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are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   
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Sanz, Ginés 

 

VERSION 1 - REVIEW 

REVIEWER Jacoba P Greving 
UMC Utrecht, the Netherlands 

REVIEW RETURNED 19-Dec-2014 

 

GENERAL COMMENTS This is an interesting study on quantifying the cost-effectiveness and 
public health benefit of secondary cardiovascular disease prevention 
from improved adherence with using a polypill. The methods are 
appropriate and seem expertly applied. The Tables and Figures are 
clear and informative. Overall, the manuscript is well constructed, 
presented and discussed.However, I have two comments:  
 
1. Each 10% improvement in adherence would prevent 6.7% CV 
events, while a 20% increase in adherence by using the polypill 
would prevent 47 additional CV events per 1000 patients (4.7%). 
Could the authors please explain this discrepancy?  
 
2. For the estimation of baseline risks, are these truly baseline risks? 
How is the adjustment for treatments received done? 

 

REVIEWER Anthony Viera 
University of North Carolina at Chapel Hill 

REVIEW RETURNED 26-Dec-2014 

 

GENERAL COMMENTS The authors have conducted a CEA of fixed-dose combination 
therapy (polypill) vs monotherapy (individual aspirin, statin, and 
ACE-inhibitor) for secondary prevention. They used the perspective 
of the NHS and modeled CV events prevented per 1000 patients in 
general practice in the UK.  
 
The inputs were based on systematic reviews of the literature, and 
appropriate sensitivity analyses were conducted. The authors 
acknowledged the limitations of this study.  
 
This is a detailed and appropriately conducted CEA. 
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REVIEWER Dhruv Kazi and John Lin 
Dept of Medicine (Cardiology) and  
Dept of Epidemiology and Biostatistics,  
University of California San Francisco  
San Francisco, CA 

REVIEW RETURNED 10-Feb-2015 

 

GENERAL COMMENTS Summary:  
The authors pose an important clinical question – what are the likely 
clinical and economic effects of a polypill (incorporating a statin, 
aspirin, and ACE-inhibitor) for secondary CVD prevention in the 
English NHS compared with its individual components? In the 
absence of RCT data comparing the long-term efficacy of a polypill 
versus multiple monotherapy, the authors assume that the entire 
benefit of the polypill is mediated by its effect on adherence.  
 
Strengths:  
This work asks a question of contemporary interest to policymakers 
and clinicians. Their use of a systematic review to inform the inputs 
in their cost effectiveness analysis is a great strength of this work. 
The presentation of scenario analyses also helps the reader gain a 
nuanced understanding of the impact of uncertainty on the results of 
the model.  
 
Critique/Suggestions:  
 
1. Abstract  
a. The abstract should include one sentence on the scenario 
analysis where the control arm is partially adherent (to some of the 
meds) rather than the all-or-none adherence modeled in the base-
case (see below). This is important because that is likely closer to 
the real world experience, and because the ICER is much higher.  
b. I assume that the perspective taken for this study is the English 
NHS? The Scottish and Welsh NHS are administratively unique 
entities. Whose costs were incorporated into this model?  
c. The table of input parameters – at least the form that is visible to 
reviewers – is formatted very strangely, making it incredibly heard to 
read. Please reformat the table since it contains the most critical 
information about the model, and consider moving it into the 
manuscript. In this table, please clarify the assumed base-case cost 
of each of the components and the polypill. Is the polypill available in 
the English NHS already? If not, how was the cost arrived at? 
Consider presenting a one-way sensitivity analysis of various costs 
of the polypill as a figure.  
 
2. Methods  
As with all economic models, the devil is in the details. The authors 
set out to understand the impact of the polypill on clinical and 
outcomes assuming that the entire effect of the poypill is mediated 
through improved medication adherence, and estimate this based on 
the short-term experience of the UMPIRE trial. Given that the entire 
model hinges on medication adherence, this needs to be modeled 
carefully; the control arm should reflect real world experience. There 
are several base-case assumptions that need addressing.  
a. Input Parameters:  
i. The model assumes that adherence to the polypill never declines 
less than 86%. That is unrealistic. I understand this is based on 
short-term data from UMPIRE, but do we believe that long-term 
adherence can be maintained at such a high rate? At the very least 
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this needs to be acknowledged as a limitation.  
ii. The model assumes that patients in the control arm will take all 
their pills or none at all. This is not likely to the case and 
overestimates the efficacy of the polypill by doing so. The authors 
would do better to model adherence to individual drugs based on 
published, real world clinical data, and assume that a certain 
subgroup of patients will not take any drug (in the real world, this 
subgroup would probably not take a polypill either). The base-
assumption does not reflect real world clinical practice.  
iii. Costs of the individual drugs and the polypill (real or assumed) 
should be made available in the table on input parameters.  
iv. The authors note considerable variability across studies in 
adherence but do not justify why the choice of UMPIRE. There has 
been some concern that UMPIRE may overestimate the effect of the 
polypill on adherence as the usual care arm had to pay out of 
pocket.  
v. Patients who are non-adherent to a certain drug should not face 
the cost of the drug. Again, this is how the real world operates – 
health care systems don't face the cost of unused drugs. The 
authors do this for a sensitivity analysis; this needs to be moved into 
the base-case. This should not materially impact the ICER – likely 
<1000 pounds, but this is important for face validity.  
vi. The authors assume that non-cardiovascular mortality in this 
population reflects the (age- and gender-specific?) experience of the 
UK population. This is likely conservative, as the authors themselves 
acknowledge. We have previously shown that noncardiovascular 
mortality in post-ACS patients is about twice that of the general 
population. Overlooking this overestimates the benefit of the polypill. 
Also, this is a good place to use the English vital statistics rather 
than those of the UK (given the perspective); although there 
probably isn’t a substantial difference.  
vii. In their 3-2-1-0 model, the authors use data from Bagnall et al. 
2010 which is a Canadian ACS registry; although they acknowledge 
that this population is different from the one they are studying, it 
would be useful to have some reassurance why this data can be 
extrapolated to their population of interest, particularly since the 
adherence is so low in the ACEI group compared to all other groups. 
Are there UK-specific data on medication adherence in this setting?  
viii. What are the data on the side-effects of the individual drugs? 
Assuming that the drugs are all beneficial but have no side-effects 
creates a bias in favor of the polypill. Aspririn-induced bleeds would 
be straightforward to model.  
ix. So here’s the upshot: major changes to the model in the base-
case: English (rather than “UK”) NHS perspective, double the non-
cardiovascular mortality, calibrate the control arm to real world data, 
assume variable adherence to individual drugs of the control arm in 
the base case, non-adherent patients do not face costs or side-
effects related to the drugs they aren’t taking, allow adherence to 
decline somewhat lower in the polypill arm (unless English data 
suggests otherwise).  
x. Is there a role for a sensitivity analysis that models partial effects 
for partial adherence?  
 
b. Calibration  
i. Given the uncertainty in various parameters, it is critical for the 
authors to demonstrate that the control arm reflects real world 
experience in the English NHS. What is the 1- and 5-year survival in 
this modeled cohort and how does it compare with English data? 
How about the rate of recurrent events in the first five years. Again, 
consider mapping to Medicare or GRACE in the unlikely case that 
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England-specific data are not available.  
3. Results  
a. Open with presenting absolute event rates in the control arm 
(survival, events, etc), followed by absolute and relative risk 
reductions in the intervention arm. Provide some specifics about 
cost differentials: how much does the drug cost increase by when 
using a polypill; what is the reduction in downstream costs? This 
helps provide the reader a feel for the moving parts that make up the 
model.  
4. Discussion  
a. It is likely true that the polypill improves provider adherence, 
consider acknowledging that this was not modeled, which may 
underestimate the benefits of a polypill  
b. Consider acknowledging that assuming no clinical benefit with 
individual medication adherence rate below 80% creates a bias in 
favor of the strategy with higher up front adherence (ie 
overestimating the benefit of the polypill)  
c. Discuss the impact of uncertainty in cost of the polypill (consider 
adding a figure) and uncertainty in the steady-state adherence to 
each of the drugs.  
d. The authors note that their adherence input data sources identify 
“good adherence” as a cutoff of taking 80% or more of prescribed 
doses. Their model assumes “good adherence” as receiving the full 
benefit of treatment and “poor adherence” as no benefit, which likely 
overestimates the true effects of improved adherence from the 
polypill.  
e. The key message is that this is an effective drug, likely a very 
cost-effective drug, and perhaps one of the most important issues 
deserving of future investigation is its long-term impact on 
adherence. The imperfections in the modeling produce a result that 
is less convincing.  
 
5. Tables and figures  
a. Reformat table of input parameters to improve readability; move 
to the manuscript  
b. Consider adding a figure related to a one-way sensitivity analysis 
on the cost of the polypill and the nadir of adherence.  
  

 

REVIEWER Eelco Over 
National Institute for Public Health and the Environment, the 
Netherlands 

REVIEW RETURNED 11-Feb-2015 

 

GENERAL COMMENTS The authors performed a modelling study to analyze the (cost-
)effectiveness of a polypill in the secondary prevention of CV 
disease. The polypill has great potential in increasing the adherence 
to combined statin/aspirin/ACEI medication, and therefore also in 
benefitting public health. The probability of cost-effectiveness is high 
in the UK.  
 
Major comments:  
- The key parameter in the model used in this study is time: when do 
patients stop taking their pills, and/or with what rate does their 
persistency decline. Since the time horizon in this study is 10 years 
(and even lifetime in a sensitivity scenario), it is crucial to properly 
model the adherence/compliance/persistence of patients. In my 
opinion, only a maximum and minimum adherence is not sufficient to 
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model patients’ adherence, especially since their adherence is 
assumed to remain constant after 18 months in this study. Even a 
layman will understand that some patients will stop taking their pills 
after several years, and there is also scientific evidence to confirm 
this, see for example Figure 2 in Helin-Salmivaara et al., Long-term 
persistence with statin therapy: A nationwide register study in 
Finland, Clinical Therapeutics, Volume 30, Part 2, 2008, Pages 
2228-2240, ISSN 0149-2918. It shows a steep decrease after 1 year 
and continuing decrease even after 10 years. Furthermore, because 
the proportion of patients who are adherent is the most important 
model parameter in this study, table 3 should be presented in the 
main manuscript, not in an appendix (and check spelling of 
reference 24). The minimum proportions adherent (at t=10, or t=5, at 
the least) will then probably be smaller than 0.91, 0.60, 0.90 and 
0.93.  
- Another major comment regarding the factor of time is about the 
use of discount rates. Other rates than 3.5% are also common 
practice (3/4/5%, sometimes even different for costs and effects), 
and especially with relatively long time horizons these rates may 
result in different outcomes with respect to cost-effectiveness. It is 
my opinion that this important parameter be covered in the 
sensitivity analyses, so that results may be generalized for other 
countries.  
- The use of “%” is sometimes unclear or incorrect. I presume the 
authors probably mean “percentage point” in these cases. 
Examples: page 3, lines 62-64; page 9, lines 236-238; page 11, lines 
340 and 345-346. The words “percentage” and “percentage point”, 
which are used in the description of the main results, have a 
completely different meaning, and the main results can therefore be 
misinterpreted.  
 
 
Minor comments  
- Page 2, line 26: adherence to the polypill is not improved. Instead, 
you want to compare the costs and effects of using a polypill vs. 
multiple monotherapies.  
- Page 2, line 43: “quality-adjusted life-year (QALY)” [singular, not 
plural]  
- Page 2, line 47: “a 10%point increased? uptake”  
- Page 4, line 105: only in case of proven cost-effectiveness.  
- Page 6, lines 187-188: I’d rephrase this sentence, because now it 
seem that there is also no difference in adherence between 
monocomponents and polypill. Something like “same basic equation 
form, with different parameter values”.  
- Page 10, lines 284-285: Please explain why a clinical trial risk 
would possibly be an underestimation of the true risk.  
- Page 12, line 354: there was no mention of “inadequate physician 
describing” before, so why is this a especially relevant context?  
- Table 3.: report ICER (not ICERs), and use comma’s and points 
consistently, in accordance with the right number of significant digits 
(the limits cannot be more precise than the point estimates).  
  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer Name: Dr Jacoba P. Greving 
 
This is an interesting study on quantifying the cost-effectiveness and public health benefit of 
secondary cardiovascular disease prevention from improved adherence with using a polypill. The 
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methods are appropriate and seem expertly applied. The Tables and Figures are clear and 
informative. Overall, the manuscript is well constructed, presented and discussed. However, I have 
two comments: 
 
Response: We thank the reviewer for the kind comments about the quality of our work. 
 
1. Each 10% improvement in adherence would prevent 6.7% CV events, while a 20% increase in 
adherence by using the polypill would prevent 47 additional CV events per 1000 patients (4.7%). 
Could the authors please explain this discrepancy? 
 
Response: In our base-case analysis, a total of 323 cardiovascular (CV) events occur in the 
monocomponents arm compared to 276 events in the polypill arm, such that there is a difference of 
47 CV events. As this result was generated with a difference in adherence of slightly more than 20% 
(i.e., 86.3% versus 64.7%), we note here that 14.6% (i.e., 47/323) of CV events are prevented 
through a ~20% improvement in adherence. This agrees with the statement that 6.7% of CV events 
are preventable with each 10% improvement in adherence, or 13% with each 20% improvement. 
 
For greater clarity on this point, we have provided additional detail in the Results section of the 
abstract and under Public Health Outcomes in the Results. 
 
2. For the estimation of baseline risks, are these truly baseline risks? How is the adjustment for 
treatments received done? 
 
Response: The baseline event risks were derived from the placebo arms of meta-analyses identified 
from the systematic literature review (SLR) on treatment efficacies. Although the SLR identified 
several meta-analyses that could have been used to provide these estimates, we determined that the 
most robust data were available from Ward et al. (2007)[1] – a health technology assessment (HTA) 
assessing primary and secondary prevention of cardiovascular events with statins. This HTA included 
data from three large studies (4S,[2] CARE,[3] LIPID[4]) that allowed the calculation of the baseline 
risk of almost all of the events of interest for our model (CV-attributable mortality, stroke, ACS and 
unplanned revascularisation). Taking the total risk in the placebo arm and dividing by the duration of 
follow-up in years provided an estimate of the annual risk of events in each study, while the number of 
patients enrolled in each study allowed the calculation of a weighted average of annual risk in these 
three studies. However, Ward et al. did not provide data on congestive heart failure (CHF) as an 
event. Therefore, the baseline risk for this event was derived from an alternative study, by Saha et al. 
(2007)[5] – the only one identified in the SLR that provided data on the placebo arm. This paper is a 
meta-analysis of secondary prevention data for angiotensin-converting enzyme inhibitor (ACEI) 
therapy. However, its analysis includes only participants with preserved left ventricular function, who 
are therefore a lower-risk population than that in our model. Even so, this paper allows the calculation 
of the baseline risk of CHF as it provides the original number of events and population size for each 
paper, as well as providing an estimate of the total number of person-years of follow-up from all the 
studies. The annual risk, interpreted as an annual rate, is converted to a per cycle probability 
according to the equation risk per cycle=1-e

annual rate*time
, where time (the duration of a model cycle) = 

0.25 years. 

These baseline risks apply to patients not receiving treatment. For patients who are adherent to a 
given drug, the model applies a relative risk reduction (RRR) associated with each drug to the 
baseline risk of each event. Estimates of efficacy (or RRR) were derived from SLRs of clinical trials of 
each of the drugs of interest, except for ACEI therapy, for which data were taken directly from a large 
randomised trial.[6] The SLR on efficacy and safety of aspirin and antiplatelet drugs, ACEIs and 
statins, plus randomised controlled trials (RCT) or SLRs of fixed-dose combination preparations 
identified 30 publications that were included in our review. Eighteen publications reported on the 
efficacy of statins, 10 on the efficacy of aspirin and antiplatelet drugs, and three on ACEIs. One 
review, which formed the foundation of clinical guidelines for the National Institute for Health and Care 
Excellence (NICE) in the UK, reported on all three drug classes. It was assumed that the efficacy 
observed in the SLRs represented the efficacy among adherent patients.  

Table 1 below shows the base-case values of the RRRs with 95% lower and upper confidence limits 
that we selected from our review for use in the model, with explanation of the values and the sources. 
The data of this table is also presented as Table 1 of the manuscript.  
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Table 1. Description and sources of relative risk reductions (RRR) of CV events data used in the cost-effectiveness analysis 

 
Value 

95% Confidence Interval 

Source Comment 

Upper Limit Lower Limit 

RRR of CV-attributable death for patients adherent to ASA 0.87 0.76 0.99 ATT 2009[7] Not applicable 

RRR of CV-attributable death for patients adherent to ACEI 0.74 0.63 0.87 HOPE FDA Briefing[6] Not applicable 

RRR of CV-attributable death for patients adherent to statin 0.75 0.68 0.83 Ward et al. (2007)[1] Not applicable 

RRR of ACS for patients adherent to ASA 0.71 0.60 0.83 ATT 2009[7] Not applicable 

RRR of ACS for patients adherent to ACEI 0.80 0.70 0.91 HOPE FDA Briefing[6] Not applicable 

RRR of ACS for patients adherent to statin 0.69 0.59 0.79 Ward et al. (2007)[1] Not applicable 

RRR of stroke for patients adherent to ASA 0.74 0.54 1.01 ATT 2009[7] Not applicable 

RRR of stroke for patients adherent to ACEI 0.71 0.56 0.89 Hope FDA Briefing[6] Not applicable 

RRR of stroke for patients adherent to statin 0.72 0.53 0.97 Ward et al. (2007)[1] Not applicable 

RRR of revascularisation for patients adherent to ASA 0.71 0.60 0.83 ATT 2009[7] 
Assumes RRR for 
revascularization is 
equal to that of ACS 

RRR of revascularisation for patients adherent to ACEI 0.87 0.78 0.97 Hope FDA Briefing[6] Not applicable 

RRR of revascularisation for patients adherent to statin 0.77 0.69 0.91 Ward et al. (2007)[1] Not applicable 

RRR of CHF for patients adherent to ASA 1 1 1 N/A 
Assume no benefit of 
aspirin on CHF due to 
a lack of data 

RRR of CHF for patients adherent to ACEI 0.87 0.68 1.11 Hope FDA Briefing[6] Not applicable 

RRR of CHF for patients adherent to statin  0.85 0.63 1.14 Vale et al. (2011)[8] 

Assume RRR of acute 
heart failure is a 
suitable proxy for 
congestive heart 
failure 
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ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ASA, Acetylsalicylic acid; CHF, congestive heart failure; CV, cardiovascular; 
FDA, United States Food and Drug Administration; HOPE, Heart Outcomes Prevention Evaluation; RRR, relative risk reduction 
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For aspirin, the Antithrombotic Trialist’s Collaboration study[7] was used to provide estimates of 
efficacy for most events. This meta-analysis of 16 trials compared long-term aspirin versus control in 
the secondary prevention of serious vascular events and reported the RRR for MI, stroke, and CV 
death associated with aspirin. However, there were no data from this or other studies for the RRR for 
revascularisation or CHF associated with aspirin. Consultation with clinical experts indicated that the 
RRR for ACS was a suitable proxy for the RRR for revascularisation. For CHF, it was conservatively 
assumed that there was no benefit of aspirin, and therefore the RRR was taken to be 1. 

For ACEIs, the FDA briefing report on the HOPE study[6] was used to provide estimates of efficacy 
for the events of interest, given the SLR’s lack of information on the efficacy of ACEI on the event of 
interest in a suitable population. The meta-analyses identified in the SLR tended to report the efficacy 
in low-risk populations with preserved left ventricular function, whereas the HOPE trial was a large 
randomised trial that reported the impact of ACEI therapy in patients with coronary artery disease at 
enrolment. This subpopulation was used to provide information on the efficacy of ACEIs in secondary 
prevention.  

For statins, Ward et al. (2007)[1] was used for most of the events. However, for the efficacy of statins 
against CHF, Vale et al. (2011)[8] was also used, as there were no data on CHF events in Ward et al. 
(2007)[1]. The study by Vale et al is an SLR of the impact of statins in patients with ACS and it 
reported the RRR of this therapy on acute heart failure, which was assumed to be a reasonable proxy 
for CHF. Data from Vale et al. permitted estimation of RRR at several time points; and one month 
data was selected, as it was associated with the most data (five studies compared with four studies at 
four months and one study at 12 months). The one-month and $-month results were similar 
(RRR=0.86 versus 0.85). 

 

Reviewer Name: Anthony Viera 
 
The authors have conducted a CEA of fixed-dose combination therapy (polypill) vs monotherapy 
(individual aspirin, statin, and ACE-inhibitor) for secondary prevention. They used the perspective of 
the NHS and modelled CV events prevented per 1000 patients in general practice in the UK. 
 
The inputs were based on systematic reviews of the literature, and appropriate sensitivity analyses 
were conducted.  The authors acknowledged the limitations of this study. 
 
This is a detailed and appropriately conducted CEA. 
 
Response: We thank the reviewer for his review and kind comments on the quality of our work. 
 
 
Reviewer Name: Dhruv Kazi, MD, MSc, MS; and John Lin, MD 
 
Summary: 
The authors pose an important clinical question – what are the likely clinical and economic effects of a 
polypill (incorporating a statin, aspirin, and ACE-inhibitor) for secondary CVD prevention in the 
English NHS compared with its individual components? In the absence of RCT data comparing the 
long-term efficacy of a polypill versus multiple monotherapy, the authors assume that the entire 
benefit of the polypill is mediated by its effect on adherence. 
 
Strengths: 
This work asks a question of contemporary interest to policymakers and clinicians. Their use of a 
systematic review to inform the inputs in their cost effectiveness analysis is a great strength of this 
work. The presentation of scenario analyses also helps the reader gain a nuanced understanding of 
the impact of uncertainty on the results of the model. 
 
Response: We thank the reviewers for their review and kind comments on strengths of our work. 
 
 
Critique/Suggestions: 
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1.      Abstract 
a.      The abstract should include one sentence on the scenario analysis where the control arm is 
partially adherent (to some of the meds) rather than the all-or-none adherence modeled in the base-
case (see below). This is important because that is likely closer to the real world experience, and 
because the ICER is much higher. 
 
Response: We have added a sentence in the abstract to give the range of ICERs obtained from 
multiple sensitivity scenarios that we considered rather than focus only on the one scenario where 
patients could be adherent to fewer than 3 medications. We hope that this addresses the reviewers 
point while also providing a broad overview of the results of the scenario analyses. Please see also 
the response to comment from Drs Dhruv Kazi and John Lin on the Methods section (2-a-x) for 
further explanations of the specific sensitivity scenario in question.  

 
b.      I assume that the perspective taken for this study is the English NHS? The Scottish and Welsh 
NHS are administratively unique entities. Whose costs were incorporated into this model? 
 
Response: We have defined the model’s perspective as the NHS and PSS of the United Kingdom 
(UK) and feel this is appropriate.[9] Our main sources for unit costs were the British National 
Formulary[10] and NHS reference costs,[11] which are routinely used even for Scotland-specific or 
Wales-specific economic evaluations. Moreover, in our experience, these cost sources have been 
accepted by the health technology assessment bodies of these two countries (Scottish Medicines 
Consortium and All Wales Medicines Strategy Group) in numerous formal submissions. In 
accordance with the defined perspective, we have also employed life-tables for the UK.[12] There is 
no reason to believe that UK life-tables would be very different from England-specific data, given that 
England’s population of 53 million represents the majority of the UK population of 64 million. We 
therefore feel that our data choices and model results are entirely applicable to the entire UK, and we 
would not expect to find any significant difference in our analyses if our perspective were defined as 
England instead of the UK. 
 
c.      The table of input parameters – at least the form that is visible to reviewers – is formatted very 
strangely, making it incredibly heard to read. Please reformat the table since it contains the most 
critical information about the model, and consider moving it into the manuscript. In this table, please 
clarify the assumed base-case cost of each of the components and the polypill. Is the polypill 
available in the English NHS already? If not, how was the cost arrived at? Consider presenting a one-
way sensitivity analysis of various costs of the polypill as a figure. 
 
Response: The reviewers raise a very valid point and, as they request, we have created a simplified 
version of table one in the main text which we believe is more readable than was the original version. 
We have added details on the price of the polypill and monocomponents to table one. The polypill is 
not currently available in the UK and the cost for it used in the model was derived from the ex-factory 
price approved in Spain.  
 
(Please also see responses to comment 2.a.iii by Dhruv Kazi and John Lin) 
 
2.      Methods 
As with all economic models, the devil is in the details. The authors set out to understand the impact 
of the polypill on clinical and outcomes assuming that the entire effect of the poypill is mediated 
through improved medication adherence, and estimate this based on the short-term experience of the 
UMPIRE trial. Given that the entire model hinges on medication adherence, this needs to be modeled 
carefully; the control arm should reflect real world experience. There are several base-case 
assumptions that need addressing. 
 
a.      Input Parameters: 
i.      The model assumes that adherence to the polypill never declines less than 86%. That is 
unrealistic. I understand this is based on short-term data from UMPIRE, but do we believe that long-
term adherence can be maintained at such a high rate? At the very least this needs to be 
acknowledged as a limitation. 
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Response: We agree with the reviewers that medication adherence in the monocomponents and 
polypill arms, based on data drawn from the UMPIRE study,[13] are crucial to estimating differences 
in costs and benefits in this economic evaluation. We therefore wish to explain further our choice of 
the UMPIRE study as the source of adherence data needed for our model. However, we also agree 
that it is appropriate to consider performing additional sensitivity analyses on adherence. Accordingly, 
we have investigated, and will also report on, the feasibility of using studies other than UMPIRE to 
inform the adherence parameters of our model and have examined further the relationship of 
adherence to the ICER, as described below. In addition, we provide evidence suggesting that long-
term adherence is likely to be fairly constant after an initial short-term decline.     

UMPIRE[13] was selected as the main source of data on adherence for the model because it was one 
of only two studies that had collected data on adherence to a polypill and was the only study reporting 
adherence data on the three monocomponents together. (By contrast other papers which reporting 
adherence on the monocomponents tended to do so for a single drug alone.) UMPIRE was a 
randomised, open-label, blinded-endpoint trial among 2,004 participants with established CVD or at 
risk of CVD who were followed up for 15 months. . Therefore, most of the required data on adherence 
came from the same study, along with an appropriate secondary prevention patient population and a 
suitable method for estimating good adherence that could be used in our model. Another issue that 
precludes the use of many other papers reporting ‘adherence’ is the definition of adherence itself. For 
example, many studies define adherence as ‘still taking drug X after Y months’, which is in reality, 
closer to the related but distinct concept of persistence. As such alternative definitions do not match 
our specific definition of “taking 80% or more of prescribed doses”, these studies cannot be utilised in 
our model.   

It should also be noted that at the time of conducting our SLR and writing of the manuscript, the 
results of two new RCTs on polypill versus monocomponent adherence, IMPACT[14] and Kanyini 
GAP,[15] had not been published. We have therefore now reviewed both studies. Crucially, these 
studies had similar patient populations, medication interventions, outcome definitions and follow-up 
period as UMPIRE, and, as acknowledged by the authors of IMPACT, their findings are similar 
findings to those of UMPIRE. Additionally, despite the inclusion of co-payments in the comparator 
arm, the UMPIRE study actually found better adherence to monocomponents than in IMPACT or 
Kanyini GAP. IMPACT reported adherence of 81% v 46% in the polypill versus monocomponents at 
12 months, and 72% versus 46% at the end of the trial. Kanyini GAP reported adherence 73.8% in 
the polypill arm compared with 49.1% with monocomponents at 12 months and 70.1% in the polypill 
group compared with 46.9% of the usual care group at the end of the study. By comparison, 86% and 
65% adherence was reported in the polypill and monocomoponent groups in the UMPIRE study at 15 
months.   

However, to increase the generalisability of our analyses beyond their current reliance on UMPIRE 
data, we have included an additional scenario based on adherence as reported in the Kanyini GAP 
study, as an alternative data source. Given the similarity of results between UMPIRE, IMPACT and 
Kanyini GAP, we did not additionally perform a sensitivity analysis for IMPACT. As noted in Selak et 
al. (2014)[14], “Despite differences in settings (UMPIRE recruited from secondary care), geography 
(in UMPIRE, half of the participants were from Western Europe and half from India) …. the main 
findings [of Kanyani GAP] have broad generalizability”. 

Of note, adherence in the model is defined as the proportion of patients with good adherence among 
those that persist with treatment and it does not take into account those that stop taking the drugs 
altogether. Patients classified as non-adherent in the model are those who may continue to take the 
drug but do so at a suboptimal level. Persistence with CV treatments does decline substantially over 
time; however, the long-term evidence suggests that in those who persist with treatment, good 
adherence rates remain high (See comment on Wei et al. and Helin-Salminvaara et al. below).  

A paper identified in the SLR (Wei et al., Br. J. Clin. Pharmacol, 2008)[16] provided data on 
adherence to aspirin and statins in patients with previous CV events with over 8 years of follow-up. It 
reported that the proportion with good adherence remained fairly constant over 8 years in patients 
who persist with treatment. Other data from studies with long-term follow-up that were identified in the 
literature review also support this conclusion (see Figure 1).   

We are grateful to reviewer Dr E.A.B Over for highlighting the paper by Helin-Salminvaara et al. 
2008,[17] which provides data on long-term adherence to statins in Finland. Like Wei et al 2008, their 
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study found that, although persistence declines over time in those that remain on treatment, the 
proportion with good adherence actually remains high in the long term. However, at 2 years there is a 
drop in adherence not seen in Wei 2008[16] (see Figure 1 below). While this paper is a useful source 
of data on long-term adherence to statins, its results are not directly applicable to the model, as it 
does not provide any data on polypill adherence in the long term. It would be possible to run a 
scenario using the adherence data from the Finnish study for adherence to monocomponents; 
however, this would increase the predicted benefit of polypill due to the decline in adherence seen at 
2 years compared with the static adherence currently used in the model (see Figure 1). 

It should be noted that in addition to data from Wei et al, 2008 and Helin-Salminvaara et al. 2008,[17] 
there are data from 24 months of follow-up with a polypill from UMPIRE. This evidence demonstrates 
that at 24 months adherence is higher in the polypill arm than the monocomponent arm (86.7% 
versus 50%) and indeed the difference between the two arms is greater than at 15 months (36.7% 
difference versus 21%). It should be noted, however, that there are very few data points in the 
analysis at 24 months (34 people in the polypill arms and 36 in the control arm), and for this reason 
these data were not used in the model.     

We therefore believe that there is good evidence to support our base-case assumption in which the 
proportion of those on treatment who have good adherence remains fairly constant after an initial 
decline and quite high over a number of years. We acknowledge there is no data available on the 
pattern of long-term adherence for a polypill; however, there is no evidence suggesting that the 
pattern of adherence to the polypill should differ from the pattern observed in long-term observation of 
adherence to single drugs. 
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Figure 1. Long-term adherence data for cardiovascular medications reported by Wei et al. and 
Helin-Salmivaara et al.,x  2008.  

 

  

 

However, we acknowledge the reviewer’s pertinent point that the assumption of constant adherence 
after 18 months adherence should be investigated. Therefore, we have included in the Appendix 
supplementary scenario analyses to investigate the effect of adherence which continues to decline 
after 18 months. Additionally, it was suggested by reviewer Dr. Dhruv Kazi that we should investigate 
the impact of the “nadir of adherence”. Accordingly, we have now included in the Appendix a figure 
which illustrates the relationship between the ICER and the difference between polypill and 
monocomponents adherence (Figure 5).  To summarise, the supplemental analyses conducted to 
investigate adherence assumptions are as follows: 

 New Adherence Scenario 1 – Adherence continues to decline at the same rate past 18 months 
as observed during the first 18 months in both polypill and monocomponent arms.  

 When assuming that adherence may decline for 10 years at the same rate as observed 
during the first 15 months of the UMPIRE study in both polypill and monocomponent arms, 
there is an increase in quality-adjusted life-years (QALY) gained, a reduction in incremental 
costs and an improvement in the ICER. This is predicable given the widening gap in 
adherence predicted between polypill and monocomponents, a gap that was previously fixed 
at 15 months in the base case. The QALYs gained over 10 years are 53.03 (versus base 
case: 29.54), incremental costs are £53,765 (versus base case: £242,341) and the ICER is 
£1,014 (base-case: £8,205). 

 New Adherence Scenario 2 – Polypill adherence is permitted to drop to the long-term adherence 
of the monocomponent arm by assuming that the polypill adherence wanes at its observed rate 
until equal to the minimum adherence of the monocomponents arm, which remains constant from 
15 months. 

 When assuming that the difference in adherence narrows long term, by allowing polypill 
adherence to drop  to the level of monocomponent adherence, the QALYs gained over 10 
years are 21.16 (versus base case: 29.54), incremental costs are £321,054 (versus base 
case: £242,341) and the ICER is £15,171 (versus base case: £8,205). 
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 New Adherence Scenario 3 – Adherence inputs are based on data from the Kanyini GAP study.  
Adherence of 73.8% of participants in the polypill arm was compared with 49.1% with 
monocomponents at 12 months. As noted above, data from Kanyini GAP was selected, although 
IMPACT results are similar.   

 Model results that employ adherence data from the Kanyini GAP trial in place of the UMPIRE 
study data predictably show an improvement in QALYs gained, incremental costs and ICERs. 
Specifically, the QALYs gained over 10 years are 34.87 (versus base case: 29.54), 
incremental costs are £208,900 (versus base case: £242,341) and the ICER is £5,991 
(versus base case: £8,205). 

 New Adherence Scenario 4 – Figure 4 in the appendix shows ICER as a function of the 
difference in adherence between polypill and monocomponent arms.  

 When varying the long-term improved adherence of the polypill relative to monocomponents 
in sensitivity analyses, the ICER ranged between £15,057 per QALY  when adherence was 
+15% improved and £5,888 per QALY  when adherence was +25%. (With respect to long-

term adherence, please see also response to major comment #1 by Dr. Over below) 

ii.     The model assumes that patients in the control arm will take all their pills or none at all. This is 
not likely to the case and overestimates the efficacy of the polypill by doing so. The authors would do 
better to model adherence to individual drugs based on published, real world clinical data, and 
assume that a certain subgroup of patients will not take any drug (in the real world, this subgroup 
would probably not take a polypill either). The base-assumption does not reflect real world clinical 
practice. 
 
Response: As the reviewers have observed, our base-case model dichotomises patients as adherent 
(i.e., those who take all three drugs) and non-adherent (i.e., those who take none of the three or 
suboptimal and ineffective levels of the three), which is questioned for the monocomponents arm. 
With this in mind, it is important to note that the alternative assumption proposed by the reviewers, in 
which patients may take individual pills, has been explored in our alternative model that permits non-
adherent people in the monocomponents arm to take 2, 1, or 0 pills. More specifically, the model 
allows patients on 1 pill to take ASA, ACEI or statin therapy while those taking 2 pills can take 
ASA+ACEI, ASA+statin, or ACEI+statin, so giving rise to seven subgroups of non-adherents. 
Populating such a model requires information on the proportion of patients belonging to each of the 
seven subgroups, and these data are not available from any RCT or observational study we know of. 
As an example of what is required for patients taking ASA+statin, we need to know, for at least two 
time points, the proportion of patients who have good adherence (defined as taking >80% of 
prescribed doses) to both ASA and statin in a secondary patient population (and to have equivalent 
data  times for the other six non-adherent groups). When such data are available from observational 
studies, they tend to be reported for a single class of drug (e.g., ASA) in a patient group taking “at 
least ASA”. In our experience, it is often very difficult to populate an overly complex model based 
solely on published literature, owing to the aforementioned type of discrepancies between the model’s 
precise parameter definitions and the published parameter value or the model’s required method of 
estimation relative to the published estimate. As a consequence, our alternative model calculates the 
proportion of patients in the seven subgroups based on an assumption that is difficult to verify 
empirically (see section “Updating Risk Equations to Include Individual Monocomponents in the 3-2-1-
0 Model” in the Appendix). We prefer therefore that this alternative assumption be employed as a 
sensitivity analysis. By contrast, the simpler base-case model design was data-driven, recognising the 
need for consistent adherence definitions, methods of estimation and patient populations and that the 
model’s structure had to be aligned with available data, even though there was a preference for using 
evidence from RCTs rather than observational studies. 

However, we acknowledge that our base-case structure should be tested in sensitivity analyses, and 
have done this by considering the scenario in which patients in the monocomponents arm may take 
fewer than 3 drugs (as described above). This sensitivity analysis is detailed given in the Appendix. 

One further point of clarification is necessary and this relates to reasons for taking fewer than 3 drugs. 
Given that the polypill is intended as “replacement therapy” for patients in whom secondary 
prevention with aspirin, atorvastatin, and ramipril is indicated and well tolerated, as stated in the 
Methods section, it could be inappropriate to compare patients taking these 3 drugs to those taking 2 
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or 1 drug. This is particularly important as data reporting adherence to fewer than 3 drugs may draw 
no clear distinction between patients who should be assigned this regimen (but who may not keep to 
it due to pill burden, for example) and those who should not (for example, due to intolerance, side-
effects). Our economic decision question should preclude the latter group in our simulated population, 
but data may not permit such a clean separation of the two groups of patients. Therefore, the base-
case model is conceptually more aligned with the actual economic question. 

 
iii.    Costs of the individual drugs and the polypill (real or assumed) should be made available in the 
table on input parameters. 
 
Response: The table of input parameters has now been revised as suggested. The table also now 
contains the price per month for each of the monocomponents, as well as for the polypill. The monthly 
price for the monocomponents was calculated based on the dose matched to those in the polypill 
(aspirin 100 mg, atorvastatin 20 mg, Ramipril 10 mg) with unit costs obtained from the British National 
Formulary 2014[10] and choosing generic formulations of the drugs.     
 
(Please also see response to comment #1.c by Dhruv Kazi and John Lin) 
 
iv.     The authors note considerable variability across studies in adherence but do not justify why the 
choice of UMPIRE. There has been some concern that UMPIRE may overestimate the effect of the 
polypill on adherence as the usual care arm had to pay out of pocket. 
 
Response: (Please see responses to comment #2.a.i. by Dr Dhruv Kazi and John Lin and major 
comment #1 by Dr E.A.B. Over, justifying the choice of UMPIRE[13] over other potential 
sources.) 
 
v.      Patients who are non-adherent to a certain drug should not face the cost of the drug. Again, this 
is how the real world operates – health care systems don't face the cost of unused drugs. The authors 
do this for a sensitivity analysis; this needs to be moved into the base-case. This should not materially 
impact the ICER – likely <1000 pounds, but this is important for face validity. 
 
Response: The reviewer indicates that unused drugs should not be included in the cost calculations. 
This suggestion is only partially correct in the context of our model, for various reasons. First drugs 
incur a cost, whether unused or not, and therefore their cost should be counted. Second, the model 
dichotomises patients as either adherent or not-adherent. As noted elsewhere in our responses, the 
non-adherent group may include patients who take none or sub-optimal levels of medication and 
hence some costing of drug acquisition is necessary. However, as our model is of Markov type rather 
than being an individual-level simulation, we cannot quantify exact costs for each type of non-
adherent patient. We chose therefore to include drug costs for non-adherent patients in both the 
polypill and monocomponent arms, but, as the reviewer has noted, full costing versus no costing of 
drugs among non-adherents in our sensitivity analyses had little impact on results; the true situation 
may be somewhere in between the two scenarios. We therefore feel that it is appropriate to leave our 
base-case definition as it is, while presenting the results of the alternative costing assumption as a 
sensitivity analysis. 
 
vi.     The authors assume that non-cardiovascular mortality in this population reflects the (age- and 
gender-specific?) experience of the UK population. This is likely conservative, as the authors 
themselves acknowledge. We have previously shown that noncardiovascular mortality in post-ACS 
patients is about twice that of the general population. Overlooking this overestimates the benefit of the 
polypill. Also, this is a good place to use the English vital statistics rather than those of the UK (given 
the perspective); although there probably isn’t a substantial difference. 
 
Response: The reviewer has questioned the use of UK life tables[12] obtained from the Office of 
National Statistics (ONS) to provide the values to parameterise non-cardiovascular mortality, and 
suggested that this is likely to lead to underestimation of the true mortality observed in secondary 
prevention patients. We do not believe this is necessarily so. The ONS life tables include all causes of 
mortality, including deaths due to CV events. The model also includes CV mortality alongside non-
cardiovascular mortality, so meaning CV mortality may be accounted for twice in the model. It is 
therefore possible that the model overestimates, rather than under estimates, mortality. We agree the 
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ONS values would likely underestimate mortality if they had been used to parameterize all-cause 
mortality in post-CV event patients. 

As part of the background to this work we, analysed death rates in the placebo arms of clinical trials of 
secondary prevention reported in a meta-analysis with an HTA submission (Ward et al. [2007])[1]. 
From this source, it was possible to calculate a weighted average of the annual all-cause and CV-
related mortality from the three largest placebo controlled trials (4S,[2] CARE[3] and LIPID[4]). 
Calculating non-CV mortality as the difference between the two (see table 2), the non-CV related 
mortality in populations that have experienced a previous CV event is 0.008 per year (for all age 
groups and genders combined). The annual mortality in the ONS for a 65-year-old (starting age of the 
modelled population = 64.7 years) is 0.012517 for males and 0.008168 for females, and this 
increases with age. Therefore, relative to the three trials, non-CV mortality values obtained from ONS 
and used in the model do not underestimate non-CV-related mortality.  

Please also see response to comment #1.b by Dr Dhruv Kazi and John Lin 

 

Table 2. Calculation of non-CV mortality 

 
   

Weighted average 

Study 4S CARE LIPID 
 

N 2223 2078 4502 Not applicable 

Duration of follow-up 
(years) 

5.4 5.0 6.1 Not applicable 

Annual All-cause 
mortality 

0.021 0.019 0.023 0.022 

Annual CV mortality  0.016 0.011 0.014 0.014 

Non-CV mortality Not reported Not reported Not reported 0.008 

 

Nevertheless, we have now explored the effect of a doubling of non-cardiovascular mortality in our 
model, as suggested by the reviewer, by applying a standardised mortality ratio of 2 to all ages in the 
ONS life table. This had the result of increasing the ICER to £10,438 per QALY in our model. This 
result is presented here for illustrative purposes only but is not included in the manuscript, given that 
we did not find any data to support such an increase in non-cardiovascular mortality.  

 

vii.    In their 3-2-1-0 model, the authors use data from Bagnall et al. 2010[18] which is a Canadian 
ACS registry; although they acknowledge that this population is different from the one they are 
studying, it would be useful to have some reassurance why this data can be extrapolated to their 
population of interest, particularly since the adherence is so low in the ACEI group compared to all 
other groups. Are there UK-specific data on medication adherence in this setting? 
 
Response: One issue we identified while conducting the SLR was the lack of data on adherence to 
ACEIs. To be used by the model, papers had to provide data on adherence, defined as proportion of 
patients with good adherence, at two or more time points.  In reality, the retrieved papers identified 
either reported adherence at only one time point, or used a definition of adherence (and therefore 
adherence rate) that was not applicable in the model.  Only Bagnall et al. Circ Cardiovasc Qual 
Outcomes, 2010[18] provided any data that fitted the above criteria and so could be used to 
parameterise the model. Therefore, we could identify no UK-specific data on adherence to ACEI that 
could be used as requested by the reviewer. We acknowledge that the patient population in the 
Bagnall et al. study differs from that in UMPIRE, leading us to consider another drug from UMPIRE 
that could be used as a proxy to provide adherence to ACEI. However, the clinical expert we 
consulted stated that adherence to ACEI would be very different to other drug classes. Thus, it was 
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felt that a difference in patient population would be preferable to assuming a similar adherence 
pattern between ACEIs and other drugs. 
 
viii.   What are the data on the side-effects of the individual drugs? Assuming that the drugs are all 
beneficial but have no side-effects creates a bias in favor of the polypill. Aspirin-induced bleeds would 
be straightforward to model. 
 
Response: The reviewer is correct in noting that we did not include adverse events, and specifically 
aspirin-induced gastrointestinal bleeds, in our model. Our rationale for this decision is that the polypill 
or the three-drug monocomponent regimen is intended for “patients in whom secondary prevention 
with aspirin, atorvastatin, and ramipril is indicated and well tolerated”, as described in our Methods 
section. The patient group was specifically defined in this manner because the polypill is intended for 
use as replacement therapy in patients assigned these three monocomponents. Any inclusion of 
individuals in our model who may be aspirin-intolerant would imply a patient type that is different to 
that for which the polypill is intended. This would have the effect of confusing the economic question 
where the cost-effectiveness of the polypill would have to be compared to patients who could be 
assigned either a two-drug (i.e., without aspirin) or a three-drug (with aspirin) regimen, and we felt this 
would not be a valid approach. We therefore have not made the suggested change to include adverse 
events in our model. 
 
ix.     So here’s the upshot: major changes to the model in the base-case: English (rather than “UK”) 
NHS perspective, double the non-cardiovascular mortality, calibrate the control arm to real world data, 
assume variable adherence to individual drugs of the control arm in the base case, non-adherent 
patients do not face costs or side-effects related to the drugs they aren’t taking, allow adherence to 
decline somewhat lower in the polypill arm (unless English data suggests otherwise). 
 
Response: Please see detailed responses to comments #2.a.i-vii by Dhruv Kazi and John Lin 
above and #2.b on calibration below). 
 
x.      Is there a role for a sensitivity analysis that models partial effects for partial adherence? 
 
Response:  

We believe that there is evidence to support the assumption that patients with poor adherence receive 
no benefit from treatment in the base case, where adherence is to all monocomponent drugs. A 
recent analysis of patients enrolled in the MI FREEE trial showed that those who adhered to 
prescribed medication had a significant reduction in CV outcomes (i.e., first major vascular event or 
revascularisation) compared with those receiving usual care (P ≤0.01 for difference between adherent 
and non-adherent patients). On the other hand, statistical significance was not achieved for a 
difference in outcomes for patients who were non-adherent compared conventional care (although the 
point estimate was leaning to a partial benefit) (Choudhry et al. 2014.[19])   
 
Nevertheless, we explored the effect of a partial benefit of cardiovascular medications in patients who 
are not-adherent, assuming that these patients have some reduced benefit that is lower than that in 
adherent patients. We were able to examine this question in a scenario in which patients could be 
adherent to 3, 2, 1, or 0 medications (the 3-2-1-0 model), which is described in Appendix 1 of the 
manuscript. In an additional scenario, patients who were partially adherent to their medication 
regimen could receive partial clinical benefits from this adherence. For example, the product of 
RRRACS,statin * RRIACS,statin would be an RRR of ACS amongst patients who are non-adherent to statin 
where RRRACS,statin ≤ RRRACS,statin * RRIACS,statin ≤ 1. [RRI = relative risk increase] 

The analysis requires parameters to define the effect of poor adherence on the efficacy of each drug. 
The proportions of the population that have poor adherence to a given drug are assigned an RRI for a 
given CV event compared to those with good adherence. Values for this risk were derived from 
studies of the effect of adherence to each drug on event risk. Despite there being many papers 
identified by the SLR reporting on the impact of adherence on CV events, it was difficult to find 
suitable data. Many papers reported the impact of persistence (i.e. continuing to take prescribed 
drugs) rather than our definition of adherence. Consequently, a large majority of the data were taken 
from a single retrospective cohort study of non-adherence to a range of drugs and outcomes in 
coronary artery disease (Ho et al. 2008).[20] Adherence in this study was defined as the proportion of 
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days covered based on the total number of days supplied for each drug. Non-adherent individuals 
were defined as those with <80% of days covered. This paper provided data on the impact of 
adherence to ACEIs and statins on the hazard ratio of all-cause mortality, CV mortality, CV 
hospitalization and coronary revascularisation. It was assumed that the data for CV hospitalisation 
were a suitable surrogate for data on ACS and CHF for ACEIs. Also, the clinical expert who advised 
us during the development of the model concluded that it would be inappropriate to use the RRI for 
CV hospitalization for stroke for ACEIs. Therefore, a conservative assumption that there is no 
increase in risk of stroke associated with poor adherence to ACEIs was used (RRI=1). Furthermore, 
the RRI associated with poor adherence to ASA for all CV events was also set at unity. In this way, 
the benefit to patients who are poorly adherent to ASA is the same as for those who are adherent, 
and this favours the monocomponent arm of the trial, in which there is a greater number of such 
poorly adherent patients.  Hazard ratios adjusted for risk covariates were taken as suitable proxy 
values for relative risks.   

For statins, data from a retrospective cohort study from Canada provided information on the impact of 
non-adherence on risks of stroke, MI and unstable angina (Blackburn et al. 2005). Good adherence 
was defined as patients having a fill frequency of >80%, where fill frequency was number of 
prescriptions filled during the observation period divided by months of observation. Combining the 
number of acute angina and MI events, divided by the number of patients at risk for good and poor 
adherent, allowed the calculation of a crude relative risk of ACS.  

Data on the impact of adherence to aspirins was taken from population-based cohort study of patients 
with CV disease (Wei et al. 2008).[16] Adherence was defined as the number of days with aspirin 
supply divided by the total number of days from the first prescription for aspirin to the end of study or 
the end of 2001. The paper reported that there was no significant difference between good adherence 
(i.e., >80% adherence) and partial adherence (<80%) in terms of recurrent CV events (defined as 
hospitalisation for CV disease or CV death). It was therefore assumed that there was no difference in 
the risk of CV outcomes for those with good and poor adherence to aspirin in the model. Base-case 
values for RRI for CV events by poor adherence to each drug type are shown in Table 3 along with 
the 95% upper and lower confidence intervals, where available.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007111 on 9 M

ay 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


20 
 

Table 3. Relative risk increase associated with poor adherence to drugs 

 
Value 

95% confidence interval 

Source Comment 

Upper limit Lower limit 

RRI of CV death with poor 
adherence to aspirin 

1.00 Not reported Not reported 
Wei et al. 
(2008)[16] 

No significant different in risk of recurrence of 
cardiovascular events  in those with good 
adherence (>80%) versus poor adherence (<80%) 
for aspirin only 

RRI of CV death with poor 
adherence to ACEI 

1.66 1.26 2.20 
Ho et al. 
(2008)[20]  

Not applicable 

RRI of CV death with poor 
adherence to statins  

1.62 1.24 2.13 
Ho et al. (2008) 
[20] 

Not applicable 

RRI of ACS with poor adherence to 
aspirin 

1.00 Not reported Not reported 
Wei et al. 
(2008)[16] 

No significant different in risk of recurrence of 
cardiovascular events  in those with good 
adherence (>80%) versus poor adherence (<80%) 
for aspirin only  

RRI of ACS with poor adherence to 
ACEI 

1.40 1.25 1.57 
Ho et al. (2008) 
[20] 

Assume RRI for CV hospitalization as a proxy for 
ACS with ACEI 

RRI of ACS with poor adherence to 
statins  

1.56 Not reported Not reported 
Blackburn et al. 
(2005) [21] 

Crude relative risk of a combination of MI and 
unstable angina in the non-adherent (<80%) 
versus adherent group (>80%).  

RRI of stroke with poor adherence to 
aspirin 

1.00 Not reported Not reported 
Wei et al. 
(2008)[16]  

No significant different in risk of recurrence of 
cardiovascular events  in those with good 
adherence (>80%) versus poor adherence (<80%) 
for aspirin only 

RRI of stroke with poor adherence to 
ACEI 

1.00 Not reported Not reported Assumption Not applicable 

RRI of stroke with poor adherence to 
statins  

1.34 Not reported Not reported 
Blackburn et al. 
(2005) [21] 

Crude relative risk of stroke in the non-adherent 
(<80%) versus adherent group (>80%).  

RRI of revascularization with poor 1.00 Not reported Not reported Wei et al. No significant different in risk of recurrence of 
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Value 

95% confidence interval 

Source Comment 

Upper limit Lower limit 

adherence to aspirin (2008)[16]  cardiovascular events  in those with good 
adherence (>80%) versus poor adherence (<80%) 
for aspirin only 

RRI of revascularization with poor 
adherence to ACEI 

1.32 1.18 1.48 
Ho et al. (2008) 
[20] 

Not applicable 

RRI of revascularization with poor 
adherence to statins  

1.11 1.01 1.22 
Ho et al. (2008) 
[20] 

Not applicable 

RRI of CHF with poor adherence to 
aspirin 

1.00 Not reported Not reported 
Wei et al. 
(2008)[16] 

No significant different in risk of recurrence of 
cardiovascular events  in those with good 
adherence (>80%) versus poor adherence (<80%) 
for aspirin only 

RRI of CHF with poor adherence to 
ACEI 

1.40 1.25 1.57 
Ho et al. (2008) 
[20] 

Assume RRI for CV hospitalisation as a proxy for 
CHF with ACEI  

RRI of CHF with poor adherence to 
statins  

1.35 1.21 1.50 
Ho et al. (2008) 
[20] 

Assume RRI for CV hospitalisation as a proxy for 
CHF with statin 
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However, it should be noted that this analysis represents two major changes in assumption made in 
the base case. The first is that non-adherent patients in the monocomponent arm are permitted 
adherence to 2,1 or 0 drugs and the second is that they are permitted a partial benefit from therapy. 
The combined effect of both these assumptions is produces the following results; the QALYs gained 
over 10 years are 18.04 (versus base case: 29.54), incremental costs are £386,592 (versus base 
case: £242,341) and the ICER is £21,426 (versus base case: £8,205). Of note, the ICER does not 
differ much from that in the 3-2-1-0 scenario. For this reason and because this scenario does not 
compare directly to our base case (due to the two major changes), we decided not to include this 
result in the manuscript.  

 
b.      Calibration 
i.      Given the uncertainty in various parameters, it is critical for the authors to demonstrate that the 
control arm reflects real world experience in the English NHS. What is the 1- and 5-year survival in 
this modelled cohort and how does it compare with English data? How about the rate of recurrent 
events in the first five years. Again, consider mapping to Medicare or GRACE in the unlikely case that 
England-specific data are not available. 
 
Response: The reviewer has raised an interesting point regarding model calibration. Indeed, 
emerging interest in calibration methods has been acknowledged by the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) best practice guidelines (Briggs et al. 
2012).[22] However, these documents stop short of making recommendations on whether and how to 
perform calibration (despite its appeal) due to practical and theoretical considerations; we know this in 
particular from personal communication with our colleagues (Jaime Caro & Jorgen Moller), who have 
contributed significantly to the development of these guidelines.  

For our model, in particular, we are not in favour of calibration, owing to practical as well as theoretical 
considerations. Practically, calibration requires a comparison of model outputs (e.g., mortality) with an 
independent data source, which assumes that an independent (and unbiased) source on mortality 
that is representative of secondary prevention patients is available and defines mortality in a manner 
that permits mortality comparisons. The primary difficulty here is in the identification of such a dataset 
with published results suitable for use, given we do not have access to any long-term primary data to 
analyse for this purpose. As noted elsewhere (see response to comment #2.a.ii. by Dr Dhruv Kazi and 
John Lin), matching model definitions with literature-based definitions is challenging. The theoretical 
concern is that our model inputs were informed by systematic review of literature (which the reviewer 
has acknowledged to be a strength), whereas calibration would require a refitting of our mortality 
inputs – an approach potentially at odds with the literature-based parameter estimation.  

However, we did compare our 5-year cardiovascular mortality, 25.4%, with that from a large study 
(Damman et al., Circulation 2012),[23] which reported figures of 22.2% (for patients who had had an 
MI) or 27.4% (for two of the study’s patient groups combined: those who had MI or procedures such 
as CABG/PCI). The Damman et al. study was a 5-year follow-up of 5,467 patients after procedure-
related or spontaneous MI in a pooled data set of the following trials in patients with non–ST-elevation 
acute coronary syndrome: FRISC-II (Fast Revascularization During Instability in Coronary Artery 
Disease), ICTUS (Invasive Versus Conservative Treatment in Unstable Coronary Syndromes), and 
RITA-3 (Randomized Intervention Trial of Unstable Angina 3). Although this comparison is not a 
calibration, the model-generated estimate is reassuringly close to the published value. We 
acknowledge, however, the comparison is imperfect since the cumulative mortality is better seen as a 
curve than a 5-year point estimate. Cardiovascular mortality in our model is essentially linear given 
the constant (i.e. not time-dependent) probability of CV death, whereas data from Damman et al.[23] 
reveal that CV mortality is initially high and then levels off (i.e., it is time-dependent). This comparison 
illustrates the practical difficulty of attempting to calibrate the model to published data. In view of the 
reasons stated above, we preferred not to attempt model calibration.  

3.      Results 
a.      Open with presenting absolute event rates in the control arm (survival, events, etc.), followed by 
absolute and relative risk reductions in the intervention arm. Provide some specifics about cost 
differentials: how much does the drug cost increase by when using a polypill; what is the reduction in 
downstream costs? This helps provide the reader a feel for the moving parts that make up the model. 
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Response: We thank the reviewer for these very useful suggestions. In response, we have modified 
Table 2 to provide the absolute event rates and percent reduction/gain for each outcome in the base 
case. We have also disaggregated the costs components in the table.  
 
4.      Discussion 
a.      It is likely true that the polypill improves provider adherence, consider acknowledging that this 
was not modeled, which may underestimate the benefits of a polypill 
 
Response: We are very grateful to the reviewer for raising an interesting point about provider 
adherence that we had not considered. Plausible reasons for suboptimal provider adherence to drug 
therapy described in best practice guidelines for secondary prevention and risk reduction are likely to 
be complex and not well understood. However, they may include the desire to prescribe only the most 
essential medicines in patients receiving polypharmacy for other conditions; disagreements about the 
effectiveness of the guideline recommendation, lack of confidence in being able to carry out best 
practice; inability to overcome the inertia created by reliance on previous practices; conflicting patient 
preferences; or other causes. Physician attitudes may also affect prescriber adherence, but we know 
of no definitive research on whether or how a polypill can improve provider adherence. On the other 
hand, a paper by Martin-Latry et al.[24] suggested that overcomplicated physician-prescribed dosing 
schedules (i.e., specifying at which time each monocomponent should be taken) is one reason for 
poorer adherence and that it might be addressed by fixed-dose combinations of CV drugs. In this 
context, the authors recommended that physicians should consider patient convenience with 
simplified prescribing. If such recommendations are adopted into guidelines, it could improve provider 
adherence to drug therapy through a polypill, as the reviewer suggests. We have added a short 
statement on prescriber adherence in the Discussion.   
 
b.      Consider acknowledging that assuming no clinical benefit with individual medication adherence 
rate below 80% creates a bias in favor of the strategy with higher up front adherence (i.e. 
overestimating the benefit of the polypill) 
 
Response: (Please see responses to comment by Dhruv Kazi and John Lin on Methods section 
#2.a.i and ii.) 
 
 
c.      Discuss the impact of uncertainty in cost of the polypill (consider adding a figure) and 
uncertainty in the steady-state adherence to each of the drugs.  
 
 

Response: We agree that the cost of the polypill is an important potential determinant of the cost-
effectiveness of this treatment relative its monocomponents in our analyses. We have therefore varied 
the polypill cost in a range of - £9 to £12 per 30-day supply and represented this relationship 
graphically in Figure 5 in the Appendix, as recommended by reviewer Dr Dhruv Kazi and Dr John Lin. 
This analysis shows the ICER to range between £4,885 per QALY when the unit cost of the polypill is 
£9 to £12,696 per QALY when the unit cost is £12. Credibility bands are based on the 10% –90% 
percentiles obtained by conducting probabilistic sensitivity analyses at each of the unit cost prices. 
We have now included in the Appendix both these results and a figure which illustrates the 
relationship between the ICER and the polypill unit price. 

 
d.      The authors note that their adherence input data sources identify “good adherence” as a cutoff 
of taking 80% or more of prescribed doses. Their model assumes “good adherence” as receiving the 
full benefit of treatment and “poor adherence” as no benefit, which likely overestimates the true effects 
of improved adherence from the polypill. 
 
Response: We acknowledge this limitation in the Discussion and conducted sensitivity analyses to 
test this assumption. Also, please see responses to comment by Dhruv Kazi and John Lin on 
Methods section 2.a.i-ii and major comment #1 by E.A.B. Over for a discussion on our choice 
of base-case assumptions and the difficulty of obtaining or interpreting data to inform 
alternative assumptions. 
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e.      The key message is that this is an effective drug, likely a very cost-effective drug, and perhaps 
one of the most important issues deserving of future investigation is its long-term impact on 
adherence. The imperfections in the modeling produce a result that is less convincing. 
 
Response: Please see detailed responses to comment by Dhruv Kazi and John Lin on Methods 
section 2.a.i to 2.a.x and major comment #1 by E.A.B. Over.  
 
5.      Tables and figures 
a.      Reformat table of input parameters to improve readability; move to the manuscript 
 
Response: We thank the reviewer for this suggested change, which has now been made to the table 
in the manuscript. 
 
b.      Consider adding a figure related to a one-way sensitivity analysis on the cost of the polypill and 
the nadir of adherence. 
 
Response: The suggested analysis has been conducted and has now been added to the manuscript. 
Also please see related responses to comment #4.c by Dhruv Kazi and John Lin. 
 
Reviewer Name   E.A.B. Over 
The authors performed a modelling study to analyze the (cost-)effectiveness of a polypill in the 
secondary prevention of CV disease. The polypill has great potential in increasing the adherence to 
combined statin/aspirin/ACEI medication, and therefore also in benefitting public health. The 
probability of cost-effectiveness is high in the UK. 
 
Major comments: 
#1: The key parameter in the model used in this study is time: when do patients stop taking their pills, 
and/or with what rate does their persistency decline. Since the time horizon in this study is 10 years 
(and even lifetime in a sensitivity scenario), it is crucial to properly model the 
adherence/compliance/persistence of patients. In my opinion, only a maximum and minimum 
adherence is not sufficient to model patients’ adherence, especially since their adherence is assumed 
to remain constant after 18 months in this study. Even a layman will understand that some patients 
will stop taking their pills after several years, and there is also scientific evidence to confirm this, see 
for example Figure 2 in Helin-Salmivaara et al 2008.[17] It shows a steep decrease after 1 year and 
continuing decrease even after 10 years. Furthermore, because the proportion of patients who are 
adherent is the most important model parameter in this study, Table 3 should be presented in the 
main manuscript, not in an appendix (and check spelling of reference 24). The minimum proportions 
adherent (at t=10, or t=5, at the least) will then probably be smaller than 0.91, 0.60, 0.90 and 0.93. 
 
Response: Please see response to comment by Dhruv Kazi and John Lin on Methods section 
2.a.i above. 
 
#2: Another major comment regarding the factor of time is about the use of discount rates. Other rates 
than 3.5% are also common practice (3/4/5%, sometimes even different for costs and effects), and 
especially with relatively long time horizons these rates may result in different outcomes with respect 
to cost-effectiveness. It is my opinion that this important parameter be covered in the sensitivity 
analyses, so that results may be generalized for other countries. 
 
Response: Given that our perspective was that of the NHS and PSS of the United Kingdom,[9] we 
chose to apply in our analysis 3.5% discounting to both costs and benefits (as in standard in health 
economic evaluations in that setting), with 0% and 6% discounting in sensitivity analyses. However, 
we did not perform differential discounting. Currently, only a small number of national authorities 
recommend differential discounting (e.g., the Dutch College voor Zorgverzekeringen and Belgian 
Federaal Kenniscentrum voor de Gezondheidszorg). Importantly, the National Institute for Health and 
Care Excellence (NICE) in England and Wales used to consider differential discounting with rates of 
6% and 1.5% for costs and effects, respectively, but specifically abandoned this approach in 2004. To 
remain true to our perspective, we did not perform differential discounting as suggested by the 
reviewer. Also, we do not believe that doing so would provide greater generalisability of results to 
other countries which would involve also re-estimating national costs for CV events and applying 
country-specific life tables.  
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#3: The use of “%” is sometimes unclear or incorrect. I presume the authors probably mean 
“percentage point” in these cases. Examples: page 3, lines 62-64; page 9, lines 236-238; page 11, 
lines 340 and 345-346. The words “percentage” and “percentage point”, which are used in the 
description of the main results, have a completely different meaning, and the main results can 
therefore be misinterpreted. 
 
Response: The suggested change has now been made in the manuscript. 
 
Minor comments 
#1: Page 2, line 26: adherence to the polypill is not improved. Instead, you want to compare the costs 
and effects of using a polypill vs. multiple monotherapies. 
 
 
#2: Page 2, line 43: “quality-adjusted life-year (QALY)” [singular, not plural] 
 
 
#3: Page 2, line 47: “a 10% point increased? uptake” 
 
 
#4: Page 4, line 105: only in case of proven cost-effectiveness. 
 
 
#5: Page 6, lines 187-188: I’d rephrase this sentence, because now it seems that there is also no 
difference in adherence between monocomponents and polypill. Something like “same basic equation 
form, with different parameter values”. 
 
 
#6: Page 10, lines 284-285: Please explain why a clinical trial risk would possibly be an 
underestimation of the true risk. 
 
 
#7: Page 12, line 354: there was no mention of “inadequate physician describing” before, so why is 
this a especially relevant context? 
 
#8: Table 3.: report ICER (not ICERs), and use comma’s and points consistently, in accordance with 
the right number of significant digits (the limits cannot be more precise than the point estimates).   
 
Response: We thank the reviewer for the suggested changes, all of which have now been made in 
the manuscript. For comment #7 we have added additional text in the Discussion to better explain the 
context of prescriber adherence. Also please see response to comment #4.a by reviewers Dhruv 
Kazi and John Lin.  
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VERSION 2 – REVIEW 

REVIEWER Dhruv Kazi 
University of California San Francisco 

REVIEW RETURNED 10-Apr-2015 

 

GENERAL COMMENTS I appreciate that the authors have systematically addressed the 
numerous issues raised in the prior review. The presentation of the 
manuscript has also been substantially enhanced.   

 

REVIEWER Eelco Over 
National Institute for Public Health and the Environment, the 
Netherlands 
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GENERAL COMMENTS The authors have provided appropriate answers to the critical 
questions and adjusted their manuscript accordingly. I have no 
further comments.  
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