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SUMMARY

Statins reduce cardiovascular mortality and related risks associated with pneumonia suggesting
potentially beneficial use in influenza pandemics. We investigated the effect of current statin use
on acute respiratory infections in primary care. Data from anonymized electronic medical records
of persons aged >45 years were examined for statin use, chronic morbidity, respiratory
diagnoses, vaccination procedures, and immune suppression. Logistic regression models were
used to calculate odds ratios (ORs) for statin users vs. non-users in respiratory infection
outcomes. A total of 329 881 person-year observations included 18 % statin users and 46 %
influenza vaccinees. Adjusted ORs for statin users vs. non-users were: influenza-like illness, 1-05
(95% CI 0-92—-1-20); acute bronchitis, 1-08 (95% CI 1-01-1-15); pneumonia, 0-91 (95% CI
0-73-1-13); all acute respiratory infections, 1-:03 (95% CI 0-98—1-07); and urinary tract infections,
0-91 (95% CI 0-85-0-98). We found no benefit in respiratory infection outcomes attributable to
statin use, although uniformly higher ORs in non-vaccinated statin users might suggest synergism
between statins and influenza vaccination.
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INTRODUCTION enrolled in 14 randomized controlled trials showed
that, over a 5-year period, statins were associated with
a 21 % reduction in major cardiovascular events, in-
cluding a 19 % reduction in mortality associated with
coronary events and a 17 % reduction in fatal or non-
fatal stroke [2]. The potential of immune modulating
drugs, in particular statins, in the treatment and pro-
phylaxis of influenza has been succinctly summarized

by Fedson who has also raised the question of their

Statins (3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors) are a class of drugs designed to
lower lipid levels [1]. The benefits of these drugs for
persons with cardiovascular disecase are well estab-
lished. A large meta-analysis of 90056 individuals
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use in a pandemic especially in countries where anti-
viral drugs and vaccines might not be available [3].
As well as reducing levels of low density lipoprotein
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cholesterol, statins have anti-inflammatory, anti-
oxidant, immunomodulatory, anti-apoptotic, anti-
proliferative, anti-thrombotic, and endothelium
protecting features (collectively referred to as pleio-
tropic effects) [1-7]. The use of statins as supplements
to appropriate disease specific therapy has become
almost mandatory in a range of cardiovascular and re-
lated diseases [2, 8, 9]. Statins may also be beneficial in
preventing and treating patients with life-threatening
infections associated with cytokine dysregulation in-
cluding bacterial sepsis [10—13]. The ‘cytokine storm’
phenomenon associated with severe influenza is a
particular reason why statins have been considered
potentially protective against severe influenza [14].
There have been several recent studies describing
the effect of statin therapy on pneumonia and
pneumonia-related mortality [15-19]. Two of these
studies support the use of statins to reduce the risk of
pneumonia [18, 19]; two provide evidence of reduced
pneumonia-related mortality [16, 18] and one, based
on persons admitted to hospital with community-
acquired pneumonia was inconclusive [16]. Smeeth
and colleagues studied a statin-user population in re-
lation to a range of health outcomes in 129 000 sub-
jects included in a UK general practice database
between 1995 and 2006 [20]. They observed a small re-
duced risk of pneumonia but no effect on other res-
piratory or urinary tract infections. All these studies
recognized the importance of confounding variables
particularly the ‘healthy user effect’ [3]. Differences in
study design (prospective and retrospective cohorts,
case-control), definitions of statin use and confound-
ing variables limit the ability to combine the results,
but in general they point to favourable effects in per-
sons with serious respiratory infections possibly be-
cause of the primary cardiovascular benefits. We
aimed to examine the effect of statin use on the inci-
dence of acute respiratory infections in persons aged
>45 years presenting to general practitioners (GPs).
There have been no randomized control studies in
which this problem has been investigated.

METHODS

A population-based retrospective cohort study design
was employed which included eight winter influenza
seasons (1 July 1998 to 30 June 2006). Information on
all variables including outcomes was derived for each
patient for each study year on persons aged >45
years registered in the practice at the onset of the year.
Study years ran from 1 July to 30 June the following
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calendar year; thus each study year included a whole
UK influenza season. The study protocol was ap-
proved by the West Midlands Research Ethics
Committee.

We calculated a sample requirement of 22000
person-years to detect a relative risk of 0-8 of de-
veloping an acute respiratory infection for statin users
compared with non-users, with 80 % power at the 5%
significance level. It was assumed that over the study
period the average annual prevalence of statin use was
9%, whilst the annual incidence of acute respiratory
infection amongst non-statin users in the study group
was assumed to be 10%. This was a minimum esti-
mate and took no account of the non-independence
of observations, of analysis in individual years or of
analysis for more specific respiratory diagnoses.

We used data collected in selected practices par-
ticipating in the Weekly Returns Service (WRS) of the
Royal College of General Practitioners (RCGP) [21].
The selection (25/102 practices) was based on the
availability of a comprehensive electronic morbidity
and prescribing dataset available over the entire study
period, computer software amenable to remote in-
terrogation of anonymized data, and willingness of
the practice to collaborate. The practices concerned,
in common with the majority of practices in the UK,
use electronic records exclusively to record all aspects
of medical consultation and interventions. Relevant
morbidity and prescribing data are stored as Read
codes which facilitate automated analysis [22]. Rec-
ognizing that statins were rarely prescribed to young
persons, we restricted data extraction to persons aged
>45 years for whom there was a continuous period of
registration within the same practice for a minimum
of 4 years at the endpoint of each winter season
analysis. The records examined were those of persons
who had received a prescription for a statin, or likely
to have been considered for long-term statin therapy.
Persons (aged >45 years) with cardiovascular dis-
eases (including stroke and hypertension), diabetes, or
hypothyroidism were included. There were no exclu-
sions from data extraction routines of persons aged
>45 years although persons with a diagnosis of cancer,
HIV/AIDS, organ transplantation or receiving pre-
scriptions for immunoglobulin or immunosup-
pressant drugs (including oral prednisolone) were
excluded from the main analyses in each year after
diagnosis. Data extraction included Read code entries
and their linked date describing all morbidity diag-
noses with their episode type (distinguishing new from
ongoing consultations) [23]; prescriptions issued for
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selected drugs [statins, glucocorticoids, cortico-
inhalers, non-steroidal anti-inflammatory drugs
(NSAIDS), aspirin, gastric acid suppressants and im-
munosuppressants]; vaccination with pneumococcal
and influenza vaccines. Smoking status and body
mass index data were also extracted, but the latter was
not used in the analysis because of incomplete re-
cording. Persons first diagnosed with chronic condi-
tions during the study period [mainly the recruitment
conditions and chronic obstructive pulmonary disease
(COPD)] and persons receiving a pneumococcal vac-
cination were analysed as such for the remainder of
the study period: influenza vaccination was con-
sidered in a season-specific manner.

Individual outcomes of interest were influenza-like
illness (ILI), acute bronchitis, pneumonia, upper res-
piratory tract infections (URTI), acute respiratory
infections combined (ARI which includes ILI, acute
bronchitis, pneumonia and URTI). Urinary tract in-
fections (UTI) and herpes zoster were included as
potential ‘comparator’ illnesses where we expected
the potential effect of statins might be less because the
host cytokine response is likely to be less than that
associated with influenza.

Patients were assigned to a statin-user status for
each study year (influenza season):

Regular user: those who had at least two prescriptions
of any statins prior to 31 December in the study
year and at least one prescription after 31
December;

Possible user: those who had at least one prescription
of any statin prior to 31 December in the study
season;

Non-user: those with no recorded statin prescription
prior to 31 December. The issue of other drugs used
in the analysis was also considered specifically in
relation to the year studied.

Age (45-54, 55-64, 65-74, 75-84, =85 years) was
determined at 31 December in each study year. The
number of new episodes of illness for diagnoses in
each study year, other than the recruitment diagnoses,
was included in analyses as a measure of the propen-
sity of patients to consult.

Analysis

Statistical analyses were performed with Stata version
10 [24]. We examined the effects of statin use in re-
lation to outcome, separately for each outcome, and
stratifying by influenza vaccination status (vaccinated
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at least 14 days prior to outcome event thus allowing
time for the development of immunity;
vaccinated). The explanatory variables used in the
logistic regression models are shown in Table 1.

Hierarchical (nested) logistic regression models
were used to account for non-independence of ob-
servations due to having repeated measurements over
time from individual patients, and clustering of
patients in GP practices. Random effects at patient
level were incorporated into models; models were also
adjusted for fixed effects of GP practice. Adjusted risk
estimates were expressed as odds ratios (ORs) and
95 % confidence intervals (CIs) with Wald test P values
quoted for the ORs. Differences in the effect of statin
use on each of the outcomes in the 8 years studied
were investigated by having a single interaction term
in non-hierarchical logistic regression models between
statin use and year, without any stratification but al-
lowing for clustering on patient. Wald test P values
were used to evaluate statistical significance of the
interaction.

Finally, we were interested in the effects observed in
outcomes during a critical influenza active period in
the millennium winter (week 48/1999 to week 5/2000)
in which there were particularly high numbers of
persons in England seeking hospital admission be-
cause of respiratory infections. A benefit in such a
situation, regardless of what happened in other years
would bear disproportionately on any subsequent
prescribing recommendations. The period was deter-
mined from virological reports submitted to the HPA
and included 70 % of the influenza-positive swabs re-
ported in the entire winter [25].

non-

RESULTS

The study is based on 329881 person-year observa-
tions (patients aged >45 years; 40 000—50 000 persons
in each year) in which about 18% were classified
regular statin users. Table 2 shows that use is greatest
in the 65-74 years age group; the proportions receiv-
ing influenza and pneumococcal vaccination were
greater in the regular user than non-user group. There
are higher statin-user than non-user proportions of
persons with ischaemic heart disease (IHD) and with
diabetes, but lower with COPD. The proportions of
users and non-users reporting each of the outcome
diseases are broadly similar (results relating to poss-
ible statin users are available on request but are not
presented here nor considered further because they do
not contribute to the interpretation of the findings).
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Table 1. Explanatory variables used in logistic regression models with given outcome when stratified by influenza

vaccination

Outcome Explanatory variables

ILI Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,
COPD, hypothyroid, IHD, circulatory diseases, aspirin use

Acute Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,

bronchitis COPD, pneumococcal vaccination, diabetes, IHD, circulatory diseases, hyperlipidaemia, glucocorticoids,

corticoinhalers, NSAIDS, aspirin use

Pneumonia Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,
COPD, pneumococcal vaccination, diabetes, hypertension, circulatory diseases, glucocorticoids

URTI Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,

COPD, hypothyroid, hypertension, hyperlipidaemia, glucocoticoids, corticoinhalers, NSAIDS, aspirin use
ARI Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,
hypothyroid, diabetes, pneumococcal vaccination, hyperlipidaemia, glucocorticoids,
corticoinhalers, NSAIDS, COPD, circulatory diseases, aspirin use
UTI Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,
COPD, pneumococcal vaccination, diabetes, hypertension, NSAIDS, circulatory diseases, aspirin use

Herpes

zoster hyperlipidaemia, NSAIDS, aspirin use

Statin use, propensity episodes, smoking, sex, age group, practice, study year, gastric suppressants,

ILI, Influenza-like illness; URTI, upper respiratory tract infection; ARI, acute respiratory infections combined; UTI,
urinary tract infection; COPD, chronic obstructive pulmonary disease; IHD, ischaemic heart disease; NSAIDS,

non-steroidal anti-inflammatory drugs.

Forty-six percent of the study population (person-
years) had received influenza vaccine at least 14 days
previously and 18 % received pneumococcal vaccine
in the previous 5 years (data not shown). Both these
proportions were highest in the 65-74 years age
group. Regular statin use in the total population was
higher in both the influenza and pneumococcal vac-
cinated than non-vaccinated groups and also in the
subgroups with THD, COPD and diabetes.

Table 3 shows the adjusted ORs for statin users vs.
non-users according to influenza vaccination status
and demonstrates that non-vaccinated statin users
have higher risks than vaccinated statin users for all
outcomes except UTL.

We repeated the primary analysis using the same
outcome endpoints during a critical influenza active
period in the millennium winter (week 48/1999 to
week 5/2000). However, the results of this analysis
were little different from those reported above (and
thus not presented); in particular they did not disclose
any evidence of protective effects from statin use
during this especially severe influenza season.

The interaction between year of study and statin
use is illustrated (Table 4) showing data for the largest
and smallest adjusted ORs in those cases where the
corresponding interaction was significant (here P
values <0-01 are deemed significant). For all out-
comes, there were significant differences in the effect
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of statins between the years. As an example: for ILI,
users in 2005-2006 had an OR of 0-54 (relative to
non-users in 1998-1999) and non-users in 2004-2005
had an OR of 158 (same baseline). Differences in one
or more of the ORs (extreme values shown) are stat-
istically significant.

DISCUSSION

Our study suggests that, regardless of influenza vac-
cination status, there was a benefit of statin use to
prevent UTI, an increased risk for acute bronchitis,
and no effects for ILI, ARI, pneumonia and URTI as
a combined group (Table 3). Our findings of no ben-
efit from statins detectable in persons consulting GPs
with ARI accord with those recently reported by
Smeeth and colleagues based on 9885 outcomes in
statin users reported in two groups, ‘pneumonia’ and
‘other serious respiratory infections’ (acute bronchitis
and ILI) [20]. Our study was based on 7269 outcomes
in statin users in four outcome groups with ILI and
acute bronchitis in separate groups. The lack of de-
tectable benefit in 17000 episodes of illness provides
very strong evidence that statins are not indicated in
the prevention/management of acute respiratory in-
fections including ILI.

The observation that statin use is associated with a
reduced risk of UTI enhances the importance and
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Variable Level Non-user Regular user
Total 267622 (80-0) 61259 (18-3)
Age group (yr) 45-54 63476 (23-7) 8077 (13-2)
55-64 66061 (24-7) 17234 (28-1)
65-74 59996 (22-4) 22132 (36:1)
75-84 53062 (19-8) 12289 (20-1)
=85 25027 (9-4) 1527 (2-5)
Sex Men 114543 (42-8) 33536 (547)
Women 153079 (57-2) 27723 (45-3)
Influenza vaccination Yes 108267 (40-5) 41334 (67-5)
No 159355 (59-5) 19925 (32°5)
Pneumococcal vaccination Yes 39049 (14-6) 20911 (34-1)
No 228 573 (85-4) 40348 (65-9)
Smoking Never 97079 (36:3) 22441 (36:6)
Ever 91650 (34-3) 29632 (48-4)
No/insufficient data 78 893 (29-5) 9186 (15-0)
IHD Yes 32561 (12-2) 30038 (49-0)
No 235061 (87-8) 31221 (51-0)
COPD Yes 68411 (25:6) 8244 (13-5)
No 199211 (74-4) 53015 (86-5)
Diabetes Yes 27874 (10-4) 15908 (26:0)
No 239748 (89-6) 45351 (74-0)
ILI Yes 1913 (0-7) 420 (0-7)
No 265709 (99-3) 60839 (99-3)
Acute bronchitis Yes 10734 (4-0) 2951 (4-8)
No 256 888 (96:0) 58308 (95-2)
Pneumonia Yes 582 (0-2) 125 (0-2)
No 267040 (99-8) 61134 (99-8)
URTI Yes 14396 (5-4) 3773 (62)
No 253226 (94-6) 57486 (93-8)
ARI Yes 25662 (9-6) 6749 (11-0)
No 241960 (90-4) 54510 (89-0)
UTI Yes 8507 (3-2) 2042 (3-3)
No 259 115 (96-8) 59217 (96:7)
Herpes zoster Yes 1389 (0-5) 446 (0-7)
No 266233 (99-5) 60813 (99-3)

IHD, Ischaemic heart disease; COPD, chronic obstructive pulmonary disease; ILI, influenza-like illness; URTI, upper
respiratory tract infection; ARI, acute respiratory infections combined; UTI, urinary tract infection.

Table 3. Adjusted odds ratios for statin users vs. non-users according to influenza vaccination status

Influenza vaccinated

Influenza vaccinated Non- vaccinated and non-vaccinated

Outcome OR 95% CI P value OR 95% CI P value OR 95% CI P value
ILI 098 0-82-1-16 0-81 1-18 0-95-1-45 0-13 1-05 0-92-1-20 048
Acute bronchitis 0-99 0-91-1-07 0-77 1-22 1-08-1-37 0-:001 1-08 1-01-1-15 0-03
Pneumonia 0-85 0-65-1-11 023 1-15 0-77-1-73 0-49 091 0-73-1-13 0-40
URTI 0-96 0-90-1-03 0-24 0-98 0-89-1-07 0:66 098 0-93-1-03 0-44
ARI 0-99 0-94-1-05 0-76 1-06 0-98-1-14 0-13 1-03 0-98-1-07 0-35
UTI 0-90 0-83-0-98 0-02 0-90 0-79-1-04 0-15 091 0-85-0-98 0-02
Herpes zoster 0-97 0-83-1-14 0-73 1-19 0-93-1-53 0-16 1-03 0-90—-1-18 0-67

OR, Odds ratio; CI, confidence interval; ILI, influenza-like illness; URTI, upper respiratory tract infection; ARI, acute

respiratory infections combined; UTI, urinary tract infection.
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Table 4. Adjusted odds ratios in study year, statin-use interaction model

OR* (year, Largest OR* P value for
Outcome statin group) 95% CI (year, statin group) 95% CI interaction
ILI 0-54 (05/06, user) 0-41-0-70 1-58 (04/05, non-user) 1-36-1-85 <0-001
Acute bronchitis 0-80 (98/99, user) 0-61, 1-04 1-50 (99/00, non-user) 1-:39-1-62 <0-001
Pneumonia 0-31 (98/99, user) 0-04, 2:22 1-56 (04/05, non-user) 1-12-2-17 <0-001
ARI 0-83 (98/99, user) 0-69-1-00 1-53 (99/00, user) 1-35-1-73 0-001

OR, Odds ratio; CI, confidence interval; ILI, influenza-like illness; ARI, acute respiratory infections combined.

* Baseline, 1998-1999, non-user.

credibility of the negative findings in relation to res-
piratory infections. Although unexpected, this result
supports that reported by Hall and colleagues of a
preventive association between statin use and irritable
bladder [26], but is contrary to that reported by
Smeeth [20]. The finding that statin therapy was associ-
ated with an increase in the rate of acute bronchitis
may potentially result from a selective sensitivity to
specific infections or an immunomodulatory activity
on localized infection in the upper airways. Gram-
positive bacteria and respiratory syncytial virus are
recognized as important pathogens in acute bronchitis
and the relative importance of these agents in these
observations may require further study.

No association was seen between statin use and the
incidence of herpes zoster infection. Protection from
herpes zoster reactivation is largely dependent on the
THI1 T cell immune response and these findings are
reassuring that this arm of the immune response is not
compromised during statin therapy.

As a general observation on the results for all out-
comes, ORs for statin users vs. non-users were less
in the influenza vaccinated group compared to the
non-vaccinated group. Although individually the
differences were not significant, this consistent trend
suggests at the least there may be synergism between
statin use and influenza vaccination but no suggestion
of a negative effect [27]. Regular statin users were de-
fined from a prescription record which included two
prescriptions given before 31 December and thus
those defined as regular statin users were probably
receiving statins when vaccinated as well as at the time
of the outcome under consideration. Synergism may
be apparent in the immediate immune response to
vaccination, or in extending the period of effectiveness
of the vaccine. We believe this possibility merits fur-
ther study.

Data capture for this study was particularly robust.
All data items were collected from the primary elec-
tronic patient record and no single item depended on
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memory recall. The GP practices included in the study
were part of the RCGP WRS surveillance network
in which all morbidities are logged using computer-
accessible codes and the same applies to all prescrip-
tions. The continuous patient specific record allowed
us to search back over long periods to collect critical
items of information. We were able to judge statin
status from serial and dated prescription records. The
analysis included several winters with influenza epi-
demics of differing severity and involving differing
influenza viruses. The separate analysis in the influ-
enza active period during the millennium winter dis-
closed no obvious difference between respiratory
illness outcomes in this winter relative to others.

There is an extensive literature on confounding
in the estimation of influenza vaccine effectiveness
[28-31]. The ‘healthy user’ effect describes selection
bias towards persons who although healthy make
high use of healthcare services. Some measure of the
propensity to consult is used to adjust for this bias. In
our study this adjustment was more difficult because
persons recruited were not healthy by definition. Ac-
cordingly we selected new episodes of illness unrelated
to conditions for which there is a possible indication
for statin use and used these to create a variable re-
flecting propensity to consult. Case selection bias may
have been influenced by severity of illness which was
not directly measured but is partly reflected in the
propensity to consult. The study took compliance
with treatment into account, by including only those
persons showing evidence of regular prescribing and
disregarding possible users in the main comparisons.
However, confounding from unidentified biases re-
lating to healthcare use can never be excluded.

All the disease endpoints studied were clinically
diagnosed and there was no virological confirmation
of diagnosis. However the WRS in which this study
was based provides the main basis for influenza sur-
veillance in England and the reported incidence of
ILI is closely matched with the results of virological
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investigation in the same network [23]. In most cases
the outcomes studied did not involve hospital ad-
mission or death and thus it was not focused solely
on persons with serious disease. There is no specific
reason to think that any effect of statins might differ
between viruses: any effect is more likely related to the
severity of illness which is implied in the results from
studies reported using pneumonia, admissions and
deaths as endpoints [16—-19, 21].

Influenza is known to be associated with excess
incidence of cardiovascular as well as respiratory
hospital admissions and deaths [32]. Recruitment to
this study was predominantly among persons with
cardiovascular disease and the findings therefore re-
late specifically to such persons. If influenza increases
cardiac risk and there is good evidence that it does
[32-35], then the use of statins might be expected to
reduce adverse cardiac outcomes but it is likely that
this beneficial effect is limited to persons with estab-
lished cardiovascular problems. Increasing evidence
in favour of giving statins to all persons with cardiac
disease [36] make the possibility of testing this hypoth-
esis in a randomized treatment trial unlikely in per-
sons with established illness, although we encourage
the continued use of observational databases to assess
possible benefit in a serious influenza epidemic. If
there remains doubt about benefit in severe illness, a
randomized placebo-controlled study of over-winter
statin use in healthy volunteers could be considered.
Since there is no basis for thinking that statins could
stop influenza virus infection, a study based on clini-
cal outcome with severity scale endpoints would be
required. However, since our findings do not show
any convincing benefit for statin use to minimize the
respiratory outcomes studied in this population it is
most unlikely that a benefit might be observed in a
healthy population.

As a summary and general conclusion therefore,
these results, based on a large number of observations
taken over eight consecutive winter seasons, provide
no evidence for the use of statins to limit the incidence
of acute respiratory infections (including ILI) pres-
enting in primary care. We believe the results in this
study population can be applied to the national popu-
lation with cardiovascular problems and diabetes
and have similar implications for the healthy popu-
lation. A beneficial effect against serious respiratory
illness is not excluded. The findings do not support
extensive untargeted prophylactic use in a pandemic
which is predominantly respiratory in its clinical
impact.
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