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VERSION 1 - REVIEW
REVIEWER 1 Reviewer 1. Competing Interrest: None
REVIEW RETURNED 20-Dec-2022
GENERAL COMMENTS Publish - yes

This article is complex to read unless the reader has a substantial
statistical background. Given this, a little simplification may be of
benefit to a wider readership. Integrating the abstract with a
version of the text found on page 6, lines 11 to 16 would, | believe,
assist the reader. The article proposed a strategy which utilises
the top 90th percentiles from age and sex specific risk distributions
to illustrate potential advantages of applying age and sex
thresholds in CVD risk stratification. In this the article is
successful.

From a patient perspective the nagging question relates to how a
GP would actually use the findings. Could a simplified age by
gender lookup table with the necessary caveats be of assistance
in the decision to utilise statins? The life-years gain with statin
initiation for men aged 40 years was stated as 0.16 years (page 4,
line 1). This observation is not discussed in any detail elsewhere in
the article so could be considered an unnecessary observation.
While acknowledged by the authors, life-style, diet, ethnicity and
medication adherence over time are important factors which could
limit the successful outcome at the GP level. Adherence rates are
briefly mentioned and should be discussed further in terms of
impacts on strategies A and B. More discussion of these concerns
would benefit the reader. An issue not mentioned at all is the
presence of co-mobidities within the target populations. Could
rheumatoid arthritis or lupus skew the decision to use or not to use
statins for patients with CVD at ages greater than 50 years?

As a patient, | found one paragraph in particular difficult to follow
(page 12, lines 11 to 16) and suggest a more simplified version be
provided.

The article successfully highlights the importance of age and sex
stratification and suggests a possible practical framework.




REVIEWER 2

Mahmood, Fareena; Public Reviewer. Competing Interest: None

REVIEW RETURNED

20-Dec-2022

GENERAL COMMENTS

The paper highlights reducing the high risk of cardiovascular
disease(CVD) in individuals by preventative interventions such as
statin therapy while adopting a more stratified approach using age
and sex thresholds within existing algorithms. The paper
concludes that overall CVD free life years gained is about 0.16
years which is approximately 2 months only for for those less than
50 years. Treating younger populations at high risk will result in
higher treatment costs over prolonged periods but for a patient
carer, predictions will enable us to better understand the benefits
of the intervention and also motivate the patient to adhere to the
therapy. It will be very valuable if the study is extended to
additional variables such as lifestyle interventions in younger
people and to understand whether this will result in increased CVD
free life years compared to the prediction in the current study.

REVIEWER 3

Reviewer 3. Competing Interest: None

REVIEW RETURNED

20-Dec-2022

GENERAL COMMENTS

This a well-conducted and important study on the benefits of age-
and sex-specific thresholds for prioritizing preventive treatment for
cardiovascular disease. The authors use a large electronic health
database to estimate the predictive and clinical benefits associated
with stratification of risk thresholds.

I have no major comments. Below | suggest minor additions to the
text that may better explain the methods and contextualize the
results.

Abstract
The abstract provides a detailed description of the study.

Introduction
The Introduction clearly sets out the case for age- and sex-
stratified risk thresholds.

Methods
The Methods are appropriate to address the paper’s objective.

The decision to drop patients taking statins at baseline is
understandable but could lead to selection bias. If there are
significant differences between statin users and statin non-users
who are eligible for treatment, this may bias estimates of the
predictive and clinical benefits of different treatment prioritization
strategies. The authors assume the benefits of age- and sex-
stratified risk thresholds in the latter group are indicative of these
benefits in the wider CVD-free population. They may wish to
validate this assumption.

The way that population public health benefit is quantified is
relatively simplistic. The authors assume a consistent 25% CVD
risk reduction from statins across all patients (adjusted for
subgroup-level adherence). This may ignore predictable




heterogeneity in treatment effect across patients. Specifically,
relative risk reduction from statins is likely determined by baseline
cholesterol levels (https://pubmed.ncbi.nim.nih.gov/26945047/).
The authors may wish to adjust for this fact in their analysis, as this
modifiable cause of CVD varies across age- and sex-defined
subgroups of the UK population. Alternatively, this should be
acknowledged as a limitation of the analysis.

Results
The Results section is clearly written and provides all necessary
information to readers.

Discussion

The Discussion section describes the results and their implications
well. The authors note that there are potential side-effects and cost
concerns related to treating more and younger patients with
statins. These concerns, alongside the discounting future health
and cost outcomes, are addressed in our recent cost-effectiveness
analysis of strategies to prioritize preventive statin therapy in the
Scottish population (https://pubmed.ncbi.nim.nih.gov/35249370/).
This analysis seems like a relevant point of discussion for the
authors, given their statement that “more evidence of cost-
effectiveness analyses and net-benefit evaluation in the
contemporary UK population is warranted.”

REVIEWER 4 Reviewer 4. Competing Interest: None
REVIEW RETURNED 20-Dec-2022
GENERAL COMMENTS In this study, Zhe Xu and colleagues quantified the application of

age- and sex-specific CVD risk thresholds for guiding clinical
decisions for statin initiation using both UK and European risk
prediction tools within a UK primary care population free of CVD
and diabetes, using contemporary data collected between 2004
and 2019. By using the information on 90th percentile of age- and
sex-specific risk distributions as an example, lower thresholds
were set and more young people (women aged <53 and men
aged <47 years) were stratified at high-risk of CVD to initiate
statins when using the QRISK2 risk algorithm in comparison to a
10% fixed threshold. The authors concluded that for these groups
the age- and sex-specific stratification strategy substantially
improved sensitivity (with only a slight decrease in specificity), as
well as the discriminatory ability and reclassification. Also, among
the younger individuals, the estimated NNS was reduced
markedly, while NNT only increased modestly, and overall, there
was a small increase in CVD-free life-years gained from statin
treatment. As a secondary analysis, for the SCORE2 algorithms
similar patterns were found. Although a sex- and age-specific
approach is already recommended and used in Europe and
beyond, this work appears to be the first to provide quantitative
evidence of using such thresholds for allocating statins in the UK
population. In my view, this paper covers a relevant clinical topic
within cardiovascular primary prevention in general practice. It is
well written and contains a series of thoroughly performed
analyses.

| have a few concerns mainly pertaining to well-known, cohort-
related forms of bias (1), the validity of some of the assumptions
made (2) and the implications for clinical practice (3).




First, regarding the selection of individuals from the CPRD: all
individuals were stratified based on a one-off application of the
proposed strategies at a single baseline in time, excluding
individuals with statin treatment (at baseline). Analyses then
focused on high-risk individuals who had not (yet) received statin
treatment. To what extent differed they from the ones who had?
Would it be conceivable that this statin-naive population might
reflect a population (at least in the years following inception) that
has a lower probability of receiving statin treatment, e.g. with poor
access to primary care, insufficient motivation to use statins, lack
of awareness or treatment inertia by GPs, a preference to improve
lifestyle rather than using medication, etc.? The authors describe
that medication was initiated in around twenty percent (‘drop-ins’),
which impresses as rather low, but perhaps it is comparable to
other studies from this period? Although little information might be
available on the determinants of non-use, it might be useful to
contrast the users with non-users for an exploratory analysis on
potential differences.

Similarly, reporting bias towards cardiovascular risk is likely to lead
to missingness not at random (MNAR). For instance, registration
of relevant CVD risk factors including smoking, blood pressure,
cholesterol and weight/BMI may be skewed towards people with
highest values (as a result of the higher propensity to
report/register abnormal values relevant for CVD risk assessment,
as well as resulting from higher consultation rates of individuals
with increased compared to normal risk). Under such
circumstances, multiple imputation by chained equations (MICE)
may not optimally lead to the desired adjustment, since the risk
level status of missing cases is for a large part dependent on a
factor that is not recorded for these participants: the risk status
itself.(1) As a result, this may affect the estimated relations
between risk factors and CVD risk, although previously the
QRISK2 was developed and validated within the CPRD dataset,
so its impact may overall be small. Nevertheless, earlier
researchers in the CPRD database may have studied this
potential limitation while studying this topic.(2)

Second, | think that two of the assumptions underlying the
calculation of the public health modelling metrics (Supplementary
Method 3) may be somewhat overoptimistic.

The first one is on the compliance with allocated statin treatment
and states that the proportion of adherence (Pa) was assumed to
be 70% for the reference group (women aged 55 to 64 years old).
The authors refer to the study by Colantonio et al. (2019), but
within the group of patients without CVD and diabetes this
percentage may not reach such high levels (although | may have
overlooked supplementary files with figures stratified for sex).
Furthermore, more recently Talic et al. (2022) conducted a
retrospective cohort study using a random sample of 141,062
statin users from the Australian national prescription claims data,
and found an average 5-year adherence level of approximately
50%.(3) This is in accordance with a similar study by Toth et al.(4)
The third assumption states that the relative risk reduction
maintains constant from the initiation to the remaining follow-up
years. This assumption is not further substantiated, but | would
expect this assumption to be dependent on the first one, where
others have shown that adherence rates decline substantially over
time.(3-4) But perhaps the authors meant that the RRR was
constant, adjusted for adherence rate and independent of age and




sex (assumption 2)?

Since both the level of adherence rate and its potential decline
over time can substantially affect the projected overall public
health impact (5), the authors might consider performing additional
sensitivity analyses, to explore the robustness of their findings.

Third, | would like to share some concerns on the implications for
clinical practice. Although | do agree that there is an important role
of age and sex in CVD risk stratification (which is already
recommended by the ESC 2021 guideline), their application in
daily practice may pose several challenges. For instance, unless
GPs are supported by automated EMR algorithms, using a =290th-
percentile (or other percentile) of the age- and sex-specific risk
distributions may be difficult to operationalise, with thresholds
shifting across sex and age, as well as across geographical
settings and time. This should be an important priority for further
research. Another challenge might emerge when overall high risk
(e.g. 290th-percentile) may come into conflict with cut-off values of
individual risk factor values (for cholesterol, but also for others,
including blood pressure, or BMI), where these may still be below
levels that warrant drug treatment (e.g. SBP below 140 mmHg in
very young persons, or BMI below 27 in oldest age
groups)(Supplementary Table 4). Finally, as mentioned before, the
window of opportunity for statin treatment in this population may
be lower, as a result of potential selection effects. The authors
may like to reflect on such limitations, either in the manuscript or
supplementary files.

Minor points

Introduction

P5, line 13: ‘Institute’ (typo)

P6, line 2: consider adding ‘estimated fatal or non-fatal 10-year
CVD risk’ (for clarification; since navigating on CVD mortality only
(or CVD morbidity only) were strategies that have been used in the
past)

Methods

Since ‘no history of statins’ may not be similarly associated with
either end of the socioeconomic spectrum, it might be informative
to explore this determinant (Townsend deprivation score), e.g. in
comparison to the statin users that were excluded at baseline
(and/or add it to Table 1)

P8, line 19: within ‘Strategy B’ the 90th percentile is chosen ‘as an
example’ (p16, line 16), but in my perception this is not yet stated
clearly up until this sentence. Also, it might be useful to further
substantiate the choice for p90, to avoid a discussion about
arbitrariness similar to the previous choice of a 10% treatment
threshold for the younger age groups.

P15, line 14: something appears missing here; perhaps it should
read: ‘until around age 55-60 years’?

P36, lines 46-47: perhaps remove ‘might result in and’? (or add
additional text that might have been lost).

Results

P12, line 13: the CVD incidence rates for the QRISK2 and
SCORE2 are 10.4 and 7.3 per 1000 person-years respectively.
This impresses as a substantial difference, given the apparently
similar operationalisation of end-points (SCORE2 even includes
heart failure where for QRISK2 this was not mentioned). Perhaps
this requires further clarification (this also refers to the




interpretation of the differences between Supplementary Figures 2
and 3).

P29 (Table 1), line 27: prescription of antihypertensive medication:
there is a substantial difference between men (17.9%) and women
(28.6%), does this reflect UK prescription rates for primary care?
Or might it also give a hint of potential selection effects at baseline
(see my earlier point)?

P13 Supplement (Suppl. Figure 2): 13,349 CVD end-points
(16,7%) were found in the CPRD, outside HES. Did the authors
explore whether this may have been the lighter part of the disease
spectrum (i.e. TIAs, suspected angina pectoris, etc.). Since this
group may contain a relatively high false-positive rate of CVD
events (i.e. suspected TIA was not considered an acute indication
for hospital referral in the first years of the registration period), it
might be worthwhile to perform an additional sensitivity analysis to
explore the overall impact on studied stratifications. N.B. Perhaps
there are alternative explanations for the ‘mismatch’ with HES, e.g.
hospitals that were outside the data linkage, etc.?

P15 Supplement (Suppl. Figure 4): perhaps a y-axis up to 8000
should be sufficient here? A line for x=10% similar to the other
figures could be added here. Also, consider choosing a smaller
part of x-axis coverage (idem for Suppl. Figures 5,7 and 8).
Supplementary Figures 4-9: please add ’10-year predicted CVD
risk’ (or something similar, to emphasize the 10-year projection)
P20 Supplement (Suppl. Figure 9): does the slight discontinuity
reflect the use of SCORE2 and SCORE-OP respectively?
Consider adding this to the legenda.

Discussion

General point: between 2004 and 2019, guideline
recommendations have shifted from a separate risk-factor
approach to a more integrated, overall risk-guided approach,
which may have had consequences for the treatment of
dyslipidaemia (e.g. changing from navigating on absolute
cholesterol levels to overall CVD risk). It might be worth
mentioning changes in usual care (including the introduction of
NHS health checks) over time to facilitate interpretation.

P21-22 Supplement (Suppl. Figures 10 and 11): perhaps the
overall fit of the SCORE2 models is slightly less compared to the
QRISK2, since the QRISK2 was originally developed and
validated based on (British) CPRD-data? It might be worth
commenting on this in the discussion (or in the supplementary
files). N.B. Please note that there are two series of Supplementary
Figures 9, 10 and 11 (see p20-22 and p23-25).

P18, line 22: consider ‘dependent’ (instead of ‘depended’)

P19, line 8: ‘easier than implementation of lifetime risk? Consider
phrasing more tentatively, since little is still known on this subject.

References: perhaps some recent studies are useful to include,
related to assumption 2 in Supplementary Method 3 (also see
below).(6)
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REVIEWER 5 Jackson, Rod; University of Auckland. Competing Interest: None
REVIEW RETURNED 20-Dec-2022
GENERAL COMMENTS This paper investigates an alternative statin treatment threshold

(strategy B) to the current 10% 10-year predicted CVD risk
threshold using the QRISK equations recommended by NICE
(strategy A). The rationale for the current single threshold across
all age groups is based on the evidence that the benefit of
treatment is directly proportional to the pre-treatment risk,
therefore the current single threshold is in effect a single ‘numbers
needed to treat to prevent one event’ (NNT) threshold. The
alternative strategy (B) investigated in this paper changes the
threshold to include people above the 90th percentile of risk, in
those age groups where fewer than 10% of the population have a
CVD risk above 10%. So, it simply involves lowers the CVD risk
statin treatment threshold in some younger age groups.

The main study finding is that for men aged less than 48 years and
women aged less than 54 years, strategy B involves lowering the
strategy A predicted CVD risk threshold below 10% over 10 years.
The main implication of this finding is that under strategy B, more
of these younger people will be treated under strategy B than
strategy A, which will inevitably lead to more events prevented,
although the ‘cost’ will be an increase in the NNT. The
investigators demonstrate this increased NNT (described in Figure
2B and 2D), but surprisingly do not present this information in the
Abstract, despite it being the key metric of treatment threshold
performance used to determine the current NICE
recommendations in the Abstract. Instead, in the Abstract they
present three metrics of apparent treatment threshold performance
improvement, two of which are not actually measures of
improvement and the third is a contentious one.




The first metric — improved discriminatory ability of strategy A
versus B measured with the AUROC-DP - is the inevitable
consequence of lowering the treatment threshold from one that
includes fewer than 10% of the highest risk people to one that the
10% at highest risk. There will be a point at which the increased
sensitivity of a lower threshold will be counter-balanced by
reduced specificity, but it will be considerably lower than the 90th
centile threshold. It would have been of some interest if the
investigators had calculated this lower threshold.

The second metric — the numbers needed to screen (NNS) to
prevent an event — is unfortunately a meaningless metric in the
context of this study. This is because not only is it the inevitable
consequence of lowering the risk threshold, but the NNS will
continue to get smaller as the threshold is lowered, with the best
NNS when the threshold is lowered to the point that everyone gets
treated. For example, if say 1000 people aged 45 years are
screened using QRISK and 50 have a predicted risk greater than
10%, then these 50 people will be prescribed statins (strategy A).
If, say, this treatment strategy reduces the number of CVD events
among these 50 people by one CVD event compared to not
treating them with statins, then the NNS = 1000. However, if the
threshold is set to include the top 10% at risk (strategy B) which
means 100 of the 1000 people screened will meet the treatment
threshold, then the number of people treated inevitably rises and
the number of events prevented (the denominator in the NNS
calculation) inevitably rises and so the NNS inevitably falls. As
stated above, the lowest NNS (i.e. the best) will be observed when
everyone is treated, making this a meaningless metric.

The third metric — gain in CVD-free life-years gained is
contentious, because unless one takes into account the different
case fatality at different ages and more importantly, unless one
considers the fact that most people discount events that are likely
to occur far into the future, then, again, treatment will inevitably
favour younger people. | recommend that the authors read the
paper by S Liew and colleagues (BMJ Open 2012;2: e000728.
doi:10.1136/ bmjopen-2011-000728) demonstrating the impact of
accounting for case fatality and discounting on the PYLL for
people of different ages with the same predicted CVD risk. Of
note, this final metric is the only one described by the authors that
potentially suggests a benefit of strategy B over strategy A, albeit a
contentious one. The reason it is contentious is because there are
opposing views as to whether the ‘value’ of preventing future event
should discounted or not.

Therefore, in my opinion, the paper would benefit from a complete
rewrite, with the main focus on the increased cost of strategy B in
terms of a higher NNT, but a potential gain in CVD-free life-years
(but only if discounting and case fatality are not taken into
account).

| would remove the analyses involving the NNS and the AUROC-
DP for the reasons | state above.

As strategy A and strategy B are identical for men aged 48 and
over and for women aged 54 years and over, it is unclear what the
point of including them is, particularly up to age 80 years. Perhaps
a comparison group aged 50-60 years would be worthwhile for
comparing NNTs, but there is nothing to gain by including people




over 60 years.

| would also recommend excluding the SCORE-related findings.
These findings are not relevant to the current paper as reflected by
the fact that they are not even mentioned in the Abstract. They
merely make the paper far too long. A comparison between
QRISK and SCORE would be an important paper in its own right,
but it is not the focus of this paper.

A couple of minor things:

Is there a reason for using QRISK2 rather than QRISK3? If so, it
would be useful to mention this. | may have missed it.

The supplementary figures are wrongly numbered.

The scale on the y axis in Figure 2a and 2c appears to be
logarithmic. This should be pointed out in the text and as a
footnote in the Table.

VERSION 1 - AUTHOR RESPONSE
Reviewer: 1
Recommendation:

Comments:

Publish — yes

1) This article is complex to read unless the reader has a substantial statistical background. Given this,
a little simplification may be of benefit to a wider readership. Integrating the abstract with a version of
the text found on page 6, lines 11 to 16 would, | believe, assist the reader. The article proposed a
strategy which utilises the top 90th percentiles from age and sex specific risk distributions to illustrate
potential advantages of applying age and sex thresholds in CVD risk stratification. In this the article is
successful.

Author response: The abstract and manuscript has been substantially revised to benefit wider
readership. Regarding to the text originally on page 6, lines 11-16 about the description of ESC
guideline, SCORE2, and the age-specific threshold, we have now moved all the results using SCORE2
and corresponding risk threshold strategy to the supplementary file to make the main results easier to
follow, as also suggested by other reviewers.

2) From a patient perspective the nagging question relates to how a GP would actually use the findings.
Could a simplified age by gender lookup table with the necessary caveats be of assistance in the
decision to utilise statins? The life-years gain with statin initiation for men aged 40 years was stated as
0.16 years (page 4, line 1). This observation is not discussed in any detail elsewhere in the article so
could be considered an unnecessary observation.

Author response:

a. Table 2 presents the information for a “lookup table” for proposed age- and sex-specific thresholds.
The implementation into clinical systems is now mentioned in both the introduction (page #, line #) and
discussion (page #, line #).

b. We now explicitly state and discuss the key result of a 0.14-0.16 population average gain in life-years
compared with strategy-A (10% single threshold) in the Abstract (page 3, line 19) and in Discussion
section (page 17, line 8).

3) While acknowledged by the authors, life-style, diet, ethnicity and medication adherence over time are
important factors which could limit the successful outcome at the GP level.

Author response:
Other interventions and medication adherence were not considered in this study, but do remain
important. In the Discussion section (page 18 lines 20-22), we do discuss the possible extension of our



methods to other preventive interventions, including lifestyle modification: “It is also possible to extend
the insight of age- and sex-specific thresholds to inform the implementation of other preventive
interventions, such as health education, lifestyle modification, and hypertension treatment.”

We also discussed that beyond age and sex, a potential extension of the risk stratification strategy could
also account for ethnicity or other social-economic status (page 17, lines 14-18): “Risk thresholds could
be further specified by ethnicity and other metrics of social-economic status; such stratification may
have important implications for the fairness of risk assessments beyond age and sex.1"'8 Alternatively,
individuals could be stratified by their “potential impact of treatment”, which incorporate causal effects
of risk factors modification on disease risk and disease-free life years (e.g., the JBS3 Risk Calculator'®).”

In addition, we have now added another implication of the risk stratification strategy, which is “fo
motivate patients to adhere to statin therapy” in the implications section in the Discussion (page 18, line
8).

4) Adherence rates are briefly mentioned and should be discussed further in terms of impacts on
strategies A and B. More discussion of these concerns would benefit the reader.

Author response:

In Supplementary Methods 3, we have considered both age and sex when estimating the adherence
to statins,2%2' and the estimated proportion of people adhering to statin treatment ranged from 50%
(women aged 40-44) to 90% (men aged 65-70) (Supplementary Table 19).

We agreed that although we have considered age and sex, assuming a constant adherence rate over
time may still lead to bias. Therefore, we added this as a limitation in the Discussion section (page 21,
lines 4-10) and cited the two reference papers as follows:

“Furthermore, recent studies have shown that the proportion of people adhering to statins declines over
time (e.q., 76% at 6 months versus 51% at 5 years).2223 Although we considered different adherence
rates by age and sex, we assumed they were time-invariant which may result in an overestimation of
the long-term performance measures amongst individuals who are more likely to discontinue statin
therapy (e.q., men and younger people). In addition, the heterogeneity in other characteristics (e.q.,
cholesterol levels), may also affect the actual individualised statin benefit.”

5) An issue not mentioned at all is the presence of co-morbidities within the target populations. Could
rheumatoid arthritis or lupus skew the decision to use or not to use statins for patients with CVD at ages
greater than 50 years?

Author response:

Common comorbidities such as hypertension, chronic kidney disease, atrial fibrillation, and rheumatoid
arthritis are included as risk predictors in the QRISK2 model (see Supplementary Method 1. Whilst the
risk score estimation has factored in such co-morbidities characteristics to identify individuals above the
thresholds, we have not considered how co-morbidities may impact the clinical decision to initiate statins
or other medications. We now state this as a limitation on page 21, lines 13-15 as follows:

“Third, we have assumed allocation of statins to all people with risk above the set thresholds, and have
not incorporated more personalised clinical decisions which may factor in existing co-morbidities and
medications.”

6) As a patient, | found one paragraph in particular difficult to follow (page 12, lines 11 to 16) and suggest
a more simplified version be provided.

The article successfully highlights the importance of age and sex stratification and suggests a possible
practical framework.

Author response:

We have now simplified this paragraph . We have revised to “A fotal of 80,569 incident CVD events
were _identified during a median follow-up period of 7.8 (5, 95" percentile: 0.9, 13.4) years
(Supplementary Fiqure 2), with an incidence rate of 10.4 (95% CI: 10.3, 10.5) per 1000 person-years”.
In addition, all results for the SCORE2 model have been moved to supplementary material.




Reviewer: 2
Recommendation:

Comments:

The paper highlights reducing the high risk of cardiovascular disease(CVD) in individuals by
preventative interventions such as statin therapy while adopting a more stratified approach using age
and sex thresholds within existing algorithms. The paper concludes that overall CVD free life years
gained is about 0.16 years which is approximately 2 months only for those less than 50 years. Treating
younger populations at high risk will result in higher treatment costs over prolonged periods but for a
patient carer, predictions will enable us to better understand the benefits of the intervention and also
motivate the patient to adhere to the therapy.

1) It will be very valuable if the study is extended to additional variables such as lifestyle interventions in
younger people and to understand whether this will result in increased CVD free life years compared to
the prediction in the current study.

Author response:

Other interventions and medication adherence were not considered in this study, but do remain
important. In the Discussion section (page 18, lines 20-22), we do discuss the possible extension of our
methods to other preventive interventions, including lifestyle modification: “It is also possible to extend
the insight of age- and sex-specific thresholds to inform the implementation of other preventive
interventions, such as health education, lifestyle modification, and hypertension treatment.”

Reviewer: 3
Recommendation:

Comments:

This a well-conducted and important study on the benefits of age- and sex-specific thresholds for
prioritizing preventive treatment for cardiovascular disease. The authors use a large electronic health
database to estimate the predictive and clinical benefits associated with stratification of risk thresholds.

1) I have no major comments. Below | suggest minor additions to the text that may better explain the
methods and contextualize the results.

Abstract
The abstract provides a detailed description of the study.

Introduction
The Introduction clearly sets out the case for age- and sex- stratified risk thresholds.

Methods

The Methods are appropriate to address the paper’s objective.

The decision to drop patients taking statins at baseline is understandable but could lead to selection
bias. If there are significant differences between statin users and statin non-users who are eligible for
treatment, this may bias estimates of the predictive and clinical benefits of different treatment
prioritization strategies. The authors assume the benefits of age- and sex- stratified risk thresholds in
the latter group are indicative of these benefits in the wider CVD-free population. They may wish to
validate this assumption.

Author response:

To address this, we have now added results to compare the baseline characteristics of individuals with
and without statin treatment history at baseline (new Supplementary Table 2). The results show that: 1)
the proportion of individuals with statin treatment history at baseline is small (80,860 [7.2%] vs
1,046,736 [92.8%]); 2) individuals with statin treatment at baseline were older than those without statins
(mean age at baseline of 65 vs 56); 3) for younger individuals with baseline age of 40-60 years, i.e., the
main population whose risk category would be different using strategies A and B, the proportion of
individuals with statin treatment at baseline is low (Supplementary Table 3), with an overall proportion



of 3.8% amongst people aged 40-60 at baseline. Therefore, the potential risks of selection bias caused
by the difference across individuals with and without statin treatment history may be ignored.

We have now added the following text to the Results and Discussion sections:
Results (page 13, lines 6-9): “Excluded individuals with statin treatment history at baseline (n=80,860)
were older (mean age at baseline of 65 [SD = 10] years) in comparison with individuals without statin
treatment history at baseline (n=1,046,736) (Supplementary Tables 2 and 3).”

Discussion (page 20, lines 9-15): “Moreover, to provide evidence for supporting the decision-making on
statin_initiation _among a_statin-naive population, we excluded individuals with statin treatment at
baseline. Potential risks of selection bias caused by the difference across individuals with and without
statin treatment history may be negqligible, because only a small proportion (3.8%) of individuals aged
younger than 60 had statin treatment history at baseline. This would have little impact on the predicted
risk_distributions, the cut-offs for strateqy-B, and the assessments of the comparison between risk
Stratification strategies for younger individuals.”

2) The way that population public health benefit Is quantified Is relatively simplistic. The authors assume
a consistent 25% CVD risk reduction from statins across all patients (adjusted for subgroup-level
adherence). This may ignore predictable heterogeneity in treatment effect across patients. Specifically,
relative risk reduction from statins is likely determined by baseline cholesterol levels
(https://pubmed.ncbi.nim.nih.gov/26945047/). The authors may wish to adjust for this fact in their
analysis, as this modifiable cause of CVD varies across age- and sex-defined subgroups of the UK
population. Alternatively, this should be acknowledged as a limitation of the analysis.

Author response:

Thank you for the reference paper. We acknowledged that assuming a constant effect of statin
treatment is one of the limitations of our study in the Discussion section. We now have further added
that “In addition, the heterogeneity in other characteristics (e.qg., cholesterol levels), may also affect the
actual individualised statin benefit.?*” with the reference paper cited in this section (page 21, line 8-10).

3) Results
The Results section is clearly written and provides all necessary information to readers.

Discussion

The Discussion section describes the results and their Implications well. The authors note that there are
potential side-effects and cost concerns related to treating more and younger patients with statins.
These concerns, alongside the discounting future health and cost outcomes, are addressed in our
recent cost-effectiveness analysis of strategies to prioritize preventive statin therapy in the Scottish
population (https://pubmed.ncbi.nim.nih.gov/35249370/). This analysis seems like a relevant point of
discussion for the authors, given their statement that “more evidence of cost-effectiveness analyses and
net-benefit evaluation in the contemporary UK population is warranted.”

Author response:

Thank you for the reference paper.

a. We have now adjusted for the discounting future health problem when calculating the CVD-free life
expectancy, per the suggestions from Reviewer 5.

b. We acknowledged that more evidence of cost-effectiveness analyses is still warranted in the
Discussion — Implications section (page 18, lines 14-20). We now have cited this paper as follows:
“Evidence from meta-analyses of clinical trials"' and observational studies'? suggests small absolute
excess _harm of statins, and_microsimulation models in the US and Scottish populations indicate
improved cost-effectiveness with lower CVD risk thresholds.'®'5 However, evidence is still_not
consistent across studies.'® Therefore, more research on the use of age- and sex-specific thresholds in
cost-effectiveness analyses in different populations with limited health resources is warranted, and
subsequent efforts on improving adherence to long-term statin therapy are important.”

Reviewer: 4

Recommendation:



Comments:

In this study, Zhe Xu and colleagues quantified the application of age- and sex-specific CVD risk
thresholds for guiding clinical decisions for statin initiation using both UK and European risk prediction
tools within a UK primary care population free of CVD and diabetes, using contemporary data collected
between 2004 and 2019. By using the information on 90 percentile of age- and sex-specific risk
distributions as an example, lower thresholds were set and more young people (women aged <53 and
men aged <47 years) were stratified at high-risk of CVD to initiate statins when using the QRISK2 risk
algorithm in comparison to a 10% fixed threshold. The authors concluded that for these groups the age-
and sex-specific stratification strategy substantially improved sensitivity (with only a slight decrease in
specificity), as well as the discriminatory ability and reclassification. Also, among the younger
individuals, the estimated NNS was reduced markedly, while NNT only increased modestly, and overall,
there was a small increase in CVD-free life-years gained from statin treatment. As a secondary analysis,
for the SCORE2 algorithms similar patterns were found. Although a sex- and age-specific approach is
already recommended and used in Europe and beyond, this work appears to be the first to provide
quantitative evidence of using such thresholds for allocating statins in the UK population. In my view,
this paper covers a relevant clinical topic within cardiovascular primary prevention in general practice.
It is well written and contains a series of thoroughly performed analyses.

| have a few concerns mainly pertaining to well-known, cohort-related forms of bias (1), the validity of
some of the assumptions made (2) and the implications for clinical practice (3).

1) First, regarding the selection of individuals from the CPRD: all individuals were stratified based on a
one-off application of the proposed strategies at a single baseline in time, excluding individuals with
statin treatment (at baseline). Analyses then focused on high-risk individuals who had not (yet) received
statin treatment. To what extent differed they from the ones who had? Would it be conceivable that this
statin-naive population might reflect a population (at least in the years following inception) that has a
lower probability of receiving statin treatment, e.g. with poor access to primary care, insufficient
motivation to use statins, lack of awareness or treatment inertia by GPs, a preference to improve
lifestyle rather than using medication, etc.? The authors describe that medication was initiated in around
twenty percent (‘drop-ins’), which impresses as rather low, but perhaps it is comparable to other studies
from this period? Although little information might be available on the determinants of non-use, it might
be useful to contrast the users with non-users for an exploratory analysis on potential differences.

Author response:

To address this, we have added results to compare the baseline characteristics of individuals with and
without statin treatment history at baseline (new Supplementary Table 2). The results show that: 1) the
proportion of individuals with statin treatment history at baseline is small (80,860 [7.2%] vs 1,046,736
[92.8%]); 2) individuals with statin treatment at baseline were older than those without statins (mean
age at baseline of 65 vs 56); 3) for younger individuals with baseline age of 40-60 years, i.e., the main
population whose risk category would be different using strategies A and B, the proportion of individuals
with statin treatment at baseline is low (Supplementary Table 3), with an overall proportion of 3.8%
amongst people aged 40-60 at baseline. Therefore, the potential risks of selection bias caused by the
difference across individuals with and without statin treatment history may be ignored.

We have now added the following text to the Results and Discussion sections:
Results (page 13, lines 6-9): “Excluded individuals with statin treatment history at baseline (n=80,860)

were older (mean age at baseline of 65 [SD = 10] years) in comparison with individuals without statin
treatment history at baseline (n=1,046,736) (Supplementary Tables 2 and 3).”

Discussion (page 20, lines 9-15): “Moreover, to provide evidence for supporting the decision-making on
statin initiation among a statin-naive population, we excluded individuals with statin treatment at
baseline. Potential risks of selection bias caused by the difference across individuals with and without
statin treatment history may be negqligible, because only a small proportion (3.8%) of individuals aged
younger than 60 had statin treatment history at baseline. This would have little impact on the predicted
risk_distributions, the cut-offs for strateqy-B, and the assessments of the comparison between risk
stratification strategies for younger individuals.”




2) Similarly, reporting bias towards cardiovascular risk is likely to lead to missingness not at random
(MNAR). For instance, registration of relevant CVD risk factors including smoking, blood pressure,
cholesterol and weight/BMI may be skewed towards people with highest values (as a result of the higher
propensity to report/register abnormal values relevant for CVD risk assessment, as well as resulting
from higher consultation rates of individuals with increased compared to normal risk). Under such
circumstances, multiple imputation by chained equations (MICE) may not optimally lead to the desired
adjustment, since the risk level status of missing cases is for a large part dependent on a factor that is
not recorded for these participants: the risk status itself.(1) As a result, this may affect the estimated
relations between risk factors and CVD risk, although previously the QRISK2 was developed and
validated within the CPRD dataset, so its impact may overall be small. Nevertheless, earlier researchers
in the CPRD database may have studied this potential limitation while studying this topic.(2)

Author response:

The MAR assumption is often assumed for missing values in electronic health records, due to the
extensive observed data (such as age, sex, ethnicity, deprivation, co-morbidities) available which can
help make the MAR assumption more feasible.?> We conducted MICE using all the risk predictors in the
QRISK2 model, so that imputed values for, say, blood pressure, accounted for the persons age, sex,
ethnicity, CVD outcome, co-morbidities, postcode and all other factors in the QRISK2 model. We accept
that the possibility of some missing values being MNAR remains, especially amongst people who do
not engage with healthcare for reasons that are difficult to measure, however, we expect the impact of
this to be small, given the large sample size and representativeness of the population.

3) Second, | think that two of the assumptions underlying the calculation of the public health modelling
metrics (Supplementary Method 3) may be somewhat overoptimistic.

The first one Is on the compliance with allocated statin treatment and states that the proportion of
adherence (Pa) was assumed to be 70% for the reference group (women aged 55 to 64 years old). The
authors refer to the study by Colantonio et al. (2019), but within the group of patients without CVD and
diabetes this percentage may not reach such high levels (although | may have overlooked
supplementary files with figures stratified for sex). Furthermore, more recently Talic et al. (2022)
conducted a retrospective cohort study using a random sample of 141,062 statin users from the
Australian national prescription claims data, and found an average 5-year adherence level of
approximately 50%.(3) This is in accordance with a similar study by Toth et al.(4)
The third assumption states that the relative risk reduction maintains constant from the initiation to the
remaining follow-up years. This assumption is not further substantiated, but | would expect this
assumption to be dependent on the first one, where others have shown that adherence rates decline
substantially over time.(3-4) But perhaps the authors meant that the RRR was constant, adjusted for
adherence rate and independent of age and sex (assumption 2)?

Since both the level of adherence rate and its potential decline over time can substantially affect the
projected overall public health impact (5), the authors might consider performing additional sensitivity
analyses, to explore the robustness of their findings.

Author response:

a. In Supplementary Methods 3, we have considered both age and sex when estimating the adherence
to statins,2%2' and the estimated proportion of people adhering to statin treatment ranged from 50%
(women aged 40-44) to 90% (men aged 65-70) (Supplementary Table 19).

We agreed that although we have considered age and sex, assuming a constant adherence rate over
time may still lead to bias. Therefore, we added this as a limitation in the Discussion section (page 21,
lines 4-10) and cited the 2 reference papers as follows:

“Furthermore, recent studies have shown that the proportion of people adhering to statins declines time
(e.q., 76% at 6 months versus 51% at 5 years).?223 Although we considered different adherence rates
by age and sex, we assumed they were time-invariant which may result in an overestimation of the long-
term performance measures amongst individuals who are more likely to discontinue statin therapy (e.q.,
men _and younger people). In_addition, the heterogeneity in other characteristics (e.q., cholesterol
levels), may also affect the actual individualised statin benefit.”

b. We agreed that the assumption of constant relative risk reduction over time may affect the results,
therefore we have now added this as a limitation in the Discussion section as follows (page 20, lines 21-



23; page 21, lines 1-4): “First, in our study we assumed a constant effect of statins and age- and sex-
specific statin adherence rates. Notably, trial-based meta-analyses suggest the statin effect is fairly
independent of age and sex?%27 but increases with treatment duration,?628 which may lead to an
overestimation of performance measures amongst individuals with shorter statin treatment duration
over their lifespans (i.e., older individuals), or an underestimation of performance measures amongst
younger individuals who could benefit from statins for a longer duration.”

4) Third, | would like to share some share some concerns on the implications for clinical practice.
Although | do agree that there is an important role of age and sex in CVD risk stratification (which is
already recommended by the ESC 2021 guideline), their application in daily practice may pose several
challenges. For instance, unless GPs are supported by automated EMR algorithms, using a =90%"-
percentile (or other percentile) of the age- and sex-specific risk distributions may be difficult to
operationalise, with thresholds shifting across sex and age, as well as across geographical settings and
time. This should be an important priority for further research. Another challenge might emerge when
overall high risk (e.g. 290"-percentile) may come into conflict with cut-off values of individual risk factor
values (for cholesterol, but also for others, including blood pressure, or BMI), where these may still be
below levels that warrant drug treatment (e.g. SBP below 140 mmHg in very young persons, or BMI
below 27 in oldest age groups)(Supplementary Table 4). Finally, as mentioned before, the window of
opportunity for statin treatment in this population may be lower, as a result of potential selection effects.
The authors may like to reflect on such limitations, either in the manuscript or supplementary files.

Author response:

a. About application in daily practice, although it would require additional features for operationalisation,
this would still be practical. If the electronic health care system is able to calculate the QRISK2 then it
would be simple for the system to also output the age and sex based threshold alongside that or for the
output of the result to include a figure that the GP could read off. If ethnicity or other risk factors were
included in the future, the system will be able to calculate the CVD risk and summarize by different
factors.

We now have added the following text in the implications section of the Discussion (page 18, lines 9-
11):

“With the steady increases of CVD risk scores algorithms into electronic health care systems,?° further
incorporating age- and sex-specific thresholds to stratify high-risk individuals is a relatively
straightforward extension to implement.”

b. For the conflict with cut-off values of individual risk factors, this may not be a big problem. Apart from
very high levels of cholesterol, prescribing guidance for statins is based on CVD risk, not on absolute
levels of cholesterol. Guidance for hypertension treatment also means that CVD risk is only relevant if
the blood pressure is above the threshold. Having a raised CVD on its own does not trigger treatment
for blood pressure.

Minor points
5) Introduction
P5, line 13: ‘Institute’ (typo)

Author response:
This has been corrected.

6) P6, line 2: consider adding ‘estimated fatal or non-fatal 10-year CVD risk’ (for clarification; since
navigating on CVD mortality only (or CVD morbidity only) were strategies that have been used in the
past)

Author response:
This has been added.

7) Methods

Since ‘no history of statins’ may not be similarly associated with either end of the socioeconomic
spectrum, it might be informative to explore this determinant (Townsend deprivation score), e.g. in
comparison to the statin users that were excluded at baseline (and/or add it to Table 1)



Author response:

To address this, we have now added results to compare the baseline characteristics of individuals with
and without statin treatment history at baseline (new Supplementary Table 2). The results show that: 1)
the proportion of individuals with statin treatment history at baseline is small (80,860 [7.2%] vs
1,046,736 [92.8%]); 2) individuals with statin treatment at baseline were older than those without statins
(mean age at baseline of 65 vs 56); 3) for younger individuals with baseline age of 40-60 years, i.e., the
main population whose risk category would be different using strategies A and B, the proportion of
individuals with statin treatment at baseline is low (Supplementary Table 3), with an overall proportion
of 3.8% amongst people aged 40-60 at baseline. Therefore, the potential risks of selection bias caused
by the difference across individuals with and without statin treatment history may be ignored.

We have now added the following text to the Results and Discussion sections:
Results (page 13, lines 6-9): “Excluded individuals with statin treatment history at baseline (n=80,860)
were older (mean age at baseline of 65 [SD = 10] years) in comparison with individuals without statin
treatment history at baseline (n=1,046,736) (Supplementary Tables 2 and 3).”

Discussion (page 20, lines 9-15): “Moreover, to provide evidence for supporting the decision-making on
statin_initiation _among a _statin-naive population, we excluded individuals with statin treatment at
baseline. Potential risks of selection bias caused by the difference across individuals with and without
statin treatment history may be negqligible, because only a small proportion (3.8%) of individuals aged
younger than 60 had statin treatment history at baseline. This would have little impact on the predicted
risk_distributions, the cut-offs for strateqy-B, and the assessments of the comparison between risk
stratification strategies for younger individuals.”

8) P8, line 19: within ‘Strategy B’ the 90" percentile is chosen ‘as an example’ (p16, line 16), but in my
perception this is not yet stated clearly up until this sentence. Also, it might be useful to further
substantiate the choice for p90, to avoid a discussion about arbitrariness similar to the previous choice
of a 10% treatment threshold for the younger age groups.

Author response:

We now have added the following in the Methods section (page 9, lines 11-13) when describing strategy
B:

“The 90th percentile was selected as an example to illustrate the potential results of applying age- and
sex-specific thresholds in CVD risk stratification, with the consideration that this would be a pragmatic
and implementable strateqy.”

9) P15, line 14: something appears missing here; perhaps it should read: ‘until around age 55-60 years’?

Author response:
Thank you for pointing this out. It should be added as “until around age 55-60 years”. All results based
on SCORE2 have now been removed per the suggestions from other reviews and editors.

10) P36, lines 46-47: perhaps remove ‘might result in and’? (or add additional text that might have been
lost).

Author response:
We have removed “might result in and”.

11) Results

P12, line 13: the CVD incidence rates for the QRISK2 and SCORE2 are 10.4 and 7.3 per 1000
person-years respectively. This impresses as a substantial difference, given the apparently similar
operationalisation of end-points (SCORE2 even includes heart failure where for QRISK2 this was not
mentioned). Perhaps this requires further clarification (this also refers to the interpretation of the
differences between Supplementary Figures 2 and 3).

Author response:
The SCORE2 definition for CVD includes heart failure but not transient ischemic attack or non-fatal
angina. In contrast, the QRISK2 definition for CVD includes transient ischemic attack and angina but



not heart failure. These definitions explain the lower IR of SCORE2-CVD compared with QRISK2-CVD.
However, we did not further add more clarification on this because all results based on SCORE2 have
now been moved to supplementary material per the suggestions from other reviews and editors.

12) P29 (Table 1), line 27: prescription of antihypertensive medication: there is a substantial difference
between men (17.9%) and women (28.6%), does this reflect UK prescription rates for primary care? Or
might it also give a hint of potential selection effects at baseline (see my earlier point)?

Author response:

Previous research reported that the prevalence of primary care patients with antihypertensive drug
prescriptions was 21.9% in 2018.3° Among those with a first-ever antihypertensive drug between 1988
and 2018, women were more likely to have antihypertensive drug prescription (44.6% were men and
55.4% were women). These are inconsistent with our findings. However, the degree of difference
among men and women in our study population is slightly larger than the previous research, and this
may be related to the fact that we excluded people with previous CVD (and this is because the risk
prediction is to estimate the risk of future incident CVD among those with no CVD history). There may
be some underlying heterogeneity of the relationship between sex, hypertension treatment, and CVD
history which need further research, but is beyond the research question of our study.

13) P13 Supplement (Suppl. Figure 2): 13,349 CVD end-points (16,7%) were found in the CPRD,
outside HES. Did the authors explore whether this may have been the lighter part of the disease
spectrum (i.e. TIAs, suspected angina pectoris, etc.). Since this group may contain a relatively high false-
positive rate of CVD events (i.e. suspected TIA was not considered an acute indication for hospital
referral in the first years of the registration period), it might be worthwhile to perform an additional
sensitivity analysis to explore the overall impact on studied stratifications. N.B. Perhaps there are
alternative explanations for the ‘mismatch’ with HES, e.g. hospitals that were outside the data linkage,
etc.?

Author response:

Unfortunately we did not perform additional sensitivity analyses to explore the CVD disease spectrum
in CPRD and HES, mainly because if not using a comprehensive linked data from primary care, hospital
admission, and death certificates, we may get biased estimates of the incident events.3' The
discrepancy of recorded CVD events in CPRD, HES, and mortality records in our study are in line with
previous research on the missingness of CVD events recorded in each data source. 3'32 |t has been
indicated that each data source missed a substantial proportion of events. Therefore, it is important to
identify disease diagnoses from the combination of the three databases.

14) P15 Supplement (Suppl. Figure 4): perhaps a y-axis up to 8000 should be sufficient here? A line for
x=10% similar to the other figures could be added here. Also, consider choosing a smaller part of x-axis
coverage (idem for Suppl. Figures 5,7 and 8).

Author response:

We set the y-axis up to 140000 in the updated figure (new Supp Figure 3) to make the QRISK2 and
SCORE2 figures in the same scale. As suggested, we now have changed the y-axis scale to a smaller
upper limit of 10000. A line for x=10% has been added as well. For the x-axis coverage, because the
maximum value of predicted risk using QRISK2 is more than 80%, we kept the current scale of 0-100%.
Figures for SCOREZ2 results have also been updated accordingly.

15) Supplementary Figures 4-9: please add '10-year predicted CVD risk’ (or something similar, to
emphasize the 10-year projection)

Author response: We have added as “predicted 10-year cardiovascular disease risk” in the titles and/or
annotations in the updated supplementary figures and tables, to make it clearer.

16) P20 Supplement (Suppl. Figure 9): does the slight discontinuity reflect the use of SCORE2 and
SCORE-OP respectively? Consider adding this to the legend.



Author response: That is correct. We have added this in the annotation of the figure (now Supp. Figure
16) as “The slight discontinuity of the distribution curve reflects the use of two different sets of
parameters from SCOREZ2 algorithms (SCOREZ2 for people under age 70 and SCORE2-OP for those
aged over 70 years).”

17) Discussion

General point: between 2004 and 2019, guideline recommendations have shifted from a separate risk-
factor approach to a more integrated, overall risk-guided approach, which may have had consequences
for the treatment of dyslipidaemia (e.g. changing from navigating on absolute cholesterol levels to
overall CVD risk). It might be worth mentioning changes in usual care (including the introduction of NHS
health checks) over time to facilitate interpretation.

Author response:

Thank you for the suggestion. We have now added this point in the Discussion (page 18, line 22; page
19, lines 1-2) as follows: “Such an extension is of importance for targeting overall CVD risk reduction as
opposed to targeting a reduction in cholesterol levels only, as has been recently remphasised in CVD
prevention guidelines.. 3"

18) P21-22 Supplement (Suppl. Figures 10 and 11): perhaps the overall fit of the SCORE2 models is
slightly less compared to the QRISK2, since the QRISK2 was originally developed and validated based
on (British) CPRD-data? It might be worth commenting on this in the discussion (or in the supplementary
files). N.B. Please note that there are two series of Supplementary Figures 9, 10 and 11 (see p20-22
and p23-25).

Author response:

Yes, we also think that the QRISK2 performs better in calibration compared with SCORE2 in our study
population, mainly because the QRISK2 was originally developed for the UK population in the general
practice setting using the QRESEARCH database-a primary care electronic database. We did not
further add more discussion point on this because all results based on SCORE2 have now been moved
to the supplementary file per the suggestions from other reviews and editors.

The serial numbers and their references in the main text for all supplementary figures have been
updated.

19) P18, line 22: consider ‘dependent’ (instead of ‘depended’)
Author response: This has been corrected.

20) P19, line 8: ‘easier’ than implementation of lifetime risk? Consider phrasing more tentatively, since
little is still known on this subject.

Author response:

We have revised this to “Likewise, age-specific thresholds in combination with existing recommended
10-year CVD risk models, are likely to be easier to be implemented in practice compared with new
models for lifetime risk”. (page 19, lines 10-12)

21) References: perhaps some recent studies are useful to include, related to assumption 2 in
Supplementary Method 3 (also see below).(6)
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Author response:

Thanks for the references. We added the references related to assumption 2, i.e., the adherence to
statin therapy, in Supplementary Methods 4 and limitation section in the Discussion (page 20, lines 22-
23; page 21, lines 1-10).

Reviewer: 5
Recommendation:

Comments:
My review

This paper investigates an alternative statin treatment threshold (strategy B) to the current 10% 10-year
predicted CVD risk threshold using the QRISK equations recommended by NICE (strategy A). The
rationale for the current single threshold across all age groups is based on the evidence that the benefit
of treatment is directly proportional to the pre-treatment risk, therefore the current single threshold is in
effect a single ‘numbers needed to treat to prevent one event’ (NNT) threshold. The alternative strategy
(B) investigated in this paper changes the threshold to include people above the 90t percentile of risk,
in those age groups where fewer than 10% of the population have a CVD risk above 10%. So, it simply
involves lowers the CVD risk statin treatment threshold in some younger age groups.

1) The main study finding is that for men aged less than 48 years and women aged less than 54 years,
strategy B involves lowering the strategy A predicted CVD risk threshold below 10% over 10 years. The
main implication of this finding is that under strategy B, more of these younger people will be treated
under strategy B than strategy A, which will inevitably lead to more events prevented, although the ‘cost’
will be an increase in the NNT. The investigators demonstrate this increased NNT (described in Figure
2B and 2D), but surprisingly do not present this information in the Abstract, despite it being the key
metric of treatment threshold performance used to determine the current NICE recommendations in the
Abstract.

Author response:
We have now revised the abstract substantially and only reported on the NNT results, and the gained
CVD-free life-years with further adjustment for time preference as suggested by the reviewer

2) Instead, in the Abstract they present three metrics of apparent treatment threshold performance
improvement, two of which are not actually measures of improvement and the third is a contentious one.
The first metric — improved discriminatory ability of strategy A versus B measured with the AUROC-DP
— is the inevitable consequence of lowering the treatment threshold from one that includes fewer than
10% of the highest risk people to one that the 10% at highest risk. There will be a point at which the
increased sensitivity of a lower threshold will be counter-balanced by reduced specificity, but it will be
considerably lower than the 90" centile threshold. It would have been of some interest if the
investigators had calculated this lower threshold.

Author response:



We thank the reviewer for pointing out this significant problem. We agree that there will be a compromise
between the increase in sensitivity but reduction in specificity when lowering the threshold. Here we
calculated the sensitivity, specificity, and AUROC-dp (all accounted for censoring) at different cut-offs,
with the subgroup of men with baseline age at 40 as an example, to illustrate this.

In the following table, when lowering the threshold from 10% to 4.97% (the cut-off at the 90™ percentile
of the risk distribution in this sub population), to 1.27% (the cut-off at the 10 percentile of the risk
distribution in this sub population), sensitivity increased from 5.91% to 26.42%, and to 98.08%,
respectively; specificity reduced from 98.71% to 90.45%, to 10.22%, respectively. However, the
AUROC-dp reached the maximum value of 0.630 at the cut-off at the 70th percentile, i.e., 3.24%, which
demonstrates when incorporating both sensitivity and specificity, this cut-off would be the counter-
balanced point. However, considering that using such a cut-off would result in stratifying 30% of people
at high-risk in this population, this would not be pragmatic for such a young-aged group. We now have
added the following in the Methods section when describing strategy B for choosing the 90" percentile:
“We chose the 90" percentile as an example to illustrate the potential effects of applying age- and sex-
specific thresholds in CVD risk stratification, with the consideration that this would be a pragmatic and
implementable strategy.” (page XX,

Stratification 10-year % of the AUROC-dp | Sensitivity | Specificity
predicted population
risk cut-off
1 — Fixed threshold 10% 1.4% 0.522 5.91% 98.71%
2 — Cut-off at the 90t percentile 4.97% 10% 0.579 26.42% 90.45%
3 — Cut-off at the 85" percentile 4.27% 15% 0.603 35.82% 85.57%
4 — Cut-off at the 80" percentile 3.83% 20% 0.614 43.07% 80.63%
5 — Cut-off at the 75" percentile 3.51% 25% 0.627 50.92% 75.71%
6 — Cut-off at the 70" percentile 3.24% 30% 0.630 56.95% 70.74%
7 — Cut-off at the 65" percentile 3.02% 35% 0.627 61.37% 65.72%
8 — Cut-off at the 60" percentile 2.82% 40% 0.622 65.35% 60.69%
9 — Cut-off at the 55™ percentile 2.64% 45% 0.620 69.84% 55.67%
10 — Cut-off at the 50" percentile 2.47% 50% 0.617 74.47% 50.66%
11 — Cut-off at the 45" percentile 2.32% 55% 0.614 79.18% 45.65%
12 — Cut-off at the 40" percentile 2.16% 60% 0.604 82.48% 40.61%
13 — Cut-off at the 35" percentile 2.02% 65% 0.599 86.16% 35.57%
14 — Cut-off at the 30" percentile 1.87% 70% 0.588 88.69% 30.50%
15 — Cut-off at the 25" percentile 1.72% 75% 0.580 91.79% 25.45%
16 — Cut-off at the 20" percentile 1.57% 80% 0.565 93.50% 20.36%
17 — Cut-off at the 15" percentile 1.43% 85% 0.555 96.09% 15.30%
18 — Cut-off at the 10" percentile 1.27% 90% 0.540 98.08% 10.22%

3) The second metric — the numbers needed to screen (NNS) to prevent an event — is unfortunately a




meaningless metric in the context of this study. This is because not only is it the inevitable consequence
of lowering the risk threshold, but the NNS will continue to get smaller as the threshold is lowered, with
the best NNS when the threshold is lowered to the point that everyone gets treated. For example, if say
1000 people aged 45 years are screened using QRISK and 50 have a predicted risk greater than 10%,
then these 50 people will be prescribed statins (strategy A). If, say, this treatment strategy reduces the
number of CVD events among these 50 people by one CVD event compared to not treating them with
statins, then the NNS = 1000. However, if the threshold is set to include the top 10% at risk (strategy B)
which means 100 of the 1000 people screened will meet the treatment threshold, then the number of
people treated inevitably rises and the number of events prevented (the denominator in the NNS
calculation) inevitably rises and so the NNS inevitably falls. As stated above, the lowest NNS (i.e. the
best) will be observed when everyone is treated, making this a meaningless metric.

Author response:

We thank the reviewer for pointing this out. We conducted a sensitivity analysis where we controlled the
number of selected individuals to be the same, i.e., using the number estimated from strategy B across
all individuals and then identified the corresponding single cut-off as an alternative fixed threshold for
strategy A. The results showed that the improvement in NNS reduction remained (Supplementary Table
9). We now have emphasised this sensitivity analysis in the Methods and the Results section as follows:

Methods — Potential public health impact (page 10, lines 15-27):
“We note that the NNS will always be smaller when the threshold is lowered, and is at a minimum when
everyone gets treated. In contrast, the NNT will always increase when the threshold is lowered.”

Methods — Sensitivity analyses (page 11, lines 16-22):

“Since NNS, NNT, and the population average gain in CVD-free life-years from statin treatment depend
on the number of individuals identified as high-risk, to make a fairer comparison across strategies, we
further performed sensitivity analyses by ascertaining the same number of high-risk individuals in each
strategy. We constrained the number of individuals classified as high-risk of CVD to be the same as the
number identified in strategy B among the whole population sample and then identified the
corresponding single threshold as an alternative fixed threshold for strategy A. This single threshold
was identified as being 9.2% (strategy-A1).”

Results — Sensitivity analyses (page 16, lines 2-5):

“When modelling a fixed budqget scenario, constraining the total number of individuals stratified as at
high-risk_ of CVD among the whole population sample to be the same across strategies, a single
threshold of 9.2% (strateqy-A1) was identified to ascertain the same number of high-risk individuals as
that from strateqy-B amongq all individuals..”

4) The third metric — gain in CVD-free life-years gained is contentious, because unless one takes into
account the different case fatality at different ages and more importantly, unless one considers the fact
that most people discount events that are likely to occur far into the future, then, again, treatment will
inevitably favour younger people. | recommend that the authors read the paper by S Liew and
colleagues (BMJ Open 2012;2: e000728. Doi:10.1136/ bmjopen-2011-000728) demonstrating the
impact of accounting for case fatality and discounting on the PYLL for people of different ages with the
same predicted CVD risk. Of note, this final metric is the only one described by the authors that
potentially suggests a benefit of strategy B over strategy A, albeit a contentious one. The reason it is
contentious is because there are opposing views as to whether the ‘value’ of preventing future event
should discounted or not.

Therefore, in my opinion, the paper would benefit from a complete rewrite, with the main focus on the
increased cost of strategy B in terms of a higher NNT, but a potential gain in CVD-free life-years (but
only if discounting and case fatality are not taken into account).

Author response:

We thank the reviewer for pointing this out. In our previous calculation, we had accounted for the
different case fatality at different ages by estimating the CVD risk and competing risk based on sex-
specific lifetables with 1-year age intervals at each age (Supplementary Method 4). For the time
preference, we now have adjusted it in the calculation using a rate of 0.03 referring to the methods used
in S Liew 2012.3 After adjustment, although the absolute CVD-free life-years reduced, the gain in CVD-
free life-years from statin treatment did not change significantly, and the difference of such gain across



different strategies was similar as before. The maximum increase in the average gain in CVD-free life
expectancy was still 0.16 years in men at age 40.

We also added the following text in the Methods section and in Supplementary Methods 5:
“In_addition, the life expectancy was calculated with further adjustment for a time preference rate to
account for the increasing lower value that patients currently give to the life years further out into the far-
off future.... A time preference rate of 0.03 was used in this study, which values the next year as worth
97% of the previous year..?*"

Furthermore, we have now re-written the paper to focus on the trade-off between the NNT and gain in
CVD-free life years (see abstract, results and main discussion).

5) I would remove the analyses involving the NNS and the AUROC-DP for the reasons | state above.
Author response:

We have removed the results of these two metrics from the abstract and the main analysis. In addition,
we have now conducted a sensitivity analysis which allows a better interpretation of the NNS, and
discussed further on the AUROC-DP.

6) As strategy A and strategy B are identical for men aged 48 and over and for women aged 54 years
and over, it is unclear what the point of including them is, particularly up to age 80 years. Perhaps a
comparison group aged 50-60 years would be worthwhile for comparing NNTs, but there is nothing to
gain by including people over 60 years.

| would also recommend excluding the SCORE-related findings. These findings are not relevant to the
current paper as reflected by the fact that they are not even mentioned in the Abstract. They merely
make the paper far too long. A comparison between QRISK and SCORE would be an important paper
in its own right, but it is not the focus of this paper.

Author response:

As suggested, we have revised the main text to focus on the results from QRISK only. We have moved
all the results for SCORE2 into supplementary material and have retained because they are highly
relevant to the new 2021 European Society of Cardiology (ESC) guidelines. Furthermore, we have
removed the results for people over age 70 in the main figures (Figure 1, Figure 2).

A couple of minor things:
7) Is there a reason for using QRISK2 rather than QRISK3? If so, it would be useful to mention this. |
may have missed it.

Author response:

In this study, QRISK2 was used for the risk estimation because it is still recommended by the current
NICE guideline and currently used in general practice in the UK. We have already emphasised this in
the manuscript — page 7, line 7; page 8, lines 12-13.

Note, that although QRISK3 has been more recently developed, it incorporates more risk factors making
it more difficult to implement in clinical practice and insert into clinical systems.
e.g.,https://support.ardens.org.uk/support/solutions/articles/31000154307-grisk3-calculator for Ardens.

8) The supplementary figures are wrongly numbered.

Author response: These have been corrected.

9) The scale on the y axis in Figure 2a and 2c appears to be logarithmic. This should be pointed out in
the text and as a footnote in the Table.

Author responseWe have added this in the footnote for NNS in this figure (now Supplementary Figure
10).


https://support.ardens.org.uk/support/solutions/articles/31000154307-qrisk3-calculator
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VERSION 2 — REVIEW

REVIEWER Riley, Richard; University of Birmingham, Institute of Applied

Health Research. Competing Interest: None

REVIEW RETURNED 25-Sep-2023

GENERAL COMMENTS This is an interesting and well-written study. The response to

reviewers seems sensible and the revision improved. It is thought
provoking. | have not read this before, so have a few comments:

1) The paper is more about lowering the threshold for statins in
some age groups, rather than using 90% percentile points for each
age group, per se. Therefore, the question should be whether
those lower thresholds are clinically sensible — do they provide a
better reflection of the benefit to harms ratio that is acceptable in
those age groups? This does not seem to be considered — the
authors conclude that the extra costs involved in treatment of more
younger patients should be accounted for ... but this should be
part of the threshold decision, shouldn't it?. Hence, it seems
backward in the logic — we should chose the thresholds first
shouldn’t we, based on our accepted harms to benefits ratio based
on the threshold(s), and then see if the model is worthwhile at
those thresholds? This needs to be discussed.

2) Following this, it makes more sense to me to provide the clinical
utility assessments for the two strategies in terms of the net benefit
and decision curves. Which has larger net benefit at the thresholds
of interest? | am referring to applying the work of Vickers on net
benefit https://www.bmj.com/content/352/bmij.i6 - surely this is
more relevant than the adapted AUROC curve?

3) What is an ‘adapted’ AUROC curve? Simply that it accounted
for censoring or changing the threshold at different age? How do
we interpret these in real terms?

4) Worth making it clear that all the performance measures
(including NNS and NNT) focused on the 10 year time-point for
prediction performance.

5) For the NNS and NNT, | assume the whole distribution of
predictions was used — as obviously each individual has their own
risk, and this must be accounted for when deriving the NNT and
NNS. (That s, it is not a binary thing, with one risk below and one
risk above the threshold, but rather a continuum of risks). Please
clarify.




6) The ‘calibration (visually assessing the agreement of observed
risk and predicted risk by deciles of predicted risk’ — | think it is
more correct to say tenths of predicted risk.

7) The calibration plot does not provide 95% Cls around each point
(perhaps because the data are so big?) — was the competing event
of death accounted for? This is particular important in the older age
groups. Are we assessing calibration in a world where no-one can
die (deaths are censored) or in a real world where CVD may not
occur because death from other causes happens first?

8) Ideally calibration curves should be added to the calibration
plots (e.g. using pseudo observations), but this is a minor point and
not essential for this paper.

| hope these comments are constructive for the authors, in the
context of an interesting piece of work that would make a good
addition to BMC Medicine

VERSION 2 - AUTHOR RESPONSE

Reviewer: 1
Prof. Richard Riley, University of Birmingham
Comments to the Author

This is an interesting and well-written study. The response to reviewers seems sensible and the revision
improved. It is thought provoking. | have not read this before, so have a few comments:

We thank Prof Riley for his insightful review of the manuscript and encouraging comment. By
addressing his comments, we believe we have improved the manuscript, especially with the addition of
the Net Benefit estimates. Please see the revised manuscript attached and our responses to each of
the specific comments below.

1) The paper is more about lowering the threshold for statins in some age groups, rather than using
90% percentile points for each age group, per se. Therefore, the question should be whether those
lower thresholds are clinically sensible — do they provide a better reflection of the benefit to harms ratio
that is acceptable in those age groups? This does not seem to be considered — the authors conclude
that the extra costs involved in treatment of more younger patients should be accounted for ... but this
should be part of the threshold decision, shouldn'tit?. Hence, it seems backward in the logic — we should
chose the thresholds first shouldn’t we, based on our accepted harms to benefits ratio based on the
threshold(s), and then see if the model is worthwhile at those thresholds? This needs to be discussed.

Response: Done. We have clarified our study aims, which are to enhance the quantative evidence on
the clinical benefits and harms and provide an implementable framework for incorporating age- and sex-
specific risk distributions into risk thresholds, with the following changes to the text:

Page 7, Lines 5-7: “Limited quantitative analysis exists for establishing and assessing the clinical
benefits and harms of age- and sex-specific CVD risk thresholds, with a gap in evidence for frameworks
which can be adapted and implemented across populations”.

Page 7, Lines 8-13: “We aim to enhance quantitative evidence and provide a framework for
incorporating age- and sex-specific risk distributions into decision-making for statin initiation in primary
CVD prevention. Our study utilises a large UK primary care electronic health records database to
assess the potential clinical benefits and harms of augmenting recommended 10-year CVD risk
prediction tools (i.e., QRISK2[1] used in the UK and SCOREZ2[2,3] used across Europe) with thresholds
based on the percentiles of risk distributions in the population by age and sex.”

In the Methods section (Page 9, Lines 16-19) we now state: “The 90th percentile was selected as an
example to illustrate the potential results of applying age- and sex-specific thresholds in CVD risk
stratification. We applied this to lower the thresholds at younger ages rather than to increase the
thresholds at older ages, with the consideration that this would be a pragmatic, acceptable and
implementable strateqy.”




We acknowledge there are different ways to select the thresholds, and we have extended our
discussion on this (Page18, Lines 11-22):

“Extensions and alternative approaches merit consideration. For example, other potential strategies are
ones that achieve equity in sensitivity, false negative rates (FNR) (e.q., a fixed 5% FNR),[4]_or net
benefit [5] across different ages for men and women. It is noteworthy that in our study the risk thresholds
equal to 90th percentiles of age- and sex-specific risk distributions resulted in approximately equal
estimates across younger ages and sex for sensitivity, specificity and net benefit. Risk thresholds could
be further specified by ethnicity and other metrics of social-economic status; such stratification may
have important implications for the fairness of risk assessments beyond age and sex.[6,7] Alternatively,
individuals could be stratified by their “potential impact of treatment”, which incorporate causal effects
of risk factors modification on disease risk and disease-free life years (e.g., the JBS3 Risk Calculator{8]).
Reqgardless, we highlight the importance of ensuring changes to thresholds align with a clinically
sensible balance between benefits and harms.”

2) Following this, it makes more sense to me to provide the clinical utility assessments for the two
strategies in terms of the net benefit and decision curves. Which has larger net benefit at the thresholds
of interest? | am referring to applying the work of Vickers on net benefit
https://www.bmj.com/content/352/bmij.i6 - surely this is more relevant than the adapted AUROC curve?

Response: Done. In addition to the adapted AUROC, we estimated the NNS, NNT, and gain of CVD-
free life expectancy to provide evidence on the clinical benefits and harms of the risk stratification
strategies, which we believe are more relevant than the AUROC. We agree that net benefit is also a
useful assessment and we have now added this to the manuscript based on the reference paper by
Vickers [5] and with the extension of accounting for censoring.[9]

Instead of plotting the decision curves for a range of thresholds for each age (which would be difficult
to plot for each age year 40-70), we made an adaptation to present the net benefit by age for our two
proposed risk stratification strategies/thresholds (see new Figure 1 as a main figure for QRISK2
estimation, and Supplementary Figure 21 for SCORE2 estimation). The results show that for men
aged 40-47 years and for women aged 40-54 years, the net benefit was constant and higher for strategy-
B compared with strategy-A, strengthening our conclusion.

The description of the methods has been added to the main Methods section (Page 10, Lines 17-22)
as follows:

Net benefit was estimated to assess the clinical value of different risk stratification strategies and their
clinical consequences.[38, 39] Net benefit represents the difference between the true positive rate and
false positive rate weighted by the odds of the selected threshold for being at high risk, with higher
values indicating greater net benefit. Sensitivity, specificity, AUROC-dp, and net benefit were all
calculated accounting for censoring (detailed methods described in Supplementary Methods 3 and 4).

and Supplementary Methods 4

“Net benefit was calculated using the following equation at each age group:
Net benefit = True positive rate — False positive rate x £ ép)

where N is the total number of the population at each age group, P is the threshold probability to define
when the individual is at high risk of developing CVD (i.e., the risk thresholds under each stratification
strateqy).[5] Accounting for time-to-event data, the true positive rate is given by [1-(S(t)| x = 1)]xP(x =
1) and the false positive rate is given by (S(t)| x = 1)xP(x = 1), where x = 1 represents that the individual
had a predicted risk greater than the threshold probability P and x = 0 otherwise; S(t) is the Kaplan-
Meier survival probability at the chosen time t (which is 10 years in our calculation).[9] One assumption
of the method is that the mechanism of censoring is independent from the predictors used in the risk
prediction model.[9]”

and the results have been added in the Results section (Page 16, Lines 3-6):

“For men aged 40-47 years and for women aged 40-54 years, the net benefit was approximately
constant and equal across age and sex, and higher for strateqy-B compared with strateqy-A (Fiqure 1).




For example, the net benefit was 0.24 for strateqy-B versus 0.10 for strateqy-A for women at age 50

(Figure 1).”

And mentioned in the discussion (Page 18, Lines 11-16):

“For example, other potential strategies are ones that achieve equity in sensitivity, false negative rates
(FNR) (e.q., a fixed 5% FNR),[4]_or net benefit [5] across different ages for men and women_It is
noteworthy that in our study the risk thresholds equal to 90th percentiles of age- and sex-specific risk
distributions resulted in approximately equal estimates across younger age and sex for sensitivity,
specificity and net benefit.”

3) What is an ‘adapted’ AUROC curve? Simply that it accounted for censoring or changing the threshold
at different age? How do we interpret these in real terms?

Response: Done. The adapted Area Under Receiver Operating Characteristic curve for dichotomised
predictions (AUROC-dp) account for both censoring and the predicted risk dichotomised as
above/below the threshold. This was calculated for the overall sample (Supplementary Tables 6, 15),
and for individuals grouped by age (Supplementary Tables 8, 17, and Supplementary Figures 9, 20).
We have now added more details in the methods section (Page 10, Lines 12-17) describing this
measure:

“The AUROC-dp measures the ability to discriminate between individuals who do and who do not have
a CVD event according to the combined risk prediction model and the stratification rule. As a measure
of discrimination, the AUROC-dp generally takes values from 0.5 (representing discriminative ability
equal to chance alone) and 1 (when the risk prediction model and stratification strateqy perfectly
separates individuals who do and who do not later experience a CVD event). [10-12]”

Further information is provided in Supplementary Methods 3.

4) Worth making it clear that all the performance measures (including NNS and NNT) focused on the
10 year time-point for prediction performance.

Response: Done. We have added the following text to the Methods section (Page 11, Line 4): “We
quantified the public health impact of the combined risk prediction model and the stratification rule by
the numbers needed to screen (NNS) and the numbers needed to treat (NNT) to prevent one new CVD
event in 10 years, under the assumption that statin treatment is allocated to high-risk individuals and
reduces CVD risk.”

This is also described in detail in the Supplementary Methods 5.

5) For the NNS and NNT, | assume the whole distribution of predictions was used — as obviously each
individual has their own risk, and this must be accounted for when deriving the NNT and NNS. (That is,
it is not a binary thing, with one risk below and one risk above the threshold, but rather a continuum of
risks). Please clarify.

Response: For the NNS and NNT estimation, we used individuals’ dichotomised risk, i.e., stratifying
each individual to be above the threshold as at high risk and those below the threshold as at low risk.
The reason for this is we are calculating the NNS and NNT of the risk prediction model in combination
with the risk threshold. We have clarified this in the text (Page 11, Lines 2-4):

“We quantified the public health impact of the combined risk prediction model and the stratification rule
by the numbers needed to screen (NNS) and the numbers needed to treat (NNT) to prevent one new
CVD eventin 10 years,...”

The details of the NNS and NNT calculation can be found in the Supplementary Methods 5 as follows:



NEPP = Number of individuals who had CVD over the next 10 years and exceeded statin treatment
threshold (i.e., high-risk people among the cases) (N) x Proportion who adhere to treatment (Pa) x
Relative risk reduction (RRR) of CVD risk associated with statins[13]

The number needed to screen (NNS) to prevent one new CVD event = Number of target population /
NEPP

The number needed to treat (NNT) to prevent one new CVD event = Number of high-risk individuals /
NEPP

6) The ‘calibration (visually assessing the agreement of observed risk and predicted risk by deciles of
predicted risk’ — | think it is more correct to say tenths of predicted risk.

Response: Done. We have corrected “by deciles of predicted risk” to “by tenths of predicted risk”
throughout the main manuscript and supplementary material.

7) The calibration plot does not provide 95% Cls around each point (perhaps because the data are so
big?) — was the competing event of death accounted for? This is particular important in the older age
groups. Are we assessing calibration in a world where no-one can die (deaths are censored) or in a
real world where CVD may not occur because death from other causes happens first?

Response:

Regarding the 95% Cls: these are very narrow (e.g., the observed risk at 10 years for the bottom tenth
of the predicted risk for men = 0.0705, with 95% CI = 0.0677 to 0.0734, based on data from one of the
five imputation sets) and are not visible on the calibration plot, thus have not been included. Instead,
our calibration plots follow a similar format to the published QRISK2 calibration plots [1].

Regarding accounting for competing risks in the calibration plots: this was achieved in the calibration
plots for SCOREZ2, since the original SCORE2 algorithm accounts for competing risks of non-CVD death
[14,15]. Here the observed 10-year CVD risk in SCORE2 was estimated using cumulative incidence
function (CIF) at 10 years which adjusted for non-CVD death as described in the Supplementary
Methods 1 as follows:

“For SCORE?2 calibration, since the predicted risk was estimated accounting for competing risks of non-
CVD death, the observed 10-year CVD risk in SCORE2 was estimated using cumulative incidence
function (CIF) at 10 years which adjusted for non-CVD death. Thus, all predictive performance
measurements for SCORE2 were calculated accounting for censoring.”

However, for the calibration plots for the QRISK2 risk estimation, since the original QRISK2 algorithm
did not account for the competing risk of non-CVD death,[1] we did not adjust for competing risk for the
calibration estimation. Instead, calibration was assessed by comparing the predicted risk based on
QRISK2 algorithm with the observed risk.

Note that competing risks has been accounted for in all calculations for CVD-free life expectancy (details
in Supplementary Methods 6).

8) Ideally calibration curves should be added to the calibration plots (e.g. using pseudo observations),
but this is a minor point and not essential for this paper.

Response: Thank you for this suggestion. Given that calibration is not a crucial focus for this study, we
have not added the calibration curves.
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GENERAL COMMENTS | would like to thank the authors for their very clear and considered
response to my comments, which | am very happy with. Just a few
final comments

In the ‘how his might affect research, practice and policy’ part — |
think the authors should also mention that the benefits needs to be
formally weighted against the costs of treating younger people for
longer.

The AUROC-dp still confuses me (all ROC plots have to
dichotmise predictions at the threshold corresponding to the point
on the curve, so not sure why this is different here), but | am
pleased the authors have added more details

Figure 1 — this must be the standardised NB? Otherwise | would
not expect it to be close to 1. And if so, is it standardised by a
different prevalence according to the age on the x axis?

VERSION 3 — AUTHOR RESPONSE
Reviewer: 1
Prof. Richard Riley, University of Birmingham
Comments to the Author

| would like to thank the authors for their very clear and considered response to my comments, which |
am very happy with. Just a few final comments.

In the ‘how his might affect research, practice and policy’ part — | think the authors should also mention
that the benefits needs to be formally weighted against the costs of treating younger people for longer.

Response: Thanks for reviewing the revised manuscript and thanks for the comment. We have added
the text “The benefits need to be formally weighted against the costs of treating younger people for
longer.”

The AUROC-dp still confuses me (all ROC plots have to dichotmise predictions at the threshold
corresponding to the point on the curve, so not sure why this is different here), but | am pleased the
authors have added more details

Response: The main difference is that the AUROC-dp accounts for the time-to-event/censoring in the
observed data (Supplementary Methods 3). We agree that it can be interpreted as the C-statistic,
although the way we calculated aligns better with the C-index - calculated as the proportion of all
possible concordant pairs plus half the proportion of ties while taking into account the time-to-event
nature of the data (using somersd package in Stata software with time-to-event/censoring included in
the calculation).

Figure 1 — this must be the standardised NB? Otherwise | would not expect it to be close to 1. And if
so, is it standardised by a different prevalence according to the age on the x axis?

Response: The NB is not standardised (i.e., it has not been divided by its standard deviation).



The net benefit (NB) has been calculated at each age from the equation: NB = true positive rate — (false
positive rate * p/(1-p)), and p is the threshold probability (Supplementary Methos 4). Thus for older
ages, p=0.1 and p/1-p = 0.111.

Furthermore, for older ages, because the majority will have a risk over the threshold, the true positive
rate (probability that those with a CVD event will have a risk over the threshold = sensitivity shown in
Supp Figure 8) approaches 1. Similarly, the false positive rate (probability that those without a CVD
event will have a risk over the threshold = (1-specificity), where specificity is shown in Supp Figure 8)
also approaches 1. Therefore the NB approaches 1-0.11 = 0.889 as shown in Figure 1. (The true
positive rate and false positive rate were calculated accounting for time-to-event data, detailed in
Supplementary Methods 4).

(Note we have corrected the notation for the algorithm by removing the redundant "N is the total number
of the population at each group" in the text in Supplementary Methods 4, because we used true
positive rate and false positive rate in the calculation).
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