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Abstract

Background

In everyday practice, adherence with preventive medications for cardiovascular
disease (CVD) is lower thanin clinical trials and appears to decline to around 50% by

around 5 years.

The UK body for the evaluation of health technologies, NICE, currently recommends
that persons with a greater than 20% 10 year risk of incident cardiovascular disease

recelve statins.
M ethods

Publications on adherence with statin medication in clinical trials and in normal

practice were systematically reviewed.

We used data on CVD-free members of alarge Southern Hemisphere cohort study to
simulate the expected benefits of contrasting strategies to increase the use of statins.

Risks of incident CVD and CVD death were estimated using the equations of
Anderson et al.

Results

A strategy to enhance statin adherence among cohort members meeting NICE statin
prescribing guidelines resulted in about twice as large a reduction in the aggregate risk
of CVD death as did a strategy to lower treatment thresholds.

Conclusions

The benefits from increased spend on statin medication will be much greater if it
results from enhanced adherence rather than from alowering of the medication
threshold.



I ntroduction

The 3-hydroxy-3-methylglutarate coenzyme A reductase inhibitors (statins) are the
only class of drug widely used for the purpose of cholesterol lowering. A recent meta-
analysis of 164 placebo controlled trias suggested that statin use was associated with
an average reduction of LDL cholesterol concentration of around 1.8mmol/I.
Reductionsin the incidence of IHD and stroke were estimated to be as high as 60%
and 17% respectively. [1] Such gains are unlikely to be achieved in treated
populations however because sustained adherence with statins in the community is

generally low. [2-8]

In principle there are 2 ways of extending the population benefits from increased
statin use; one is to lower the treatment threshold, the other is to enhance adherence
among those already eligible for treatment. Although means of increasing adherence
over thelong term are not reliably known, it remains of interest to estimate the

potential benefits.

In the UK the National Institute for Clinical Excellence (NICE) now recommends that
those with a 20% or greater 10 year risk of incident cardiovascular disease (CVD)
receive statins. [9] Only the adherent among the eligible will gain substantia benefit,

yet the non-adherent are likely to be at greater risk.

Discussion hitherto has focussed on increasing the population benefits of statins by
lowering the thresholds for treatment. Here we consider, as an aternative, improving

adherence among subjects meeting existing eligibility criteria.



M ethods

Review of literature on levels of adher ence to statin medication

We identified studies using the key words statins, adherence, compliance and
concordance, searching Pub-Med. We included only large well conducted randomised
control trials of statins for the primary and secondary prevention of CVD and studies
whose primary aim was to measure adherence with statins for the primary or
secondary prevention of CVD in the community setting. We included RCTswhich
were frequently cited by other studies as providing evidence of statin effectiveness
and were adequately randomised and controlled, and provided analysis by intention to
treat. Only studies of adherence in the community setting with a clear study design
were included.Weinitially sought to include only studies which used a common
operational definition of adherence although this criterion was relaxed in order to
increase the number of studies included. No restrictions were placed on the year of the

study or the duration of follow up used by the study authors.

Adherence observed within randomised control trials of statin use are shown in table

1. Studies of adherence in the community setting are shown in table 2.



Table 1: Adherence observed during principal RCT of statinsfor primary and secondary prevention of cardiovascular disease

Trial Author, year Definition of Ascertainment  Mean lowering of Primary or secondary = Meanage  Observation Adherence at
adherence serum cholesterol prevention period end of period
concentration
AFCAPYS texCAPS  JAMA, 1998 >75% Pill-counts 19% Primary prevention 58 5.2 years 99%
[10]
EXCEL [11] Shear et d, >75% medication Self report Not stated Secondary prevention 54 4 years 99%
1992 taken
CARE [12] Sackset al, Continuation of Not-stated 20% Secondary prevention 59 Median 5 years 94%
1996 therapy
4-S[13] Conroy et al, Continuation of Not stated 26% Secondary prevention 58 Median 5.4 years  90%
1998 therapy
Heart Protection Farmer et al, >80% medication Pill-counts 17% Secondary prevention 64 Median 5 years 82%
Study [14] 2003 taken
LIPID [15] N Eng JMed, Continuation of Not-stated 18% Secondary prevention 62 6.1 years 81%
1998 therapy
WOSCOPS[16] Shepherdetal, >75% Pill-counts 20% Primary prevention 55 Mean 4.9 years 70%
1995




Table 2: Studies of statin adherencein the community setting*

Authors, year Sudy design Operational definition of Method of ascertainment Primary or secondary  Mean Observation Adherence at end
adherence prevention Participant age period of period

KimA. Eagleet a, cohort study Continuation of therapy Structured telephone Secondary prevention 65 6 months 87%

2004 [2] interview

L Wei etal,2002[3] cohort study >80% medication Pharmacy records Secondary prevention 67 24 years 64%
availability

Marie Bouchard et al, Nested case control ~ >90% prescriptionsfilled  Dataretrieved fromhedth ~ Primary prevention 63 1year 62%

2007 [4] study care database

Jean Lachaine et a, Retrospective >80% medication Pharmacy records Primary and secondary 58 2 years 58%

2006 [5] cohort study availability prevention

Elizabeth Poluzzi et Retrospective 300/365 minimum daily Health Authority database  Primary and secondary  >40 3 years 52%

al, 2007 [6] cohort study doses received prevention

David FBlackburn|,  Retrospective >80% prescriptionsfilled  Pharmacy records Secondary prevention 58 5 years 49%

2005 [7] cohort study

Benner et al 2005[8]  Retrospective Continuation of therapy Pharmacy records Primary and secondary 60 3 years 21%

cohort study prevention

* Studies of those with new and existing prescriptions for Statin medication for primary or secondary prevention outside the clinical trial setting.



The data summarised in Tables 1 and 2, including the observed declines in adherence
with time suggest that an assumed average adherence with medication over 10 years

of around 50% is reasonable.

Simulation of proposed scenarios using cohort study data
The Melbourne Collaborative Cohort Study was a prospective study of 41 141 people

(17 049 men), with a mean age of 55 at baseline. (range 25-75) Mean values for
systalic blood pressure and total serum cholesterol concentration were 137mmHg
(SD=1.05) and 5.5mmol/I (SD1.05) 3.8% of cohort participants had diabetes and 11%

were smokers. Recruitment occurred between 1990 and 1994. [17]

This study population was suitable for estimating the benefits of cardiovascular
preventive strategies because the data set contained all necessary data on participants
that was required to derive arisk score using the Framingham equations, and few

subjects had existing CVD.

From the source population, 2485 subjects were excluded due to having existing CVD
and a further 388 subjects were excluded due to missing data leaving 38,268
individuals. Dataon CVD risk factors for each of these individuals were transferred

into an Excel spreadsheet.

We used the equations of Anderson et al [18] (based on the experience of the
Framingham cohort) to estimate 10 year risk of CVD onset and death using age, sex,
systalic blood pressure, smoking status, diabetes status and total serum cholesterol
concentration. The risk equation for calculating 10 year risk of CVD death, written as

Excel codeis included as a supplementary on line file.



Having used this method to estimate risk scores for each cohort member we went on
to estimate how competing assumptions with respect to statin adherence and the risk
threshold used to determine eligibility for therapy would ater the population level
benefits from statin therapy. This was achieved by constructing 3 scenarios— a
baseline scenario implementing the current NICE guidelines for statin use, an
enhanced compliance scenario and alowered threshold scenario. Individuals assigned
to be adherent with statins were assumed to experience a 20% reduction in their serum
total cholesterol concentration. Thiswas chosen as a representative rounded value
consistent with clinical trials data. (see Table 1). Adherence is here defined as taking
>80% of the prescribed monthly dose of medication. Adherence was assumed to be

unrelated to the magnitude of risk among those deemed eligible for therapy.

In the baseline scenario, only subjects exceeding the NICE risk threshold received

statins and adherence was hypothetically assumed to be maintained at 50%.
The details of the alternative scenarios we compare with this baseline scenario are:

a) Enhanced adherence scenario. This assumes an instantaneous and sustained

increase by 50% (from 50% to 75%).

b) Lowered prescribing threshold scenario, where the threshold is adjusted
downward sufficiently to result in an increase in statin consumption equivalent
to that under scenario a). This was achieved at a 10 year risk threshold of

approximately 15.5%.
Assignment of adherence

Adherent individuals were assigned at random using a random number generator

within Excel.



Adherent individuals were assumed to experience an instantaneous and sustained

reduction of 20% in their serum cholesterol concentration and their Framingham risk

score was recalculated to reflect this.

Risk in non adherent individuals was a function of their baseline risk factor values.



Results

Adherence with statin therapy in clinical trials (Table 1) tends to be much higher than
in everyday practice (Table 2). The shorter follow up in the latter studies makes them

likely underestimators of the difference in the longer term.

The distribution of 10 year risk of CVD (among those free of CVD at baseline) among
members of the source study population are shown in Supplementary Figure 1. The

distribution is positively skewed.

[Supplementary Figure 1 about here]

Supplementary Figure 1: Distribution of 10 year of CVD within simulation cohort; risk scores
estimated using Framingham equations provided by Anderson et al *® for 38,264 individuals
without existing CVD*

Predicted outcomes over 10 years under the three scenarios are given in Table 3.



Table 3: Number of incident cardiovascular disease and vascular deaths predicted over 10 yearsin hypothetical scenarios, according to adherence with statin medication

and the treatment threshold for prescribing. Estimates derived using risk prediction equations based on Framingham data and provided by Anderson et al. [18]

N=38,264 Untreated Baseline scenario Enhanced adherence L owered prescribing
Adherence=50%* counter factual scenario threshold counter factual
Those among cohort of 41,141with no existin .
( g W ISHing Adher ence=75%*" scenario Adher ence=50%* *
CVD)
Number adherent to tatin therapy 0 4563 6971 69918
(11.9% of population) (18.2% of population) (18.3% of population)

Predicted incident cardiovascular disease over 10 years 5390 (13.1% of source 5215 (13.6% of source 5124 (13.4% of source 5145 (13.5% of source

population) population) population) population)
Additional incident cardiovascular disease averted - - 91 70
(above baseline)
Predicted cardiovascular deaths over 10 years 710 640 603 622
Cardiovascular deaths averted - 70 107 88
Additional cardiovascular deaths averted (above - - 37 18
baseline) (53% improvement from (25% improvement from

baseline) baseline)




* Adherence assumed to be unrelated to absolute risk among those eligible for statins

tEligible for treatment if 10 year risk >20%

t Eligibleif 10 year risk > 15.5%

§ The number of adherent individuals could not be made exactly equal due to stochastic nature of simulation.



In the baseline scenario, among those without existing CV D and not assigned to

statins, 5390 onsets of CVD and 710 CVD deaths would be expected over 10 years.

Twenty-four percent (9,279/38,268) of the source population had an estimated 10 year
risk of CVD >20%, and were eligible for therapy under the NICE guidelines. Fifty
percent (4563) of these are assigned to be adherent to statin therapy and among them,

an estimated 174 CVD onsets and 70 CVD deaths were averted.

In the lowered treatment threshold scenario, 6991 were assigned to be adherent

resulting in an estimated additional 70 CVD onsets and 18 CVD deaths being averted.

In the enhanced adherence scenario, 6971 individuals were assigned to be adherent to
statin medication, resulting in an additional 91 CVD onsets and 37 CVD deaths being

averted.

The enhanced adherence scenario, in comparison with the lowered threshold scenario,
shows amodest gain in averting CVD onsets but a, proportionally, much larger gain
in averting CVD deaths — roughly, a doubling. Thisimplies that the incremental cost

effectiveness would also be approximately double.
Senditivity analyses

We examined how robust our results were to the specified increase in adherence, the
proposed reduction in cholesterol from using statins and the assumed baseline level of
adherence. We found the relative benefit of the increased adherence scenario

remained largely unchanged for plausible alternative values of these variables.



Table 4: Sensitivity analyses with alter native assumptions r egar ding adher ence and cholester ol
lowering

Deathsaverted in Deathsavertedin
enhanced adherence  lowered treatment
scenario threshold scenario
Reduction in total serum cholesterol concentration
achieved with statin therapy
10% 18 9
30% 54 25
40% 68 33
Level of adherence at baseline
40% 28 14
60% 43 21

Increase in adherence proposed
25% 18 9




Discussion

Relativeto a baseline based on current NICE guidance, twice as many CVD deaths
would be prevented by a 50% improvement in adherence (from 50 to 75%) under
current prescribing guidelines, than by relaxing those guidelines to an extent that

would result in asimilar increase in statin consumption.

It isnot surprising that a strategy that concentrates on enhancing treatment among
high risk individuals yields bigger benefits than a strategy of extending prescribing to
lower risk individuals. However, the magnitude of the difference is notable and it
serves to emphasise the need to find more effective means to increase adherence —

especialy over the long term

Although we have not estimated cost effectiveness of any particular strategy, our
results indicate that if adherence could be improved by the magnitude specified here
at acost not greater than that of extended prescribing it should be more cost effective.
This excludes actual medication costs, and reduced waste associated with improved

adherence should further improve the cost effectiveness profile of this strategy.

Recent Cochrane reviews conducted in this area suggest that measures such as
telephone reminders, self-monitoring mechanisms, and improved patient information
may increase short term adherence but the long term effectiveness of such measuresis

unknown.[19,20]

Our estimates of absolute benefit should be viewed cautiously given the simplifying
assumptions employed. We have made no attempt to account for poly-pharmacy or
for the fact that in practice many individuals above risk thresholds would remain

unidentified.



The Framingham equations, used here, have been criticised for overestimating CVD
risk, and so overestimate numbers eligible for therapy [21]. Nevertheless they are
recommended by NICE.[22] Although they may overestimate absolute risk, the
effects of thison our estimates of relative benefit should be more modest. While
some studies have suggested that Framingham overestimates risk by proportionally
similar amounts across risk strata [23] others have suggested that the overestimation
of risk was greatest in lower risk populations. [24] Were Framingham to overestimate
risk more among low risk strata of the cohort used here, then this may lead to an
overestimation of benefit from the wider prescribing scenario, in which a greater

number at lower risk are treated.

We have used a Southern hemisphere cohort with alow prevalence of smoking;
absolute benefits of cholesterol lowering should be higher in higher risk populations
with higher smoking prevalence. Mean systolic blood pressures and serum
cholesterol concentrations are similar to the values for 45 to 64 year olds in the 2003

Health Survey for England. [25]

The relatively modest benefit of the 2 strategies in absolute termsis aresult of their

application to arelatively low risk population for the purposes of primary prevention.

We have assumed that adherence is unrelated to risk. However, even with a placebo,
poor adherence appears to be associated with increased risk of death, [26] along with
higher age, low mood, [27] low socioeconomic status, [28] smoking, [29]
hypertension and number of concurrent medications [8] If risk among the non-
adherent is higher than among the adherent, our estimates of the relative benefit from

enhanced adherence will be underestimates.

Although many CVD risk factors follow an approximately normal distribution, overall

CVD risk ispositively skewed (see figure 1). Thisis a consequence of the



multiplicative way in which CVD risk factors combine to determine overall risk. Our
finding, that potential gains are greater when efforts are concentrated on the top tail of
the distribution of overall risk, is not incompatible with Rose’'s observations that
strategies which focus on the top tails of risk factor distributions, considered one at a

time, fail to identify most of those with high overall risk. [30]

Conclusions

Failure to take account of adherence levels that are typically achieved in practice can
lead to an overestimation of the potential benefits from chemopreventive strategies. It
may also inadvertently result in policies for the use of statins that fail to maximise

benefits from their use.

More work is needed on the best ways to enhance long term adherence.
Implicationsfor policy and practice

e Long term adherence to statin medication is likely to be around 50%.

¢ Improving adherence among the highest risk individuals will avert
substantially more CVD deaths than would equivalent increases in prescribing

directed at those at lower risk.

o Effectiveinterventions to improve long term adherence with medication are

urgently needed.
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