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ABSTRACT

OBJECTIVE

To quantify how a period of intense media coverage of
controversy over the risk:benefit balance of statins
affected their use.

DESIGN
Interrupted time series analysis of prospectively
collected electronic data from primary care.

SETTING
Clinical Practice Research Datalink (CPRD) in the
United Kingdom.

PARTICIPANTS

Patients newly eligible for or currently taking statins for
primary and secondary cardiovascular disease
prevention in each month in January 2011-March 2015.

MAIN OUTCOME MEASURES
Adjusted odds ratios for starting/stopping taking statins
after the media coverage (October 2013-March 2014).

RESULTS

There was no evidence that the period of high media
coverage was associated with changes in statin
initiation among patients with a high recorded risk
score for cardiovascular disease (primary prevention)
or a recent cardiovascular event (secondary prevention)
(odds ratio 0.99 (95% confidence interval 0.87 to 1.13;
P=0.92) and 1.04 (0.92 to 1.18; P=0.54), respectively),
though there was a decrease in the overall proportion
of patients with a recorded risk score. Patients already
taking statins were more likely to stop taking them for
both primary and secondary prevention after the high
media coverage period (1.11 (1.05 to 1.18; P<0.001) and
1.12 (1.04 to 1.21; P=0.003), respectively). Stratified

WHAT IS ALREADY KNOWN ON THIS TOPIC

Studies from Denmark, Australia, Turkey, and France have suggested that negative
media stories can affect statin cessation and prescribing rates

Two controversial articles about statins were published in October 2013 in the UK,
with a subsequent high volume of debate in the media about the associated
potential risks and benefits

WHAT THIS STUDY ADDS

respectively

UK overa 10 year period

After the media coverage, there were no changes in statin initiation among those
with a recorded new indication but an 11% and 12% increase in the likelihood of
existing users stopping their treatment, for primary and secondary prevention,

These effects could result more than 2000 extra cardiovascular events across the

This research provides unique evidence describing the potential for widely covered
health stories in the media to affect real world behaviour related to healthcare, with
implications for public health, and has the potential to inform future interactions
between clinicians, researchers, the academic press, and the wider media
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analyses showed that older patients and those with a
longer continuous prescription were more likely to stop
taking statins after the media coverage. In post hoc
analyses, the increased rates of cessation were no
longer observed after six months.

CONCLUSIONS

A period of intense public discussion over the risks:
benefit balance of statins, covered widely in the media,
was followed by a transient rise in the proportion of people
who stopped taking statins. This research highlights the
potential for widely covered health stories in the lay
media to impact on healthcare related behaviour.

Introduction

Statins reduce the risk of cardiovascular disease! and are
widely recommended as part of the strategy for primary
and secondary prevention.2¢ Severe adverse effects asso-
ciated with statins are extremely rare,” but concerns over
purportedly high rates of side effects such as muscle pain
and weakness have been raised in the academic press
and reported in the national media. In October 2013, two
articles published in The BMJ were perceived as critical
of statins, with one suggesting that side effects might out-
weigh the overall health benefits in patients at low and
intermediate risk.8® Although the comments on rates of
side effects were based on evidence from non-blinded
observational data, and the articles were focused on the
benefit:risk ratio in those with low risk, they generated
extensive and broader discussion in the media about
statins. The debate peaked in March 2014, when most
national media outlets in the United Kingdom covered
the subject.! Media coverage of these articles was prob-
ably intensified because of the impending changes in the
guidelines proposed by the UK National Institute for
Health and Care Excellence (NICE, July 2014), which
broadened eligibility for statins from patients with a high
(>20%) 10 year risk of cardiovascular disease to those
with intermediate (>10%) 10 year risk.

As a society we are increasingly exposed to numerous
and disparate sources of health information, and it has
been shown that this bombardment leads to a lack of
clarity about which sources patients and others should
trust.”? Studies in Denmark, Australia, Turkey, and
France have suggested that media debate about side
effects of statins has led to measurable effects on certain
aspects of use,’>1¢ and qualitative work has shown that
concerns over side effects and a desire for clearer infor-
mation regarding the risks and benefits can affect use in
patients in the UK. No large studies to date, however,
have comprehensively evaluated the effects of media
debates about treatment with statins on prescribing for
both the primary and secondary prevention of cardiovas-
cular disease and the consequences for public health.
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Using prescribing data from routinely collected UK
primary care records, we quantified the potential associ-
ation between the debate in the media about the side
effects of statins and initiation and cessation of treat-
ment in UK primary care for both primary and secondary
prevention of cardiovascular disease. We investigated
whether any potential media effects differed by key
patient level characteristics and estimated the public
health impact of any changes in patterns of use that
might have arisen from the controversy, in particular
the resulting number of excess cardiovascular events.

Methods

Study design and setting

This ecological interrupted time series study used pro-
spectively collected data from the UK Clinical Practice
Research Datalink (CPRD), a primary care database con-
taining anonymised data from about 6.9% of the UK pop-
ulation.?°?! General practitioners play a key role in the
UK healthcare system as they are responsible for primary
healthcare and specialist referrals. The CPRD includes
prescriptions and clinical diagnoses from primary care,
as well as diagnoses from secondary care that are typi-
cally fed back to general practitioners. Those represented
in the database are broadly representative of the UK pop-
ulation in terms of age and sex.?! In the interrupted time
series design, population level outcomes (in this case,
proportions of people starting/stopping statins) are cal-
culated over time, and then statistical regression tech-
niques are used to investigate how trends in these
outcomes are affected by a population level exposure
that occurs in a single well defined time period (here,
widespread media coverage about statins over a six
month period)—that is, the exposure is viewed as a
potential “interruption” to the underlying trends in the
outcome(s) over time.?

We produced a code list for statins by identifying all
drugs that included the word “statin” in either the prod-
uct name or the drug substance name. The proportions
of patients initiating and stopping statins were calcu-
lated for each month from January 2011 to March 2015.
Definitions for our study populations and ascertainment
of statin initiation and cessation are described below.

Statin initiation

Study population

For each calendar month, we identified all individuals
aged >40 registered at their general practice for at least
ayear, with no previous recorded prescriptions for a sta-
tin, and no previous cardiovascular disease events, and
who had either a newly recorded 10 year cardiovascular
risk score (hereafter referred to as simply 10 year risk
score) of >20% (appendix part 1) (that is, eligible to start
taking a statin for primary prevention of cardiovascular
disease) or an incident cardiovascular event (that is, eli-
gible to start taking a statin for secondary prevention).
Incident events were defined as a first record of coronary
heart disease (myocardial infarction, angina, revascu-
larisation procedures), cerebrovascular disease (stroke,
transient ischaemic attack), or peripheral vascular
disease (abdominal aortic aneurism and intermittent
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claudication) dated at least a year after the start of a
patient’s CPRD follow-up. These events were identified
within patient records by searching for NHS Read codes
corresponding to any of these diagnoses; we used code
lists developed for the CALIBER programme.?

Defining initiation

We then calculated the proportion of patients who
started taking statins for primary and secondary preven-
tion separately for each calendar month throughout the
study period. Patients were defined as starting a statin
for primary prevention if they had received a first pre-
scription within 28 days of the date of the risk score
being recorded. The denominator was all patients eligi-
ble to start treatment for primary prevention (as above)
who remained alive, under follow-up, and free from car-
diovascular disease for the full 28 day period after their
risk score. Patients were defined as starting a statin for
secondary prevention if they received a first prescription
in primary care <60 days after their first cardiovascular
event; the 60 day grace period was chosen to allow for a
period of admission to hospital, based on preliminary
analyses (appendix part 2). The denominator for this
calculation was all those eligible to start treatment for
secondary prevention (as above) who remained alive
and under follow-up for the full 60 day grace period.

Statin cessation

Study population

For each calendar month, we identified all individuals
aged >40 and in receipt of a statin prescription that
ended within that calendar month. Prescription end
dates were calculated based on the date of prescription
and quantity of tablets prescribed (appendix part 3).
Patients could be included in more than one monthly
cohort if they had multiple prescriptions ending during
the study period. The study population was then strati-
fied into those taking statins for primary prevention
(defined as those with no record of a previous cardio-
vascular event) and those taking statins for secondary
prevention (those with any previous event).

Defining cessation

We calculated the proportion of patients who stopped
their statins each month: stopping was defined as
receiving no further prescription within 28 days of the
end date of the previous prescription. This 28 day grace
period allowed time for patients with previously over-
lapping prescriptions to use their excess tablets, based
on a preliminary analysis in which we identified all pre-
scriptions from January 2011 to October 2013 and calcu-
lated that 90% of prescriptions were followed up with a
new prescription within 28 days of the initial prescrip-
tion ending. Only those remaining alive, under fol-
low-up, and free from cardiovascular disease (for the
primary prevention analysis) for the full 28 day grace
period were included in the denominator.

Period of exposure to high media coverage
We defined an exposure period of October 2013 to March

2014, and we compared patterns of statin initiation and

doi: 10.1136/bmj.i3283 | BMJ 2016;353:13283 | thebmj
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cessation before and after this time period. The start
date of the exposure was chosen to coincide with the
publication of The BMJ papers about statins.®® The end
date was determined by carrying out a Google trend
analytics search for the term “statin side effects” in the
UK, which tracks the popularity of this search term over
time, and by taking the date of peak searching for this
term after October 2013 as the end of the exposure
period (appendix part 4). This led to the choice of March
2014, which coincided with a spell of widespread cover-
age of the debate over statin side effects across most
major national media outlets in the UK.

Statistical analysis
We carried out an interrupted time series analysis using
a generalised linear model with a binomial error struc-
ture, which accounts for the month by month variation
in denominators (that is, the number of people eligible
to initiate or stop taking a statin each month).2 Sea-
sonal effects were accounted for by adjustment for cal-
endar month,? and first order lagged residuals were
included to account for autocorrelation.?” Standard
errors were scaled to account for overdispersion.2® Time
was divided into three segments: before, during, and
after the exposure period of high media coverage.
Within this modelling framework, we conducted sep-
arate analyses to investigate changes in statin initiation
for primary prevention; statin initiation for secondary
prevention; statin cessation in primary prevention; and
statin cessation in secondary prevention. In each analy-
sis, we looked at whether there was a step change in the
log odds of initiating or stopping a statin after the expo-
sure period compared with before, assuming an under-
lying linear month on month trend throughout the study
period. We also investigated whether the underlying
trend over time in the log odds of initiating/stopping a
statin changed after the exposure period, compared
with before. A Wald test was used to compare the trends
(log odds ratio per month) before and after exposure.
Linear predictions of the log odds and 95% confidence
intervals of an event were calculated from the models
and converted into probabilities, which we plotted along
with a scatter of the raw proportion of patients that initi-
ated/stopped treatment with a statin. We did not directly
estimate trends during the exposure period itself
because in this period individual level exposure to the
coverage would probably have been dynamically chang-
ing, and the small number of data points in this period
would have led to imprecise and inconclusive estimates.
We then investigated effect modification by the follow-
ing prespecified factors: age group (40-49, 50-59, 60-69,
70-79, >80), sex, diabetes (identified with Read codes),
and length of previous continuous prescription (up to six
months, six months to one year, one to two years, two to
four years, longer than four years). When stratifying by
length of previous continuous prescription, we restricted
the analysis to patients whose most recent continuous
prescription began at least a year after their current reg-
istration into CPRD, to ensure that the initiation date was
accurate and duration could be reliably categorised. By
re-fitting the models with the monthly counts stratified

thelbmj | BMJ2016;353:13283 | doi: 10.1136/bmj.i3283
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by the above factors, and an interaction term added
between the potential effect modifier and the parameter
representing the post-exposure change in cessation, we
examined each potential effect modifier in a separate
model and generated P values with likelihood ratio tests.
For ordinal covariates, we further explored effect modifi-
cation by testing for linear trend.

Post hoc analyses
After observing an increase in statin cessation that
seemed to be transient in our primary analyses, we then
separated post-exposure time into two periods of six
months, and tested whether there was a difference
between the modelled levels of cessation in each
post-exposure period versus the pre-exposure period.
We also carried out analyses investigating both a step
change and trend change simultaneously after the expo-
sure period, which allowed us to determine the monthly
rate at which cessation fell after the initial level increase.
To examine changes in the application of risk scoring
by GPs over time, we calculated the monthly proportion
of patients in the whole of CPRD with any recorded 10
year risk score for cardiovascular disease, as well as the
proportions of patients with very high (>30%), high (20-
30%), intermediate (10-20%), or low (<10%) risk scores
recorded; these data were then analysed with similar
methods as for the main analysis.

Negative control analysis

In a preplanned negative control analysis, we replicated
the main analyses using drugs prescribed for glaucoma
(appendix part 5). Like statins, these drugs are given to
those at high risk of disease as a preventive measure,
are prescribed with similar frequency, and are typically
intended to be continued for life after initiation. The
purpose of this analysis was to ensure that any changes
in statin use after the exposure period were not
explained by broader unrelated underlying trends in
prescriptions coincident with our exposure period or by
other biases arising from the methods. In a second neg-
ative control analysis, we re-ran our main analyses
using an alternative exposure period of 12 months ear-
lier as we had no reason to expect any changes in pre-
scribing trends around this time.

Public health impact

To estimate the potential public health impact of changes
in statin cessation, we compared the modelled cessation
level in the first six months after the high media coverage
exposure period (see “post hoc analyses” above) with the
expected cessation level in the same period had there
been no changes after exposure (that is, simply project-
ing the modelled “before” trend line for cessation for-
ward). This estimated the number of patients who might
have stopped taking a statin because of the controversy
reported in the media, under the assumption of causal-
ity. We then estimated the number of excess cardiovascu-
lar events among these patients, assuming an average 10
year risk of 20% among those stopping, and assuming
that statins would reduce risk by 19%, based on statin
efficacy estimates from the Cholesterol Treatment

3
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Trialists” Collaboration.?” We also used historical data
from CPRD to estimate and take account of the propor-
tion of patients who would have stopped taking statins or
died in the following 10 years regardless of the media
controversy. On the basis of results from a published
study,?® we assumed that 66% of patients who stopped
statins would restart within the following 12 months with
no loss of protection. In a second calculation, to obtain
an upper bound on the impact, we made the more pessi-
mistic assumption that all those who stopped taking
statins did not ever take them again. Full details of these
calculations are given in appendix part 6.

All data analyses were carried out in Stata version 14,
and all code lists are available at https://clinicalcodes.
rss.mhs.man.ac.uk/medcodes/article/46/.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for design or implementation of the
study. No patients were asked to advise on interpreta-
tion or writing up of results. There are no plans to
disseminate the results of the research to study partici-
pants or the relevant patient community

Results
Throughout the study period we identified 88010
records of a 10 year risk score of >20% for cardiovascu-
lar disease, 28593 incident cardiovascular events,
9286148 prescriptions of statins for primary preven-
tion, and 5130148 prescriptions of statins for second-
ary prevention. Table 1 provides an overview of study
populations.

Figure 1 shows the estimated step change in the like-
lihood of patients initiating and stopping taking a statin

Table 1| Characteristics of study populations from CPRD according initiation or cessation
of statins for primary and secondary prevention of cardiovascular disease. Figures are
numbers (percentage) unless stated otherwise

Study populations

Secondary Primary Secondary
initiation initiation cessation cessation
No of events* 28593 9286148 5130148
No of outcomest 17207 751243 328595
No of patients 28593 457073 230610
Men 48136 (68.4) 16512 (57.8) 237802 (52.0) 137776 (59.7)
Women 22237 (31.6) 12081 (42.2) 218271 (48.0) 92833 (40.3)
Indeterminate 0(0) 1(0) 1(0)
Age (years)t:
40-49 2502 (3.6) 2396 (8.4) 39806 (8.7) 7534 (3.3)
50-59 12537 (17.9) 5377 (18.8) 95485 (20.9) 26533 (11.5)
60-69 30491 (43.3) 7152 (25.0) 153395 (33.6) 57405 (24.9)
70-79 21939 (31.2) 6306 (22.1) 116008 (25.4) 73013 (31.7)
>80 2904 (4.1) 27362 (5.8) 52379 (11.5) 66125 (28.7)
Median (IQR) 66 (61-72) 69 (58-80) 66 (58-74) 73 (64-81)
Diabetes§ 5644 (8.0) 2466 (8.62) 114910 (31.7) 63868 (27.7)

IQR=interquartile range.

*No of opportunities for patients to either initiate or stop statins, either risk score >20% or incident
cardiovascular event in initiation populations, or end of statin prescription in cessation populations.
tNo of occurrences of initiation in initiation populations and No of occurrences of stopping in cessation

populations.

tAge at first risk score >20% or incident cardiovascular event in initiation populations and age at first
prescription in study period in cessation populations.
§Diagnosis of diabetes before or within study period.

for primary and secondary prevention after the expo-
sure period, over and above the underlying time trend.
Figures showing the estimated change in the month-on-
month trends in statin initiation/cessation are in
appendix part 7.

Changes in statin initiation

There was no evidence of a stepped change in statin
initiation for primary prevention after the exposure
period compared with before, adjusted for the under-
lying trend over time (odds ratio 0.99, 95% confi-
dence interval 0.87 to 1.13; fig 1 A), and no evidence
of a stepped change in statin initiation for secondary
prevention (1.04, 0.92 to 1.18; fig 1 B). When we looked
at month on month trends in initiation over time, we
estimated an underlying increase in initiation for pri-
mary prevention before the exposure period, which
seemed to accelerate after the exposure period
(appendix part 7a, P<0.001). We observed no change
in the underlying trend in initiation for secondary
prevention after the exposure period (appendix part
7b, P=0.41).

Changes in statin cessation

Patients were more likely to stop taking statins after the
exposure period compared with before, after we
accounted for the underlying trend over time, for both
primary and secondary prevention (odds ratio 1.11 (95%
confidence interval 1.05 to 1.18) and 1.12 (1.04 to 1.21),
respectively; fig 1 C/D). We found no evidence of any
change in the underlying month on month trends in sta-
tin cessation (appendix part 7c and 7d, P=0.17 and
P=0.16, respectively, for statins used for primary and sec-
ondary prevention).

Stratified analysis

The increase in statin cessation after the exposure
period seemed to vary by both duration of previous
statin use and age group (fig 2). The increase in the
likelihood of stopping after the exposure period was
more pronounced among those who had taken statins
for longer than those with shorter previous use
(P<0.001 for trend in both primary and secondary pre-
vention analyses). To aid comparability with other
studies, we also divided duration of previous continu-
ous prescription into less than and more than a year,
and again we found a larger increase in the odds of
stopping among those prescribed for longer (for cessa-
tion for primary prevention odds ratios were 1.10 (95%
confidence interval 1.03 to 1.17) among those with less
than one year of continuous prescription and 1.23 (1.15
to 1.32) among those with more than one year of con-
tinuous prescription; for cessation for secondary pre-
vention the odds ratios were 1.10 (1.01 to 1.19) and 1.23
(1.13 to 1.33), respectively). The increased likelihood of
stopping a statin used for primary and secondary pre-
vention after the exposure period also became more
pronounced in older age groups (P<0.001 for trend in
both cases). We did not carry out stratified analyses for
initiation as there were no measurable effects in the
primary analyses.

doi: 10.1136/bmj.i3283 | BMJ 2016;353:13283 | thebmj
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Fig 1| Primary analyses evaluating step change in proportion of patients initiating and stopping statin for primary and
secondary prevention of cardiovascular disease after exposure period (October 2013 to March 2014). Model used
interrupted time series analysis with generalised linear model with binomial error structure, with break points at
beginning and end of exposure period. Models allowed for change in level of proportion of patients initiating/stopping
statin. Odds ratios therefore relate to relative change in odds of initiating/stopping statins after exposure period, in
comparison with expected change based on pre-exposure predictions. In A and B denominators are patients with
opportunity to initiate statin each month within study period, and numerators are patients who did initiate statin after
indication. In Cand D denominators are patients with statin prescription ending each month within study period, and
numerators are patients who did not renew that prescription and hence were defined as stopping. Solid lines and
shaded confidence intervals relate to linear predictions of log odds and 95% Cl of event, respectively, calculated from
model and converted into probabilities. Dotted lines are extrapolation of pre-exposure linear predictions of log odds
converted to probabilities, to give hypothetical proportions of post-exposure period under counterfactual scenario of

no changes after exposure

Post hoc analyses

In primary and secondary prevention, the increase in ces-
sation seemed to be restricted to the first six months after
exposure, after which cessation fell to a level similar to
that expected based on pre-exposure trends for the next
six months (fig 3). Consistent with this pattern, when we
investigated both a step change and trend change simul-
taneously in a single model, there was evidence that
immediately after the exposure period, patients were
more likely to stop statins used for primary prevention
(odds ratio 1.19, 95% confidence interval 1.02 to 1.39), fol-
lowed by a month on month reduction back towards
baseline (0.98 (0.97 to 0.99) per month). A similar pattern
was seen for cessation of statins used in secondary pre-
vention (1.25 (1.02 to 1.53) for immediate step change after
exposure period and 0.98 (0.97 to 0.99) per month for sub-
sequent month on month trend) (appendix part 8).

We also found evidence that patients were less likely
to have any recorded risk score in the post-exposure
period (odds ratio 0.85 (95% confidence interval 0.78 to
0.93) compared with pre-exposure); a similar pattern
was seen for specific categories of risk score (fig 4).

Negative control analysis

We found no evidence of changes in prescribing of
treatment for glaucoma after the exposure period
(appendix parts 9 and 10). When we moved the

thelbmj | BMJ2016;353:13283 | doi: 10.1136/bmj.i3283

exposure period to 12 months earlier, the “post expo-
sure” change in statin cessation rates disappeared as
expected (odds ratio 1.01 (95% confidence interval 0.99
to 1.03) and 1.00 (0.98 to 1.03), respectively, for cessa-
tion in primary and secondary prevention).

Impact on public health

We estimated that across the UK there was an excess of
218971 patients who stopped taking a statin in the six
months after the media coverage. When we applied a
previously estimated restart rate of 66% among patients
who stopped taking a statin without a statin related
event,28 we calculated the number of excess cardiovas-
cular events to be at least 2173 within the subsequent 10
years. Under the most pessimistic assumption that all
the patients who stopped taking statins did so indefi-
nitely, the estimated number of excess cardiovascular
events rose to 6372.

Discussion

Key findings

A period of intense media coverage of statins and their
side effects was followed by an increase in cessation of
statins prescribed for both primary and secondary pre-
vention of cardiovascular disease in UK primary care.
This increase seemed to be temporary, and cessation
had returned to expected levels after six months.
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Stratified group Patients OR (95% ClI) P value for
Primary prevention interaction
Sex

Men 237 802 —— 1.12 (1.06 t0 1.19)

Women 219270 —— 1.13 (1.06 to 1.19) 0.510
Age (years)

40-49 33674 —— 1.02 (0.95 to 1.09)

50-59 89529 —— 1.09 (1.04 to 1.14)

60-69 148 990 —- 1.14 (1.09 t0 1.18) <0.001

70-79 123 471 —— 1.17 (1.12t0 1.22)

»80 61409 —— 1.16 (1.10t0 1.23)
Diabetes

Yes 319 951 —— 1.12 (1.06 t0 1.18) 0.249

No 137 122 —i— 1.13 (1.06 to 1.20)
Continuous prescription length (years)

<0.5 122 648 —— 1.08 (1.03 to 1.14)

0.5-1 79725 —— 1.11 (1.05 t0 1.17)

1-2 73751 —— 1.16 (1.09t0 1.23) ~ <0.001

2-4 64793 —— 1.26 (1.18t0 1.36)

4 64861 —— 1.38(1.281t0 1.49)
Secondary prevention
Sex

Men 137776 —— 1.15 (1.08 to 1.23)

Women 92833 —— 1.13 (1.05t0 1.21) 0-040
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Fig 2 | Stratified cessation analyses evaluating step change in proportion of patients
stopping statin for primary and secondary prevention of cardiovascular disease after
exposure period (October 2013 to March 2014). Models used interrupted time series
analysis with generalised linear model with binomial error structure, with break points at
beginning and end of exposure period. Models allowed for change in level of proportion of
patients stopping statin. Odds ratios therefore relate to relative change in odds of
stopping statins after exposure period, in comparison with expected change based on
pre-exposure predictions

We also identified that the tendency to stop was higher
among patients who had used statins for longer and
among older patients. Among those defined as newly
eligible to receive statins, we did not observe a change
in patients’ likelihood of initiating, over and above the
underlying trend. Further investigation, however,
showed a marked decrease in the proportion of patients
having any cardiovascular disease risk score recorded
after the media coverage, and hence a smaller pool of
patients whose records met the criteria for initiation of
statins for primary prevention.

Findings in context of previous research
Our study is the first to attempt to quantify the effects
of the UK media coverage of statins on prescribing in
primary care and, to our knowledge, the first study in
any country to look comprehensively at the effect of
negative media coverage on rates of statin initiation
and cessation, in both primary and secondary pre-
vention of cardiovascular disease. A few recent stud-
ies have looked at specific aspects of media impacts
on statin use. A study in Denmark reported that
patients newly starting to take a statin were less
likely to fill a second prescription if there were more
negative statin related media stories in the period
immediately after initiation.!® This is consistent with
our findings that statin cessation rates are affected
by negative news stories, and, importantly, our
results suggest a similar effect is detectable even
among those with longer established use. In Austra-
lia, Schaffer and colleagues reported a 28.8% (95%
confidence interval 15.4% to 43.7%) increase in the
discontinuation of statins in the week of the contro-
versial TV programme Catalyst, which was deemed to
be critical of statins.’ It should be noted that this
refers to the peak increase in discontinuation at a
weekly resolution, so is not comparable with our
odds ratio estimates. In addition, the type, duration,
and intensity of media coverage differed; neverthe-
less the results are qualitatively consistent with our
findings. Kocas and colleagues reported that in Tur-
key, as news articles about statins increased from
2011 to 2013, the percentage of days covered by
statins decreased (57% (interquartile range 8-83) in
2011, 58% (17-83) in 2012, and 50% (8-83) in 2013)
(P=0.01).26 The overarching message is consistent
with our study, but they focused on trends in statin
adherence over a three year period. In France, Saib
and colleagues also reported an increase in the num-
ber of patients that intended to stop statin therapy
after media controversy,™ but their study was ques-
tionnaire based and no prescribing data were used,
so, while again consistent with our findings, the
results are difficult to compare directly with those in
our study. Finally, consistent with our findings, a
Dutch study by van Hunsel and colleagues used
adverse drug reaction reports and found that, after a
television programme about the benefits and risks of
statins, there was a transient increase in the number
of patients reporting reactions, a substantial propor-
tion of whom also reported stopping treatment.?®
Further studies have examined the impact of various
other examples of health related media coverage on
patients’ behaviour. A 2002 Cochrane review identified
15 mass media health interventions, and five studies of
media coverage outside the context of a planned inter-
vention (including coverage of breast cancer surgery
for a public figure, side effects of drugs, and the disclo-
sure of a sporting personality’s HIV status); all but one
was associated with a change in health service use in
the direction expected.?® Several more recent examples
are also noteworthy. A New Zealand study found that
media coverage about adverse events after a formula
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Fig 3| Post hoc cessation analysis evaluating step change in proportion of patients stopping
statin for primary and secondary prevention of cardiovascular disease, with post-exposure
period stratified into <6 and >6 months. Denominators are patients with statin prescription
ending each month within study period, and numerators are patients who did not renew that
prescription and hence were defined as stopping. Models used interrupted time series
analysis with generalised linear model with binomial error structure, with break points at
beginning and end of exposure period. Models allowed for change in level of proportion of
patients stopping statin. Odds ratios therefore relate to relative change in odds of stopping
statins after for each 6 month section exposure period, in comparison with expected change
based on pre-exposure predictions. Solid lines and shaded confidence intervals relate to
linear predictions of log odds and 95% Cl of event, respectively, calculated from model and
converted into probabilities. Dotted lines are extrapolation of pre-exposure linear
predictions of log odds converted to probabilities, to give hypothetical proportions of

post-exposure period under cou

nterfactual scenario of no changes after exposure

change in the thyroid drug Eltroxin (levothyroxine;
GlaxoSmithKline) was followed by an increase in
adverse event reports to a national medicines monitor-
ing database, most markedly for the specific symptoms
mentioned in television coverage.3' Data from Austra-
lia suggested that coverage of the singer and actress
Kylie Minogue’s breast cancer was followed by a six
week period in which self referral rates for breast can-
cer screening doubled among eligible women who had
never previously presented for screening,??3* while UK
celebrity Jade Goody’s diagnosis of cervical cancer was
similarly associated with increased attendance for cer-
vical screening,?* an increased incidence of referrals
for colposcopy, and increased diagnoses of high grade
cervical neoplasia.®

It is difficult to disentangle whether the changes in
statin prescribing that we observed were driven by
changes in the behaviour of physicians, patients, or
both.3¢ It is noteworthy that we observed increases in
cessation rates after the exposure period, but no corre-
sponding decrease in statin initiation. The absence of
a decrease in initiation rates for primary prevention,
however, needs to be considered in the context of the

thelbmj | BMJ2016;353:13283 | doi: 10.1136/bmj.i3283

observed decrease in the number of risk scores
recorded after the exposure period, both overall and
within risk strata, which indicates that the widespread
debate and media coverage on risks and benefits of
statins could have changed the general discourse
between GPs and patients about management of risk
of cardiovascular disease. It is possible that this was
driven by a change in GP behaviour or by refusal of
patients to engage with risk scoring for cardiovascular
disease and discussions about statin use because of
concerns about the potential side effects, which is a
known worry for patients.'® Conversations between
GPs and the most vocally concerned patients might
have led to a reluctance to carry out risk scores
because of the known worries surrounding the possi-
ble side effects of statins, leaving only those more
likely to initiate in the denominator. These apparent
changes in patterns of recording risk scores might also
explain the unexpected acceleration in the already
increasing trend in initiation of statins for primary
prevention of cardiovascular disease among those
with a recorded high risk score (appendix 7a). It is per-
haps less surprising that there was no change in
patients initiating statins for secondary prevention
after the intense media coverage. After a potentially
serious cardiovascular event, it is highly likely that a
patient will be willing to take drugs proved to reduce
their risk of having a recurrent event, regardless of
critical media stories and potential side effects.

We observed an increasing tendency to stop taking
statins as the length of previous continuous prescrip-
tion increased. This might have been driven by imme-
diate concerns about a recent indication for treatment
(such as a cardiovascular event or high 10 year risk
score) causing patients to be more reluctant to quit
their treatment. In comparison, patients whose origi-
nal indication occurred several years in the past
might be comparatively comfortable to stop treatment
after witnessing critical stories. Further qualitative
research exploring attitudes among patients at differ-
ent stages of statin use, however, would be needed to
confirm this. Another possible explanation for appar-
ent variation in the effect of media coverage is that
particular groups of people might pay more attention
to, or be more influenced by, health new stories; this
might in particular explain why older patients were
more likely to stop taking statins after the exposure
period.

Strengths and limitations

The CPRD is a large dataset and broadly represents the
UK population,? meaning our findings are generalis-
able to the wider population, and we were able to
detect small effect sizes with great precision. We also
believe that our populations will be similar to other
developed populations as the indications for statins
are broadly the same worldwide. Data were available
for only a limited number of months after the exposure
period, limiting the timescale over which we could
detect effects, but as our analyses suggested that cessa-
tion rates were affected for only up to six months after
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Fig 4 | Post hoc analyses evaluating step change in proportion of recorded 10 year risk scores for cardiovascular disease in
each category after exposure period (October 2013-March 2014), using denominator of total number of patients under
follow-up each month in CPRD. Denominators are all patients under follow-up in CPRD each month within study period,
and numerators are patients that had recorded 10 year risk score for cardiovascular disease within each category in that
month. Models used interrupted time series analysis with generalised linear model with binomial error structure, with
break points at beginning and end of exposure period. Models allowed for change in level of proportion of patients with a
recorded cardiovascular risk score. Odds ratios therefore relate to relative change in odds of having a recorded risk score

after the exposure period, in comparison with expected change based on pre-exposure predictions. Solid lines and
shaded confidence intervals relate to linear predictions of log odds and 95% Cl of event, respectively, calculated from
model and converted into probabilities. Dotted lines are extrapolation of pre-exposure linear predictions of log odds
converted to probabilities, to give hypothetical proportions of post-exposure period under counterfactual scenario of no

changes after exposure

the exposure period, this is unlikely to have been an
important limitation.

Recording of prescriptions in the CPRD is automatic
at the point of issue and therefore complete, though one
limitation is that we could not be certain that prescrip-
tions were subsequently dispensed at a pharmacy or
taken by the patient. The actual proportions of patients
initiating and stopping taking statins are likely to be
subject to some measurement error as some patients
will have initiated or restarted statins after the end of
the predefined grace periods that we used. Also, if a
patient began to self manage their prescription by tak-
ing a lower dose, it is possible that we could have incor-
rectly classified them as stopping statins because of
longer than expected gaps between prescriptions. We
believe that such error will be minimal because the
grace periods were specifically selected such that in
preliminary analyses only a small minority of patients
went on to start (or restart) a statin after the selected
times. Furthermore, our definitions for initiation and
cessation remained the same throughout our study
period, and it is unlikely that any measurement error
would have changed after the exposure period and

affected our main results. We did not capture use of low
dose over-the-counter statins, which have been avail-
able since 2004, though it seems that uptake has been
low,* and there is no reason to think that the high level
of media coverage would have led people to switch to
over-the-counter statins.

Interrupted time series cannot confirm a causal link
between the media coverage and the observed changes
in the likelihood of stopping taking statins. The design
avoids confounding by individual level factors such as
smoking and obesity that are unlikely to vary over short
term timescales, but it is possible that other external
factors played a role in the observed changes. We car-
ried out two negative control analyses in an attempt to
exclude this, using both a different class of drug and a
different time period, and we found no post-exposure
changes in either of these analyses, strengthening our
main finding. Nevertheless, it is still possible that other
changes in the same time period, unrelated to the media
controversy and affecting only statin use, could have
driven the observed results.

If we assume causality, we estimated that increases
in statin cessation due to the period of media coverage
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of side effects could result in at least 2173 excess cardio-
vascular events over 10 years, depending on the propor-
tion of “stoppers” who re-started later. Our calculations
were based on several assumptions and approxima-
tions and clearly could not take account of future
changes in statin use and perceptions and other devel-
opments in prevention of cardiovascular disease. Vary-
ing assumptions also lead to substantial changes in the
outcome, meaning these estimations should be inter-
preted with caution. We also cannot know from our
data the extent to which patients were appropriately
informed about the risk:benefit balance of statins and
whether those who stopped would have been aware and
accepting of the consequent increases in risk of cardio-
vascular disease. Patients can vary widely in the
choices that they make about long term preventive drug
treatment, and some choose not to take drugs that will
extend their life.?® Finally, we did not attempt to take
into account any possible benefits of stopping treat-
ment with statins, which might have offset the increase
in risk.

Conclusion

Controversy over the risks and benefits of statins
reported in both the medical and popular press was fol-
lowed by a transient increase in patients stopping treat-
ment prescribed for primary and secondary prevention.
Additionally, a marked reduction in the proportion of
patients receiving a risk score for cardiovascular dis-
ease suggests other important impacts on GP and/or
patient behaviour. This research highlights the poten-
tial for widely covered health stories in the media to
have an effect on real world behaviour related to health-
care and could be used to inform future interactions
between clinicians, researchers, the academic press,
and the wider media.

Contributors: All authors contributed to the design of the study. AM
extracted the data, wrote the statistical programmes, and wrote the
first draft. All authors contributed to further drafts and approved the
final manuscript. AM and EH contributed equally. KB is guarantor.

Funding: This study was funded by the British Heart Foundation. KB
holds a Sir Henry Dale Fellowship jointly funded by the Wellcome Trust
and the Royal Society (grant No 107731/Z/15/2). LS is funded by a
Wellcome Trust senior fellowship in clinical science. The British Heart
Foundation, the Wellcome Trust, and the Royal Society had no role in
the design, analysis, or writing up of this study.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare: AG
received grants from Medical Research Council, during the conduct of
the study, and personal fees from University of Umea, unrelated to the
submitted work; TVS received personal fees from GSK, Roche, and
Sanofi for presenting on methods for pragmatic trials and grant
funding from GSK unrelated to the submitted work; BG received grants
from the Laura and John Arnold Foundation, Wellcome Trust, and the
Health Foundation and receives additional income from speaking,
writing, and broadcasting on problems in science and medicine; LS
reports grants from Wellcome Trust and British Heart Foundation
during the conduct of the study, grants from Wellcome Trust, Medical
Research Council, National Institute for Health Research and the
European Union outside the submitted work, personal fees from GSK
for advisory work unrelated to the submitted work, grant funding from
GSK for academic research unrelated to the submitted work, acts as
an unpaid steering committee chair for AstraZeneca for a randomised
trial unrelated to the submitted work, and is a trustee of the British
Heart Foundation; KB received grants from British Heart Foundation,
Wellcome Trust, and Royal Society during the conduct of the study,
and grant funding from Medical Research Council and National
Institute for Health Research unrelated to the submitted work

thelbmj | BMJ2016;353:13283 | doi: 10.1136/bmj.i3283

RESEARCH

Ethical approval: The prespecified study protocol was approved by
the Independent Scientific Advisory Committee for MHRA Database
Research (ISAC), and the approved protocol including amendments is
supplied in appendix part 11. Approval was also received from the
London School of Hygiene and Tropical Medicine ethics committee.

Data sharing: The data were obtained from the Clinical Practice
Research Datalink (CPRD). CPRD is a research service that provides
primary care and linked data for public health research. CPRD data
governance and our own license to use CPRD data do not allow us to
distribute or make available patient data directly to other parties.
Researchers can apply for data access at www.cprd.com, and must
have their study protocol approved by the Independent Scientific
Advisory Committee for MHRA database research (details at www.
cprd.com/isac).

Transparency: The lead author affirms that the manuscript is an
honest, accurate, and transparent account of the study being reported;
that no important aspects of the study have been omitted; and that
any discrepancies from the study as planned (and, if relevant,
registered) have been explained.

This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 3.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/3.0/.

1 BaigentC, Blackwell L, Emberson J, et al. Cholesterol Treatment
Trialists’ (CTT) Collaboration. Efficacy and safety of more intensive
lowering of LDL cholesterol: a meta-analysis of data from 170,000
participants in 26 randomised trials. Lancet 2010;376:1670-81.
doi:10.1016/50140-6736(10)61350-5.

2 Taylor F, Huffman MD, Macedo AF, et al. Statins for the primary
prevention of cardiovascular disease. Cochrane Database Syst Rev
2013;1:CD004816.

3 Brugts]), Yetgin T, Hoeks SE, et al. The benefits of statins in people
without established cardiovascular disease but with cardiovascular
risk factors: meta-analysis of randomised controlled trials. BM/
2009;338:b2376. doi:10.1136/bmj.b2376.

4 Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low
density lipoprotein cholesterol, ischaemic heart disease, and stroke:
systematic review and meta-analysis. BM/ 2003;326:1423.
doi:10.1136/bmj.326.7404.1423.

5 Pignone M, Phillips C, Mulrow C. Use of lipid lowering drugs for
primary prevention of coronary heart disease: meta-analysis of
randomised trials. BMJ 2000;321:983-6. doi:10.1136/
bmj.321.7267.983.

6 Stone NJ, Robinson JG, Lichtenstein AH, et al. American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. 2013 ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular risk in adults: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Circulation
2014;129(Suppl 2):51-45. doi:10.1161/01.¢ir.0000437738.63853.7a.

7 Armitage ). The safety of statins in clinical practice. Lancet
2007;370:1781-90. doi:10.1016/50140-6736(07)60716-8.

8  Abramson D, Rosenberg HG, Jewell N, Wright JM. Should people at
low risk of cardiovascular disease take a statin?BM/ 2013;347:f6123.
doi:10.1136/bmj.f6123.

9  Malhotra A. Saturated fat is not the major issue. BMJ 2013;347:f6340.
doi:10.1136/bmj.f6340.

10 BoseleyS. Doctors' fears over statins may cost lives, says top medical
researcher. The Guardian 2014 May 18. https://www.theguardian.
com/society/2014/
mar/21/-sp-doctors-fears-over-statins-may-cost-lives-says-top-
medical-researcher

11 Statins do not have major side effects, claims study: Research finds
users less likely to suffer maladies than control group. Daily Mail 2014
March 13. http://www.dailymail.co.uk/health/article-2579739/
Statins-NOT-major-effects-claims-study-Research-finds-users-likely-
suffer-maladies-control-group.html

12 Kravitz RL, Bell RA. Media, messages, and medication: strategies to
reconcile what patients hear, what they want, and what they need
from medications. BMC Med Inform Decis Mak 2013;13(Suppl 3):S5.
doi:10.1186/1472-6947-13-53-55.

13 Schaffer AL, Buckley NA, Dobbins TA, Banks E, Pearson SA. The crux of
the matter: Did the ABC’s Catalyst program change statin use in
Australia?Med | Aust 2015;202:591-5. d0i:10.5694/mja15.00103.

14 Saib A, Sabbah L, Perdrix L, Blanchard D, Danchin N, Puymirat E.
Evaluation of the impact of the recent controversy over statins in
France: the EVANS study. Arch Cardiovasc Dis 2013;106:511-6.
doi:10.1016/j.acvd.2013.06.053.

15 Nielsen SF, Nordestgaard BG. Negative statin-related news stories
decrease statin persistence and increase myocardial infarction and
cardiovascular mortality: a nationwide prospective cohort study. Eur
Heart ] 2016;37:908-16. doi:10.1093/eurheartj/ehv641.

uBLAdo Aq paoalold 1sanb Ag 8TOZ Jaquiada ZT Uo /wod g mmmy/:dny woly papeojumod "9TOZ dUNf 8z U0 £8zZ¢€! a/9eTT 0T Se paysyand 1s1y :CNg


http://www.bmj.com/

RESEARCH

20

21

22

23

24

25

26

27

28

Kocas C, Abaci O, Kocas BB, et al. The role of media on statin
adherence. IntJ Cardiol 2015;201:139. d0i:10.1016/j.
ijcard.2015.07.095.

Gale NK, Greenfield S, Gill P, Gutridge K, Marshall T. Patient and
general practitioner attitudes to taking medication to prevent
cardiovascular disease after receiving detailed information on risks
and benefits of treatment: a qualitative study. BMC Fam Pract
2011;12:59. d0i:10.1186/1471-2296-12-59.

Fung V, Sinclair F, Wang H, Dailey D, Hsu J, Shaber R. Patients’

perspectives on nonadherence to statin therapy: a focus-group study.

Perm ] 2010;14:4-10. doi:10.7812/TPP/09-090.

British Cardiovascular Association. Statins and the Media Survey
Results. London 2014.

Herrett E, Gallagher AM, Bhaskaran K, et al. Data Resource Profile:
Clinical Practice Research Datalink (CPRD). IntJ Epidemiol
2015;44:827-36. doi:10.1093/ije/dyv098.

Campbell J, Dedman DJ, Eaton SC, Gallagher AM, Williams T). Is the
CPRD GOLD Population Comparable to the U.K.
Population?Pharmacoepidemiol Drug Saf2013;22(supp 1):280.
Kontopantelis E, Doran T, Springate DA, Buchan |, Reeves D.
Regression based quasi-experimental approach when randomisation
is not an option: interrupted time series analysis. BM/
2015;350:h2750. doi:10.1136/bmj.h2750.

Denaxas SC, George J, Herrett E, et al. Data resource profile:
cardiovascular disease research using linked bespoke studies and
electronic health records (CALIBER). Int/ Epidemiol 2012;41:1625-38.
doi:10.1093/ije/dys188.

Bhaskaran K, Gasparrini A, Hajat S, Smeeth L, Armstrong B. Time
series regression studies in environmental epidemiology. Int/
Epidemiol 2013;42:1187-95. doi:10.1093/ije/dyt092.

McDowall D, McCleary R, Meidinger EE, Hay RA Jr. Interrupted Time
Series Analysis.Sage Publications, 1980.

McCullagh P, Nedler JA. Generalized Linear Models.2nd ed. Chapman
and Hall/CRC, 1989d0i:10.1007/978-1-4899-3242-6.

Mihaylova B, Emberson J, Blackwell L, et al. Cholesterol Treatment
Trialists’ (CTT) Collaborators. The effects of lowering LDL cholesterol
with statin therapy in people at low risk of vascular disease:
meta-analysis of individual data from 27 randomised trials. Lancet
2012;380:581-90. doi:10.1016/S0140-6736(12)60367-5.

Zhang H, Plutzky J, Skentzos S, et al. Discontinuation of statins in
routine care settings: a cohort study. Ann Intern Med 2013;158:526-
34.doi:10.7326/0003-4819-158-7-201304020-00004.

29

30

31

32

33

34

35

36

37

38

van Hunsel F, Passier A, van Grootheest K. Comparing patients’ and
healthcare professionals’ ADR reports after media attention: the
broadcast of a Dutch television programme about the benefits and
risks of statins as an example. Br/ Clin Pharmacol 2009;67:558-64.
doi:10.1111/j.1365-2125.2009.03400.x.

Grilli R, Ramsay C, Minozzi S. Mass media interventions: effects on
health services utilisation. Cochrane Database Syst Rev
2002;(1):CD000389.

Faasse K, Gamble G, Cundy T, Petrie KJ. Impact of television coverage
on the number and type of symptoms reported during a health scare:
a retrospective pre-post observational study. BM/ Open
2012;2:e001607. doi:10.1136/bmjopen-2012-001607.

Chapman S, McLeod K, Wakefield M, Holding S. Impact of news of
celebrity illness on breast cancer screening: Kylie Minogue’s breast
cancer diagnosis. Med | Aust 2005;183:247-50.

Kelaher M, Cawson J, Miller J, Kavanagh A, Dunt D, Studdert DM. Use of
breast cancer screening and treatment services by Australian women
aged 25-44 years following Kylie Minogue’s breast cancer diagnosis.
IntJ Epidemiol 2008;37:1326-32. doi:10.1093/ije/dyn090.
MacArthur GJ, Wright M, Beer H, Paranjothy S. Impact of media
reporting of cervical cancer in a UK celebrity on a population-based
cervical screening programme. / Med Screen 2011;18:204-9.
d0i:10.1258/jms.2011.011092.

Casey GM, Morris B, Burnell M, Parberry A, Singh N, Rosenthal AN.
Celebrities and screening: a measurable impact on high-grade
cervical neoplasia diagnosis from the ‘Jade Goody effect’ in the UK.
BrJ Cancer 2013;109:1192-7. doi:10.1038/bjc.2013.444.

Wennberg JE. Dealing with medical practice variations: a proposal
for action. Health Aff (Millwood) 1984;3:6-32. doi:10.1377/
hlthaff.3.2.6.

Will CM, Weiner K. The drugs don’t sell: DIY heart health and the
over-the-counter statin experience. Soc Sci Med 2015;131:280-8.
doi:10.1016/j.socscimed.2014.04.033.

Fontana M, Asaria P, Moraldo M, et al. Patient-accessible tool for
shared decision making in cardiovascular primary prevention:
balancing longevity benefits against medication disutility. Circulation
2014;129:2539-46. doi:10.1161/CIRCULATIONAHA.113.007595.

© BM]J Publishing Group Ltd 2016

Appendix: Supplementary material

See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

uBLAdo Aq paoalold 1sanb Ag 8TOZ Jaquiada ZT Uo /wod g mmmy/:dny woly papeojumod "9TOZ dUNf 8z U0 £8zZ¢€! a/9eTT 0T Se paysyand 1s1y :CNg


http://www.bmj.com/

