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Abstract

Background

Cardiovascular diseases are the main cause of death worldwikiegntiaeir prevention a
major health care challenge. In 2006, a German statutory healtanos company presented
a novel individualised prevention programme (KardioPro), which focused onargrhear
disease (CHD) screening, risk factor assessment, earlytidetand secondary preventign.
This study evaluates KardioPro in CHD risk subgroups, and andhsest-effectiveness
of different individualised prevention strategies.

Methods

The CHD risk subgroups were assembled based on routine datdhiostatutory healt

insurance company, making use of a quasi-beta regression modwkf@rediction. Th

control group was selected via propensity score matching basedisticloggression and an
approximate nearest neighbour approach. The main outcome was eosafiess.
Effectiveness was measured as event-free time, and evergsdefned as myocardigl
infarction, stroke and death. Incremental cost-effectiveness catmgaring participants with
non-participants were calculated for each subgroup. To assess #réamntyg of results, p
bootstrapping approach was applied.

Results

The cost-effectiveness of KardioPro in the group at high risk of @#8€20,901 per event-
free year; in the medium-risk grouf$2,323 per event-free year; in the low-risk group,
€186,074 per event-free year; and in the group with known CHE€26,456 per event-free
year. KardioPro was associated with a significant health gairalsot a significant cost
increase. However, statistical significance could not be shown for all subgroups

Conclusion

The cost-effectiveness of KardioPro differs substantially rateg to the group being
targeted. Depending on the willingness-to-pay, it may be reasatoabidy offer KardioPr
to patients at high risk of further cardiovascular events. Rigb-risk group could b
identified from routine statutory health insurance data. Howeverptigeterm consequences
of KardioPro still need to be evaluated.

Keywords

Coronary heart disease, Prevention programme, Cost-effectivenesssadfigency
frontier, Subgroups analysis



Background

Cardiovascular diseases (CVD) are the leading cause of ityomaGermany and globally
[1]. They are involved in approximately 40% of all deaths beforeatiee of 75 years in
Europe [2]. Allthough CVD mortality has decreased considerablydaentedecades in the
United States (US) and the European Union (EU), the burden is ghl[%i3]. According to
the German Federal Office of Statistics, CVD caused around 350,@@i0sda 2011, and
cost €37 billion in 2008 [4,5]. CVD are accountable for 17% and 10% of total healthcare
expenditure in the US and the EU, respectively [3,6].

Prevention programmes include feasible and applicable measures such a®ftevigssce-

based medical therapies or reducing and controlling risk factors Re8jews have shown
that prevention programmes reduce CVD risks, increase the qaglife of patients and

improve the health care provided [7,8]. Programmes which help contkofagsors may

reduce coronary heart disease (CHD) mortality by up to 50%stimiproving treatment can
reduce CHD mortality by up to 40% [2].

In 2006, the German Siemens statutory health insurance companyneffsie
Betriebskrankenkasse’ (SBK) introduced a cardiovascular preventionapmogr called
‘KardioPro’. The goals of this programme are to promote preventamty detection and
guideline-based treatment of CVD. The main characteristiBaafioPro are controlling risk
factors, CHD risk screening, CHD diagnosis, guideline-based themagyan increasing
number and frequency of follow-up visits with cardiologists as wslla number of
prevention activities offered to the participants. In addition to e¢lgelar social health care
services offered in Germany, KardioPro includes the use of congmdetomography
determination of the calcium score and also angiography (C®A)eérly non-invasive
diagnosis of CHD. Furthermore, easy access to new treatmestmeasuch as advanced
coronary stenting technologies and the implementation of an electiealth record with
easy access for the patient and the participating physicians was intr¢elice

The objective of this study was to evaluate the cost-effectiseoe&ardioPro. We also
aimed to quantify the cost-effectiveness of KardioPro in diffeCHD risk groups. On this
basis, efficient strategies for targeting risk groups could be developed.

Methods

KardioPro

KardioPro is an individualised prevention programme, which includes segeém CHD,

risk factor assessment, early detection and secondary preven@diDofKardioPro was first
introduced in Munich and later in Coburg, Berlin, Karlsruhe, Erlangen amwth NRhine-

Westphalia. To enrol in KardioPro, participants needed to be at 48ayears of age.
Furthermore, CHD prevalent subjects of any age were elifpbi@clusion. All subjects who
met the enrolment criteria received information in writing ald¢atdioPro. Individuals in
KardioPro were divided into different pathways: patients known to have, Ghkspected to
have CHD and without CHD. Each pathway had a different setting degewdinthe

individual risk or the severity of the disease. For risk assassithe original Prospective
Cardiovascular Minster (PROCAM) score was used [10]. This sedireed the 10-year risk
of sudden cardiac death or a definite fatal or nonfatal myot¢ardection and stratified



diagnostic and therapeutic strategies. Furthermore, all KardioProcigents were
categorised as either CHD prevalent subjects or subjectshigkhhy medium or low risk,
according to the PROCAM score.

The management plan for each individual patient was provided bypahtcipating
cardiologists whose task was to prescribe the optimal mdadézdment for the patients and
to manage the risk factors according to European guideline recoratiwersd Furthermore,
KardioPro included recent techniques such as CT for calcium s¢@wgagston score) and/or
CTA for diagnosis. In the case of necessary coronary steadivenced types of drug-eluting
stents were allowed. In addition, an electronic health record watedroffering easy access
for patients and facilitating communication between speciaistisinstitutes participating in
KardioPro. Patients were also sent reminders about follow-up visits.

Subgroups and control groups

For the evaluation of KardioPro, we included participants who enrolled 2008,and 2009
and ended the observation at 31 December 2010. As the treatment rpdtasdioPro
differed according to risk classification, the cost-effectigsnef KardioPro was intended to
be determined by risk group. However, the risk classification thatapplied to KardioPro
participants was not suitable for analysis, as risk classdicavas based on information that
has only been observed for participants. The applied PROCAM scoreeseqformation
about smoking behaviour, blood pressure and cholesterol level, which is natethdh
German sickness funds routine data [10]. Applying propensity scoohimgato each of the
KardioPro risk groups would most likely have yielded biased contraolpgr¢selection bias),
as the outcome of KardioPro depends on CHD risk. To achieve unbiasesd, neskilgroup
classification needed to be consistent between KardioPro particigamts controls.
Furthermore, to develop efficient strategies for targeteigcsed risk groups (i.e. offering or
advertising KardioPro to selected individuals), the risk groups needeok taefined
independently from participation. Thus, for economic evaluation, new groupgieftpaat
risk of CHD were defined based on health insurance company routiaeHtavever, our
definition of risk groups was inspired by the risk groups originally defined rdig®ro.

Firstly, we identified CHD prevalent subjects based on adtmatise morbidity
classification. This information is included in routine data, agtlesence of CHD has to be
reported for each insured person within the German morbidity-bas&d structure
compensation scheme. The remaining subjects were divided into swijbcksw, medium
or high CHD risk. CHD risk scores (such as the PROCAM or taenfigham score) could
not be calculated directly based on routine data. However, the PRCGLAM [10], which
measures the probability of CHD incidence within the next 10 yeweas, available for
KardioPro participants. Thus, we built a regression model to prétecPROCAM score
based on routine data. The routine data from CHD non-prevalent pantiwith a known
PROCAM score at baseline of KardioPro were used as inputAlatae PROCAM score is
a probability and thus has a valid range from 0 to 1, we chose almiasiegression model
for prediction [11]. The explanatory variables used for prediction wage, sex,
hypertension, obesity and diabetes, and referred to the year pKardmPro participation.
These variables were selected as they best corresponded ttigumegidables in the original
PROCAM score [10]. As data for three accounting years have lwehireed within the
regression model, we also included a random intercept for the calgrada2007, 2008 and
2009). The concordance of the prediction model and the original PROGAK svas
guantified via the Spearman’s rank correlation coefficient. Thehblgévalues to define the



low, medium and high CHD risk groups were set in such a way thatathe proportions
were achieved, as observed for the originally defined KardioPramskps (i.e. 9.72% high
risk, 11.16% medium risk and 79.12% low risk among non-CHD KardioPro partigipatts
risk groups that we used for analysis were built based on datatedllerior to enrolment in
KardioPro. Thus the intervention did not affect the risk group categorisation.

Control groups were created by retrospective propensity scot@hinga All individuals
insured by the health insurance company who did not participate inmoRandwere eligible

as potential controls. However, as there are severe regionatedides regarding health
expenditures, only subjects from the regions where KardioPro has difsed were
considered as controls. Depending on the year of enrolment, the numbearddR{o
participants and potential controls were as follows: 2007: 2,953 newolRaodparticipants,
131,109 potential controls, 2008 5,745 new KardioPro participants, 163,756 potential
controls, 2009: 4,418 new KardioPro participants, 180,612 potential controls.

In our analysis, the propensity score was defined as the propadilithe individual
participating in KardioPro. The propensity score was computed by istitogegression
model based on the individual's characteristics in the previous(gaar propensity score
model per calendar year). This model was selected from difflergistic regression models
(backward and stepwise variable selection and a full model) whech avaluated by cross-
validation. Stepwise variable selection was used in the model andiemtsimore than 140
potential explanatory variables (see Additional file 1 for a ceteplist of all variables
included). We used the approximate nearest neighbour 1:1 without reptacapproach by
modifying a published macro [12]. The matching macro started lextspairs with an
identical propensity score on the 10th decimal and decreased st&epowntil the first
decimal. An additional criterion was being insured for the wholé&irag calendar year.
Matching was done separately for each subgroup and also by year 2007, 2008 and 2009.

Health and cost outcomes for the base case analysis

The primary health outcome was defined as event-free time amslradaby counting the
days until the first event (event-free days). The observation time fomegtched pair started
from the enrolment date of the participant in KardioPro. The obsemvatne ended for each
individual either with the first event or by censoring. Eventsewaafined by a combined
endpoint of death (all causes), myocardial infarction (MIl) anoket Ml and stroke were
defined via the international classification of diseases (IGides in a hospital (i.e. acute
myocardial infarction (ICD-10, 121), subsequent myocardial infarcf®D-10, 122),
cerebral infarction (ICD-10, 163) and stroke (ICD-10, 164)). Cengotook place at the end
of the observation period (i.e. 31 December 2010). Furthermore, the obsetiragowas
censored for both partners in a matched pair when either of thesallea their SBK health
insurance. Therefore, differences in observed time were a result of enbnts o

As the health outcome was calculated on a daily basis, dailhregdenditures would have
been desirable to calculate incremental costs. However, thagaldta used for analysis
reported costs for whole calendar years only, thus guiding the presentagsnlts.r

The considered costs for each matched pair were defined asvdolFor the year of
enrolment, we assumed that, on account of propensity score matti@rnexpected health
expenditures prior to enrolment did not differ systematically betwthe participant and the
control subject. Thus, the costs for the whole calendar year welee@usfor each partner.



In the case of censoring as a result of cancelling the SBKhhasurance, which could occur
on any day within the calendar year, the total costs of thécylart calendar year were
considered for the subject who (first) cancelled their SBKtheasurance. For the matched
partner however, costs were only accounted proportional to the time cedside the
evaluation. When a subject died, the total reported costs of the fofioperiod for both
partners were considered. In cases of non-fatal events allgsiiogecosts for both matching
partners were considered.

All costs were inflated to the year 2010 based on inflation ratedded by the German
Federal Statistical Office [5]. Costs and effects wes® aliscounted by using an annual
discount rate of 5% [13]. Furthermore, costs were stratified intdall@ving categories:
hospital costs, pharmaceutical costs, physician costs and other Thet category ‘other
costs’ included, for example, physiotherapy, laboratory resources;odte of additional
services such as acupuncture and the cost of sickness benefits.

Cost-effectiveness analysis

We assessed the cost-effectiveness of KardioPro from theosyahealth insurance (SHI)
perspective. The incremental cost-effectiveness ratio (ICKEBbst of intervention—cost of
control)/(effect of intervention—effect of control)) was deterdif@r KardioPro as a whole
and for the individual risk groups. To illustrate which strategiese#freient, if KardioPro
were to be offered to selected risk groups, we also considematined strategies, i.e.
offering KardioPro to more than one risk group simultaneously. Thesltesl in eight
strategies overall (these are explicitly listed in Table These combined strategies were
graphically represented via an efficiency frontier [14,15].



Table 1 The base case analysis for all the strategies with ‘days until the first@ent (myocardial infarction, stroke or death)’ as the health
outcome and cost until death

Strategies Number of pairs Time free of eventin Time free of Difference of days Difference in time free Difference of Difference in cost ICER
included inthe  days for participants events in controls free of event per  of event in days study costs per pairin in €* study (€/year)
strategy mean (SE) mean (SE) pair mean (SE) population (SE) €* mean (SE) population (SE)

KardioPro for all risk 13,112 629.56 629.39 3.17 41,514 674.35 8,842,036 7,742

groups (1.62) (1.65) (0.84) (11,070) (133.82) (1,754,657)

KardioPro for CHD group 1,411 599.35 592.81 6.54 228, 473.92 668,696 26,456

(4.95) (5.17) (4.42) (6,238) (607.67) (857,428)

KardioPro for high-risk 964 606.33 595.77 10.56 10,182 604.79 583,014 20,90

group (5.80) (6.02) (4.29) (4,136) (555.02) (535,035)

KardioPro for medium-risk 1,729 604.94 599.13 5.81 10,041 832.47 1,439,334 ,3282

group (4.29) (4.40) (2.62) (4,537) (425.73) (736,090)

KardioPro for low-risk 9,008 641.50 640.16 1.34 12,066 682.84 6,150,992 6,018

group (1.96) (1.98) (0.74) (6,694) (138.69) (1,249,335)

KardioPro for CHD and 4,104 603.34 596.17 7.18 29,558 655.71 2,690,846 ,2533

high- and medium-risk (2.83) (2.93) (2.13) (8,761) (304.32) (1,261,563)

group

KardioPro for CHD and 2,375 602.18 594.01 8.17 19,344 527.04 1,254,061 ,6783

high-risk group (3.77) (3.93) (3.16) (7,501) (425.34) (1,000,480)

KardioPro for high-and 2,693 605.44 597.93 7.51 20,241 750.96 2,016,933 ,3936

medium-risk group (3.45) (3.55) (2.28) (6,019) (337.36) (910,159)

*Only the difference in costs between intervention and control group are displaybd,absolute values are confidential.
CHD: coronary heart diseases.

ICER: incremental cost-effectiveness ratio.

SE: standard error.

Costs were inflated to the year 2010. Both costs and effects were discounted at 5%



Secondary health outcome, sensitivity analyses amhcertainty assessment

Based on the number of days until death, a secondary health outcomsisamzyg
conducted. The discount rate has been varied (at 0%, 3% and 10%gteraninistic
sensitivity analysis [13]. Finally, to derive standard errors, performed a bootstrapping
approach for all the strategies by drawing 10,000 samples withcegpént and calculating
the ICER for each sample.

Statistical analysis was performed with the software package SA%H)ve.2.

Ethics

The aim of this study was to evaluate the real-world heatth magramme KardioPro. The
intervention KardioPro was offered to all persons insured by SBgagsof the health care
basket provided by a German statutory health insurer, and is cdwetbd German Social
Code 8897, 80 SGB X and 88 67, 43 SGB V. KardioPro did not introduce new treatment
methods, but worked by strengthening guideline-specific treatmbistiyipe of support falls
within the common responsibilities of a statutory health insuraoogpany. Only subjects

who gave written consent to participation were included in KardioPvalugtion of
KardioPro was authorised by SBK, designed retrospectively and cmmomed to an
independent research group. The evaluation was based on anonymised, patfignt-spe
routine data from SBK and was approved by the SBK data protection officer.

Results

In the years 2007, 2008 and 2009 (the enrolment period), 13,116 individuals padidcipat
‘KardioPro’. For four of them, no matching control with a similaogensity score was
found. After propensity score matching, 26,224 individuals (13,112 matched ¢uaties¢d
our analysis. The average age was 59.2 years for ‘KardioPrccipartis and 59.4 years for
the control group. Females accounted for 45.4% of the participants and @5ti8&econtrol
group. Differences in arterial hypertension and other co-morbidigéseen the two groups
are shown in Table 2. For the risk level model (Table 3), the Spearam& correlation
coefficient between the originally measured PROCAM scores thed corresponding
predicted risk level values was 0.74, which was highly significant (p < 0.0001).

Table 2 The baseline characteristics of the population of the KardioPro study

Criteria KardioPro participants Control subjects
Female (%) 5,950 (45.4%) 6,004 (45.8%)
Age (years)

- Mean (SD) 59.17 (8.7) 59.42 (8.7)

- Range 39-88 39-94

Arterial Hypertension (%) 3,984 (30.4%) 4,075 (31.1%)
Diabetes mellitus (%) 1,537 (11.7%) 1,553 (11.8%)
Obesity (%) 1,665 (12.7%) 1,694 (12.9%)
History of stroke (%) 29 (0.2%) 17 (0.1%)
Total 13,112 13,112

SD: standard deviation.



Table 3Quasi-beta regression with logit link function to predict the PRO@M coronary
artery disease risk based on sickness funds’ routine data

Parameter Estimate Standard error DF t statistic ~ p value
Intercept -1.1952 0.254 2 -4.59 0.04

Age 0.0472 0.005 1223  9.02 <0.0001
Gender (female) -0.8587 0.103 1223 -8.31 <0.0001
Diabetes 0.0513 0.394 1223 0.12 0.91
Hypertension 0.0908 0.099 1223 0.87 0.39
Obesity 0.4230 0.124 1223 3.55 0.0004

DF: degrees of freedom.

The mean observation time in the intervention and control group was 2.39ayeh2.38
years, respectively. There were 120 (0.92%) deaths, 105 (0.80%) subjectspehienced
MI and 79 (0.60%) subjects who experienced stroke in the KardioPro grougashe the
control group there were 219 (1.67%) deaths, 114 (0.87%) subjects who experiéraceti M
83 (0.63%) subjects who experienced stroke. KardioPro as a wholess@sased with a
statistically significant health gain (3.2 event-free days geaticipant, 95% confidence
interval (CI) [1.7, 5.0], p = 0.0002) and a significant cost incre@Set(35 per participant,
95% CI [e438, €961], p < 0.0001). The overall cost-effectiveness of KardioPro w#&37,742
(95% CI [€32,295, €260,147]) per event-free year.

Among the individual risk groups and combined strategies (Table lyaiheof event-free
days was highest in high CHD risk subjects (10.56 days SE 4.31) arst loi@v CHD risk
subjects (1.34 days SE 0.74). The highest additional costs were obsghiadthe median
CHD risk subjects (832.47SE 420.84) and the lowest additional costs within the CHD
prevalent subjects (473.95E 607.50). These differences yielded a wide range of cost-
effectiveness ratios, ranging froé20,901 (high CHD risk) to €186,074 (low CHD risk) per
event-free year (no Cls reported, as points are scattered oltgslenquadrants of the cost-
effectiveness plane). Six of the eight examined strategiesraf KardioPro to selected risk
groups were effective in increasing event-free days (‘Kardiofer all’ p < 0.0001,
‘KardioPro for CHD prevalent subjects and medium and high CHD rislesisbp = 0.0006,
‘for high CHD risk and CHD prevalent subjects’ p = 0.0110, ‘for high CHD riskestijp =
0.0120, ‘for medium and high CHD risk subjects’ p = 0.0004 and ‘for medium G$kD r
subjects’ p = 0.0286). Four of the strategies caused significanttemhapsts (KardioPro for
all' p < 0.0001, ‘KardioPro for CHD prevalent subjects and medium and Qigb risk
subjects’ p = 0.0312, ‘KardioPro for medium and high CHD risk subjects'0g0276 and
‘for low CHD risk’ p < 0.0001).

Regarding the ICER, the strategy ‘KardioPro for CHD prevasefijects’ was dominated,
even though only slightly and without statistical significange’KardioPro for high risk and

CHD prevalent subjects’ (see efficiency frontier, Figure 1pwever, when the health
outcome ‘time until death’ was used, the strategy ‘KardioPro fob Qirevalent subjects’
dominated the strategy of ‘KardioPro for high risk subjectgjyfe 2, still only slightly and

without statistical significance). A colour cost-effectivenessatterplot based on
bootstrapping for targeting the individual risk groups and KardioProndmke is supplied in

Figure 3. A corresponding plot for all strategies that builceffieiency frontier can be found
in the Additional file 2.



Figure 1 The base case strategies with ‘days until the first event’ (myocardiahfiarction,
stroke or death) as the health outcome and cost until death in the costeaftiveness

plane with the expansion pathCosts were inflated to the year 2010. Both costs and effects
were discounted at 5%. All: KardioPro for all risk groups. CHD: KardioPro for coronar
heart disease patients group. High: KardioPro for high-risk group. Medium:oRacdior
medium-risk group. Low: KardioPro for low-risk group. High and CHD: KardioPro fdr-hig
risk and coronary heart disease patients groups. Middle, high and CHD: KardioPro for
middle-risk, high-risk and coronary heart disease patients groups. Middle and hig
KardioPro for middle-risk and high-risk groups. None: KardioPro for none.

Figure 2 The strategies with the secondary health outcome ‘days until death’ armbst

until death in the cost-effectiveness plane with the expansion patBosts were inflated to
the year 2010. Both costs and effects were discounted at 5%. All: KardioPro fek all r
groups. CHD: KardioPro for coronary heart disease patients group. High: KardioRrghfor
risk group. Medium: KardioPro for medium-risk group. Low: KardioPro for low-risk group.
High and CHD: KardioPro for high-risk and coronary heart disease patients gradgke,M
high and CHD: KardioPro for middle-risk, high-risk and coronary heart disease patient
groups. Middle and high: KardioPro for middle-risk and high-risk groups. None: KardioPro
for none.

Figure 3 Plot of 10,000 bootstrap samples for each strategy in the cost-effectiveness
plane with 95% confidence interval ellipsoids for eachAll: KardioPro for all risk groups.
CHD: KardioPro for coronary heart disease patients group. High: KardioPro foriskg
group. Medium: KardioPro for medium-risk group. Low: KardioPro for low-risk group.

Among the single cost categories, physician costs contributedtontis¢ incremental costs
(Table 4). In contrast to physician costs, hospital costs weoeiated with cost savings due
to KardioPro. The effect of the discount rate on the ICER was negligible (Addliier).

Table 4 The health expenditures of KardioPro

Strategies All health Cost
expenditures components
Difference in Difference in Difference in  Difference in Difference in
total costs hospital costs physician costs pharmaceutical costs other* costs
KardioPro for all risk  Difference in study 8.84 -1.63 9.14 -0.86 2.18
groups population in millionsE (SE) (1.75) (1.25) (0.29) (0.88) (0.70)
Mean difference per pair #(SE) 674.35 -124.67 697.08 -65.51 253.13
(134.42) (96.20) (21.68) (66.68) (53.74)
KardioPro for the CHD Difference in study population in 0.67 -0.33 1.7 -0.41 -0.28
group millions € (SE) (0.86) (0.73) (0.11) (0.31) (0.37)
Mean difference per pair #(SE) 473.92 -234.95 1,205.13 -287.29 38.88
(607.50) (513.24) (82.18) (217.38) (265.70)
KardioPro for the high- Difference in study population in 0.58 -0.74 0.97 0.13 0.22
risk group millions € (SE) (0.54) (0.41) (0.08) (0.16) (0.24)
Mean difference per pair #(SE) 604.79 -768.09 1,005.87 135.68 57.04
(554.86) (430.80) (81.05) (165.36) (252.03)
KardioPro for the Difference in study population in 1.44 -0.27 1.38 -0.34 0.66
medium-risk group millions € (SE) (0.73) (0.54) (0.09) (0.33) (0.25)
Mean difference per pair (SE) 832.47 -153.44 799.42 -199.39 799.42
(424.84) (305.99) (55.84) (194.26) (55.84)
KardioPro for the low- Difference in study population in 6.15 -0.29 5.09 -0.24 1.59
risk group millions € (SE) (1.21) (0.75) (0.23) (0.74) (0.48)
Mean difference per pair #i(SE) 682.84 -33.01 564.81 -26.60 564.81

(137.43) (86.76) (25.14) (80.98) (25.14)




* Other costs include costs for any other health services syahya®therapy or laboratory
services, costs for additional services such as acupuncture anthalsosts of sickness
benefits.

CHD: coronary heart diseases.

SE: standard error.

Costs were inflated to the year 2010 and discounted at 5%.

Discussion

In this study, we evaluated the cost-effectiveness of the cardiovascwaniowa programme
KardioPro as a whole as well as in terms of strategiessed on selected subgroups of risk.
As these subgroups were based on routine data, health insurance esncpareasily select
these risk groups for future enrolment. For rational decision makersalso identified
targeting strategies. Which of these strategies can be adcaptefficient and should be
chosen, however, depends on the willingness-to-pay.

This is not the first cost-effectiveness analysis of a nmtiérvention programme to prevent
CVD. Field et al., for example, examined the cost-effectivenéss range of prevention
strategies, including several screening strategies and lgevering drugs [16]. Several
disease management and health promotion bonus programmes irbya@erman health
insurance companies have been analysed previously [17-20]. These evalwatienslso
based on routine data. Yet, as subgroup analyses were not included, a special aspmat about
study is that we inform decision makers on the cost-effectivasfedifferent individualized

CHD prevention strategies.

The effectiveness and the cost-effectiveness of KardioProadifferbstantially regarding the
subgroups considered in our analysis. Both the effectiveness and tledfecsteness were
most favourable in high CHD risk and CHD prevalent subjects. How#werorder of cost-
effectiveness among these two subgroups varied within sensithatyses. Nevertheless,
our analysis has shown that the health effect is higher and theffaativeness is more
favourable in subgroups at high cardiovascular baseline risk. Thisagsotas also been
observed previously, for example by Field et al. [16]. In additionstthabe kept in mind,
that the effect of KardioPro was relatively small (dage fof event per person between 1.34
to 10.56) during the mean observation period of 2.4 years.

The clinical effectiveness in our study was based on the combined endfpsiroke, MI and

all-cause mortality. One may wonder, why we did not refer tdi@aascular mortality, but
included mortality of any cause instead. This was done for twapomea Firstly, cause of
death is not reported within health insurance company routine datndBgceven if we

would have been able to gather the cause of death, as reported oattheedificates, this
information would not have been suitable for analysis. Death ceig$ida Germany are
known to have a high proportion of misclassification [21]. A priori weuased that
cardiovascular events, including cardiovascular mortality, wereylit@lbe identified in

KardioPro participants more frequently. To avoid bias, the ‘hard’ endpalhtause

mortality, Ml and stroke’ has been applied.

Furthermore, it would have been valuable to distinguish, which costs datacid do not
refer to cardiovascular interventions and procedures. However, ghea@ cost categories
were selected a priori, were approved by the SBK data protesffioer, and could not be
further disaggregated in later stages of the evaluation process.



To a large extent, the health effect of KardioPro results fropravements in early diagnosis
and treatment. These could be achieved through the leading roledadlagists in the
programme. Cardiologists have not only been shown to be more effiecthes treatment of
coronary patients, compared with general practitioners and stef@R,23], they have also
been advised to precisely follow evidence-based treatment guidelimes are currently not
followed sufficiently in Germany [24]. This may explain the strbeglth effect in subgroups
at high cardiovascular baseline risk. The increase in physiciés cas also be explained by
the high involvement of cardiologists. The decrease in hospital codteasts related to
medical drugs, in contrast, might have resulted from avoided cardioaaseuénts.
However, we point out that the cost data provided for analysis was not eventespecifi

We would like to stress that the time horizon of our study idivels short. As KardioPro
includes several preventive measures, the incidence of cardiovaseoetds is also likely to
differ beyond the follow-up period. Even the costs and consequences of the teatitave
been observed within the follow-up period are not captured totally. Gastiolar events are
associated with long-term consequences, as they can reduce lpreyavitnay cause or
prevent future costs. Thus, it is possible that the cost-effeetsgeratios would change over
time. However, there is a direct trade-off between the choice of aldeatiudy horizon in the
analysis of routine data and the opportunity to make timely desisabout prevention
programmes including current treatment technologies.

Another limitation of our study is that it is based on obsewmati data and not on a
randomised controlled trial [25,26]. Although the propensity score matckipgdto create

a comparable control group, matching can only control for observed varefdethus bias
can still remain [27]. For example, behavioural characteristich @s smoking, diet or
exercise were not covered by the database. The same is true for sona ocoeditions such

as gout or renal failure.

An important aspect to highlight is that we aimed to creakegioups based on routine data.
The PROCAM score could not be calculated directly based on theegaidta, as required
variables, such as smoking behaviour, blood pressure and cholesterol leeemiasing.
Therefore, we created a prediction model based on the PROCAMtBabkeas reported for
participants. The PROCAM score was originally only definednfiates and a certain age
range [10], however, it has been applied in KardioPro as a risk todifta women and
subjects of different ages. For our economic evaluation, we were pogsted in accurate
estimates of the 10-year cardiovascular risk but in defining riskpgt Both the Spearman
rank coefficient and our results suggest that the risk straificavas successful. However, it
is conceivable that a better risk stratification could be deriraed health insurance company
routine data. Therefore, we recommend further research.

Regarding the health outcome, censored data such as owfeare@nalysed via Kaplan—
Meier curves or Cox regression models. However, this was not poggudn the study
objective: cost-effectiveness analyses require the quantificafiboth costs and effects. The
study design that we chose has been selected to minimisébite given time horizon.
This has been in accordance with the analysis of censored cost data [28].

Conclusion

In conclusion, the cost-effectiveness of KardioPro differs greatlyording to the group
being targeted. Subjects at high risk of CHD and with known CHD appds the groups
that benefit most from KardioPro. Depending on the willingness-toipmay be reasonable



to only offer KardioPro to patients at high risk of future cardiovksevents. This high-risk
group could be identified based on health insurance company routineHdataver, the
long-term consequences of KardioPro still need to be evaluated.
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