and causes long-term lung function decline (5),
and several studies have found higher levels of CRP in those
with COPD compared with control subjects (24). Recently,
CRP was found to be predictive of COPD morbidity and
mortality (25). In addition, statin use has been associated with
reduced mortality in subjects with COPD, including those
without diagnosed ischemic heart disease (although some sub-
jects probably had undiagnosed heart conditions) (26). There-
fore, the antiinflammatory effects of statins could be responsible
for the attenuated declines in lung function we observed.

Statins may decrease inflammation by decreasing oxidative
stress in the lung. Studies have found that nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, expressed in the
lung epithelium, produces reactive oxygen species in human
bronchial epithelial cells (27, 28). Statins have been shown to
inhibit activation of NADPH oxidase in monocytes (29) and
possibly also in neutrophils (30). Thus, the protective effect of
statins on lung function could be related to reducing reactive
oxygen species through inhibition of NADPH oxidase activa-
tion. Of course, more research is needed to identify whether this
is the probable mechanism.

One limitation of this study is the demographics of the study
population. Study subjects were all elderly men, most of them
white. Because lung function decline is believed to vary by sex,
age, and race, we cannot readily extrapolate our results to
populations of different demographics. Also, our study popula-
tion includes fewer current smokers and recent quitters than
longtime quitters and never-smokers, so the estimates for the
effects of those may not be representative of larger populations.
Still, the significance of the interaction indicates differences in
statin effect among the smoking categories, and this model gives
a suggestion of what the difference in effect might be. Additional
research on a study population that included more smokers and
recent quitters would be needed to determine more specific
effects for statin use within these various groups.

Another consideration is that this study is not a randomized
clinical trail. We must consider how the nonrandom selection of
those taking statins may have influenced our results. Because

Figure 2. Decline in FVC by statin use and smoking status.
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statins are usually prescribed to lower cholesterol, we do not
expect that statin users would be predisposed to a smaller lung
function decline than nonstatin users because of this condition.
To test whether statin use was acting as a surrogate for coronary
heart disease, we changed our interaction model to estimate the
annual decline in lung function by coronary heart disease in-
stead of statin use, and found no significant association between
them (results not shown).

We also considered that those taking statin medications may
see a doctor more regularly and therefore take more medica-
tions than other patients, which could mean that we are seeing
an effect of a combination of medicines. The most common
medications that may improve lung function would be bron-
chodilators and corticosteroids, but, as explained in RESULTS,
the use of these medications was low, and our model produced
equivalent estimates for the modification effect of statins when
those measurements were excluded. Thus, we do not believe
that the effect seen in statins is influenced by these medications.

If those taking statins also see a doctor more regularly, it
is possible that these subjects may engage in other health-
conscious behavior that could confound our results. This ‘‘healthy
user’’ effect may be a source of confounding in results of the
benefits of statin use (31). Although we cannot definitively rule
this out, we attempted to check on this by using our measure of
omega 3 fatty acid intake. We first added omega 3 intake into
the model and found that controlling for it did not change the
estimated effect of statins. We also divided subjects at the
highest quartile of omega 3 intake and found no significant
interaction with time for this categorization (results not shown).
This, of course, does not mean that subjects are not participat-
ing in healthy lifestyle activities that we have not measured,
which is why these findings need to be confirmed by randomized
clinical trials before conclusions can be generalized to larger
populations.

Finally, we note that, in Table 1, the descriptive statistics
show that the mean FVC and FEV1 levels are slightly lower in
the statin group than in the control group. Part of this difference
can be explained by the higher mean age for the statin group.
Some of the difference could be related to the higher levels of
heart disease and hypertension in the control group, which
could lead to taking medications such as b-blockers that lower
lung function. Adding b-blocker use to our model did not
change the estimates for the effects of statins, and we found no
association between use of b-blockers and lung function de-
cline. Thus, we do not expect that any conditions causing the
slightly lower initial lung function in statin users have an impact
on our findings for the effect of statins. We also considered the
issue of a survivor bias. Those with very low lung function who
remain in the study may be declining more slowly, which could
be a factor in our estimates because the lung function levels
appear to be slightly lower in statin users than in nonusers and
are lower in those with more smoking history. To check whether
this may be affecting our estimates, we excluded subjects in the
lowest 5% of lung function and re-ran our analyses. The new
estimates for the effect of statin use on FEV1 and FVC decline
were the same as those above (results not shown), so we do not
think those with low lung function are biasing the effect of
statins. Of course, the issue of survivor bias is always a concern,
but we think the effect on our estimates is minimal.

Although a randomized clinical trial is needed to confirm our
findings, the results of our prospective analyses indicate that
statin use reduces the severity of lung function decline in the
elderly, and these beneficial effects seem to be present regard-
less of smoking history. This research adds to the growing body
of knowledge indicating the positive effects of statin use beyond
its cholesterol-lowering properties.
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