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General introduction

Whereas secondary prevention of cardiovascular events through risk factor
medification in patients with known coronary and carotid artery disease is recognised
as cost-effective, CVD prevention by drug therapy in asymptomatic individuals has
shown only modest benefits and to be relatively expensive. These interventions,
however, could be cost-effective when targeting individuals at high risk for an event.
Based on easily assessable risk factors, high-risk persons for cardiovascular disease
can be targeted.

The aim of the studies described in this thesis was to search for the most cost-
effective way to prevent cardiovascular disease in the general population. The studies
are based on data from the Rotterdam Study, a population-based cohort study
cormnposed of 7,983 men and women aged 55 years and over who live in a well-
defined suburb of the city of Rotterdam, the Netherlands. Apart from the traditional
cardiovascular risk factors, data were collected on the presence and severity of
atherosclerosis and the occurrence of cardiovascular events during foliow-up.

The study described in chapter 2 investigates the added value of peripheral arterial
disease, in the prediction of cardiovascular disease mortality. In chapter 3 we examine
whether the ankle-arm index can be used as a continuous risk indicator for
cardiovascular disease. In chapters 4 and 5 the development of the Rotterdam
coronary heart disease risk function and the Rotterdam cardiovascular disease risk
function are described and the added value of the ankle-arm index among other “new™
risk indicators are evaluated, In chapter 6 the computer simulation model is
introduced, which was developed to predict the future CVD mortality and morbidity
in the original Rotterdam Study population. This model will be referred to as the
Rotterdam Ischemic heart disease & Stroke Computer simulation model (RISC

model) and was externally validated in chapter 7. In chapter 8, the RISC model was

N

used to examine the cost-effectiveness of primary prevention strategies for
cardiovascular disease using the "Polypill” (a combination of aspirin, a statin, three
blood pressure lowering agents in half dose and folic acid) as described by Wald &
Law. In chapter 9 the RISC model was used to develop a prediction rule to estimate
the individual’s gain in quality-adjusted life years (QALY's) with aspirin therapy (the
AQALY prediction rule). Finally, in chapter 10, a cost-effectiveness analysis was

performed of aspirin therapy in the primary prevention of cardiovascular disease
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using the Framingham cardiovascular disease risk function, the Rotterdam
cardiovascular disease risk function, the Rotterdam cardiovascular disease risk
function with ankle-arm index included, and the AQALY prediction rule.

In technical appendices the development and structure of the Rotterdam coronary
heart disease risk function, the Rotterdam cardiovascular disease risk function, the
AQALY prediction rule and the RISC model are described in detail,

In the general discussion in chapter 11, the main findings of this thesis are
considered in the context of current clinical practice, relevant methodological aspects

are discussed, and suggestions are made for future research in this field.
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Non-invasively assessed peripheral arterial disease

predicts cardiovascular disease mortality

The Rotterdam Study

Abstract

Although individuals with peripheral arterial disease (PAD) are at increased risk of
death from cardiovascular disease (CVD), information about CVD mortality
assoclated with asymptomatic PAD in the general population is relatively scarce.
Furthermore, its possible rele in CVD risk management remains to be clarified. We
studied whether PAD, defined as an ankle-arm index <0.90, predicts CVD mortality
in the general population and shows additional prognostic value over and above the
Framingham CVD risk function within the Rotterdam Study. Baseline data included
information on CVD history and risk factors. The Rose guestionnaire on intermittent
claudication was used to assess whether PAD was symptomatic. Ten-year clinical
follow-up data on CVD mortality were obtained. In comparison to those without PAD
(4907 subjects). participants with symptomatic PAD (68 subjects) had an almost
threefold risk of CVD mortality (hazard ratio 2.70; 95% CI 1.67-4.37). There was also
an increased risk albeit less pronounced (hazard ratio 1.89; 95% CI 1.54-2.30) in
subjects with asymptomatic PAD (1027 subjects). The ankle-arm index showed a
continuous relation with CVD mortality and prognostic interaction with the
Frarmingham CVD risk score (p=0.048). Therefore, measurement of the ankle-arm

index may play a role in the prevention of CVD mortality.
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INTROBDUCTION

Atherosclerosis in the lower limb distal to the aortic bifurcation, generally known as
peripheral arterial disease (PAD), usually presents itself as intermittent claudication,
i.e. ‘cramping’, “fatigue” or ‘aching” in the calf of the leg induced by walking and
relieved by standing still. Individuals with PAD are at an increased risk of
cardiovascular mortality compared to those without PAD.'” Information about CVD
mortality associated with asymptomatic PAD in the general population is relatively
scarce, even in older individuals who are known to be at high risk of PAD.*!
Studies that analyzed the ankle-arm index (AAJ). a2 non-invasive measure of

PAD, suggest that a low AA] Is associated with increased 1znort3.1ity3'10

and may be an
independent predictor of future cardiovascular events.” ' Several authors discussed
the potential role of measuring the AAI in cardiovascular risk management.”*"*
Newmarn et al. showed that there might be an inverse and graded relation of the AAI
with cardiovascuiar risk factors and subclinical and clinical cardiovascular disease
(CVD) among the elderly."

The purpose of this study was to assess whether non-invasively assessed PAD
predicts CVD mortality in the general population over age 55 and whether the AAT
shows additional predictive value over and above the Framingham risk function'® in

predicting CVD mortality.

METHODS

Population for analysis

This study was part of the Rotterdam Study, a prospective cohort study designed to
investigate determinants of the occurrence and progression of chronic diseases in
people over age 55. The Rotterdam Study focuses on four areas of research:
cardiovascular diseases, neurogeriatric diseases, locomotor diseases, and
ophthalmologic diseases. The rationale and design of the study have been described
previously.”” All individuals aged 55 years and over living in a suburb of Rotterdam

in the Netherlands {a total of 10,275 subjects) were invited to participate in the study.
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Baseline measurements were compiled after an extensive interview at the participant’s
home and two visits to the research center. The overall response rate was 78% (7,983
subjects; 3,105 men and 4,878 women). Baseline data, collected between 1990 and
1993, included information on history of cardiovascular disease and cardiovascular
risk factors, including the AATL

Intermittent claudication was diagnosed according to the criteria of the WHO
Rose-questionnaire,'® that was included in the home interview. Blood pressure was
calculated as the mean of two consecutive measurements with a random-zero
sphygmomanometer at the right brachial artery in sitting position. The systolic blood
pressure level of the posterior tibial artery at both the left and right leg was measured
using a § MHz continuous wave Doppler probe (Huntleigh 500 D, Huntleigh
Technology, Bedfordshire, UK) and a random-zero sphygmomanometer.’>* For each
leg a single blood pressure reading was taken with the subject in supine position. The
ratio of the systolic blood pressure at the ankle to the systolic blood pressure at the
arm (AAI) was calculated for each leg. The lowest AAl in either leg was used in the
analysis.” In agreement with the approach followed by Fowkes et al*® and by Schroll
and Munck, ™ peripheral arterial disease (PAD) was considered present if the AAT was
lower than 0.90 on at least ope side, a threshold value that prevails in most
studies. "™ Hypertension was defined as a systolic blood pressure of 160 mmHg or
over, or a diastolic blood pressure of 100 mmHg or over, or current use of
antihypertensive drugs for the indication of hypertension.” Diabetes mellitus was
defined as the current use of antidiabetic drugs or a random or post-load serum
glucose level greater than 11.0 mmol/l, after an oral glucose tolerance test.”® Subjects
were categorized in groups of current smokers,. former smokers, and those who never
smoked. Serum total cholesterol was determined by an automated enzymatic
procedure.”’ Serum high-density lipoprotein (HDL) cholesterol was measured after
precipitation of the non-HDL fraction with phosphotungstate-magnesium.** with a
minor modification as described by Grove.” Height and weight were measured and
the body mass index (kg/mz) was calculated.

A history of myocardial infarction or stroke was obtained through direct
questioning and considered positive when confirmed by a physician. A subject was
defined as free of CVD at baseline if no myocardial infarction was diagnosed by a

cardiologist or by EKG (verified by cardiologist), no stroke was diagnosed by a
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physician, and the subject did not report having undergone coronary revascularisation
or carotid endarterectomy.

The follow-up period started at the baseline examination and in the present
analysis lasted until December 1999, Information considering the vital status of the
participants was obtained from the municipal health service in Rotterdam. Clinical
follow-up data on fatal and aon-fatal endpoints were obtained from the general
practitioners (GPs) working in the research area of the Rotterdam Study through
linkage of the GP's automated medical record system to the database of the
Rotterdam Study on a regular basis. All possible events, including deaths, reported by
the GP were regularly evaluated by research physicians reviewing medical records
and discharge reports and letters of medical specialists available at the GP’s office of
every participant. Information on the cause and circumstances of death were obtained
shortly after the reporting of death by the municipal health service or the GP.

All events were classified according to the International Classification of
Diseases, 10th version,™ and coded independently by two research physicians. In case
of disagreement, consensus was reached in a separate coding session. A medical
expert in the field of cardiovascular disease reviewed and verified all coded events.
The judgement of this expert was considered final if no consensus was reached. CVD
mortality was defined as death from ischemic heart disease (120-125), congestive heart
failure (I50). cerebrovascular disease (160-169), sudden death (146 & 149 & R96) and

all other [-codes. ¢

Data analysis

We used Cox proportional hazards models to examine the risk of CVD mortality in
those with an AAI <0.90 with and without symptoms of intermittent claudication,
taking all subjects with an AAT 20.90 as the reference group. The models included
age and sex (Mode! A), or additionally included other confounders (Model B). We
plotted Kaplan-Meier survival curves for CVD mortality, adjusted for age, sex, and
medical history of cardiovascular disease. In addition, we used a Cox proportional
hazards model to examine the risk of CVD mortality assoctated with the AAT using
different threshold values to define PAD (0.50, 0.70, and 0.90). Finally, we used a
Cox proportional hazards model to study the prognostic interaction between the

10
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Framingham CVD risk score and the AAI in predicting CVD mortality within
subjects free of CVD at baseline, adjusted for age, sex, and intermittent claudication.
Analyses were performed using SPSS software (SPSS for Windows 7.5, SPSS Inc.,
Chicago, USA).

RESULTS

General characteristics of the participants in whom the AAI was assessed, are given in
Table 1. Of the 6,002 participants 18.2% had an AAI <0.90. Among subjects with an
AAT <0.90, 6.2% reported symptoms of intermittent claudication whereas among
those with an AAJL =0.90 only 0.6% had a positive Rose questionnaire on intermittent
claudication. During the mean follow-up period of 7.0 years (range 0.01 — 11.3 years),
1319 (22.0%) participants died, of which 484 died from CVD (36.7% of the total
mortality). CVD mortality was caused by ischemic heart disease (19.5%). congestive
heart failure (18.4%), cerebrovascular disease (25.4%), sudden death (27.3%) and
other CVD events (9.4%).

In comparison to those with an AAT >0.90, participants with both an AAT <0.90
and intermittent claudication had an age- and sex- adjusted nearly threefold risk of
CVD mortality (hazard ratio 2.70; 95% CI 1.67-4.37). whereas those with an AAI
<0.90 but no intermittent claudication had a relative risk of nearly two (hazard ratio
1.89; 95% {1 1.54-2.30). (Table 2) The risk estimates decreased after further
adjusting for multiple confounders, but stayed statistically significant. The risk
estimates for only subjects without manifest cardiovascular disease (i.¢. prior MI,
stroke or coronary revascularization) were slightly lower. Cumulative survival curves
(Figure 1) demonstrated a higher CVD mortality in individuals with an AAL<0.90
with intermittent claudication than in individuals with an AAT <0.90 and no
intermittent claudication, who in turn had a higher CVD mortality than individuals
with an AAT 20.90 (reference group).

Whereas symptomatic PAD was clearly associated with increased CVD
mortality (hazard ratie 2.70; 95% CI 1.67-4.37), it showed no assoctation with other
mortality ¢hazard ratio 1.27; 95% CI 0.76-2.13). Non-symptomatic PAD, however,

showed an association with non-CVD mortality, although less pronounced (hazard

I1
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ratio 1.59; 95% CI 1.36-1.87) than with CVD mortality (hazard ratio 1.89; 95% CI
1.54-2.30).

We observed higher relative risks when lower threshold values of AAL were
used, namely, from 1.45 {95% CI: 1.10-1.84) for an AAI between 0.0 and 1.10 to
3.04 (95% CI: 2.33-3.99) for an AAJ below 0.70. (Table 3)

In Figure 2 we demonstrate the prognostic interaction between the AAI and the
Framingham CVD risk score in the prediction of CVD mortality within subjects free
of CVD at baseline. The AAT as a continuous measure showed a statistically
significant interaction (p=0.048) with the Framingham CVD risk score in predicting
CVD mortality. The risk of CVD mortality among subjects with a Framingham CVD
risk score in the highest quartile and an AAI lower than 0.70 was almost 10 times
higher (hazard ratio 9.71, 95% CL, 4.20-22.44, adjusted for age, sex and intermittent
claudication) than among subjects with & Framingham CVD risk score in the lowest
quartile and an AAT between 1.10 and 1.50.

DISCUSSIGN

The findings in our study show that PAD, as assessed by the AAL is an independent
predictor of subsequent CVD mdrtality. The risk of CVD mortality is significantly
higher in those with an AAT <0.90, even in those without intermittent claudication,
and also after adjustment for potential confounders. We also found an increasing risk
of mortality with lower thresholds for the AAI, strongly suggesting that a lower AAI
reflects more advanced generalized atherosclerosis. In our study, the AAI showed a
significant interaction with the Framingham CVD risk score in predicting CVD
mortality.

Intermittent claudication was present in 6.2% of the subjects with PAD as
assessed by the AAL Thus, the majority of subjects with documented PAD were
asymptomatic. Among subjects with an AAI 20.9, only 0.6% of the subjects had
intermittent claudication on the Rose questionnaire. This may, in part, be explained by
the fact that the AAT can be high in subjects with calcified, non-compressible arteries

. . .M
and because of nonvascular causes of leg pain such as spinal stenosis.™ These
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subjects are misclassified which may lead to an underestimation of the risk of CVD
assoclated with a lower AAIL Also medication use such as anticoagulants or aspirin,
which may have been prescribed during follow-up, can lead to a similar effect dilution
bias and underestimation of the risk estimates. Finally, the use of a single
measurement of the AAI to define PAD may have underestimated the actual risk,
because taking the mean of consecutive measurements reduces the measurement error
in the AAL

The increased risk of mortality with an AAT <0.90 has also been reported by
other authors. = Newman et al'* showed almost the same results for the association
between PAD and CVD mortality (hazard ratic 2.86, decreased to 2.03 after
multivariate adjustment). Although Hooi et al'' used slightly different cut-off levels,
they also showed 2 gradual increase in risk of cardiovascular mortality with
decreasing AAL Subjects with a AAL <0.70 had a 2.3 times higher risk and subjects
with an AAI between 0.70 and 0.95 had a 1.2 higher risk than subjects with an AAT
20.95. In contrast, our study showed a statistically significant higher risk for subjects
with an AAl between 0.70 and 0.90 compared to subjects with an AAT =1.10.

Whereas symptomatic PAD was clearly associated with increased CVD
mortality, it showed no association with other mortality. Non-symptomatic PAD
showed an association with non-CVD mortality, although less pronounced than with
CVD mortality. This counter-intuitive result may be explained by a higher rate of
misclassification in asymptomatic PAD than in symptomatic PAD. Another
explanation may be that the AAI is a measure of frailty in the elderly and subjects
with a low AAI die at a younger age from any disease.

The pathway from risk factors to CVD mortality is probably through the
development of subclinical disease (like PAD) and the presence of subclinical CVD
may be an important marker of the effect of risk factors on the cardiovascular system.
Measurement of the AAT identifies a relatively large amount of asymptomatic
individuals with early manifestations of atherosclerosis and inter- and intra observer
variability for the measurement of the AAT have shown to be acceptable.” This
suggests that apart from the assessment of the Framingham CVD risk score,
measurement of the AAI may be worthwhile in CVD risk management.

In conclusion, peripheral arterial disease as assessed by measurement of the

AAl s an independent predictor of CVD mortality, The risk of CVD increases when
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PAD is symptomatic, i.e. when intermittent clavdication is present. Both measuring
the AAI and assessing presence of intermittent claudication may play a role in the

prevention of CVD mortality.

14
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TABLE 1. General characteristics of study population (n=6002).

Characteristic Mean (SD)or %
Age (years) 68.9 (8.9)
Male gender (%) 40.8
Body mass index (kg/m”) 26.3 (4.0)
Systolic blood pressure {mmHg) 139 (22)
Diastolic blood pressure (mmHg) 74 (12)
Hypertension® (%) 349
Serum total cholesterol (mmol/] 6.6 (1.2)
Serum HDL-cholesterol (mmaol/l) 1.3 {0.4)
Smoking (%)  Current 225
Former 42 4
Diabetes mellitus (%) 10.3
History of myocardial infarction or stroke (%) 15.7
PAD® (%) 18.2
Intermittent claudication! (%) 6.2

* SD: standard deviation.

¥ Defined s a systolic blood pressure of 160 mmHg or over. or a diastolic blood pressure of 100
mmHg or over, or current use of antihypertensive drugs for the indication hypertension,

¥ High density lipoprotein cholesterol.

§ Assessed by measuring the ankle-arm index. with peripheral arterial disease (PAD) present with an
ankle-arm index <0.90.

| According to the criteria of the WHO Rese-questionnaire. Probability of intermittent claudication
among subjects with PAD
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TABLE 2. Hazard ratios (95% confidence interval) of CVD mortality in
individuals with an ankle-arm index {(AAI) <090 with and without intermittent
claudication ({C) in comparisen to individuals with an AAT 20.90, adjusted for age

and sex (Model A), and for multiple possible confounders (Model B).

Baseline category of peripheral arterial disease (PAD)

AAT*<0.90 and ICT AAT <0.9¢ and no IC
Model A* Medel BY Model AY Model B
All subjects 2.70 2.1% 1.89 1.49
(1.67-4.37) (1.34-3.53) (1.54-2.30) (1.21-1.35)
In subjects free of 2.03 1.73 1.81 149
CVD at baseline {1.04-4.04) (0.87-3.43) (1.40-2.32) {1.14-1.95)
* Ankle-arm index.

T Intermittent claudication according to the criteria of the WHO Rose-questionnatre,
fModel A: adjusted for age and sex.

§Mode! B: adjusted for age, sex. body mass index. hypertension. cholesterol. HDL-cholesterol,
smoking. diabetes mellitus and medical history of CVD.
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TABLE 3. Hazard raties (95% confidence interval) of CVD meortality in
individuals with PAD defined as an AAT <0.79, as 0.70 £ AAT <0.90, and a5 0.90 =

AATF <1.19, in comparison to individuals with an AAJ >1.10%, adjusted for age and

sex (Model A}, and for multiple possible confounders (Model B).

Baseline eategory of peripheral arterial disease (PAD)

AAT$<0.70

(n =445}

0.70< AAT <0.90

(n = 650)

0,905 AAT <1.10

{n = 1599)

Model A Model BY

Model A Model B

Model A Model B

CVD mortality 3.04 227
(233-3.99)  (1.70-3.01)

1.85 135
(1.40-2.44)  (1.01-1.82)

1.45 1.24
(L10-1.84) (0.57-1.58)

*Subjects with an AAI higher then 1.50 were excluded

TAAL ankle-arm mndex.

Model A: adjusted for age and sex.

§Model B: adjusted for age, sex, body mass index, hypertension, cholesterol, HDL-cholesterol,

smoking. diabetes mellitus and medical history of CVD.
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Figure 1. Kaplan-Meier survival curves for CVD mortality in individuals with PAD,
defined as an ankle-arm index (AAT) <0.90, with or without intermittent claudication
(1C). and in individuals with no PAD. i.e. an AAI 20.90. The survival curves have

been adjusted for age, sex, and medical history of cardiovascular disease.
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Ankle-arm index is a continuous risk indicator of

cardiovascular disease

Abstract

The objective of this study was to examine the shape of the relationship between
ankle-arm index (AAX) and cardiovascular disease (CVD), in particular whether there
is a threshold above which AAT and CVD are not associated.

We studied the association of the AAI in octiles with baseline Framingham CVD risk,
other measures of atherosclerosis (intima media thickness, carotid plaques and aortic
calcifications), and incident CVD in the Rotterdam Study, a prospective cohort study
in subjects aged 55 vears and over. Both association with and additional predictive
value to Framingham CVD risk were analyzed, All analyses were adjusted for age and
sex,

The AAI showed an inverse graded relation without evidence of a threshold with
Framingham CVD risk (from 35.7% in the lowest octile to 22.7% in the highest octile
of AAT) and other measures of atherosclerosis. The AAI was gradually associated
with incident CVD without evidence of a plateau in the relationship. Subjects with an
AAI in the lowest octile had a four times higher risk of CVD compared to subjects
with an AAI in the highest octile (hazard ratio 4.23; 95%CI 2.63, 6.81). After
adjustment for traditional CVD risk factors and medical history of CVD, the
association was less strong, but still evident (OR 2.49; 95%CI 1.52, 4.08). The AAI
showed synergy with the Framingham CVD risk score in predicting CVD (p=0.02).
We therefore conclude that the AAI can be used as a continuous risk indicator of
CVD.
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INTRODUCTION

Although the ankle-arm index (AAT) seems a strong and independent predictor of
cardiovascular mortality and non-fatal cardiovascular events in the elderly (1, 2), the
AAT 1s seldom used to screen for manifestations of atherosclerotic disease other than
lower extremity arterial disease. Most studies (1, 2) used a cut-off of 0.9 below which
subjects are marked as being at high risk for cardiovascular disease (CVD). Newman
furher devided the subjects in AAT categories up to 1.0 and found increased CVD risk
with decreasing AAI among the elderly (3). No studies have examined the association
of the AAT with risk of CVD over the whole range of AAL If the AAT shows
predictive value over the whole range of AAI values. the AAI should no longer be
dichotomized but should be used as a continuous risk indicator for CVD.

To determine whether the AAI is a continuous risk indicator of CVD, we
examined the association of the AAI in octiles with baseline Framingham CVD risk

score, other measurements of atherosclerosis, and new CVD events.

METHODS

Study population

The association of the AAI with baseline CVD risk and future CVD events was
analyzed in the Rotterdam Study, a population-based prospective cohort study
designed to investigate determinants of the occurrence and progression of chronic
diseases in the elderly (4). From 1990 to 1993, data on 31035 men and 4878 women
aged 55 years and over were collected. Clinical follow-up data on fatal and non-fatal
endpoints were obtained from the general practitioners of the participants from 1990

until 1998. The mean duration of follow up was 5.3 vears.

Assessment of CVD risk factors

History of CVD and smoking behavior were ascertained by an extensive interview at
the participant’s home. A person was designated as having a positive medical history
for CVD if a myocardial infarction was diagnosed by 2 cardiologist or by ECG
(verified by cardiologist), a stroke was diagnosed by a physician, or if the patient

reported having undergone CABG, PTCA or carotid endarterectomy. Subjects were
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categorized into smokers (current or quit within last three years} and non-smokers
{not smoking in the last three years). At the research center several indices were
measured. Blood pressure was calculated as the mean of two consecutive
measurements with a random-zero sphygmomanometer at the right brachial artery in
sitting position. Diabetes mellitus was defined as the current use of antidiabetic
medication and / or a non-fasting serum glucose level greater than 11.0 mmol/L
before or after an oral glucose tolerance test. Subjects with missing values on serum
glucose but not using antidiabetic medicatién were Initially classified as non-
diabetics. Serum total cholesterol was determined by an automated enzymatic
procedure, Serum high density lipoprotein (HDL) cholesterol was measured after
precipitation of the non-HDL fraction with phosphotungstate-magnesium. In all
subjects free of CVD at baseline the Framingham 10-years CVD risk score was
calculated (5, 6).

Measures of atherosclerosis

At baseline of the Rotterdam study. the ankle-arm index (AAT) was measured. The
AAT left and right was calculated as the ratio of the systolic blood pressure of the
posterior tibial artery, as assessed by a 8 MHz continuous wave Doppler probe and a
random-zero sphygmomanometer, to the systolic blood pressure at the arm. The
lowest AAI of the two legs was used in the analysis (7). Because an AAT higher than
1.30 can be due to arterial calcification and therefore is highly unreliable, AAI’s
higher than 1.50 were assigned as missing. In the case of an AAI value of zero, the
AAT measured by the a. dorsalis pedis was taken instead, because of the possibility of
a congenital agenesis of the arteria tibialis posterior. The AAT was categorized into
octiles.

The extent of atherosclerotic disease was also assessed using three other
measures: the intima media thickness of the common carotid artery (IMT), the plaque
score in the carotid artery, and calcifications of the abdominal aorta.

To measure IMT and carotid plaques, ultrasonography of the common carotid
artery, carotid bifurcation and internal carotid artery of the left and right carotid
arteries was performed with a 7.5-MHz linear-array transducer (ATL Ultra-Mark IV).
On a longitudinal, two dimensional ultrasound image of the carotid artery, the anterior
(near) and posterior (far) walls of the carotid artery are displayed as two bright white

lines separated by 2 hypogenic space. The distance between the leading edge of the
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first bright line of the far wall and the leading edge of the second bright line indicates
the IMT. For this study, the IMT measured in millimeters in the commeon carotid
artery was taken into account. The plaque score was derived by counting the number
of sites with a plague, leading to a maximum score of 6. Plaques were defined as focal
widenings relative to adjacent segments, with protrusion into the lumen and composed
of calcified and/or non-calcified components.

Aortic calcification was diagnosed by radiographic detection of calcified deposits
in the abdorminal aorta. Lateral abdominal films (T12-S1) were made from a fixed
distance while the subject was seated. Aortic calcifications were considered present
when linear densities were seen in an area parallel and anterior to the lumbar spine
(L1-L4). The value for the extent of calcification (calcAo) was scored according to
the length of the involved area (1 cm, 2 to 5 cm, 6 10 10 cm, and >10 cm). In the

analyses, we only used present or absent calcification.

Quteome assessment

Information on incident fatal and non-fatal events was obtained from the general
practitioners working in the district of the study population. All events were classified
according to the International Classification of Diseases, 10th version (8). The

outcome-variable of interest includes myocardial infarction (I21) and stroke (163-167).

Data apalysis

The ankie-arm indices were divided in octiles. The cut-off levels were 0.82, 0.97,
1.04, 1.10, 1.15, 1.21, and 1.28. The Framingham CVD risk score, the IMT and the
plaque score in the carotids were corapared in octiles of AAI with one-way analysis of
variance (adjusted for age and sex). The association between the AAT in octiles and
aorta calcifications was determined by age- and sex- adjusted logistic regression
analysis. The relation of the AAT octiles to the incident CVD events was determined
by Cox proportional hazard analysis, both age- and sex- adjusted and adjusted for all
traditional risk factors and medical history of CVD. All analyses were performed
using SPSS software (SPSS for Windows 9.0, SPSS Inc., Chicago, USA).
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RESULTS

In 6002 of the total of 7983 subjects, the AAT could be measured in at least one leg
and CVD nisk factors (systolic blood pressure, cholesterol / HDL-ratio, smoking and
diabetes) were known. The mean Framingham Heart Study [0-year CVD nisk was
27.4%. During follow-up, 216 myocardial infarctions and 210 ischemic strokes

occurred (Table 1), comprising a total of 413 CVD events.

Relation to baseline CVD risk

An approximately linear inverse relationship was demonstrated between the AAI (in
octiles) and the age and sex-adjusted mean Framingham 10 vear-CVD risk score
(Figure 1). The 10 year-CVD risk was 34.4% in the lowest octile versus 21.9% in the
highest octile of AAL Also above the AAJ value of 1.04 the association was gradual.
Adjacent octiles differed al! statistically significant, except for octile 5and 6 (p =
0.140).

Relation to other measures of atherosclerosis

Figure 2 shows the analyses of the relation between AAT and other known measures
of atherosclerosis. AAI showed an inverse and graded relationship with intima-media
thickness, carotid plaque score and calcification of the aorta. In every octile, the value
of carotid plaque score znd aorta calcification, respectively, was lower than in the
preceding octile and the difference between the values in the seventh compared to the
eighth were statistically significant (p = 0.050 and p = 0.043 respectively). For intima-
media thickness, a gradual association was less clear with AAI values above 1.09 {the
fourth octile).

Relation to future cardiovascular disease

The risk of CVD increases gradually with a decreasing AAI without evideﬁce ofa
plateau in the relationship (Figure 3). The risk of incident CVD 1n subjects with an
AAJ lower than 0.82 was more than four times higher than in subjects with an AAJ
higher than 1.28 (age-and-sex-adjusted hazard ratio 4.23; 95%CI 2.63, 6.81). After
adjustment for the traditional risk factors and medical history of CVD the association
was less strong (Table 2.), but still statistically significant (OR 2.49; 95%CI 1.52,
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4.08). The association was consistent with the association of AAT with other measures
of atherosclerosis.

From Figure 4 we learn that there is an interaction between AAI and the estimated
Framingham CVD risk in the prediction of incident CVD. A statistically significant
interaction term (p=0.02) was demonstrated between AAT and Framingham CVD risk
in predicting CVD. Especially in the highest quartile of Framingham CVD risk, there
is clearly a gradual relationship between AAT and incident CVD. The risk of incident
CVD was highest among subjects with a Framingham CVD risk in the highest
quartile and an AAI in the lowest quartile (hazard ratio 34.9, 95% CL, 11.0-110.9).

DISCUSSION

The AAI showed a gradual and inverse association with the Framingham CVD risk
score and other noninvasive measures of atherosclerosis such as intima media
thickness, carotid plaques, and aortic calcifications. The AAI also showed a graded
relationship with the risk of new CVD events. The difference was especially notable
for the lower octiles of AAT but was also present within the range of AAT values
considered as normal. Even above an AAJ value of 1.0, different AAls had different
prognostic impact on the risk of CVD.

The presence of subclinical CVD may be an important marker of the effect of risk
factors on the cardiovascular system. In our study, the AAI showed additional
predictive value to the Framingham CVD risk score in the prediction of new CVD
events. The risk of incident CVD was very high among subjects with 2 Framingham
CVD risk in the highest quartile and an AAI in the lowest quartile with a relative risk
of 11.0 as the lower bound of the 95% confidence interval.

‘We are aware that the AAL measurement is affected by intrinsic factors like
edema, rtheumatoid arthritis, anxiety, diabetes and blood pressure (9-11). In our study
we adjusted for diabetes mellitus and systolic blood pressure, but that did not have
any effect on the point estimates when studying the association between AAJ and
mcident CVD. The fact that the AAl measurement was performed only once per
subjects may also lead to information bias. Fowkes et al, however, showed that the

repeatability of the AAI is such that a single measurement is suitable for most
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epidemiological studies. (10) Furthermore, they showed a low interobserver
variability (10} which may support the generalizability of our results.

Newman et al. already described an inverse dose-response relation of the AAT
with CVD risk factors and subclinical and clinical CVD among older adults, but they
did not study the association over the whole range of AAI but devided the subjects in
AAIJ categories up 10 1.0. (3) Our data suggest that the AAf can be used as a
continuous variable, using the whole range off AAJI values.

Int conclusion, the AAJ is a continuous risk indicator of CVD and has a potential
role as an additional predictive variable to select high risk subjects for CVD. It’s use

in clinical practice as a screening tool for CVD needs further research.
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Table 1. Population characteristics.

Determinants

Mean +sd / proportion

Age at baseline

Male sex

Body mass index

Hypertension measured / treated *
Systolic blood pressure

Diastolic blood pressure
Cholesterol/HDL-ratio

Current smoking

Diabetes mellitas T

Serum glucose level

Medical history of cardiovascular disease I
Eowest measured ankle-amm index

Framingham Heart Study 10-year CVD risk

Incident cases of MI during follow up
Incident Strokes during follow up

Follow up tirne

68.9 years+ 8.9
40.8%

2631490

34.9%

137.8 mmHg +21.9
74.1 mmHg = 11.3
5.22x1.61

22.5%

10.3%

6.9+3.0

15.7%

1.06 £0.23

27 4% £ 14.3%

3.6% (216 cases)
3.5% (210 cases)

1947 days = 547

* §BP 2 160 mmHg and / or DBP > 93 mmHg or using antihypertensive medication

T The current use of antidiabetic medication and / or a non-fasting serum glucose level > 11,0 mmol/L

before or after an oral glucose wolerance test.

I Myocardial infarction, stroke, CABG. PTCA or carotid surgery in the past
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Table 2. The association between ankie-arm index (AAT) and the incidence of

cardiovascular disease (CVD) events.

Octiles  Range of Percentage of Hazard raties™ Hazard raties*
of AAT  values CVE cases Model 1 Model 2*

1 0.00 - 0.81 13.0% 423(2.63,6.81) 249(1.52,4.08)
2 0.32-0.96 8.7% 3.17 (1.95,5.16)  2.22 (1.35,3.65)
3 0.97-1.03 7.9% 3.06 (1.87.5.02) 2.18{1.31,3.61)
4 1.04-1.09 7.3% 2.83(1.72,4.64y  2.07 (1.25,3.42)
3 1.10-1.14 5.0% 1.97(1.15,3.36)  1.61 (0.94,2.76)
6 1.15-1.20 4.5% 1.76 (1.04,2.98)  1.46 (0.86,2.48)
7 1.21-1.27 3.7% 2.13(1.27,3.56) 1.90(1.13,3.1%)
8 1.28-1.50 2.9% 1.0 1.0

* Hazard ratios with 95% confidence intervals; the highest octile as reference.

T Model 1: adjusted for age and sex.

+ Model 2: adjusted for age, sex, body mass index. hypertension, systolic blood pressure, diastolic

blood pressure, plasma cholesterol/HDL-ratio, smoking, diabetes meliitus and medical history of

cardiovascular discase,
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Figure 1. The association between ankie-arm index (AAL) and the Framipgham CVD

risk score within subjects free of CVD at baseline, adjusted for age and sex.
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Figure 2. The age-and-sex-adjusted association of ankle-arm index (AAI) with other
measures of localized atherosclerosis: a) with Intima Media Thickness IMT), b) with
Carotid Plaque Scere (CPS), ¢} with presence of aorta calcifications (Odds ratios with
the highest octile of AAI as the reference group).
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Figure 3. Age apnd sex adjusted hazard ratios of octiles of ankle-arm index (AAT) for the

incidence of cardiovascular disease with the highest ectile of AAT as the reference group.
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Figure 4. Associations (hazard raties) of quartiles of Framingham CVD risk (FHS) and

ankle-arm index (AAL) with incident CVYD within subjects free of cardiovascular disease
at baseline.
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Abstrace

Existing coronary heart disease {CHD) risk functions may not be applicable to older
adults, in whom mild manifestations of cardiovascular disease (CVD) and subclinical
CVD are commonly present. We developed a CHD risk function based on a
prospective population cohort (the Rotterdam Study) of 5431 men and women aged
53 to 80 years without evident CVD at baseline using Cox proportional hazard
regression analysis. Furthermore, we studied the additional prognostic impact of new
risk indicators. Within 7 years of follow-up, 388 cardiac events occurred. Important
predictors that were selected for the risk function included medical history, biood
pressure measurements, laboratory tests, medication use and mild manifestations of
CVD as assessed by questionnaires. The risk function discriminated well between
subjects with incident CHD and those without {area under the Recelver Operating
Characteristic curve (AUC) = 0.748). The discriminant accuracy was slightly
improved {p = 0.039) by including ankle-arm index (AAI) and ECG characteristics
{AUC = 0.754). The presented risk function is a promising tool to select subjects for
CHD prevention among older adults. Additional measurement of AA or ECG offers

limited additional predictive value.
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INTRODUCTION

Coronary Heart Disease (CHD) is the main cause of mortality in industrial countries.
Recent trials have shown that reducing serum cholesterol (1), reducing blood pressure
(2) and the use of low dose aspirin (3. 4) reduce the incidence of CHD. The absolute
benefit of these interventions depends on the pre-treatment level of CHD risk (3, 3).
Current guidelines (1, 3. 3, 6) emphasize the importance of selecting subjects based
on their absolute risk of CHD.

The Framingham Heart Study (7-9), the Copenhagen City Heart Swudy (10) and the
PROCAM study (11) developed risk functions for assessing risk of developing CHD.
These risk functions, however, have several limitations. First, the risk functions are
not readily applicable to older populations in which many subjects have mild
manifestations of cardiovascular disease (CVD) such as stable angina pectoris,
intermittent claudication, and history of transient ischemic attack. These subjects were
excluded from the published studies (7-11). It is known, however, that these subjects
are generally treated inadequately until they experience a more severe CVD event
such as stroke or myocardial infarction (12). Because risk intervention may be
especially useful in this group, mild manifestations of CVD may be considered
predictors of CHD endpoints (13-16). Second. risk factors can have a different impact
within different age groups. Several studies &escribed a change in the relation of
blood pressure to CHD with aging (17, 18). These studies showed increasing
predictive value of pulse pressure as subjects age. On the other hand, family history of
CVD may have less imopact in older subjects (19, 20). Third, since the Framingham
Heart study had introduced their risk function, new risk indicators are evaluated for
additional predictive value. Measures of subclinical CVD like ankle-arm index (AAI)
and various ECG characteristics may be useful in population based risk stratification
since they can be easily assessed at low cost (21, 22). Especially in the older adults,
subclinical CVD is commonly present and may be important to take into account
when estimating the risk of CHD (22). Finally, quite often risk functions are not
generalizable to populations other than those in which they were developed. Due to
overfitting in regression modelling, risk functions could lead to overestimation of high
risk and underestimation of low risk subjects. Recently, appropriate statistical

methods have become available to correct for overfitting (23-25).



Coronary heart disease risk prediction in the Rotterdam Study

The purpose of this study was to develop a new CHD risk function based on
traditional risk factors and mild manifestations of CVD. We also evaluated the
additional predictive value of various indicators of subclinical CVD and we corrected

for overfitting of the regression models.

METHODS

Study population

Within the Rotterdam Study population, a prospective population cohort of 7983
subjects, we selected 5431 men and women aged 53-80 years without documented
myocardial infarction, stroke, coronary revascularization, or carotid intervention at
baseline. These subjects were followed for a mean of 7 years (26). All subjects gave
written informed consent and the study was approved by the medical ethics committee
of the Erasmus Medical Center, Rotterdam. The baseline examination was conducted
from 1990 to 1993. Participants were interviewed at home by trained research
assistants, using a computerized questionnaire. Subsequently, the participants visited
the research center for several measurements, including blood pressure at arms and
ankles, body mass index, and blood sampling {cholesterol, HDL-cholesterol, and
glucose level). Clinical follow-up data were obtained from the general practitioners of

the participants from 1990 onwards.

Assessment of risk indicators

Diabetes mellitus was defined as the current use of anti-diabetic medication and/or a
non-fasting serum glucose level greater than 11.0 mmol/L before or after an oral
glucose tolerance test. Subjects were categorised as current smokers, former smokers
and non-smokers. Blood pressure was calculated as the mean of two consecutive
measurements with a random-zero sphygmomanometer at the right brachial artery in
sitting position. A physician at the research center asked subjects whether they used
antihypertensive medication. In these subjects, the blood pressure was measured
before they took their medication. Pulse pressure was calculated as the difference
between systolic and diastolic blood pressure. Serum total cholesterol was determined

by an automated enzymatic procedure. Serum high-density lipoprotein (HDL)
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cholesterol was measured after precipitation of the non-HDL fraction with
phosphotungstate-magnesium. The cholesterol/HDL-ratic was calculated.

Helght and weight were measured and the body mass index was calculated (kg/m”).
Also the waist-to-hip ratio was measured. A person was defined as baving a positive
family history of CVD if a first-degree family member was known to have had a
myocardial infarction or stroke before the age of 65 years.

The Rose questionnaire (15} was used to detect signs of angina pectoris and/or
intermittent claudication. A history of 2 transient ischemic attack was also assessed
during the baseline interview using a structured questionnaire (27). A physician at the
research center asked subjects whether they used medication for CVD. Angina
pectoris was defined to be present when the questionnaire indicated angina pectoris or
when the patient was using medication for angina pectoris. The presence of
intermittent clazdication and transient ischemic attack was determined analogously.

The ankle-arm index (AAI) was czlculated as the ratio of the systolic blood pressure
of the posterior tibial artery, as assessed by an § MHz continuous wave Doppler probe
and a random-zero sphygmomanometer, to the systolic blood pressure at the arm. The
lowest AAI, either right or left, was used in the analysis. Because an AAT higher than
1.50 can be due to arterial calcification and therefore is highly unreliable, AATs higher
than 1.50 were assigned as missing. If the systolic pressure over the posterior tibial
artery was zero, we assurned this was due to congenital agenesis and the dorsal pedal
artery pressure was used instead. Finally, an ECG was made and computer-analyzed
by the MEANS program (28) for the presence of left ventricular hypertrophy, atrial
fibrillation, and signs indicating silent myocardial infarction.

Missing values were present for plasma glucose level (5.8 percent), plasma
cholesterol level (1.2 percent), blood pressure (1.8 percent), body mass index (1.1
percent), waist-to-hip ratio (5.9 percent), the Rose questionnaire (1.0 percent), the
AAIL (9.3 percent) and ECG (2.9 percent). Because deletion of cases with missing data
may cause bias and increases variance, all missing values were predicted from other
characteristics using the Expectation Maximization method and were subsequently

imputed (25).

Qutcome assessment
All events were classified according to the International Classification of Diseases,

10th version. CHD events were defined as myocardial infarction (121}, PTCA
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(£95.5), CABG (Z95.1}, death from chronic ischemic heart disease ([20-123), sudden
death (146, 149. R96). and death due to congestive heart failure (I50). All events were
classified independently by two research physicians. If the physicians disagreed, a
consensus was reached in a special session. Finally, a CVD expert verified all these
events. In cases of unresolved discrepancy, the judgement by the expert was |
considered definite.

A subject was defined as having a medical history of CVD if a myocardial
mfarction was diagnosed by a cardiologist or general practitioner, a stroke was
diagnosed by a physician, or if the patient reported having undergone CABG, PTCA,

or carotid endarterectomy.

Model development

For each risk indicator we performed an age-and sex-adjusted Cox proportional
hazard analysis and calculated the Akaike’s Information Criterion (AIC) as a measure
of increase in model performance for the prediction of CHD (25). The AIC 15
calculated as the ¥*-change minus two times the degrees of freedom, in which the xz is
the difference between two models on the —2log Likelihood scale (25, 30). First we
made sets of related risk indicators (Table 1}, 2.g. for blood pressure we examined
systolic blood pressure. diastolic blood pressure, pulse pressure and antihypertensive
medication use. For each set of related risk indicators we selected the variable with
the highest AIC provided the AIC was positive and examined whether the variable
with the next largest AIC was still additionally predictive over and above any variable
already included (AIC > 0). We additionally examined whether cholesterol and HDL-
cholesterol led to a better model performance when included separately compared to
using the cholesterol/HDL-ratio.

Of all selected variables, a backward stepwise analysis with a p-value-to-remove of
0.10 was performed to achieve the pre-final model. This strategy of selection of main
effects aimed to include all important risk indicators and therefore used a more liberal
criterion than the standard p < 0.05 criterion {24, 31). A more conservative approach
was followed for non-linear and interaction terms. Quadratic terms of all continuous
variables were tested and added to the pre-final model if p < 0.05. Subsequently, all
interaction terms with age and gender were tested and added to the pre-final mode! if

p <0.01. Also plausible interactions with mild manifestations of CVD were tested
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with a p-value-to-enter of 0.035. This final model is referred to as the Rotterdam CHD
risk function.

Using the Rotterdam CHD risk function, the AAI was tested for additional
prognostic value and added if the model improved significantly (p < 0.05). The
quadratic term of AAI and interactions of AAI with age, sex, and mild manifestations
of CVD were tested In the same way as described above, which yielded ‘extended
model 1°. The ECG characteristics were tested in a similar fashion, which yielded
‘extended model 27, In “extended model 3* both AAI and ECG-parameters were
tested for additional prognostic value.

Based on the final models, the subject-specific 5-year probability of CHD was

calculated as described in the technical appendix.

Model performamnce

The calibration of the Rotterdam CHD risk function was assessed graphically (32) to
study how closely predicted outcomes agree with actual outcomes. The observed 5-
year proportion of subjects with CHD was plotted against the average predicted 5-
year CHD risk as calculated with the Rotterdam CHD risk function within octiles.

The discriminative ability of the risk function was evaluated by the area under the
Receiver Operator Characteristic (ROC)-curve. The ROC curve is a plot of the true-
positive rate (sensitivity) against the false-positive rate (1 minus specificity),
evaluated for varying thresholds of predicted probability. The area under the ROC
curve (AUC) can be interpreted as the probability that the risk function will assign a
higher probability of CHE to a randomly chosen subject who gets CHD than to a
randomly chosen subject without incident CHD during 5 years.

To determine internal validity, bootstrapping was performed (24, 33). The full
selection process was repeated in every bootstrap sample (80 replications). We
estimated a shrinkage factor to improve calibration of predictions in future patients,
that is, to correct for overfitting of the sk function (24, 25). Bootstrapping also leads
to a more reliable estimate of model performance as can be expected in similar
populations (33).

The model performance of the Rotterdam CHD risk function was compared to the
performance of the Framingham CHD risk function (7} after refitting this risk

function to the Rotterdam Study population. Hereto, a new model was run with the
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same covariates and interaction terms as in the original Framingham CHD risk
function (34).

To study the additional predictive value of subclinical CVD (AAI and ECG
characteristics), the model performance of the Rotterdarn CHD risk function was
compared with the performance of the extended models. All model performances
were compared by differences in area under the ROC curve and tested for statistical
significance using a paired Z-test.

Analyses were performed using SPSS for Windows 9.0, SPSS Inc., Chicago, USA
and S-Plus version 2000, using the Design library (25).

RESULTS

Baseline-data of the study population are described in Table 1. Of the 5431 subjects,
21 percent were younger than 60 years whereas 14 percent were older than 75 years.
A substantial proportion of subjects used antihypertensive medication (26 percent),
had cormnplaints of angina pectoris (6.7 percent) or had experienced transient ischemie
attack (3.8 percent). Only 1.5 percent presented with intermittent claudication,
whereas 13.5 percent had peripheral arterial disease (AAI < 0.90). During a mean
follow-up period of 7 years, 2035 incident myocardial infarctions, 43 PTCAs. 44
CABGs, and 96 primary CHD deaths occurred, comprising a total of 388 CHD

events.

Medel development

For all the risk indicators taken into consideration, the prognostic impact as measured
by the AIC is presented in Table 1. All risk indicators were predictive for incident
CHD, except measures of obesity and family history of CVD. The most important
predictors were age, gender, diabetes mellitus, systolic blood pressure,
antihypertensive medication use, serum cholesterol, HDL-cholesterol and angina
pectoris. The use of antihypertensive medication was predictive even over and above
systolic blood pressure (AIC=17.4). Serum cholesterol and HDL-cholesterol led to a
better model performance when included separately than the cholestero/HDL-ratio.
Cigarette smoking, family history of myocardial infarction, intermittent claudication

and transient ischemic attack were also predictive, but only to a moderately extent.
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The model building process led to the Rotterdam CHD risk function of which the
selected variables and the corresponding hazard ratios are listed in Table 2. The model
performance improved significantly (AIC > 0) when taking into account the
interaction between systolic blood pressure and antihypertensive medication use, the
interaction between smoking and angina pectoris, and the guadratic term of
cholesterol.

The AAIL left ventricular hypertrophy and signs of silent myocardial infarction on
ECG were statisticaily significant predictors over and above the Rotterdam CHD risk
function. The corresponding hazard ratios, adjusted for the variables used in the
Rotterdam CHD risk function, are also listed in Table 2.

Model performance

The predicted probabilities obtained from the Rotterdam CHD risk function showed
very good agreement with the observed incidence (Figure 1). The Rotterdam CHD
risk function estimated the actual risk more precisely than the refitted Framingham
CHD risk function.

The Rotterdam CHD risk function discriminated well between patients with CHD
events during follow-up and subjects without, yielding an area under the ROC curve
(AUC) of 0.748 (95 percent confidence interval: 8.718, 0.778) (Table 3). The risk
function showed adequate internal validity, as indicated by the fact that the varable
selection and the value of the risk parameters were stable during the bootstrap
procedure. The AUC decreased to 0.732 (95 percent confidence interval: 0.709,
0.751) after bootstrapping (Table 3), suggesting that the discriminatory power will be
somewhat lower in other but similar populations than the Rotterdam Study
population. The shrinkage factor, derived from the bootstrap procedure was 0.91 for
the Rotterdam CHD risk function, and ranged from 0.88 to 0.89 for the extended
models. The final rigk functions with an exampie of the calculation of the 5-year CHD
risk are presented in the appendix.

The original Framingham CHD risk function was externally validated in our study
population, yielding an AUC of 0.693. After refitting the risk function, the AUC
increased significantly (p=0.001) to 0.728 (Table 3), indicating that the weight factors
of the Framingham CHD risk function were not completely applicable to the
Rotterdam Study. The discriminatory power of the Rotterdam CHD risk function was
significantly higher than the refitted Framingham CHD risk function (p=0.006 after
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bootstrapping). By using the Rotterdam CHD risk function instead of the refitted
Framingham CHD risk function, 35.0 percent instead of 30.0 percent of the events
could be predicted among subjects within the highest octile of the risk score and 55.2
percent instead of 53.0 percent within the highest quartile (Table 4).

The extended models all showed moderate but statistically significant
improvement compared to the Rotterdam CHD risk function, also after bootstrapping
(p=0.04). Including the AAT in the risk fumction increased the proportion of CHD
events predicted with 1.2 percent among subjects within the highest octile of CHD
risk and with 2.4 percent among subjects within the highest guartile of CHD risk
{Table 4). Finally, including ECG characteristics in the model in addition to the AAI
did not improve the discriminatory power significantly (p=0.07).

DISCUSSION

We developed a risk function to determine the risk of CHD from the characteristics of
5431 Dutch subjects aged 55 to 80 years without evident CVD at baseline. In addition
to traditional risk factors, mild manifestations of CVD had predictive value. The risk
function showed good performance as measured by AUC analysis and adequate
internal validity as determined by bootstrapping. Adding indicators of subclinical
CVD to the risk function improved the model performance slightly. Adding serum C-
reactive protein to the risk function did not lead to improvement in model
performance (AIC < 0)

In contrast to the Framingham Heart Study (8), in the present study CHD was
defined 2s non-fatal myocardial infarction, need for a coronary intervention, death due
to ischemic heart disease, and sudden cardiac death but angina pectoris was not
included in our outcome measure. Because mild manifestations of CVD, like angina
pectoris, transient ischemic attack and intermittent claudication are present in many
older adults, they were used as risk indicators rather than as exclusion criteria or
endpoints. The discriminatory power of the Rotterdarn CHD risk function was
significantly higher compared to the refitted Framingham CHD risk function (p=0.006
after bootstrapping), which at least in part can be ascribed to the additional prognostic

value of mild manifestations of CVD.
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In contrast to the Framingham Heart Study, no significant quadratic term was found
for age. This may be due to the fact that the age range was smaller in our study, which
considered subjects aged 535 to 80 years, while the Framingham CHD risk function
was fitted on subjects aged 30 to 74 years. Only the quadratic term of the plasma
cholesterol level was statisticaily significant and had a negative sign in our study. This
is caused by the fact that with increasing cholesterol level, the association between
cholesterol level and incident CHD diminishes. In contrast to the Framingham Heart
Study. no significant inieraction terms were found with gender. This can be due to the
fact that our risk function was derived in an older population in which the gender
difference in cardiovascular risk status becomes less pronournced.

The current study showed evidence that systolic blood pressure stronger associated
with CHD in subjects not using antihypertensive medication than in medication users.
We emphasize the importance of including both antihypertensive medication use and
its interaction with systolic blood pressure in the CHD risk function. We also found
an interaction, although inversely, between smoking and angina pectoris, which
indicates that the predictive value of smoking was stronger in subjects without angina
pectoris than in subjects with angina pectoris. This counter-intuitive result is known
as the smoker’s paradox (35, 36), i.e. non-smokers who present with angina pectoris
may have CVD risk factors other than smoking and known CVD risk factors which
put them at high risk.

In the middle-aged and elderly, Franklin et al. {18) suggested that pulse pressure
might be superior to systolic and diastolic blood pressure in predicting CHD risk.
However, in our study systolic blood pressure showed higher predictive power. In
agreement with findings from the Framingham study (19), the present study showed
additional predictive value of family history of myocardial infarction with an almost
similar (24 percent versus 29 percent} increased risk of CHD.

A substantial proportion of subjects had peripheral arterial disease {i.e. AAL < 0.90),
left ventricular hypertrophy or signs of myocardial infarction on ECG. Kuller et al
already showed that identification of subclinical CVED might provide an important
marker of the effect of CVD risk factors on the cardiovascular system among
relatively asymptomatic individuais (13). Cur results support this finding. The AAI
showed additional predictive value, even when intermittent claudication was already
in the model. ECG characteristics showed similar additional predictive value to the

risk function but no additional predictive value after including AATL Although the
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increase in AUC of the risk function was stafistically significant with the addition of
AAJ or ECG characteristics, the clinical relevance was limited; considering a
preventive strategy in which one is willing to treat 12.5 percent of the population with
the highest absolute risk of developing CHD, only 1 to 2 percent extra CHD events
could be prevented within 3 years.

The Rotterdam CHD risk function showed reasonable discriminative ability (AUC
= (.748, which decreased to 0.732 after bootstrapping). The PROCAM risk function
was reported with an apparent area under the ROC curve of 0.82, This higher value
may be explained by the fact that the PROCAM risk function was developed in a
younger population in which risk factors tend to have more impact. The authors did
not present their results after bootstrapping. which could have quite some impact on
the expected discriminatory ability of the risk function for other populations.

We believe that the Rotterdam CHD risk function can be applied to all older adults
without evident CVD. Before introduction on a wide scale, the model must be tested
further to establish whether its predictions are valid in other settings and younger age
groups, whether using the prediction rule is cost-effective, and above which threshold
of risk, preventive therapy should be advised.

In conclusion, the Rotterdam CHD risk function is a promising tool to select
subjects for CVD prevention. This risk function is suitable for a population of elder
adults in whom mild manifestations of CVD are commonly present and who are often
treated for their risk factors. The risk function performed better in older adults than

the Framingham CHD risk function.
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TABLE 1. Prognostic value of various risk indicators in the Rotterdam Study
population

The prognostic value of different risk indicators was measured by the Akaike's Information Criterion.
(AIC). adjusted for age and sex. The higher the AIC, the higher the prognostic information. An AIC

equal to or smaller than zere indicates no additive predictive value over and above age and gender.

Risk indicaters * Mean (SD) / proportion AICH
Traditional risk indicators

Age at interview (years) 67 (7) 46.3
Male sex (%} 40 86.7
Diabetes mellitus (%) 8 13.7
Current cigarette smoking (%) 23 261
Former ciparette smoking (%0) 41 -
Syswolic blood pressure (mmHg) 138 {22) 238
Dhastolic blood pressure {ramHg) 741D 6.0
Pulse pressure (mmHg) 64 (17) 19.5
Antihypertensive medication use (%) 26 237§
Serum choelesterol (mmol/1) 6.7(1.2) 212
Serum HDL-cholesterol (mmol/1) 1.4(0.4) 18.6
Cholesterol/HDL-ratio 3.2(1.6) 421
Cholesterol and HDL-cholesterol 46.0#
Body mass index (kg/m®) 26 (4) 20
Waist to hip ratio 0.90 (0.09) -1.3
Family history of cardiovascular disease (%) 24 -0.1
Family history of myocardial infarction (%) 17 2.9
Mild manifestations of CVD

Angina pectoris (%) 6.7 33.1
Intermittent Claudication {%) 1.3 43
Transient ischemic attack (%) ** 38 1.7
Subclinical CVD

Peripheral arterial disease 1 (%) 135 13.7
Ankle-arm index 1.02 (0.19) 344
Left ventricular hypertrophy on ECG (%) 46 10.1
Signs of myocardial infarction on ECG (%) 5.7 4.9
Agrial fibriliation on ECG (%) L7 -1.8
ECG characteristics combined 3 15.3

* A detailed description of all risk indicators can be found in the methods section {Assessment of risk indicators).
T Akaike’s Information Criterion

} The categories of current smokers and former smokers were compared to the reference group (never smokers)
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§ The AIC is measured with adjustment for age. sex and systolic blood pressure was 17.4,
# The AIC by adding cholesterol and HDI.-cholesterol as two separate variables to the model with age and sex.
** Transient [schemic Atiack{s)

1+ Defined as an ankle-arm index lower than 0.90

$1 The additional prognostic value was assessed of imtroducing both left ventricular hypertrophy, sigas of
myocardial infarction and atral fibrillation on ECG to the model containing age and sex.
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TABLE 2. Multivariable adjusted hazard ratios for the risk of CHD

All variables used m the Rotterdam CHD risk function are listed with corresponding hazard ratios and
95% confidence intervals, Additionally, the hazard ratios of ankle-arm index and the ECG
characteristics are listed with the corresponding hazard ratios, adjusted for all vanables used in the
Rotterdam CHD risk function.

Determinants Hazard Ratio 25% Confidence Intervals
Rotterdarn CHD risk finction ‘

Age (per 10 years) 1.52 1.29.1.80
Male gender 250 1.97.3.18
Diabetes mellitus 1.54 1.16. 2.06
Smoking * 1.42 1.08,1.87
Antihypertensive medication use 136 1.08.1.73
SBPT in medication users (per 10 mmHg) 1.03 1.02,1.08
SBPY{ in subjects not using medication .13 1.12,1.18
Cholesterol (per murol/1) 2.28 1.17. 4.42
Cholesterol x Cholesterol 0.96 091,1.00
HDL-cholesterol (per mmol/1) 0.51 0.37,0.71
Family history of myocardial infarction 1.24 (.96, 1.61
Angina pectoris in non-srokers 3.19 2.00.5.08
Angina pectoris in smokers 1.57 1.09,2.27
Intermittent claudication .71 0.98,2.90

Extended models

Ankle-arm index 0.46§ 0.29,0.74
Left ventricular hypertrophy by ECG 1.63§ 1.15,231
Silent myocardial infarction by ECG 1.47% 1.04,2.06

* Because bazard ratios for past and current smoking were almost identical after introducing angina pectoris in the
model, the categories were merged.

T SBP = systolic blood pressure’

T Reference i non-smoking subjects without angina pectoris

§ The hazard ratic is adjusted for all variables of the Rotterdam CHD risk function
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TABLE 3. Model performance

For all risk functions developed, the Area under the Receiver Operating Characteristic Curve (AUC)
was calculated 3s a measure of discriminatory power, with and without bootstrapping. For comparison,
the AUC of the Framingham CHD risk function was calculated after refitting the risk funetion to the
Rotterdam Study population.

Risk function AUC* {apparent?) AUC After bootstrapping ]
Rotterdam risk function $.748 [0.718-0.778] $.732 [0.709-0.751]
Framingham refitted § 6.728 [0.698-0.759] 0.721 [0.691-0.752)

Extended models

Extended model 1 # 0.754 [0.724-0.784] 0.739 [0.714-0.755]
Extended mode] 2 =+ 0.754 [0.725-0.784] 0.739 [0.715-0.755]
Extended model 3 1+ §.759 [0.730-0.789] 0.742 [0.715-0.7597

* AUC = Arca under the Receiver Operating Characteristic curve as measure of diseriminatory power.

T Mean and 93% confidence interval of AUC calcuiated in the original dataset

T Mean and 95% confidenee interval of AUC within 80 different bootstraps

§ A new model was run in the Rotterdam Study population with the same covariates and interaction terms as in the
Framingham CHD risk function. (1)

# Including ankle-arm index in additien to the risk indicators of the Rotterdam risk function.

** Including ECG charactenistics in addition to the risk indicators of the Rotterdam risk function.

%t Including both ankle-arm index and ECG characteristics in addition to the risk indicators of the Rotterdam risk
fimction.
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TABLE 4. Cliniczl discriminatiocn
Percentages reflect the proportion of CHD events predicted among subjects with the

highest CHD risk (positive predictive value).

Highest octile Highest quartile
Rotterdam risk function  35.0% 55.2%
Framingham refitted® 30.0% 53.0%
Extended model I 36.2% 57.6%
Extended model 2} 35.8% | 56.0%
Extended model 3 § 37.0% 58.4%

* A new model was run in the Rotterdam Study population with the same covariates and interaction terms as in the
Framingham CHD risk function, (1)

1 Including ankie-arm index in addition 1o the risk indicators of the Rotterdam risk function.

} Including ECG characteristics in addition to the risk indicators of the Rotterdam risk function.

§ Including both ankle-arm index and ECG characteristics in addition to the rigk indicators of the Rotterdam risk

function.
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Figure 1.

Calibration plots showing the agreement of the predicted probabilities obtained from
the models with the observed incidence of CHD within 5 years of follow-up. The
calibration of the Rotterdam CHD risk function is compared to the calibration of the
refitted Framingham CHD risk function.
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Prediction of Coronary Heart Disease & Stroke

in an older population

Abstract

Context Several risk functions have been developed for risk stratification in the
primary prevention of cardiovascular disease (CVD). These risk functions may not be
applicable to older adults, in whom mild manifestations of CVD and subclinical CVD
are commonly present.

Objective The purpose of this study was to develop a risk function to target older
individuals at high risk of CVD.

Design We developed Cox proportional hazard regression models for the jolnt S-year
risk of coronary heart disease and stroke. A risk function was derived and the
additional prognostic impact of new risk indicators was studied with area under the
Receiver Operating Characteristic curve analysis.

Setting The Rotterdam Study. a population-based cohort follow-up study.
Participants We included 5431 men and women aged 35-80 years without evident
CVD at baseline.

Main Outcome Measure The 5-year risk of cardiovascular disease (CVD).

Results During 7 years of follow-up, 648 CVD events (388 coronary heart disease
events and 260 strokes) occurred. Predictors that were selected by multivariable
regression analysis included medical history, blood pressure measurements,
laboratory tests, medication use and mild manifestations of CVD. The Rotterdam
CVD risk function discriminated well between subjects who develop CVD and those
who do not (area under the Receiver Operating Characteristic curve (AUC), 0.743;
95% confidence interval 0.719-0.767). The discriminant accuracy of the risk function
was slightly improved (p = 0.002) by including ankle-arm index and ECG
characteristics (AUC, 0.749; 95% confidence interval 0.725-0.773), but not by
including serum C-reactive protein (p > 0.03).

Conclusion The Rotterdam CVD risk function offers a promising tool to select

subjects for CVD prevention among older adults.
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INTRODUCTION

Cardiovascular disease (CVD) is the main cause of mortality in industrial countries.
Recent trials have shown that lowering serum cholesterol,' lowering blood pressure”
and the use of low dose aspirin™® reduce the risk of cardiovascular events. The
absolute benefit of these interventions depends on the pre-treatment level of risk of
coronary heart disease and stroke.>* Current guidelines'* emphasize the importance
of selecting subjects based on their absolute risk. Because mterventions for coronary
heart disease and stroke are largely overlapping, and their treatment will affect both
outcomes, it is useful to derive a single risk function to estimate the total risk of CVD
instead of the risk of coronary heart disease or the risk of stroke separately.

Several CVD risk functions have been developed for use in primary prevention of
CVD.”" These risk functions, however, have several limitations. First, they may not
be applicable to older adults in whom mild manifestations of CVD or subclinical
CVD are commonly present. Risk intervention may be especially useful in this group,
and hence it is worthwhile to consider mild manifestations of CVD as predictors of
coronary heart disease and stroke.'*'® Indicators of subckinical CVD such as ankle-
arm index and various ECG characteristics can be easily assessed at relatively low
cost and may also be useful for risk stratification in a population of older adults. ™'

Second, new risk indicators are evaluated for additional predictive value. In an
attempt {0 improve cardiovascular risk prediction, considerable interest has focused
on C-reactive protein (CRP), a marker of inflammation that has been shown in
multiple prospective epidemiological studies to predict myocardial infarction, stroke,

19-22

and cardiovascular mortality. None of the presented risk functions”"®, however,
did include CRP or other markers of inflammation in their risk function.

Third, in previous risk functions, stroke and coronary heart disease are combined
in the outcome of interest while it is known that risk factors have different impact on
stroke than they have on coronary heart disease. For example, plasma cholesterol
Ieve] appears to be predictive especially of coronary heart disease while systolic blood
pressure is more predictive of the risk of stroke.” Therefore, it may be better to
develop a risk function, which estimates the risk of CVD by calculating the risk for
stroke and coronary heart disease separately.

The purpose of the present study was to develop an efficient risk function,

especially useful in a population of older adults, based on traditional risk factors and
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mild manifestations of cardiovascular disease. We also evaluated the additional

predictive value of various indicators of subclinical cardiovascular disease, and of
CRP.

METHODS

Study population

Within the Rotterdam Study population. a prospective population cohort of 7983
subjects, we selected 5431 men and women aged 55-80 years without documented
myocardial infarction, stroke, coronary revascularization, or carotid intervention at
baseline. These subjects were followed for a mean of 7 years.™ All subjects gave
written informed consent and the study was approved by the medical ethics committee
of the Erasmus Medical Center, Rotterdam.

Assessment of risk indicators

The baseline examination was conducted from 1990 to 1993. Participants were
interviewed at home by trained research assistants, using a computerized
questionnaire. Subsequently, the participants visited the research center for several
measurements, including blood pressure at arms and ankles, body mass index, and
blood sampling. The Rose questionnairezs was used to detect signs of angina pectoris
and/or intermittent claudication. A history of a transient ischemic attack was also
assessed using a structured questio;nnaire.26 Details about the assessment of these risk
indicators are described in earlier publications.** Blood samples were drawn at the
research center after an overnight fast and were directly put on ice. Serum samples
were processed within 30 minutes, after which they were kept frozen at -20 °C. CRP
was determined in all subjects who developed CVD and in a random set of controls.

CRP was measured using a nephelometric method (Immage®, Beckman Coulter).

Qutcome assessment

Subjects were followed from baseline to 2000 and follow-up consisted of three
physical examinations and surveillance of hospital admissions, death registries and
other available medical sources, ensuring highly accurate follow-up of death and

clinical manifestations of CVD. All events were classified according to the
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International Classification of Diseases, 10th version. Cardiovascular disease was
defined as myocardial infarction (121-code), PTCA (Z95.5), CABG (Z£95.1), stroke
(160-169), death from ischemic heart disease (120-125). sudden death (146, 149, R94),
death due to congestive heart failure (150) and death from stroke (160-169). All events
were classified independently by two research physicians. If the physicians disagreed,
a consensus was reached in a special session. Finally., a CVD expert verified all these
events. In cases of unresolved discrepancy, the judgement by the expert was

considered definite.

Medel development

Age and sex adjusted Cox proportional hazard models were used to examine the
association between various risk indicators and the risk of coronary heart disease and
stroke respectively. For blood pressure we examined systolic blood pressure, diastolic
blood pressure, pulse pressure and antihypertensive medication use. We selected the
blood pressure variable with the highest predictive value and examined whether the
blood pressure variable with the next largest predictive value was still additionally
predictive over and above the variable already included. We additionally examined
whether cholesterol and HDL-cholesterol led to a better predictive value when
included separately compared to using the cholesterol/HDL-ratio. All selected risk
indicators were combined in one model for coronary heart disease and one for stroke.
We tested whether the association between the selected risk indicators and the
outcome was linear (quadratic terms) and whether there was synergy between the risk
indicators in predicting the outcome (interaction terms).””* In both the model for
coronary heart disease and that for stroke, the ankle-arm index was tested for
additional predictive value and added if the model improved significantly (p< 0.03).
The quadratic term of ankle-arm index and interactions of ankle-arm index with age,
sex, and mild manifestations of CVD were tested, which yielded “extended model 1°.
The ECG characteristics were tested In a similar fashion, which vielded “extended
model 27, In “extended model 3" we tested the additional predictive value of serum C-
reactive protein using the same criteria. We tested the additional predictive value of
CRP mn a case-control design by logistic regression analysis with adjustment for

follow-up time.
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To determine internal validity, we used a proper biostatistical technique.”’=* All
coefficients were adapted to improve cerrectness of predictions in future patients.

Detajled information about the model development is given in technical appendix A.

Model perfermance

To study how closely observed outcomes agree with predicted outcomes the observed
S-year risk of subjects with CVD was plotted against the average predicted 5-year
CVD risk as calculated with the Rotterdam CVD risk function within octiles.”

The discriminant accuracy of the risk function was evaluated by the area under the
Receiver Operator Characteristic (ROC)-curve. The area under the ROC curve (AUC)
can be interpreted as the probability that the risk function will assign a higher
probability of CVD to a randomly chosen subject who develops CVD than to a
randomly chosen subject who does not develop CVD during 5 years. The discriminant
accuracy of the Rotterdam CVD risk function was compared to that of the
Framingham CVD rigk function after refitting this risk function to the Rotterdam
Study population. Hereto, a new model was run with the same covariates and
interaction terms as in the original Framingham CVD risk function.”

To study the additional predictive value of subclinical CVD (ankle-arm index and
ECG characteristics) and CRP, the discriminant accuracy of the Rotterdam CVD risk
function was compared with the discriminant accuracy of the extended models.
Differences in discriminant accuracy were compared by differences in area under the
ROC curve and tested for statistical significance using a paired Z-test.”’

Analyses were performed using SPSS (version 9.0, SPSS Inc., Chicago, USA) and
S-Plus (version 2000, Insightful Inc., Seattle, WA), using the Design library >

RESULTS

Baseline-data of the study population are described in Table 1. Of the 5431 subjects,
21% were 55 to 60 years old whereas 14% were older than 73 years. A substantial
proportion of subjects used antihypertensive medication (26%), had complaints
suggestive of angina pectoris (6.7%), or had experienced transient ischemic attack
(3.8%). Only 1.3% presented with intermittent claudication, whereas 13.5% had

peripheral arterial disease defined as an ankle-arm index <0.90.
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During a mean follow-up of 7 years, 611 subjects had a first symptomatic
cardiovascular disease event. Among these 611 subjects, 37 had both coronary heart

disease and a stroke during follow-up. In total 388 coronary heart disease events and

260 strokes occurred.

Model development
The selected variables within the Rotterdam CVD risk function and the corresponding
coefficients are listed in Table 2.

Age was the most predictive variable for stroke while gender was the most
predictive variable for coronary heart disease. Serum cholesterol was not predictive of
stroke, but was an important predictor of coronary heart disease. Smoking and blood
pressure were especially predictive of stroke. Measures of obesity were neither
predictive of stroke nor of coronary heart disease.

Amntihypertensive medication use significantly added to the prediction of both
coropary heart disease and stroke. It also altered the association between systolic
blood pressure and incident CVD (negative interaction term). In subjects using
antihypertensive medication, systolic blood pressure was less strongly associated with
incident CVD than in subjects not using antihypertensive medication.

Cholesterol lowering medication was used in only 1.7% of the subjects at baseline
in 1990-1993 of the study and it was not possible to study its additional predictive
value. For that reason, we studied the possible predictive value of cholesterol
lowering medication use at the time of the third visit at the Rotterdam study center for
subsequent CVD. In a total of 1795 subjects without prior CVD, 53 developed CVD
during remaining follow-up time. At that time, 10.6% of the subjects used cholesterol-
lowering medication, however, medication use did not have predictive value (AIC = -
1.623, adjusted for age and gender) and it did not alter the association between
cholesterol and the development of CHD.

Both the ankie-arm index and ECG characteristics were statistically significant
predictors over and above age and gender. The ankle-arm index was a stronger
predictor for coronary heart disease (¥2= 36.4; p=0.000) than for stroke {32=15.5;
p=0.000), while the presence of left ventricular hypertrophy was only predictive of
coronary heart disease (¥2=12.1; p=0.000). Both ankle-arm index and ECG
characteristics were still additionally predictive over and above the risk indicators
used in the Rotterdam CVD risk function.
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Serum CRP was predictive of both coronary heart disease 6(2=6.0; p=0.015) and
stroke (x2=4.7; p=0.031). Serumn CRP, however, was not predictive over and above
the risk indicators used in the Rotterdam CVD risk function (x2=0.9; p=0.340 for
coronary heart disease and y2=2.2; p=0.139 for stroke).

The final risk functions to determine the 5-year CVD risk are presented in
appendix B. Details about how to calculate the 5-year risk of CVI) is described in
appendix C..

Model performance

The predicted probabilities obtained from the Rotterdam CVD risk function showed
very good agreement with the observed risk. (Figure 1) When using the original
Framingham CVD risk function in our population, the risk is overestimated
systematically. Refitting of the Framingham CVD risk function in our population
improved the agreement between observed and predicted risk. The Rotterdam CVD
risk function, which joins the risk of coronary heart disease and stroke, however,
showed the best model fit.

The Rotterdam CVD risk function discriminated well between subjects who
develop CVD and those who do not develop CVD (area under the Receiver Operating
Characteristic curve (AUC), 0.743 (95% confidence interval (CI) 0.719-0.767)).
(Table 3)

The discriminant accuracy of the Framingham CVD risk function (AUC 0.713;
95% CI 0.688-0.738) was significantly lower than that of the Rotterdam CVD risk
function {p = 0.0001). The discriminant accuracy of the Framingham CVD risk
function increased slightly after refitting (AUC 0.724; 95% CI 0.699-0.749) but was
stilk significantly lower than that of the Rotterdam CVD risk function (p = 0.0009).
Considering a preventive strategy in which one is willing to treat 12.5% of the
population with the highest absolute risk of developing CVD, more than 4% extra
cardiovascular disease events could be targeted within 5 years using the Rotterdam
CVD risk function instead of the Framingham CVD risk function. (Table 3)

When adding the ankle-arm index, the risk function showed a statistically
significant (p = 0.0021) but small improvement in discriminant accuracy (AUC, 0.749
(95% CI 0.725-0.773). Adding ECG characteristics instead of ankle-arm index
vielded a similar improvement. Within the highest octile of risk scores, however,

including ECG characteristics led to 2 higher increase in discriminant accuracy than
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The Rotterdam CVD risk function is ready to be applied to older adults without
evident CVD. Clinical decision analysis would be useful to examine above which
threshold of risk (additional) preventive therapy should be advised.

In conclusion, the Rotterdam CVD risk function offers a useful tool to select
subjects at high risk for CVD. This risk function is suitable for a population of older
adults in whom mild manifestations of CVD are commouly present and who are often
already treated for some of their risk factors. Additional measurement of ankle-arm
index and ECG offers slightly better discrimination between high and low risk

individuals. Serum C-reactive protein did not improve CVD prediction.
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TABLE 1. Baseline characteristics.

RISK INDICATORS * MEAN £ SD / PROPORTION
Age at interview (years) 677
Male sex (o) 40
Diabetes mellitus (%) 8
Current cigarette smoking (%) 23
Former cigarette smoking (%) 4]
Systolic blood pressure (mmHg) 138 +£22
Diastolic blood pressure (mmHg) 74+ 11
Pulse pressure (mmHg) 64117
Antihypertensive medication use (%) 26
Serum cholestero] {mmol/T) 6.7+1.2
Serum HDL-cholesterol (mmol/1) 1.4+04
Body mass index (kg/m®) 26 +4
Waist to hip ratio 0.90£0.09
Family history of cardiovascular disease (%) 24
Family history of myocardial infarction (%) 17
Angina pectoris (%o} 6.7
Intermittent Claudication (%) 1.5
Peripheral artenial disease (%) T 13.5
Ankle-arm index 1.09 £0.19
Left ventricular hypertrophy on ECG (%) 4.6
Silent myocardial infarction on ECG (%) 57
Atrial fibrillation on ECG (%) 1.7
Serum C-reactive protein (mg/1) T 29+54

* A detailed description of all risk indicators can be found in the methods section {Assessment of risk
indicators).
T Defined as an ankle-arm index < 0.90

T Serum C-reactive protein as measured in a random selection of the controls (n=617)
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TABLE 2. The selected risk imdicators with the coefficients im the Rotterdam
CVD risk function.

Coronary heart disease Stroke

Male gender 0.8662 0.2435
Age 0.0372 0.5114
Agex Age -* -3.0033
Diabetes mellitus 0.3797 0.3281
Cholesterol (mmol/l) 0.7365 ' =
Cholesterol x Cholesterol -0.0382 .F
HDL-~cholesterol (mmol/l) -0.6163 -*
Family history of MI 0.1771 -*
Systolic blood pressure (mmHg) 0.0139 0.0195
Antihypertensive medication use 1.4958 2.0342
SBP x antihypertensive medication use -0.0086 -0.0128
Past smoking 0.3069 03138
Current smoking 0.3798 0.6076
Angina pectoris 1.0630 -*
Angina pectoris x past smoking -0.5718 -
Angina pectoris x current smoking -0.5757 ¥
Intermittent claudication 0.3577 -*
Transient Ischemic Anacks -* 0.7250

* : Not included 1n the risk function because of non-significance.
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TARLE 3. Discriminant accuracy.

For all risk functions developed, the Area under the Receiver Operating Characteristic
Curve (AUC) was calculated as a measure of discriminant accuracy. For comparison,
the AUC of the Framingham Cardiovascular Disease risk function was calcuiated
after refitting the risk function to the Rotterdamn Study population. The percentages in
the last column reflect the proportion of cardiovascular disease events predicted

among subjects in the highest octile risk scores.

Risk function AUC* % CVD events
within highest octile

Rotterdam risk function 0.743 [0.719-0.767] 31.4%

Framingham % 0.713 [0.688-0.738] 27.0%

Framingham refitted | 0.724 [0.699-0.749] 27.6%

Extended models

Model 1 § 0.749 [0.725-0.773] 32.9%
Model 2 || 0.749 [0.725-0.773] 34.2%
Model 3 9 -

* AUC = Area under the Receiver Operating Characteristic curve as measure of discriminant accuracy.
T The original Framingham Cardiovascuiar Disease risk function.

I A new model was run in the Rotterdam Study population with the same covariates and interaction
terms as in the Framingham Cardiovascular Disease risk function,

§ Including ankle-arm index in addition to the risk indicators of the Rotterdam Cardiovascular Disease
risk function.

|| Including ECG characteristics in addition to the risk indicators of the Rotterdam Cardiovascular
Disease risk function.

9 Including serum C-reactive protein i addition to the risk indicators of the Rotterdam Cardiovascular
Disease risk function did not lead to improvement in model performance (p > 0.05) and was therefore

not tested for improvement in diseriminant accuracy.
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Figure 1.
Plots showing the agreement of the predicted probabilities with the observed risk of
cardiovascular disease within 3 years of follow-up. The model fit of the Rotterdam

Cardiovascular Disease risk function is compared to the model fit of the Framingham

Cardiovascular Disease risk function.
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Validation of a Monte Carlo-Markov mode] for

cardiovascular disease in a cohort follow-up study

Abstract

Objective. To determine the validity of the Rotterdam Ischemic heart disease &
Swoke Computer (RISC) model, 2 Monte Carlo-Markov model, designed to evaluate
the impact of cardiovascular disease (CVD) risk factors and their modification on life
expectancy (LE}) and cardiovascular disease-free LE (DFLE) in 2 general population,
Methods. The model is based on data from the Rotterdam Study, a cohort follow-up
study of 6871 subjects aged 35 years and older who visited the research center for risk
factor assessment at baseline (1990-1993) and completed a follow-up visit 7 years
later (original cohort). The transition probabilities and risk factor trends used in the
RISC model were based on data from 3501 subjects (the study cohort). To validate
the RISC model, the number of simulated CVD events during 7 years follow-up were
compared with the observed number of events in the study cohort and the original
cohort, respectively, and simulated (DF)LEs were compared with the (DF)LEs
calculated from multi-state life tables.

Results. Both in the study cohort and in the original cohort, the simulated distribution
of CVD events was consistent with the observed number of events (CVD deaths:
7.1% vs 6.6% and 7.4% vs 7.6% respectively:; non-CVD deaths: 11.2% vs 11.5% and
12.9% vs 13.0% respectively). The distribution of (DF)LEs estimated with the RISC
model consistently encompassed the (DF)LEs calculated with multi-state life tables.
Conclusions. The simulated events and (DF)LE estimates from the RISC model are

consistent with observed data from 2 cohort follow-up study.
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INTROBUCTION

Over the past 50 years the epidemiology of cardiovascular disease (CVD) has been
extensively investigated and described. Large prospective studies have identified and
quantified the major modifiable risk factors™ and numerous studies have
demonstrated that altering these risk factors causes a reduction in event rates. ™

To evaluate the effect of CVD risk factors on life expectancy (LE) and
cardiovascular disease-free LE (IDFLE) in a general population, we developed a
Monte Carlo-Markov simulation model.” The model was based on data from the
Rotterdam Study. a cohort follow-up study of adults aged 55 years and older.'® The
model will be referred to as the Rotterdarn Ischemic heart disease & Stroke Computer
simulation model {RISC model). The Monte Carlo structure enables modeling of
uncertainty in transition probabilities and correlations between parameters.
Furthermore, the Monte Carlo-Markov model can incorporate individual risk factor
profiles and memory of individual life histories.

A common problem with simulation models of this kind is the fack of credibility.
Validation of the model is needed to determine whether the model is likely to be
useful and improves credibility for decision making in reality. Three levels of
validation should be distinguished.'"' The first level of validity is apparent validity,
or accuracy. This is the validity in the sample used to develop the model. The second
level of validity is internal validity, the validity in the population from which the
sample originated. The third level of validity is external validity, the validity in other
similar populations. To study validity, the simulated events should be compared with
observed events. Accurate predictions of the frequency of events are in agreement
with the observed outcome frequencies (calibration) and accurate predicted
probabilities of an event are higher for those who develop the outcome than for those
who do not develop the outcome (discrimination).’'*'*

The purpose of this study was to validate the RISC model through comparison of
the simulated CVD burden to the observed CVD burden in the Rotterdam cohort

follow-up study, that i1s to examine apparent and internal validity of the model.
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METHODS

The RISC model is a Monte Carlo-Markov model, which was developed to predict the
future CVD mortality and morbidity in the original Rotterdam Study population. aged
55 and older at study onset, and followed from 1991 to 2000. Through its capability to
simulate changes in risk factors in subjects without CVD, the model is very well
suited to examine the effects of preventive strategies. Furthermore, the Monte Carlo

structure enables the evaluation of variability and uncertainty.'> !¢

The model

The RISC model is a state-transition model (schematically presented in Figure 1) with
six states: (1) the CVD death state, (2) the non-CVD death state, {3) the Ischemic
Heart Disease (IHID) state, (4) the Stroke state, (5) the IHD and Stroke state and (6}
the Well state (being alive without ischemic heart disease or stroke). The model
simulates incident CVD events in persons with and without previous CVD. The cycle
length is 0.1 years. The model was built in TreeAge (version Data Professional
release 10, TreeAge Software, Inc., Williamstown, USA).

To estimate transition probabilities for different risk indicator patterns, we
constructed six transition probability functions based on Cox proportional hazard
analyses with follow-up time as the time axis. The first probability function models
the transition probability from the Well state to the [HD state and from the Stroke
state to the IHD & Stroke state. When modeling incident IHD, subjects with incident
stroke were censored at the time of their stroke. The second function models the
transition probability from the Well state to the Stroke state and from the IHD state to
the IHD & Stroke state. When modeling.incident stroke, subjects with incident THD
were censored at the time of their IHD event. In both models having experienced IHD
or stroke is included as one of the covariates. The third and the fourth functions model
the transition probability from the Well state, the THD state, the Stroke state and the
THD & Stroke state to the CVD death state and the non-CVD death state, respectively.
When modeling cardiovascular and non-cardiovascular mortality, subjects with
incident IHD or stroke were censored at the time of their event. In the fifth and sixth
functions, the cardiovascular mortality rates within 6 months after fH{D and stroke
respectively (case-fatality) were modeled. The fourth IHID event and the third stroke

were assumed always to be fatal.
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We performed stepwise-backward Cox proportional hazard analyses to select ali
important risk indicators for each of the six transition probability functions, as
determined by Akaike’s Information Criterion (AIC) > 0.'™'® The AIC can be
calculated as the xz-change minus two times the degrees of freedom, in which the ¥* is
the likelihood ratio test statistic. Subsequently, quadratic terms of all continuous
varizbles and interaction terms with age, gender and medical history of CVD were
tested and added to the transition probability function if ATC was greater than 0.

Individual risk indicator profiles (as sampled from the Rotterdam Study
participants) were used to estimate the transition probabilities for each subject. The
compiete risk indicator profile of each individual was updated every 5 years in the
model. Changes in continuous risk indicator levels due to aging were estimated from
the Rotterdam Study data using linear regression analysis with age and gender as
covariates and modeled as a continuous increase or decrease per 5 years. Changes in
dichotornous risk indicators were analyzed using logistic regression analysis with
gender and all (updated) continuous risk indicators as covariates and were modeled as
“hidden states™ using tracker variables. Every S-year period during follow-up, the
presence of each dichotomous risk indicator was updated by drawing from a binomial
distribution with a probability parameter given by the logistic model. All events were

counted during simulation using tracker variables.

Data sources 2nd study population _

The population based risk indicator profiles and transition probability functions were
based on data from the Rotterdam study population. The Rotterdam study population
consisted of 7983 adults aged 55 and older residing in Ommoord, the Netherlands. Of
these respondents, 6871 (86%) visited the research center for risk indicator
assessment at baseline (1990-1993) and had a complete follow-up for at least 7 years
{original cohort). All subjects signed an informed consent form.'

The risk indicators considered were age, sex, smoking status, hypertension,
systolic and diastolic blood pressure, diabetes mellitus, plasma glucose level, body
mass index, waist to hip ratio, plasma cholesterol and HDL-cholesterol level, plasma
creatinine level, family history of CVD, ankle-brachial systolic blood pressure index,
manifestations of intermittent claudication, angina pectoris, atrial fibrillation or

transient ischemic attacks and prevalent CVD. A person was designated as having

prevalent CVD if a myocardial infarction or a stroke was diagnosed by a physician
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and/or the patient reported CABG, PTCA, or carotid surgery in the past. Information
on ail these risk indicators was available in 3501 of the 6871 subjects. The variables
mostly missing were plasma creatinine level and ankle-brachial systolic blood
pressure index. Plasma creatinine level was missing in 26.2% of the subjects, while
ankle-brachial systolic blood pressure index was missing in 10.4% of the subjects.
Only 6% of the subjects had 2 or more risk indicators missing. On the basis of the
3501 subjects (study cohort), the transition probability functions and changes in risk
indicators with aging were fitted.

All incident events during follow-up were classified according to the International
Classification of Diseases, 10th version (ICD-10). The events of interest include THD
(myocardial infarction (121-code), PTCA and CABG), ischemic stroke (163, [64),
death from cardiovascular disease (mortality due to I10-115: hypertensive heart
disease, [20-125: ischemic heart disease, 146 & [49: sudden cardiac death, I150:
congestive heart failure, 160-167: cerebrovascular disease, 170-179: other arterial
disease and R96: sudden death)}, and non-cardiovascular mortality (all other mortality

codes).

Uncertainty & Variability
We modeled parameter uncertainty by estimating the distribution of the value of each
of the input variables and performing a second-order Monte Carlo simulation."” To
model the uncertainty in the transition probability functions, 100 bootstrap samples of
the study population were drawn. All the transition probability functions were fitted
for every bootstrap sample, resulting in 100 sets of linked transition probability
functions. For each RISC simulation sample, we drew one set of linked functions
randomiy from these 100 bootstrap sets. In the second-order Monte Carlo simulation
the parameter uncertainty resulted in a confidence interval for the model outcome.'®
Evaluation of a policy decision for a heterogeneous population requires analysis
of the variability within that population. Variability within the population (or
heterogeneity) was modeled by simulating every individual subject from the source
population separately. Since individual subjects with their entire risk profiles were
simutated, correlations between the risk indicators were taken into account, Modeling
only the mean values for the risk indicators would result in the wrong outcome since

the outcome is a non-linear function of the subject characteristics.'”
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Validity on the population level
To study the validity of the RISC model, we studied how closely the simulated
number of incident CVD events and (DF)LE agreed with the observed number of
events and (DF)LE. To simulate the mean and distribution around the mean of the
outcomes, we drew 100 second-order parameter sets and with each parameter set
consecutively simulated all the subjects i the study cohort (100x3501) and original
cohort (100x6871). respectively. Apparent validity was examined by comparing the
simulated incidence of CVD events within 7 years to the observed incidence of events
derived from the 7-year follow-up of the 3501 subjects with complete data (the study
cohort). Subsequently, we imputed the 3370 incomplete risk factor profiles using the
Expectation Maximization method, used the total of 6871 risk factor profiles as input
for the RISC model, and performed the same simulations. Internal validity was
studied by comparing the simulated number of CVD events to the observed number of
events derived from the 7-year follow-up of the original cohort (6871 subjects).
Furthermore, we performed a life-long simulation to caiculate (DF)LE for various
subpopulations. Internal validity was further studied by comparing the simulated
(DF)LE with the (DF)LE estimates derived from multi-state life tables.” We
constructed multi-state life tables with the states “free of cardiovascular disease™,
“cardiovascular disease™, and “death”, using the 6871 individuals from the Rotterdam
Study. The age-specific transition rates for the transitions “free of cardiovascular
disease™ to “cardiovascular disease™, “free of cardiovascular disease™ to “death™, and
“cardiovascular disease™ to “death™ were estimated from follow-up data until 1999,
assuming a2 Gompertz distribution with age.”! Estimations were made separately for
men and women for ages 55 to 104. For life table construction each age-specific
transition rate was converted to a probability, assuming that the hazard 1s constant
within ecach age interval. The life tables started at age 55, 60, 63, 70, 75 or 80,
assuming a prevalence of CVD at the starting age equivalent to that in the original
cohort, and they terminated assuming 100% mortality at age 105. Life expectancy
was calculated as the total number of years lived per person in the life table. CVD free
life expectancy is then the proportion of years lived without CVD. Life expectancies
for the total population were calculated as the average of the estirated life
expectancies for each of the 6871 Rotterdam Study participants based on their exact

age at entry and sex.
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Validity on the individual level

To study the validity of the RISC model on the individual level, we performed a 3-
year long simulation by sampling the 3501 subjects conseeutively and running 100
first-order trials for each subject, The parameters of the transition probability
functions were sampled for every tnial. The outcome of this simulation consisted of
3501 mean cumulative incidence rates of CVD events, that is, a predicted rate for
every individual from the study cohort. We studied validity on the individual level
only within the study cohort because this analysis required complete baseline- and
follow-up information.

The calibration of the RISC model was assessed graphically to determine how
closely the predicted outcomes agreed with the observed outcomes. For each type of
event the observed 5-year event rate was plotted against the average simulated 5-year
event rate.™

We performed Receiver-Operating-Characteristic-Curve (ROC curve) analyses
with the observed event as outcome variable (“reference standard™) and the predicted
probability of an event for each subject as test variable. The ROC curve is a plot of
the true-positive rate (sensitivity) against the false-positive rate (1 minus specificity),
evaluated for varying thresholds of the predicted probability.** The area under the
RGC curve can be interpreted zs the chance that the RISC model will predict 2 higher
number of events (that is, a higher probabiiity of an event) among multiple clones of a
randomly chosen subject who actuaily has an event during follow-up than among

multiple clenes of 2 randomly chosen subject who does not have an event.

RESULTS

The study population
Baseline characteristics of both the study cohort (3501 subjects) and the original
cohort (6871 subjects) are described in table 1. The original cohort was slightly older.,
contained mere men and had a higher prevalence of CVD at baseline. Cholesterol
fevels and blood pressure were quite comparable.

Within 7 years of follow-up, 230 IHD events, 168 ischemic strokes, 231 CVD
deaths and 403 non-CVD deaths occwrred in the population of 3501 subjects, The
original cohort of 6871 subjects appeared to be less healthy. Relatively more subjects
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died from both CVD and non-CVD causes. More CVD events occurred in the original
cohort, especially more ischemic strokes. Within 7 years of follow-up, 489 subjects
had an [HD event, 399 subjects had an ischemic stroke, 522 subjects died from CVD,

and 893 subjects died from a non-CVD cause in the original cohort.

Validity on the population level

The simulated 7-year cumulative incidences of CVD events with their distributions
due to parameter uncertainty are shown in figures 2 ¢n 3. Both in the study cohort of
3501 subjects (Figure 2) and in the original cohort of 6871 subjects (Figure 3), the
distribution of CVD events simulated was consistent with the observed number of
events {indicated with the reference line).

Based on the results of the multi-state life table, a 55-year old man may expect to
live 25.4 years of which 18.6 years free of CVD while a 55-year old woman may
expect to live 31.0 years of which 27.2 years free of CVD. The total population had a
life expectancy of 16.4 vears and a DFLE of 12,3 years. The simulated (DF)LEs for
the subgroups were consistent with those calculated with the multi-state life table
(Table 2 & 3).

Validity on the individual jevel

The simulated CVD event rates obtained from the RISC model showed very good
agreement with the observed event rates (Figure 4). The RISC model showed good to
excellent discriminant accuracy as indicated by the area under the ROC curve,
especially In predicting CVD mortality; 37.0% of the CVD deaths during follow-up
occurred in subjects in whom the simulated probability of CVD death was within the
highest octile (Table 4).

DISCUSSION

In this paper we presented a validation of predicted events simulated with the RISC
medel in comparison to the observed data during 7 years of follow-up in the
Rotterdam Study. Furthermore, we compared simulated (DFILE with the resulis of a
multi-state life table analysis.
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The RISC model showed accurate calibration of the CVD events that actually
occurred, both in the study cohort used to construct the model and in the larger
population from which the study cohort was derived. This implies that the modei is
accurate in simulating the mean (DF)LE and the cumulative incidence of events in
this population.

The model also showed good discrimination of subjects with a CVD event from
those without. In other words, 2lso on the individual level, the model showed accurate
results. This is important when modeling individual specific targeting and
intervention technigues in the general population.

The major advantages of the current Monte Carlo-Markov model over multi-state
life tables, is that individual specific targeting and intervention techniques can be
simulated and that the model can incorporate individual risk factor profiles and
memory of the individual life histories.” Both advantages are due to the use of the
first-order Monte Carlo analysis with tracker variables. The tracker variables make it
feasible to incorporate multiple risk factors and to let the risk factor levels change
with age. Monte Carlo - Markov models are more flexible than muliti-state life tables
and various prevention strategies can easily be evaluated without changing the model
structure. The Monte Carlo structure enables modeling the proper distributions, cross-
correlation between parameters and uncertainty in transition probabilities at the same
time."

The major disadvantage of Monte Carlo-Markov models variables is the
complexity of such models, which has an inherent risk of iniroducing errors. To avoid
errors, we feel it is prudent to validate such complex models against simpler
representations of the observed data, such as multi-state life tables. Only if the
complex model produces similar (DF)LE as the simpler approach, as was the case for
the RISC model, can we trust it. The results, however, will never be identical because
the underlying assumnptions are different. For example, an underlying assumption of
the multi-state life table approach used here was that rates were distributed
exponentially with age, whereas in the RISC model age was fitted in each transition
probability in whatever the best fit was {using quadratic terms and interaction terms).

As far as we know, the RISC model is the only Monte Carle-Markov modet
investigating natural history of CVD and impact of various CVD prevention
strategies. The Coronary Heart Disease Policy Model is a Markov model for coronary

heart disease only: it does not consider stroke as we have done in the current model.
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Furthermore, it uses a cohort rather than a Moate Carlo approach and therefore cannot
fully model memory for events. Whereas the Coronary Heart Disease Policy Model
studies heterogeneity by dividing the population in subgroups, the RISC model
simulates individuals.™"*

The main limitation of our study is that, although we have evaluated apparent and
internal validity, we still need to evaluate external validity. In particular, because our
model is based on data from non-institutionalized individuals 55 years and older who
were mostly Caucasian, one can question whether the model will apply 1o other
populations. External validation of the model is needed to demonstrate the
eeneralizability of the model™* before performing cost-effectiveness analyses of
targeting- and intervention sirategies in the primary prevention of cardiovascular
disease in other populations.

In summary, the RISC mode] accurately predicts CVD events and {DF)LE
estimates compared to observed data from a cohort follow-up study. Following
external validation. it can be used to evaluate and compare primary preventive
strategies for CVD.
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Table §. Baseline characteristics (Mean £ SD / proportion)

Study cohort Original cobert

B =3501 n=6871
Age at imterview (years) G9£8 70+ 9
Male sex (%) 39.5 40.2
Diabetes mellitus (%) 10.7 11.2
Serum glucose (mmol/l) 69126 7.0£2.7
Current cigarette smoking (%) 23.6 224
Former cigarctic smoking (%) 41.9 41.4
Systolic blood pressure (mmHg) 140 £22 140 £ 22
Diastolic blood pressure (mmHg) 7412 74£12
Pulsc pressure (mmkg) 66+ 18 66+ 18
Hypertension (%) 364 348
Serum cholesterol {mmol/1) 6T+12 6.6%12
Serum HDL-cholesterol {mmol/i) 1.30+£0.36 1.35£0.36
Cholesterol/HDL-ratic 5316 5216
Serum creatinine (umol/l) 83+ 18 83 +22
Body mass index (kg/m®) 263+42 263138
Waist to hip ratio 0.91 £0.09 0.91 £ 0.09
Family history of cardiovascular disease (%) 23.0 333
Family history of myocardiai infarction (%) 16.3 164
Angina pectoris (%) 10.4 10.0
Intermittent Claudication (%) 21 2.1
TIA(%) ** 51 73
Ankle-arm index 1.05£023 1.05£0.23
Medical history of CVD (%) 173 252
Atrial fibrillation on ECG (%) 25 29
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Table 2. Validation of total life expectancies. Life expectancy (LE) in years with

standard error of the mean (SE) in the original cohort of 6371 subjects.

sex, age (years) MSLT years RISC years (standard error)
male 55 2535 25.63(1.16)
male 60 21.19 21.18 (0.84)
mmale 65 16.89 17.04(0.73)
male 70 13.38 1331 (0.73)
male 75 10.02 9.42 (0.55)
male 88 7.42 6.77 (0.64)
female 55 31.00 30.59 (1.06)
female 60 2628 25.93 (0.80)
female 65 2133 21.64 (0.94)
female 70 16.99 17.01 (0.83)
fermale 75 12.70 13.32(0.97)
female 80 9.50 8.82 (0.87)
total population 16.53 16.18 (0.60)

MSLT: multi-state life table estimate

RISC: simulation with the Rotterdam Ischemic heart disease & Stroke Computer simulation model
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Table 3. Validation of -cardiovascular disease-free life expectancies.
Cardiovascular disease-firee life expectancy (DFLE) in vears with standard error

of the mean (SE) in the original cohort of 6871 subjects.

sex, age (years) MSLT years RISC years (standard error)
male 55 18.63 18.68 (1.12)
male 60 15.30 14.93 (0.86)
male 65 1117 11.02 (0.69)
male 70 9.10 8.91 (0.53)
male 75 627 5.92(0.45)
male 80 4.84 4.58 (0.48)
female 55 27.16 26.67 (0.96)
female 60 22,39 21.78 (0.74)
female 65 16.63 16.10 (0.73)
female 70 12.74 12.15 (0.61)
female 75 823 8.09 (0.59)
female 80 6.29 5.71 (0.54)
total population 12.5¢ 12.26 (0.34)

MSLT: multi-state life table estimaze

RISC: simulation with the Rotterdam Ischemic heart disease & Stroke Computer simulation model
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Table 4. Discriminant accuracy

For the four outcomes of the RISC model, the Area under the Receiver Operating
Charactenistic Curve (AUC) with 95% confidence interval was calculated as a
measure of discriminant accuracy. The percentages in the last columns reflect the
proportion of events that occurred among subjects in the highest octile and the highest

quartile of the predicted probability of events.

Event AUC* Highest octile  Highest quartile
CVD mortality’ 0.835 [0.801-0.869] 57.0% 72.2%
2on-CVD mortality’”  0.786 [0.757-0.815] 49.8% 63.4%
IHDY 0.779 [0.742-0.816] 46.0% 64.6%
Stroke 0.704 [0.654-0.753] 34.2% 50%

* AUC = Area under the Receiver Operating Characteristic curve as measure of discriminant accuracy.
T death due to cardiovascular disease
1 death due to other causes than cardiovascular disease

§ 1schemic heart disease
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Figure 1. The Rotterdam Ischemic heart disease and Stroke computer simulation

(RISC) mode! shown as an influence diagram.

> non-CVD death

IHD&Stroke

N
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Figure 2. Validation of the distribution of events within 7 years fellow-up in the

study cobort (apparent validity, population level).

For each event, the disaibution of simulated cumulative incidence event rates is

shown in a histogram. The observed cumulative incidence of each event is shown as a

reference line.
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Figure 3. Validation of the distribution of CVD events within 7 years follow-up

in the original cohort (internal validity, population level).

For each event, the distribution of simulated cumulative incidence event rates is

shown in a histogram. The observed cumulative incidence of each event is shown as a

reference line.
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Figure 4.
Calibration plots showing the agreement of the simulated incidences of events

with the observed incidences of events within 5 years of follow-up (validity on the

individual level).
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Chapter 7

INTROBUCTION

We developed a Monte Carlo-Markov model', designed to investigate the impact of
cardiovascular disease {(CVD) risk factors and their modification on the CVD burden
in a general population. The model is based on data from the Rotterdam Study, a
cohort follow-up study of 7983 older adults aged 55 years and older.” The model will
be referred to as the Rotterdam Ischemic heart disease & Stroke Computer simulation
model (RISC model).?

A common problem with simuiation models of this kind is the lack of
generalizability and ceedibility. Although the RISC model showed accurate apparent
and internal validity, it’s extemal validity, or generalizability remains to be
demonstrated. External validity is the validity of the model in other simiiar
populations. To study validity, the simulated CVD life course should be compared
with the observed one. Accurate predictions are in agreement with the observed
outcome frequencies and the predicted risk should be higher in patients with the
outcome than in patients without the outcome.*>

The Coronary Heart Disease Policy Model is a well known state-transition
computer simulation model for the US population.® Tsevat and co-authors used this
model to forecast potential gains in life expectancy from risk factor modification for
the cohort of Americans turning age 35 in 1990.* Grover and co-authors also
developed a life-expectancy model predicting survival benefits from risk factor
modification in prevention of CVD.?

The purpose of this study was to validate the RISC model in comparison to the
actual 10-year CVD life course in the US population and to compare effects of

hypothetical prevention strategies with the findings published by Tsevat and Grover.

METHODS

The model

The RISC model is a Monte Carlo state-transition mode! (schematically presented in
Figure 1) with six states: (1) the CVD death state, (2) the non-CVD death state, (3) the
Ischemic Heart Disease (IHD) state, (4) the Stroke state, (5) the IHD and Stroke state
and (6) the Well state (being alive without ischemic heart disease or stroke). The
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model simulates incident CVD events in individuals with and without previous CVD
based on risk factor dependent transition probabilities. Individual risk factor profiles
were modeled and tracked over time. All incident CVD events were counted using
tracker variables during 2 10-year simuilation period. The cycle length used in the
model was 0.1 years.

The model was built in TreeAge (version Data Professional release 10, TreeAge
Software, Inc., Williamstown, USA). Detailed information about the model 1s given in

an earlier publication® and in a technical appendix available on the World Wide Web .

Data seurces and simulation of variability

In the Dutch RISC model the risk factor profiles and transition probability functions
were based on data from the Rotterdam study population.2 This population consisted
of 7983 respondents from a random sample of adulis aged 55 and older that were
recruited between 1990 and 1993 and residing in Omrnoord, the Netherlands. Of these
7983 respondents, 6871 individuals both visited the research center and signed an
informed consent. Individuals were followed from [990 to 2000 and follow-up
consisted of three physical examinations with lifestyle interviews and surveillance of
hospital admissions, death registries and other available medical sources, ensuring
highly accurate follow-up of death and clinical manifestations of CVD.

In 3501 individuals all important characteristics to predict CVD were known. The
RISC model was based on data from these 3301 individuals. The risk factors
considered for the transition probability functions were age, sex, smoking status,
systolic and diastolic blood pressure, diabetes mellitus, plasma glucose level, body
mass index, waist to hip ratio, plasma cholesterol and HDL-cholesterol level, plasma
creatinine level, family history of CVD, ankle-brachial systolic blood pressure index,
manifestations of intermittent claudication, angina pectoris, atrial fibrillation or
transient ischemic attacks and prevalent CVD. Details about the assessment of these

. - - - . - - " 3
risk indicators are described in earlier publications.”

Simulation of parameter uncertainty
The Monte Carlo model allowed the evaluation of parameter uncertainty of the

transition probability functions.'® We modeled parameter uncertainty by estimating

" http://www.epib.nl/art/tools.html
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the distribution of the value of each of the input variables and performing a second-
order Monte Carlo simulation. To model the uncertainty in the transition probability
functions, 100 bootstrap samples of the study population were drawn. All the
transition probability functions were fitted for every bootstrap sample, resulting in
100 sets of linked transition probability functions. For each RISC simulation sample,
we drew one set of linked functions randomly from these 100 bootstrap sets. In the
second-order Monte Carlo simulation the parameter uncertainty resulted in a

confidence interval for the model outcome.

Validations

For the purpose of external validation we replaced the Rotterdam Study risk factor
profiles with the risk factor profiles of the 3rd National Health And Nutrition
Examination Survey (NHANES 1) from1988 to 1994. The NHANES III contains
data from 33,994 individuals aged 2 months and older who participated in the survey,
We used the national probability samples of three groups: all individuais aged 35
years and over {11327 samples), all individuals aged 55 years and over (6215
samples)., and Caucasian individuals aged 35 years and over (3486 samples). The
NHANES il risk factor profiles were sampled with a frequency that corresponds with
their sample weights. To simulate the mean and distribution around the mean of the
outcomes (standard error), we drew 1000 second-order parameter sets and with each
parameter set consecutively simulated 10000 risk factor profiles of the three different
population groups.

To study the external validity of the RISC model, the simulated numbers of CVD
events within 100 time-cycles of 0.1 year were compared to the data from the
National Center for Health Statistics (NCHS) of the USA between 1991 and 2000.
The simulated numbers of cardiovascular and non-cardiovascular deaths were
compared with the data from the National Vital Statistics (NVS). The simulated
number of myocardial infarctions was compared to the data from the National
Hospital Discharge Survey (NHDS) after correcting for double counting, using the
Westfall-correction method.!

Tsevat et al.™ calculated the expected gains in life expectancy from eliminating
smoking and eliminating coronary heart disease in the US population using the
Coronary Heart Disease Policy Model.® We simulated the same interventions with the

RISC model to study whether the resuits were comparable in terms of life
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expectancies and life expectancies to be gained. First, we selected the NHANES 111
risk factor profiles of all individuals aged 35 to 36, for men and women separately,
Using these risk factor profiles we simulated the life expectancy without adaptation of
the risk factor profiles, after setting the smoking variable standard to zero. and after
setting the probability of coronary heart disease to zero. We simulated the mean and
distribution around the mean (standard deviation) of the life expectancies by sampling
from these risk factor profiles 1000 times.

Grover estimated the life years saved from tipid lowering and blood pressure
lowering using a life-expectancy model which was developed on the basis of data
from the Lipid Research Clinics cohort.” In our simulations, we selected risk factor
profiles from NHANES III of non-smeokers with a systolic blood pressure of 115 to
125 and a diastolic blood pressure of 75 to 85 (low risk group for the lipid-lowering
simulations) and we selected smokers with a systolic blood pressure of 155 to 165 and
a diastolic blood pressure of 95 to 1035 (high risk group for the lipid-lowering
simulations). Then we selected the non-smokers with a cholesterol / HDL-cholesterol
ratio smaller then 4.5 (low risk group for the hypertension intervention simulations)
and smokers with a cholesterol / HDL-cholesterol ratio larger then 6.5 (high risk
group for the hypertension intervention simulations). Finally, these four groups were
divided in male and female and 4 different age-groups: 35 to 45 years, 45 to 35 years,
55 to 65 years and 63 to 75 years. Grover assumed the impact of lipid-lowering
treatment to be a 35% decrease in LD L-cholesterol and an 8% increase in HDL-
chelesterol levels from a baseline LDL-cholesterol level of 5.46 mmol/L and an HDL-
cholesterol level of 1.1 mmoV/L.” Because we did not have any data available on
LDL-cholestero! levels, we assumed a 30% decrease in total cholesterol and an 8%
increase in HDL-cholesterol levels from a baseline cholesterol level of 7 mmol/L and
an HDL-cholesterol level of 1.1 mmol/L. Similar to Grover, we assumed reductions
of 10 mmHg in systolic blood pressure and 7 mmHg in diastolic blood pressure from
a baseline blood pressure of 160 / 100 mmHg. We simulated the mean and
distribution around the mean (standard deviation) of the life expectancies by sampling

from these risk factor profiles 1000 times.
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RESULTS

Baseline-data of both the Rotterdam study cohort and the US populations are
presented in Tabie 1. In 1990 about 80% of the US population was Caucasian. The
Caucastan US population >= 55 years was quite comparable with the Rotterdam study
cohort, although the prevalence of hypertension and obesity was higher in the US
population and serum glucose, serum cholesterol, the presence of CVD, and the
proportion current smokers was higher in the Rotterdam study cohort. During a
follow-up period of 10 years, 6,605,807 incident myocardial infarctions, 8,011,750
CVD deaths, and 13,198,351 non-CVD deaths occurred in the US population >= 35
years.

The simulated 10-year cumulative incidence rate of myocardial infarction and the
10-year mortality rate were consistent with the observed results from the NHDS and
NVS data, although the myocardial infarction rate and CVD mortality rate were
consistently underestimated and the non-CVD mortality rate was slightly
overestimated (Table 2). In the USA population 35 years and older, which also had
more racial differences than the Rotterdam cohort, the predictions from the RISC
model were close to the observed results (5.13% versus 5.69% myocardial infarctions,
6.13 versus 6.91% CVD deaths, and 11.5%% versus 11.38% non-CVD deaths).

Stmulation of the natural history without intervention yielded a mean life
expectancy for a 35-year-old man of 40.6 years (Figure 2), while Tsevat’ calculated a
life expectancy of 38.2 years. For 35-year-oid women, the RISC model yielded a
mean life expectancy of 45.8 years (Figure 2), instead of 44.6 years as calculated by
Tsevat.” Although the estimated life expectancies were [onger with the RISC model
(Table 3), we estimated similar population-wide gains in life expectancy through
elimination of smoking (0.87 versus 0.8 years in 35-year-old men and 0.63 versus 0.7
years in 35-year-old women) and elimination of coronary heart disease (3.04 versus
3.1 years in 35-year-old men and 2.72 versus 3.3 years in 35-year-old women).

We predicted the years of life saved in low- and high-risk men and women with
hyperlipidemia who are free of CVD and on lpid-lowering therapy, which ranged
from 0.35 years for men aged 70 years o 4.33 for men aged 40 years (Table 4). The
years of life saved by lipid-lowering treatment as estimated with the RISC model
were comnparable to the results presented by Grover’, although we found overall lower

effects of treatment, especially in men (Table 4). The years of iife saved by treatment
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of hypertension as estimated with the RISC mode! were also comparable to the resulis
presented by Grover®, although we found overall higher effects of treatment,

especially in men (Tabie 5).

DISCUSSION

In this paper we presented a validation of predicted events simuiated with the
Rotterdam Ischemic heart disease & Stroke Computer simulation {RISC) model in
comparison to the observed data during 10 years of follow-up in the US population,
Furthermore, we compared simulated iife years gained from various CVD risk factor
interventions with earlier published findings.

The Monte Carlo-Markov model, which was based on data from the Rotterdam
Study, appeared to be an accurate tool to describe the CVD burden in the US
population, based on individual risk factor profiles. Also, in the USA population with
a wider age range (33 years and oider) and more racial differences, the predictions
from the RISC model were close to the observed results. So, although the RISC model
was based on Caucasian individuals of 35 years and older, the model seems to be
generalizable to younger populations with more racial differences. Remaining
differences may be due to differences in the assessment of risk factors but alse in
differences in outcome assessment.

Although life expectancies were consistently overestimated compared to that
estimated with the Coronary Heart Disease Policy model, the predicted life-years
saved through lowering lipid levels and blood pressure and eliminating smoking and
total coronary heart disease were close to the earlier published findings.” The RISC
model may overestimate life expectancies due to the fact that the RISC model is based
on data from a relatively healthy Dutch population of individuals who were zil able
and willing to visit the research center. For future modeling of the US population
using the RISC meodel, the model would need to be recalibrated to the US by
increasing the baseline cumulative hazards of the transition probability functions.

Differences in simulation results can also partly be explained by the fact that the
Coronary Heart Disease Policy Model and the RISC model differ in their structure.
While the Coronary Heart Disease Policy Model is a Markov model for coronary

heart disease only®, we integrated death due to both coronary heart disease and stroke
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so that the impact of preventive treatment can be better compared across the two
major causes of cardiovascular death. Furthermore, it uses a cohert rather than a
Monte Carlo approach and therefore cannot fully model memory for events. Whereas
the Coronary Heart Disease Policy Model studies heterogeneity by dividing the
populaticn into subgroups, the RISC model simulates individuals by tracking them
with dedicated (tracker) varizbles.

Like Grover’, we found that high-risk individuals generally benefit more than low-
risk individuals and the young more than the elderly, although differences were
somewhat smalier in our simulations. This may be due to the fact that we included
Interaction terms between CVD risk indicators, while Grover did not. Like Grover, we
found that men gained more than women, except that in our simulations this was not
true for lipid-lowering treatment in older individuals. This reflects the attenuated life
expectancy of the elderly. especially in males, therefore reducing the potential
benefits of therapy.

Coronary heart disease is the leading cause of death both in the Netherlands and in
the United States. It may be surprising, then, to find that the strictest risk factor
modifications -eliminating smoking or even eliminating all coronary heart disease-
would yield only modest gains in population-wide life expectancy. It is important to
realize, however, that the estimated gains in life expectancy are an average across the
entire population that is screened and treated, not the expected gain in affected
individuals.

We used well-established methods of decision analysis 1o integrate the available
data on the potential benefits of various preventive strategies. Interpretation of our
results should, however, consider the assumptions that were made, The risk reductions
were assumed to be identical for high and low risk individuals and intervening on one
risk factor was assumed not to affect other risk factors. A major problem of the
sirnulation medel is that the coefficients of risk are derived from a population-based
study. Because of misclassification of both exposure status and to a lesser extent
outcorne status, the coefficients probably underestimate the true relation between risk
factors and disease and therefore may underestimate the benefits of intervention. On
the other hand, due to overfitting in regression modelling, risk functions could lead 1o
overestimation in high risk and underestimation in low risk individuals in other

populations. Furthermore, our model assumed a benefit from risk factor intervention
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in the next cycle (within (.1 years), whereas in actual fact there may be a delay before
the benefit is realized.

In an earlier study” we showed good apparent and internal validity. In this study
we demonstrated external validity. Although the RISC model is based on data from
non-institutionalized individuals 535 years and older who were mostly Caucasian, the
model seems to behave well in other populations. Given the demonstrated validity and
generalizability of the RISC model, we think it can now be used to perform cost-
effectiveness analyses of targeting- and intervention strategies in the primary

prevention of cardiovascular disease.
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Table 1. Descriptive data of the study populations

US population  US population  US population »>=55  Retterdam stady
>=35 years »=F5 years vears & Caucasian cohort

N=115789.726 N=50977.003 N=42735273 N=3501
Male gender % 464 44 44.1 39.5
Medieal history of CVD % 7.5 14.4 145 17.8
Diabetes Mellitus % 6.3 9.8 89 10.7
Hypertension % 27.4 43.4 424 36.4
Past smoking % 325 393 41.3 41.9
Cuorrent smoking % 246 17.5 16.6 23.6
Transient {schemic Attack % 3.6 6.2 5.5 5.1
Intermittent Claudication % 1 1.6 1.7 2.1
Angina Pectoris % 4.1 3.2 3.1 5.6
Famiy history of MI % 16 12 12.8 163
RACE: Caucasian % 79.2 33.2 100 100
RACE: Black % 9.9 3.8 na na.
RACE: Mexican/American¥% 3.8 2.4 na n.a.
RACE: other % 7.1 36 na. n.a.
Age {years) 53.93+/-14.14 67.68+/-8.79 6E.04+/-8.34 68.97+/-85.47
Serum glucose (mmol/) 5.724/-1.98 6.04+/-2.28 5.98+/-2.14 6.93+/-2.62
Serum cholesterol (mmol/l) 5.54+/4-1.1 5.79+-1.13 5.8+/-1.12 6.67+/-1.24
Serum HDL~cholesterol (mmolfl) 1.31+-0.41 1.33-+/-0.43 1.324/.0.43 1.33+-0.36
Systolic blood pressure (mmkElg) 127+/-21 1374+/-23 136+/-22 140+/-22 35
Diastolic blood pressure (mmHg) T4+/-11 T3+/-12 T3+/-11 T4.13+/11.74
Pulse pressure (mmHg) 53+/-19 64+/-21 G3+/-21 65.86+/-18.04

Body mass index (kg/m:)
Waist-hip ratio

Serum Creatinine (umolT)

27.17+-3.68

0.93+/-0.09

97+/-28

27.16+/-5.22
0.9557+/-0.08

102+/-35

27.05+/-5.09
0.9551+/-0.08

101+/+-30

26.34-+/4.17

0.9057+/-0.09

§83+-18
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Table 2. The simulated 10-vear cumulative incidence rate {%) of myocardial

infarction, cardiovascular deaths and non-cardiovascular deaths compared to

the observed numbers in the data from the National Hespital Discharge Survey

and the National Vital Statistics.

35+

Observed Simufated

55+

Observed Simulated

55+ Caucasian

Opserved Simulated

(%) (%) se (%) (%) 5.0 (%) (%) .6
Myocardial infarctions  5.69 513 0.609 9.71 8.89 0.067 9.09 8.36 0.007
CVD deaths 6.91 6.15 00r2 14.29 13.24  0.0/0 13.02 1242 0009
Non-CVD deaths 1138 11.59 0.014 21.26 21.85 0.0/2 1976 2002 0.072
Total deaths 18.29 17.74 35.55 35.09 3298 3244

s.e.x standard error due to uncertainty in the transition probability functions
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Table 3. Life expectancy {years) for 35-year-olg individuals in the USA with and

without intervention. Gains in life expectancy predicted with the RISC meode] are

compared to those predicted by Tsevat.”

35-year-cld Male

Mean SD Gain by RISC  Gain by Tsevar
Natural history 40.59 8.61 - -
Elimination of smoking 41.46 8.93 0.87 0.8
Elimination of CHD 43.63 9.31 3.04 3.1
35.year-old Female

Mean SD Gain by RISC  Gain by Tsevar
Natural history 45.77 8.62 - -
Elimination of smoking 46.40 8.50 0.63 0.7
Elimination of CHD 43.49 8.91 2.72 3

CHD: coronary heart disease

SD: standard deviation due to variability and uncertainty in the transition probability functions
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Table 4. Predicted life expectancies and years of life saved following Lipid level
modification in individuals with hyperlipidemiz. Gains in Life expectancy

predicted with the RISC model are compared to those predicted by Grover.”

_ No treatment Treatment’ Gain by RISC* Gain by Grover®
Male, high risk”

40 years 343 38.63 4,33 474
50 years 27.68 30.84 3.16 373
60 years 17,72 19.44 1.72 240
70 years 11.59 12.27 0.68 078
Male, low risi'™

40 years 41.9 43.51 1.61 2.50
50 years 3242 3328 0.86 205
60 years 25.08 2575 0.67 1,40
70 years 1513 1548 035 - 0.43
Female, high risk

40 pears 39.79 42,83 3.04 376
50 years 30.05 32,37 2352 3.05
60 years 2250 24.46 1.96 273
70 years 14.66 15.47 0.81 0.80
Female, low risk’

40 years 46.22 47.73 1.51 112
30 years 36.83 38.08 1.23 105
60 years 2648 27.71 1.23 0.85
70 years 17.97 18.48 ¢.51 0.25

* A baseline cholesterol level of 7 mmol/L and an HDL-cholesterol level of 1.1 mmol/L

1 A 30% decrease in total cholesterol and a 8% increase in HDL~cholesterol levels

f Gain in life years as estimated by the RISC model

§ Gain as estimated by Grover’

** Smokers with a systolic bloed pressure of 153 to 65 and a diastolic blood pressure of 95 to 103

T+ Non-smokers with a systolic blood pressure of 115 10 125 and a diastolic bleod pressure of 75 to §5
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Table 5. Predicted life expectancies and years of life saved follewing treatment of
hypertension in individuals with hypertension. Gains in life expectancy predicted

with the RESC model are compared to those predicted by Grover.’

Hypertension
; No treatment Treamnent’ Gain by RISC*  Guin by Grover'
Male, high risk”
40 years . 33.67 35.32 1.63 119
50 years 26,54 28.14 1.60 105
60 years 16.73 18.08 1.35 0.85
70 years 11.16 12.04 0.88 0.29
Male, low risk™!
40 years 39.55 40,97 1.42 0.85
30 years 30.64 32.02 1.38 0.75
64 years 23.82 25.00 1.13 0.60
70 years 13.59 1417 0.38 017
Female, high risk”
40 years 38.03 39.62 1.59 1.34
30 years 30.10 31.64 1.54 120
60 vears 21.53 22,74 1.21 0.960
70 years 14.13 14.89 0.76 0.33
Female, fow risk’"
40 years 43.77 44.43 0.66 0.59
50 years 3423 34.66 0.43 0.357
60 years 24.95 25.36 041 0.40
70 years 16.73 17.08 0.35 0.13

* A baseline blood pressure of 160 / 100 mmHg

+ Reductions of 10 mmHg in systolic blood pressure and 7 mmHg in dizstolic blood pressure
1 Gain 1o life years as estimated by the RISC model

§ Gain as estimated by Grover’

** Smokers with a cholesterol / HDL-cholesterol ratio larger then 6.5

11 Non-smokers with a cholesterol / HDL-cholesterol ratic smaller then 4.3
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Cost-effectiveness of the "Polypill":

a computer simulation study

Abstract

Cbjectives To evaluate the cost-effectiveness, from a societal perspective, of primary
prevention strategies for cardigvascular disease (CVD) using the "Polypill” (a combination of
aspirin, a statin, three blood pressure lowering agents in half dose, and folic acid) as described
by Wald & Law.

Design Cost-effectiveness analysis using a Monte Carlo-Markov model based on a
population-based cohort study. Probabilistic sensitivity analysis and analyses evaluating
variability across individuals were performed..

Participants Simulated Rotterdam Study participants aged 55-80 years at baseline, without
medical history of CVD at baseline (1990-1993).

Interventions Life-long treatment with the "Polypill” in all 35-80 year old individuals, or
only in those identified as being at high risk by the Framingham CVD risk score.

Outcome measures CVD-free life expectancy, 3%-discounted quality-adjusted life years
(QALY). and incremental cost-effectiveness ratios.

Results Life-long treatment with the "Polypill” in all 55-80 year old individuals, compared to
usual care, increases the population mean CVD-free life expectancy with 3.5 years and would
decrease the percentage of total mortality that is due to CVD from 33% to 8%. Life-long
treatment in all 55-80 year old individuals was cost-effective compared to usual care
(incremental cost-effectiveness ratio €3 176 per QALY') and was cost-effective compared to
treating only individuals with a Framingham 3-year CVD risk of more than 3% (incremental
cost-effectiveness ratio €18 787 per QALY). Treating all 55 to 60 year-old men was both
more effective and cost-saving compared to usual care. Sensitivity analyses showed
robustness of the results,

Conclusion: Life-long treatment with the "Polypill” in all 53-80 year old individuals would

be a cost-effective strategy to prevent cardiovascular disease in the general population.
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INTRODUCTION

Recent trials have shown that lowering serum cholesterol'. lowering blood pressure2'3
and the use of low dose aspirin® all reduce the risk of cardiovascular disease (CVD).
Whereas secondary prevention of cardigvascular events through risk factor
modification in patients with known coronary and carotid artery disease is recognised
as cost-effective, CVD prevention by drug therapy in asymptomatic individuals has
shown only modest benefits and to be relatively expensive.

Wald and Law recently proposed that a single pill containing aspirin, a statin, three
blood pressure lowering agents in half dose, and folic acid (the "Polypill") should be
provided to ail people with vascular disease and those over 55 years old.” The
decision to implement a new preventive sirategy, however, requires that it not only
increases length and quality of life, but also that it is economically sound. The cost-
effectiveness of the "Polypilt” in the general population remains to be determined.®”

Computer simulation models that integrate information on CVD risk factor
distributions, epidemiologic, demographic and economic data can provide
comprehensive projections that assist future health care planning in the area of
cardiovascular disease.*’ In a prior study, we developed such a computer simulation

model.'’

The model was designed to evaluate the impact of CVD risk factors and their
modification on life expectancy, CVD-free life expectancy. quality-adjusted life
expectancy, and costs in a general population. The structure and input parameters
were based on data from the Rotterdam Study, a cohort follow-up study of adults aged
55 years and older.”’ The model will be referred to as the Rotterdam Ischemic heart
disease & Stroke Computer simulation (RISC) model. This model proved to be a valid
too! to describe the CVD burden in the Rotterdam Study population based on
individual risk factor profiles.’

The objective in this study was to examine the cost-effectiveness of primary

prevention strategies for CVD with "Polypill” therapy using the RISC model.

METHODS

We performed a computer simulation study based on data from a large cohort follow-

up study, the Rotterdam Study, and a cost-effectiveness analysis from the societal
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perspective of primary prevention strategies for CVD with "Polypill” therapy in
selected Rotterdam Study participants.

Strategies

First of all we considered a primary prevention strategy for CVD in which we would
treat all 55-80 year old individuals without evident CVD and with a systolic blood
pressure less than 180 mm Hg with the "Polypill”, containing three anti-hypertensives
at half standard dose, a statin, 80 mg of aspirin, and 0.5 mg of folic acid. This strategy
was compared to usual care, that is, the care given to individuals in the Rotterdam
Study population between 1990 and 2000. Next, severz] prevention strategies were
analysed based on the Framingham CVD risk function'? using different thresholds of
the risk score above which treatment would be Initiated. In the simulation study we
examined individuals every 5 years for risk stratification and we assumed that all
individuais identified, as being at high risk would be treated with the "Polypill”. We
assumed that life-long medical therapy would be initiated by a primary care

physician, who also annually monitors for adverse events in every individual treated.

Qutcomes

The main outcome measures were health benefit expressed in quality-adjusted life
years (QALY's), societal costs expressed in Euros, and incremental cost-effectiveness
ratios, defined as the additional cost of a specific strategy divided by its additional
health benefit. We computed the incremental cost-effectiveness ratio for a strategy in
reference to usual care and in reference to the next best prevention strategy based on
the Framingham CVD risk function. The strategy with the highest effectiveness and
an incremental cost-effectiveness ratio of less than the society’s threshold willingness-
to-pay'’ was considered the most cost-effective. We considered thresholds of €50000
and €20 000 per QALY." We also expressed the outcomes in net health benefits,
defined as the QALY's minus the costs, the costs being transformed to QALY
equivalents by dividing them by the threshold willingness-to-pay.'* We calculated
incremental net health benefits to indicate the gain in net health benefit in comparison
to the next best strategy. A positive incremental net health benefit indicates a cost-
effective strategy in comparison to the next best strategy and the strategy with the

highest (incremental)} net health benefit was considered the most cost-effective.
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Furthermore, we evaluated the gain in cardiovascular disease-free life years and the

percentage of total mortality that was due to CVD.

The RISC model

The RISC model is a state-transition model containing 6 states: (1) the CVD death state. {2) the non-CVD death
state, (3) the Ischemic Heart Disease (IHD) state, {4) the Ischemic Stroke state, (5) the THD and Swroke state and
(6) the Well state. The model simulated incident CVD events in individuals with and without previous CVD
{Figure 1). To provide transition probabilities for different risk factor patterns, we constructed six transition
probability functions based on CVD risk indicators with Cox proportional hazard analyses. Details about the RISC
maodel are described in the technical appendix, which 15 posted on the World Wide Web

(http:/Awww.epib ni/art/tools.html).

Data sources and study population
The population based risk factor profiles and transition probability functions were based on data from the
Rotterdam Study populatien. The Rotterdam Study is a prespective population based study among 7983 men and
wormen aged 55 years and older and living in Ommoord, Rotterdam.'' Extensive baseline data have been obtained
including medical history, classical risk factors, and other risk indicators of cardiovaseular disease. The risk
indicators considered were age, sex, smoking status, systolic and diastolic biood pressure, diabetes mellitus,
plasma glucose level, body mass index. waist to hip ratio. plasma cholesterol and HDL-cholestero! level, plasma
creatinine level, family history of CVD. ankle-brachial systolic blood pressure index, manifestations of
intermittent claudication. angina pectoris, atrial fibrillation or transient ischemic attacks, and prevalent CVD. A
person was desipnated as having prevalent CVD if a myocardial infaretion or a stroke was diagnosed by a
physictan and/or the patient reported CABG, PTCA. or carotid surgery In the past. Of the 7983 individuals, 4325
individuals were free of evident CVD at baseline, had a systolic blood pressure of no more than 180 mm Hyg, and
were younger than 80 vears at baseline and therefore eligible for “Polypill™ therapy.

The cfficacy of cach of the components of the "Polypill” was based on the data reported in the paper by Wald
& Law® (Table 1). The adverse events used in the simulations were derived from the studies by Hayden® and Bell'?
(Table 2). Bealth-related quality of life weights for myocardial infaretion, angina pectoris, ischemie stroke, A
transient ischemic attack, peripheral arterial discase, diabetes mellitus, hemorrhagic stroke, gastrointestinal
bleeding, and revaseularization were derived from the Catalor of Preference Scores of Bell et al.'s Quality of life
for healthy individuals was assumed to depend on age and sex and was based on data from a general population

sample assessed in the Beaver Dam study.ld

Uncertainty & Variability ) .
We accounted for uncertainty of modclled transition probabilities, effects, and costs by estimating the distribution
of the value of cach of the input variables and performing probabilistic sensitivity analysis with a second-order
Monze Carlo simulation.’” To model the uncertainty in the transition probability funetions, we drew 100 bootstrap
samples of the study population.'’® All the transition probability functions were fitied for every bootstrap sample,
resulting in 100 scts of linked transition probability functions. For cach RISC sirnulation scenario, we drew
consecutively one set of linked functions from these 100 bootstrap sets.

The distributions of the effectiveness of interventions (Table 1) were based on the 95% confidence interval as
reported.” The probabilitics of adverse events (Table 2) were modeled with a uniform distribution on a plausible
range around the published values. Health-related quality of life weights were modeled as ranging from the lowest

to the higbest value as described in the Catalog of Preference Scores.'” Costs of interventions and CVD events
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were varied with £ 30% absolute change around the mean value. In the second-order Monte Carlo simulation the
parameter uncertainty resulted in different model outcomes for 100 possible sceparios.””

If we want to make a policy decision for a heterogeneous population, then variability within the population
should be accounted for. Variabiiity within the population {or heterogeneity) was modeled by simulating every
individual from the source population sepmtcly.]'g Since inividuals with their entire risk factor profiles were

simulated, correlations between the risk factors were taken into account.

Assumptions

The time cycle used in the analysis was 0.1 years. All CVD events were assumed to oceur half way through the
time cyele, Changes in continuous risk factor levels were analysed using linear regression analysis with age as
covariate and assumned to be constant over time. Categorical risk factor levels were analysed using logistic
regression analysis and updated in the model every 5 years. Individuals could only get one ischemic heart disease
event and/or one stroke per time cyele. The fourth myocardial infaretion and the third stroke were assumed to
always be fatal, The number of prior events was assumed not to influence eveat probabilities or case fatality rates.
although individuals experiencing sceond or subsequent CVID events were distinguished from first CVD events by
virtue of the fact that they were in a different Markov-state. The effects of the components of the "Polypill" were
assumed to be independent and additive and to be achieved within one year. Adverse events of the "Polypill”
(hacmorrhagic stroke and gastro-intestinal bleed) were simulated as nen-CVD mortality and as utility loss and

thercfore impacted CVD-free Life expectancy only through their effect on total life expectancy.

Cost-effectiveness analysis

The cost analysis included all medical and non-medical costs relevant from the
societal perspective associated with both cardiovascular disease and non-
cardiovascular disease. Direct medical costs included costs of events, screening costs
and prevention costs. We accounted for both the transition (one-time) costs of events
and for the incremental (annual) costs following events. Screening costs were the
costs of evaluating CVD risk in the individuals (in tota] €61 per screening event), We
considered a S-yearly visit to the primary care physician for determination of the
Framingham risk score in all individuals and an annual risk factor assessment and
monitoring for adverse events in the individuals identified as being at high risk.

Prevention costs are the costs assoc:ated with the prescrlpnon of the components of

atorvastatm 12, 5 mg hydrochloroth1a21de 50 mg meto_prolo

costs,__@at_;s 1ncreased health care costs 1ncu_1’r€d dunngng__?:ggg@_ l_;fc,years.

Non-medical costs included overhead costs, time costs traveI costs and

product1v1ty losses. Productivity losses were ‘g,SuE,l_,m@Ied‘.wuh“th.aﬁqcu-on-oost method™’
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which enumerates the costs associated with reduced production because sick
employees work less or less efficiently and the costs associated with recruitment and
training of new employees 1f an employee 1s on sick leave due to incident CVD or
dies.

To evaluate the cost-effectiveness of primary prevention strategies for CVD with
"Polypill" therapy, we consecutively analysed each of the possible 100 scenarios to
evaluate the uncertainty of the cost-effectiveness due to the uncertainty of the
transition probability functions used in the RISC model. Within each of the 100
scenarios, the life histories of all 4325 individuals were simulated for every
prevention strategy.

The model used a lifetime time horizon and a societal perspective. Future costs
and quality-adjusted life years were discounted at the currently recommended nominal
discount rate of 3% per year™ to take time-preference into account. This implies that
effects and costs occuring in the future are weighed less than those occuring in the
present.19 In the reference case analysis we assumed complete compliance of ail
individuals. Subgroup analyses were performed in which only 55 to 60 year-old men
and 55 1o 60 year-old women were considered for “Polypill” therapy.

Apart from the probabilistic sensitivity analysis described above, we performed
sensitivity analyses with a discount rate of 5% instead of 3%, a compliance rate of
70% instead of 100%, excluding the costs of medical visits for initiating and
monitoring therapy in the treat-all strategy, and excluding the productivity losses.

Furthermore, we recognised that the effect estimates of the “Polypill™ were
possibly optimistic, and therefore performed two additional sensitivity analyses
assuming the relative risk reductions of the "Polypill" components to be 75% and

50%, respectively, of the estimates reported by Wald & Law.

RESULTS
i
1 By treating the whole population with the "Polypill”, the percentage of total mortality
ithat is due to CVD would decrease from 33% to 8% and the population CVD-free life

expectancy would increase with 3.5 years. Furthermore, this strategy would result in

ian average gain of 0.72 quality-adjusted life years (QALY's) compared to usual care

{Table 3). Compared to usual care, treating everyone with the *“Polypiil” had an
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estimated incremental cost-effectiveness ratio of €3 176 per QALY and increased the
net health benefits with 0.61 to 0.68 QALY equivalents (considering a threshold
willingness-to-pay of €20 000 and €50 000 respectively). Treating everyone was
cost-effective compared to usual care in every possible scenario and both more
effective and cost-saving in 24% of these possible scenarios for both thresholds of
willingness-to-pay.

The most effective prevention strategy based on the Framingham CVD risk
function was treating individuals with a Framingham risk higher than 5%
{incremental cost-effectiveness ratio of €7 143 per QALY), which would imply
treating the 87.5% of individuals who have the highest risk scores (Figure 2).
Compared to this strategy, treating all individuals with the “Polypill” remained cost-
effective with an incremental cost-effectiveness ratio of €18 787 per QALY and an
incrementai net health benefit 0f 0.001 to 0.014 QALY equivalents for a threshold
willingness-to-pay of €20 000 and €50 000 respectively (Table 3). Treating all
individuals with the *“Polypill” was more efective In all possible scenarios but cost-
saving in 8% and more expensive in 92% of the possible scenarios. In 6% of the
scenarios "Polypill” therapy was too expensive, i.e. more than € 50 000 per QALY
{Figure 3). For a threshold willingness-to-pay of € 20 000 per QALY, the treat-all
strategy was still cost-effective in 51% of the scenarios (Figure 3).

Selecting individuals for treatment based on a Framingham CVD risk score
threshold of 15% or higher was excluded from consideration because of a higher
incremental cost-effectiveness ratio than a more effective strategy (Figure 2). Treating
individuals with a Framingham CVD risk higher than 12% was cost-effective
compared to usual care with an incremental cost-effectiveness ratio of €2 051 per

QALY and an incremental net health benefit of 0.127 QALY equivalents (Table 3).

Subgroup analyses

Treating all 55 to 64 year-old men with the “Polypill” would increase their mean life
expectancy from 23.66 to 25.39 years, their CVD-free life expectancy from 16.35 to
19.46 years and the discounted quality-adjusted life years from 10.76 to 10.97 years.
Furthermore, the societal costs would diminish from €40 8§80 to €39 245, implying
that treating ail 50 to 60 year-old men is both more effective and cost-saving

compared to usual care. However, the least costly strategy was treating 55 to 60 year-

129



Chapter 8

old men with a Framingham risk score of 7% or higher. Compared to this strategy
treating individuals with a Framingham risk higher than 5% was cost-effective with a
mean incremental cost-effectiveness ratio of €2 896 per QALY and compared to the
fatter strategy. treating all individuals was cost-effective with 2 mean incremental
cost-effectiveness ratio of €26 143 per QALY. All other strategies were more costly
and less effective than treating individuals with a Framingham risk higher than 7%.

Treating all 55 to 60 year-old women with the “Polypill” would increase their
mean life expectancy from 26.96 to 29.17 years, their CVD-free life expectancy from
23.09 to 27.29 years and the discounted quality-adjusted life years from 11.75 to
11.86 years. The least éostIy strategy In 55 to 60 year-old women was usual care.
Compared to usual care, treating 55 to 60 year-old women with 2 Framingham risk
higher than 5% was cost-effective with a mean incremental cost-effectiveness ratio of
€23 812 per QALY. Compared to treating those with a risk higher than 5%, treating
all individuals was cost-effective with a mean incremental cost-effectiveness ratio of
€33 814 per QALY. All other strategies were more costly and less effective than

treating individuals with a Framingham risk higher than 5%.

Sensitivity znalyses
By changing the discount rate from 3% to 5%, the incremental cost-effectiveness ratio
of the treat-all strategy compared to treating individuals with a Framingham risk
higher than 5% decreased from €18 787 to €15 473 per QALY. This lower value can
be explained by a higher impact of discounting on the difference in costs than on the
difference in effectiveness. Assuming a compliance rate of 70% instead of 100%. the
incremental cost-effectiveness ratio became €20 269, Excluding the costs of medical
visits for initiating and monitoring therapy in the treat-all strategy reduced the total
costs per individual with €370, resulting in an incrementai cost-¢ffectiveness ratio of
€4 770 per QALY compared to prevention based on the Framingham CVD risk
function (Table 4). By excluding the preductivity losses in the analysis, the
incremental cost-effectiveness ratio increased to €19 062, due to the fact that less
societal costs are involved when CVD events occur.

Assuming that the efficacy of the “Polypill™ components was 75% of the estimates
by Wald & Law resulted in an incremental cost-effectiveness ratio of €33 333
(instead of €18 787 ) per QALY compared to prevention based on the Framingham

CVD risk function {Table 4). Treating individuals with 2 Framingham risk score of
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5% was cost-effective compared to treating individuals with a Framingham risk score
of 7% (incremental cost-effectiveness ratio €16 455 per QALY).

Assuming that the efficacy of the “Polypill” components was only 50% of that
estitnated by Wald and Law resulted in an incremental cost-effectiveness €51 600 per
QALY compared to prevention based on the Framingham CVD risk function (Table
4). However, excluding fhe costs of medical visits for initiating and monitoring
therapy in the treat-all strategy resulted in an incremental cost-effectiveness ratio of
€29 097 per QALY compared to usual care and prevention strategies based on the

Framingham risk function became inferior.

DISCUSSION

We examined the cost-effectiveness of primary prevention strategies for CVD with
"Polypill” therapy in the Rotterdam Study population. Initiating "Polypill” therapy in
all 55-80 year old individuals would increase the population mean CVD-free life
expectancy with 3.5 years compared to usual care, would decrease the percentage of
total mortality that is due to CVD from 33% to 8%, and would lead to a gain of 0.72
quality-adjusted life years (QALYs). Moreover, this strategy appeared to be highly
cost-effective, even in comparison to commonly used prevention strategies based on
the Framingham risk function. Sensitivity analyses showed robustness of the results.
The incremental cost-effectiveness ratios were insensitive to plausible changes in
discount rate and compliance rate. Also, productivity losses had only a limited effect
on the cost-effectiveness because of the low proportion of employed individuals in
this older population. The “Polypill” therapy in all Rotterdam Study participants
remained cost-effective inspite of aspirin intolerance in 5.7% and even if 30% of the
total population was assumed to be non-compliant.

By introducing the “Polypill” in the general population, the mean average costs
that will be invested life-long per individual was estimated to be approximately
€16500. Because of the cost-savings due to prevention of CVD events, average life-
long net costs will be onty €2295 per individual. For the Netherlands this means that

€1625 million would need to be invested annually but there would be an estimated
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cost-savings of €1400 million annually, implying a net national annual cost of €225
million to gain 3.5 CVD-free life years and 0.72 discounted QALY ’s.

Cur results suggest that "Polypill” therapy is not only cost-effective but may even
be cost-saving in certain subgroups. In particular we found that “Pelypill” therapy in
all 55 to 60 year-old men was both effective (more than 3 years gain in CVD-free life
expectancy) and cost-saving (almost 5% reduction in societal costs) compared to
usual care,

The gain in CVD-free life years achieved with “Polypill” therapy was
considerably higher than the gain in QALYs. This big difference is due to the fact that
the benefit of therapy is mostly at the end of life while the adverse events occur
relatively early in life and because the QALYs were discounted with an annual rate of
3%. Furthermore, we took into account that the extra life years gained were at an
older age at which individuals have a relatively lower quality of life.'® Finally, when
analysing CVD-free life years, the detrimental effect on quality of life due to adverse

ievents was not taken into account.

EE Wald & Law showed that 36 out of 100 men without known vascular disease

g would benefit from taking the *“Polypill” from the age of 55 years on. In this 36% they

fj calculated a 12-year gain in life years free of THD and stroke, resulting in an average

l ain of (0.36 * 12 =) 4.32 years.” Our results showed that initiating “Polypill” therapy

| in all 53 to 60 year-old men would increase the mean CVD-free life expectancy with

\ 3.11 years. Our lower calculated life expectancy can be explained by the fact that we
‘xtook both adverse events and competitive mortality into account whereas Wald &
Law did not.

Limitations of this study are similar to those of every decision analysis and cost-
effectiveness study. Optimising the trade-off between quality-adjusted life expectancy
and costs underlie this analysis and in doing so we assurned that society could define
a threshold willingness-to-pay for a QALY gained. Even though we assume that the
societal willingness-to-pay can be defined, we recognise that the threshold value is
difficult to determine, may fluctuate with time, differs across countries, and may
differ across types of interventions. The decision to treat all 53-80 year old individuals
depends on what society is willing to pay for health care. At a threshold value of
£€50,000 per QALY for example, a commonly quoted threshold value, our results
suggest that life-long treatment with the “Polypill” in all 55-80 year old individuals is

a very cost-effective CVD prevention strategy. Considering the incremental cost-
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effectiveness ratios of currently frequently performed primary prevention
interventions, a lower threshold willingness-to-pay of for example €20,000 per QALY
may be appropriate, in which case cost-effectiveness of “Polypill™ therapy in all 55-80
year old individuals is less evident.

We are aware that new CVD risk functions were developed since the introduction
of the Framingham risk function. For example, recently the SCORE risk function™
was introduced in Europe based on follow-up in 200 000 individuals. This function,
however, does not consider CVD morbidity, which in our model was a major
consideration given the considerable impact on quality of life. Furthermore, the
Framingham risk function is well-known and very widely used. Even if we had used
the SCORE risk function, the results would probably have been similar,

We used well-established methods of cost-effectiveness analysis to integrate the
available data on the potential benefits of the “Polypill” components. Interpretation of
our results should, however, consider the assumptions that were made. The
proportional risk reductions were assumed identical for the high and low nisk strata
based on studies that demonstrated that risk reductions are homogeneous across the
risk continuum suggesting that the reported results can be extrapelated to groups at
intermediate risk.” Note, however, that whereas we assumed equivalent proportional
risk reductions across the risk continuum, this translates into very different absolute
benefits depending on the underlying risk of CVD.

Furthermore, we assumed the effects of the components of the "Polypill” to be
independent and additive. If the effects are in fact less than the sum of the parts, then
we have overestimated effectiveness and cost-effectiveness would in reality be less
favourable. Wald & Law made the same assumption and calculated the combined
effect of the components of the "Polypill” by multiplying the relative risks associated
with cach.” However, they did not account for the uncertainty of the relative risks
whereas in our simulations the uncertainty of each of the relative rsks was accounted
for before multiplying the individual effects. Our estimates of the individual effects
are based on those presented by Wald & Law. They computed the estimates by
combining data from short and long-term clinical trials and longitudinal observational
studies and used a number of assumptions such as independency of the relative effect
from baseline level of the risk factor. Because the effect estimates are not derived

directly from long-term clinical trials in the general population, it could be that they
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are too optimistic. Our analyses showed that assurning effectiveness of the “Polypill”
to be 75% of the estimates as reported by Wald & Law, “Polypill” therapy in ail
individuals was still cost-effective, considering a threshold willingness-to-pay of €50
000 per QALY If society is only willing to pay €20 000 per QALY treating all
individuals would be too expensive, but treating individuals with a Framingham risk
score of 5% would still be acceptable. Moreover, assuming that the efficacy of the
“Polypill” components was only 50% of that estimated by Wald and Law, we found
that treating all individuals would still be cost-effective for a threshold willingness-to-
pay just a little over €50 000 per QALY.

We did not include all factors that may increase the cost-effectiveness of the
"Polypill". The simulated effectveness of “Polypill” therapy on total life expectancy
may even be higher than estimated. For example, we did not take the non-
cardiovascular effects of aspirin into account. Aspirin may also have preventive
effects on colorectal cancer.”* Furthermore, in recent years other beneficial effects of
statins have been suggested, such as anti-inflammatory™. anti-proliferative® and
immunosuppressive” properties. Other than the risk reduction of IHD and stroke,
these effects were not modeled. Moreover, the cost-effectiveness of treating all
individuals was more favourable when we excluded the costs of medical visits for
initiating and monitoring therapy in the treat-all strategy. Reducing, or even
eliminating, the costs of medical visits for initiating and menitoring therapy can be
expected if prevention with the “Polypill™ is implemented through advertisements,
educational programs, or other low cost interventions that reach the general
population. Although treating individuals with the “Polypill” without medical
supervision may seem appropriate to some’, safety needs to be evaluated. Finally, we
calculated the costs of the “Polypill” by summating the costs of generic medications
that are not subject to patent protection and have the lowest rate of adverse events.
However, when given in combination, the costs of the “Polypill” may still be reduced
and the “Polypill” may become even more cost-eflective.

We conclude that primary prevention for CVD with "Polypill” therapy is a cost-
effective strategy in the general population aged 55 to 80 years old under a wide
variety of assumptions and may even be cost-saving in selected subgroups. We
advocale a pragmatic clinical trial to study effects and associated costs of the
“Polypill” in real life.
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Table 2. Adverse events of each of the comsponents of the “Polypill”.

The estimates of adverse events were drawn independently from uniform distributions

ranging from a minimwm 10 2 maximum value.

ASPIRIN Mean Minimum Maximum
Prevalence of aspirin intolerance 0.057 0.053 0.060
Annual excess risk of non-fatal haemorrhagic stroke 0.000040  0.000030  0.000050
Annual excess risk of non-fatal gastro-intestinal bleed  0.000616  0.000600  0.000632
Annual excess risk of non-CVID mortality 0.000144 0.000101 0.000187
STATINS

Disutility* (loss in quality of life} 0.0125 0.020 0.005
ANTIHYPERTENSIVES

Disutility* {loss in quality of life) 0.0125 0.020 0.005
FOLIC ACID

No adverse events n.a n.a. na.

Reference: M. Hayden, et al.*
Reference: Bell, et al.”
(cont.)

n.a. = not applicable

* The health-relazed guality of life weight for each individual after therapy was calculated by

multiplying the pre-treatment health-related quality of 1ife weight with the product of (1-disutility) with

statins and (-disutility) with amihypertensives.
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Table 3. Effectiveness, costs, and cost-effectiveness of various prevention strategies, Sereening is based on the Framingham risk funetion

and treatment is life-long with the “Polypill”.

Strategy Percentage Percentage CVD CVD-free QALYs} Cosls ICERE INTIR#* INHB**
Treated (%} mortality§ (se) tife vears {se) {years) (€} (E/QALY) (WTP 50k) {WTP 20k)

Usual care 0 33.0(6.7) 18.39 (0.49) 11.579 57624

Framingham 19%* 25.0 19.0 (4.9 19,90 (0.80) 1,761 58 295 EDtt 0.169 0,148
Framingham 15%*% 375 15.0(4.5) 20.45 {0.90) 11.921 58472 EDtt 0.156 0151
Framinglam 12%* 50.0 12.1(4.3) 2090 (D,98) 12.051 58011 2091 0.127 0.123
Framiogham 9%%* 62,5 10.1 {(4.2) 2128 (LG4 12.153 58 841 2255 .097 0.091
Framingham 7%* 750 8.8 (4.1 21.58 (1.07) 12.229 59135 3868 0.070 0.061
Framingham 5%% 87.5 EANCHY 21.78 (1.16) 12.278 59485 7143 0.042 0.032
Treat all with "Polypill” 100 7.8(4.1) 21.82 (1.1 12.301 59917 18 747 0.0t4 0,001

* Prevention strategy in which individuals with a Framingham 5-year CVD risk above the indicated percentage are treated with the “Polypill™.

¥ Percentage of total mortality that is cardiovascular mortality (se = standard error)

1 QALY = mean discounted quality-adjusted life years

3§ iCER = incremental cost-eftectiveness ratio (Furos per QALY) in comparisen (o the next best strategy. A strategy with an iCER < €20 000/QALY is always considered cost-effective,

*¥ INHB = incremental net health berefit (gain in QALY equivalents, considering a threshold willingness-to-pay (WTP) of €50 000 and €20 000 per QALY respeclively) in comparison to the
next best strategy (INHB = AQALY — Acosts / WTP),

+1 ED = extended dominated {higher iCER than a more effective strategy)
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Table 4. Cost-effectiveness of life-long treatment with the “Pelypill” for variocus
effect measures of the “Polypill” componesnts. Incremental cost-effectiveness ratios

1n comparison to the next best strategy are listed in Euros per QALY.

Reference-case’  75% efficacy”  50% efficacy *

Treat FHS' > 5% 7.143 16.455 30,368
Treat all 18,787 33.333 51,600
Treat all without monitoring” 4,770 11.228 20,097

* Reference-case: In the reference-case analysis we used the effeet measures as reported by Wald & Law ($8%
reduction in [HD risk & 80% reduction in stroke risk).

*+ In this sensitivity analysis, we assumed the relative risk reductions 1o be 75% the estimates reporied by Wald &
Law.

I In this sensitivity analysis, we assumed the relative risk reductions to be only half the cstimates reported by Wald
& Law,

§ Prevention strategry in which individuals with a Framingham 5-year CVD risk higher than 5% are treated with
the “Polypill™.

** Costs of medical visits for initiating and monitoring therapy were excluded in the treat-all strategy.
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Figure 1. Schematic representation of the RISC model.
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Figare 2. The Cost-Effectiveness graph plots the costs {(in 1000 Euros on the y-
axis) and guality-adjusted life years (on the x-axis) of each strategy. The
presented line conneets all options, which are neither eliminated from consideration

by absolute dominance nor subject to extended dominance.
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Figure 3. Box plots showing the variability of the incremental Net Health
Benefits {NHB) of the treat-all strategy compared to treating individuals with a
Framingham 5S-year CVD risk higher than 5%, considering a threshold
willingness-to-pay (WTP) of respectively €50 000 and €20 000 per quality-
adjusted life year. The boxes show the limits of the middle half of the data. The line
inside the box represents the median results of all scenarios. The span shown is
containing at least 95% of the scenarios. Extreme scenarios (outliers) are also
highlighted **
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Abstract

Backgrownd. Individuals are generally selected for primary prevention with aspirin
therapy based on their risk for cardiovascular disease (CVD). The CVD risk,
however, 1s not a direct measure of the extent to which aspirin therapy lengthens life
expectancy and improves quality of life. The purpose of this study was to develop a
prediction rule to determine the guality-adfusted life years (QALY's) that can be
gained with aspirin therapy based on CVD risk indicators.

Metheds. We developed a Monte Carlo-Markov model based on the Rotterdam
Study, a cohort follow up study of 7983 individuals aged 55 years and older.
Comorbidity, competitive mortality, time-preference, quality of life, and efficacy and
adverse events of aspirin were all taken into consideration. A life-long simulation was
run on all 55-80 year old Rotterdam Study participants, with a systolic blood pressure
lower than 180 mmHg, free of CVD at baseline, and complete information on risk
factors (n=3937) to determine the QALY's that would be gained (AQALY} with low-
dose aspirin therapy. Finally, the association between the individuals® CVD risk factor
profiles and the QALY's gained with aspirin therapy was studied using linear
regression.

Results. Although the benefit of aspirin therapy generally rose with increasing CVD
risk, this relationship was neither monctonic nor straightforward and was largely
dependent on age and gender. For example, to gain at least 0.20 QALY'S, the threshold
Framingham 5-year risk score for treatment with aspirin is 17% in 535-year old
women, 19% in 65-year old women, 28% in 75-year old women, 22% in 55-year old
men and 29% in 65-year old men. Men aged 75-years or older will never gain more
than 0.16 QALY's with aspirin therapy. Furthermore, there was a considerable gain in
QALYs in young individuals in spite of fairly low Framingham risk scores.
Cenclusion. The AQALY prediction rule provides a better method to select
individuals for CVD prevention with aspirin therapy than selecting individuals based
on their CVD risk.
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INTRODUCTION

Cardiovascular disease (CVD) is the main cause of mortality in industrialized
countries. Recent trials have shown that the use of low dose aspirin (80 mg) reduces
the incidence of CVD.? The benefit of aspirin therapy 1s generally considered to
depend on the pre-treatment level of CVD risk.” Current guidelines emphasize the
importance of selecting individuals based on their absolute risk of CVD calculated,
for examnple, with the Framingham risk function.*>

While absolute risks are an important indicator of the potential burden of a disease,
they give no indication of the impact of that disease on life expectancy and on quality
of life. The complex interaction of competing forces of mortality and morbidity
makes it difficult to estimate the impact of CVD prevention on an individual’s life
course. When using the Framingham risk function to determine whether individuals
should receive aspirin therapy, their comorbidity and non-cardiovascular mortality is
not explicitly taken into account. Aspirin therapy may cause adverse events, such as
hemorrhagic stroke and gastro-intestinal bleeding’, or side effects interfering with the
quality of life, which should also be considered. Furthermore, decisions based on
absolute risk suggest that it is always more efficient to postpone treatment to a later
age because the risk of CVD increases with age. At a higher age, however, the net
benefit with aspirin therapy is low because of the fewer remaining years during which
a gain can be achieved. Although the decreasing benefit with age is taken into account
in some guidelines by increasing the threshold risk with age, most guidelines do not
consider factors other than absolute risk when selecting individuals for aspirin
therapy.

All in all an absolute risk such as the Frammgham risk score is not a direct measure
of the benefit of aspirin therapy and therefore difficult to translate to 2 meaningful
treatment decision. A more meaningful approach would be to transform death and
incidence probabilities into quality-adjusted life years (QALY's) that can be gained
with agpirin therapy. By transforming epidemiological data into a Markov model, the
impact of CVD on the life course of a general population can be translated into
quality-adjusted life years.® The Markov model provides a method for the calculation
of lifetime risks, taking into account competing causes of morbidity and mortality,
between-patient variability and various sources of uncertainty and can be used to

predict the QALY that can be gained with aspirin therapy.
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Purpose of this study was to develop a prediction rule to determine the QALY's that

can be gained with aspirin therapy based on known cardiovascular risk indicators.

METHODS

We developed a Monte Carlo-Markov model to predict the future CVD burden in the
original Rotterdam Study population, aged 55 and older at study onset, and followed
from 1991 to 2000. The model will be referred to as the Rotterdam Ischemic heart
disease & Stroke Computer simulation model {RISC model). Through its capability to
simulate changes in CVD risk in individuals without CVD, the model was suited to
examine the efficacy of CVD preventive strategies in terms of (CVD-free) life
expectancy and quality-adjusted life expectancy gained. The model proved to be a
valid tool to describe the CVD burden of a general population based on individual risk

factor profiles.”

The model

The RISC model is a state-transition model containing 6 states: (1) the CVD death
state, (2) the non-CVD death state, (3) the Ischemic Heart Disease (IHD) state, (4) the
Ischemic Stroke state. (5) the ITHD and Stroke state and (6) the Well state. The model
simulated incident CVD events in individuals with and without previous CVE (Figure
1), The cycle length was (.1 years.

To provide transition probabilities for different risk factor patterns, we constructed
six transition probability functions based on the levels of independent risk indicators
with Cox proportional hazard analyses. Important predictors were selected by
multivariable stepwise regression analysis and included variables from the medical
history, anthropomeiric measures, blood pressure measurements, laboratory tests and
mild manifestations of CVD as assessed by questionnaires. Detailed information

about the RISC model is posted on the World Wide Web."

" http://www.epib.nl/art/tools.bitml
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Data sources

Individual rigk factor profiles and transition probability functions were based on data
from the Rotterdam study popula‘rion.g The Rotterdam study population consisted of
7983 mostly Caucasian respondents from a random sample of adults aged 55 and
older residing in the suburb Ommoeord of Rotterdam, the Netherlands, recruited in
1990-1993. Of these respondents, 6871 (86%) visited the research center for risk
indicator assessment at baseline, had a complete follow-up for at least 7 vears, and
signed an informed consent form.

In 3501 of the 6871 individuals all important characteristics to predict CVD were
known. On the basis of these 3501 individuals, the transition probability functions and
trends of risk indicators with aging were fitted. The risk indicators considered were
age, sex, smoking status, systolic and diastolic blood pressure, diabetes mellitus,
plasma glucose level, body mass index, waist to hip ratio, plasma cholesterol/HDL
ratio, plasma creatinine level, family history of CVD, ankle-arm index, and prevalent
CVD. An individual was designated as having prevalent CVD if a myocardial
infarction or a stroke was diagnosed by a physician and/or the patient reported CABG,
PTCA, or carotid surgery in the past and/or the patient was diagnosed as having
angina pectoris, intermittent claudication, or a previous transient ischemic attack by
questionnaire.

All incident events during follow-up were classified according to the International
Clagsification of Diseases, 10th version (ICD-10). The events of interest include THD
(myocardial infarction (I121-code}, PTCA and CABG), ischemic stroke (163, [64),
death from cardiovascular disease (mortality due to 110-I13: hypertensive heart
disease, 120-125: ischemic heart disease, [46 & 149: sudden cardiac death, I50:
congestive heart failure, 160-I67: cerebrovascular disease, 170-179: other arterial
disease and R96: sudden death), and non-cardiovascular mortality (ali other mortality
codes).

Both efficacy and adverse events of aspirin were derived from the literature. For
our simulations we used the risk reductions of aspirin therapy for ischemic heart
disease, CVD mortality and ischemic siroke from the meta-analysis of Hayden et al
(Table 1)."! We assumed that aspirin-intolerance was present in about 5.7% of the
population.” We assumed an absolute annual incremental risk of hemorrhagic stroke
of 1 per 10,000, of which 60% were assumed to be fatal and an absolute annual

incremental risk of gastro-intestinal hemorrhage of 7 per 10,000, of which 12% were
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fatal.” These numbers resulted in a 0.00004 risk increase in non-fatal hemorrhagic
stroke, a 0.000616 risk increase in gastro-intestinal hemorrhage and 2 0.000144 risk
increase in mortality per year (Table 1).

We included health-related quality of life by applying quality of life weights to
each health state. Health-related quality of life weights used in the simulations were
derived from the Catalog of Preference Scores of Bell et al'® and Fryback et al.'!
Uncertainty
Parameter values in the RISC model, such as efficacy and adverse events of aspirin
and the health-related quality of life weights for the various disease states were
derived from various studies with their associated measures of uncertainty. We
modeled parameter uncertainty by estimating the distribution of the value of each of
the input variables and performing a second-order Monte Carlo simulation.’> The
distributions of the efficacy of aspirin therapy were based on the 95% confidence
interval as reported in the literature.' The probabilities of adverse events were
modeled with a uniform distribution on a plausible range around the published
values.' Health-related quality of life weights were modeled as ranging from the
lowest to the highest value as described in the Catalog of Preference Scores.'”
Uncertainty in the transition probability functions was modeled by drawing 100
beotstrap samples of the study population. All the transition probability functions
were fitted for every bootstrap sample, resulting in 100 sets of linked transition
probability functions.

A first-order Monte Carlo simulation was performed which simulates individuals
one by one (random walks or trials) instead of a whole cohort at the same time. The
first-order Monte Carlo analysis accounted for the uncertainty about the actual

realized outcome of an individual due to chance (stochastic uncertainty).™

Estimating the benefits of aspirin therapy

In 3937 of the 6871 individuals, no CVI> was present at baseline. systolic blood
pressure was 180 mmHg or lower and all were younger than 80 years old. Baseline
charactistics are shown In table 2. As far as we know, none of these individuals were
using aspirin. We performed the simulaticns by sampling all 3937 individuals

consecutively and running 500 first-order trials per sample. For each trial we sampled
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A computer program to calculate the gain in QALY's and detailed information about
the structure of the AQALY prediction rule is posted on the World Wide Web.”

DISCUSSION

We developed a prediction rule to determine the quality-adjusted life years (QALYS)
that can be gained with aspirin therapy based on known cardiovascular risk indicators.
With the aid of a computer simulation model we determined the QALY's that would
be gained with aspirin therapy in each Rotterdam Study participant initially free of
CVD and younger than 80 years. The association between their CVD risk factor
profiles and the QALY's that can be gained with aspirin was studied using regression
modeling. We designed a user-friendly computer program with which clinicians can
identify individuals most likely to benefit from aspirin therapy.”

The third U.S. Preventive Services Task Force® recommended aspirin therapy for
individuals with a Framingham S5-year CVD risk score higher than 7.5% (or a
Framingham S-year coronary heart disease risk score higher than 3%). We showed,
however, that there was a considerable gain in QALY's and CVD-free life years in
individuals with Framingham risk scores lower than the recommended threshold. At
the same time the number of individuals with a high Framingham risk score in whom
the hamm from aspirin therapy outweighed the benefit was also quite large.
Furthermore, we showed that the relation between the Framingham CVD risk and the
benefit from aspirin therapy was not straightforward because both depend on age and
gender. Because older people have fewer QALYs to gain and through their age have 2
higher calculated Framingham risk, the threshold risk for treatment should increase
with age if QALY gain is to be maximized. Furthermore, comparing men and women
who have similar Framingham risk scores, the women have worse risk factor profiles
apart from gender and a longer life expectancy because of their gender, which implies
that the women have more QALY to gain. Therefore, to maximize QALY gains,
women should be treated at a lower threshold of Framingham risk than men.

The mean gain in life expectancy with aspirin therapy in our stﬁdy was 80 days

(0.22 years). Although this may seem small, it is in fact, fairly large in comparison to

" httpr/Awww . epib.nl/art/tools.html
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the gain in [ife expectancy from preventive interventions targeted at populations at
average risk."* Moreover, the QALY that can be gained may have been
underestimated since we did not take extra-cardiovascular beneficial effects of aspirin
into account. Laboratory and epidemiologic data suggest that aspirin has an
antineoplastic effect in the large bowel.'* Furthermore, aspirin may have a role in the
prevention and treatment of Alzheimer’s disease'®, osteoporosis” and arthritis.'®

We accounted for the most important adverse events of aspirin. We took
subsequent mortality and disutility into account in the calculations of the QALYs
gained. We did not, however, account for the disutifity associated with the need to
take medication every day, which is variable among individuals and is probably
negligible.

We believe that the selection of individuals for aspirin therapy based on the
AQALY prediction rule is superior to selection based on an absolute CVD risk
function because the former takes into account relevant benefits, risks, adverse events,
quality-of-life, and time preference whereas the latter only considers CVD risk. The
AQALY prediction rule can be applied to adults 55-80 years old without CVD and a
systolic blood pressure below 180 mmHe.

Before the prediction rule is introduced on 2 wide scale, it should be tested further
to establish whether its predictions are valid in other settings, whether using the
prediction rule is cost-effective, and above which threshold of gain preventive therapy
shouid be advised. The Rotterdam study was a population-based cohort with a high
response rate’. Individuals that were excluded because of missing baseline
information or incomplete follow-up were largely individuals older than 80 years and
with cardiovascular disease at baseline (almost 60%). Moreover, we have shown that
the RISC model, which is based on a subset of 3501 individuals, is a valid model to
simulate the CVD life course in the cohort overall. We therefore believe that the
results from our study are generalizable to Caucasian adults 55-80 years old without
CVD and a systolic blood pressure below 180 mmHg.

In conclusion, the presented prediction rule is a promising tool to select individuals
for CVD prevention with aspirin. Individuvals at risk for CVD should be targeted
based on the QALY's that can be gained instead of on their abselute CVD risk.

" http:/forww epib.nl/art/tools.html
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Table 1. Efficacy and risk of adverse events with aspirin therapy

EFFICACY Hazard ratio® (standard error)
IHD risk reduction 0.72 (0.074)
CVD-mortality risk reduction 0.86 {0.094)

Ischemic Stroke risk reduction 0.98 {0.125)
ADVERSE EVENTS Probability (minimum - maximuom)
Aspirin intolerance 53-6.0

(prevalence per 100)

Non-fatal hemorrhagic stroke 3.5

(rate per 100 000 per year)

Non-fatal gastro-intestinal bleed 60 - 63

(rate per 100 000 per year)

Increased non-CVD mortality 10-19

(rate per 100 000 year)

Reference: Hayden, Ann Intern Med 2002!

* Hazard rate ratios with aspirin therapy compared to no therapy
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Table 2. Baseline characteristics

RISK INDICATCRS MEAN + SD / PROPORTION
Male gender (%) _ 38
Age at baseline (years) 666
Age 55 to 60 years (%) 237
Age 60 to 635 years (%) 26.6
Age 65 to 70 years (%) 221
Age 70 to 75 years (%) 17.5
Age 75 to 80 years (%) 10.1
Current cigarette smoking (%) 25
Former cigarette smoking (%) 42
Systolic blood pressure (mmHg) 136+ 20
Pulse pressure (mmHg) 62+16
Hypertension * (%) 27
Serum cholestero! / HDL-ratio (mmol/1) 51+16
Body mass index (kg/m?) 264
Waist-hip ratio 0.90£0.09
Family history of myocardial infarction ¥ (%) 17
Ankle-arm index * 1.10=0.18

* The current use of antidiabetic medication and / or a non-fasting serum glucose level > 11.0 mmol/L
before or after an oral glucose tolerance test.

(cont.)

T Systolic blood pressure > 160 mmHg and / or diastolic blood pressure > $5 mmHg or using
antihypertensive medication for indication of hypertension, Dit is niet meer de huidige definitie van
hypertensie, dat is 160/100 for type II of 146/90 for type |

I A first-degree family member was known to have had a myocardial infarction before the age of 65
years.

§ The ratio of the systolic blood pressure of the posterior tibial artery, as assessed by an 8 MHz
continuous wave Doppler probe and a random-zero sphygmemanometer, o the systolic blood pressure

at the arm. The lowest AAL either right or left, was used in the analysis
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Table 3. The percentage of individuals treated with aspirin in which the harm
sutweighed the benefit (negative), the percentage in which the net benefit was
small (0—0.10 QALYst or 0-0.25 DFLYs1), and the percentage in which the net
benefit was large (>0.10 QALYs? or >0.25 DFLYs1), within every decile of '

Framingham risk.

Framingham risk* Gain in QALYst Gain in DFLYs}
In deciles Negative Small Large Negative Small Large
(%) (%) (%) (%) (%) (*0)

0.01-0.04 227 47.7 29.6 25 40.7 56.7
0.04 - 0.06 233 39.0 37.6 23 323 654
0.06 - 0.07 19.9 37.5 42.6 0.9 28.0 71.1
0.67 - 0.09 18.9 34.4 46.7 23 273 70.4
0.09-0.11 18.8 29.9 51.4 1.6 289 69.4
0.11-0.13 12.5 335 54.0 1.8 254 72.7
0.13-0.15 157 309 333 0.9 26.8 723
0.15-0.19 10.4 295 60.2 0.9 23.1 759
0.19-024 11.3 273 61.4 12 229 76.0
0.24-0.53 51 30.1 64.8 0.2 26.2 73.6
Mean 15.9 34.0 302 1.5 28.2 70.4

* The Framingham 5-year CVD risk score in deciles
T QALYs: quality-adjusted life years

T DFLYs: disease-free life years (free of ischemic heart disease and ischemic stroke)

160



A decision-analwtical approach to select individuals for primary CVD prevention with aspirin

Figure 1. Schematic representation of the RISC model
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Figure 2. The distribution of effectivemess of aspirin therapy in the Rotterdam
Study population, expressed in gain in time-preference and quality-adjusted life
years (QALYSs). The dashed reference line represents a QALY gain of zero. The

mean gain In QALY's was (.12 with a standard deviation of 0.14.
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Figure 3. The gain in QALY with aspirin therapy as a function of the

Framingham 5-year CVD risk score, age and gender {regression functions).
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Figure 4. The gain in QALY with aspirin therapy for various risk indicators.
The net AQALY is shown for each particular risk indicator, with all other risk

indicators fixed at their mean. For continuous risk indicators, the 97.5% upper limit is

compared to the 2.5% lower limit.
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Cost-effectiveness analysis of aspirin therapy

in the primary prevention of cardiovascular disease:

a computer simulation study

Abstract

Background. Whereas secondary prevention of cardiovascular events with aspirin
therapy in patients with known coronary and carotid artery disease is recognized as
cost-effective, the cost-effectiveness of aspirin therapy in asymptomatic individuals
remains to be determined.

Objectives. To investigate the cost-effectiveness of aspirin therapy in the primary
prevention of cardiovascular disease, using various screening tools.

Design Cost-effectiveness analysis using a Monte Carlo-Markov model based on 2
population-based cohort study. Probabilistic sensitivity analysis and analyses of
vanability were performed.

Datasources. The Rotterdam study and published literature data.

Participants. Simulation of 3937 Rotterdam Study participants aged 55-80 years old,
without medical history of cardiovascular disease at baseline (1990-1993).
Measurements. Baseline data included information on history of cardiovascular
disease and cardiovascular risk factors.

Time horizen. Lifetime

Perspective. Societal

Sereening tools. The Framingham cardiovascular disease risk score, the Rotterdam
cardiovascular disease risk score, the extended Rotterdam cardiovaseular disease risk
score which included the ankle-arm index. and the Rotterdam AQALY prediction
rule, each with various thresholds at deciles of the highest scores.

Interventions. Life-long treatment with aspirin in all individuals with scores above
the threshold.
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METHODS

We performed a computer simuiation study using data from the literature combined
with data available from the Rotterdam Study, 1o estimate the cost-effectiveness of
various strategies for primary prevention with aspirin in a general population with

subjects aged 55 years and over.

Strategies

The prevention strategies analyzed were based on the Framingham CVD risk
function, the Rotterdam CVD risk function, the extended Rotterdam CVD risk
function (which included the ankle-arm index), and the Rotterdam AQALY prediction
rule (which predicts the GALY's that can be gain with aspirin therapy). Different
thresholds (at deciles of each score) above which treatment will be initiated were also
analyzed. In individuals identified as at risk by 2 high score, life-long treatment with
80 mg of aspirin daily was initiated by a primary care physician. We considered
screening at 5-year intervals® by a primary care physician with determination of the
CVD risk factor profile in all individuals and an annual risk factor assessment in those

identified to be at high risk to monitor for adverse events and to improve compliance.

Outcomes

The main outcome measures were health benefit expressed in gquality-adjusted life
vears {(QALYs) and societal costs expressed in Euros. Furthermore, we examined
cost-effectiveness, expressed in net health benefits, defined as the discounted QALY's
minus the costs, the costs being transformed 1o QALY equivalents by dividing them
by society’s willing;ne:ss-to—pay.9 Future costs and benefits were discounted at the
currently nationally recommended nominal discount rate of 4% per year to take time-
preference into account. This implies that effects and costs pccurring in the future are
weighed less than those occurring in the present.6 We considered society’s thresholds
willingness-to-pay of €50 000 and €20 000 per QALY."” Incremental net health
benefits were calculated to indicate the gain in net health benefit in comparison to the

natural history without intervention.® A positive incremental net health benefit

" htp:/fwww.epib.nl/art/tools. html
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indicates a cost-effective strategy in comparison to the natural history and the strategy

with the highest incremental net health benefit is considerad the most cost-effective.

Decision-analytic model

The RISC model is a Monte Carlo-Markov model® containing 6 states: (1) the CVD
death state, (2) the non-CVD death state, (3) the Ischemic Heart Disease (IHD) state,
(4) the Ischemic Stroke state, (5) the IHD and Stroke state and (6) the Well state.

Individuals® risk factor profiles and transition probability functions were based on
data from the Rotterdam Study, a prospective population based study among 7983
men and women aged 35 years and older and living in Ommoord, Rotterdam. The
model used a lifetime time horizon and a societal perspective. The time cycle used in
the analysis was 0.1 years. Detailed information about the RISC model is posted on
the World Wide Web.*

Aspirin’s efficacy in reducing CVD events and the probability of adverse events
were derived from the literature. For our simulations we used the risk reductions of
aspirin therapy for ischemic heart disease, CVD mortality and ischemic stroke from
the meta-analysis of Hayden et al (Table 1)."" Relative effects of aspirin were
computed irrespective of patient age, blood pressure, diabetes mellitus, cigarette
smoking, cholesterol level, and other risk factors.'? We did not explicitly incorporate
compliance inte the model, because the primary prevention study groups were

anatyzed using the intention-to-treat principle.’*'*

Aspirin-intolerance was assumed to
be present in about 5.7% of the population.’* The most important adverse events of
aspirin and subsequent mortality and disutility were taken into account in the
calculations of the QALY's gained. We did not, however, account for the disutility
associated with the need to take medication every day, which is presumably very
small and variable among individuals. We assumed an absclute annual increrental
risk of hemorrhagic stroke of 1 per 10,000, of which 60% were assumed to be fatal,
and an absolute annual incremental risk of gastro-intestinal hemorrhage of 7 per
10,000, of which 12% were fatal.'? These numbers resulted in a 0.00004 risk increase

in non-fatal hemorrhagic stroke, a 0.000616 risk increase in gastro-intestinal

hemorrhage and a 0.000144 risk increase in mortality per year (Table 1). The adverse

" hitp:fwww.epib.nl/art/tools. html
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event tisks associated with chronic low-dose aspirin therapy were the same regardless
of underlying cardiovascular risk.™

We mcluded health-related quality of life by applying quality of life weights to
each health state. Health-related quality of life weights used in the simulations were
derived from the Catalog of Preference Scores of Bell et al.'® Quality of life weights
for healthy individuals were assumed to depend on age- and sex and were derived
from the Beaver Dam Health Outcomes Study."”

The simulation model was programmed in decision analytical software (DATA

Professional from Treeage).

Cost-effectiveness analysis

The cost analysis in¢luded all medical and non-medical costs associated with
cardiovascular disease and relevant from the societal perspective. Direct medical costs
included costs of cure and care due to events, screening costs and prevention costs.
Both the transition {one-time) costs of events and the incremental (annual) costs
following events were derived from the National Institute for Public Heatth and the
Environment.'® Screening costs were the costs of the visits to the primary care
physician (in total €61 per screening event and an additional €8.50 if an ankle-arm
index was measured). Prevention costs are the costs associated with the prescription
of low-dose aspirin (80 mg) as determined by the Dutch Health Care Insurance Board
(in total €19 per person annually). Non-related health care costs incurred during
gained life years were based on national averages and were age- and sex specific.”

Non-medical costs inciuded time costs, travel costs, and productivity losses. Time
costs and travel costs were based on data from the Dutch Central Bureau for Statistics.
Productivity losses were estimated with age- and sex-specific friction costs.* which
are the costs associated with reduced production because employees suffer or die from
CVD.

The cost-effectiveness analysis was based on simulations of eligible individuals in
the Rotterdam Study population. Of the 7983 respondents to the call for Rotterdam
Study participants, 6871 (86%) visited the research center for risk indicator
assessment at baseline (1990-1993), had a complete follow-up for at least 7 years and
signed an informed consent form. Of these, 3937 individuals were free of CVD at
baseline, had a systolic blood pressure of no more than 180 mmHg, and were younger

than 80 years and were therefore eligible for aspirin therapy. For every individual, the
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Framingham CVD risk score, the Rotterdam CVD risk score, the extended Rotterdam
CVD risk score, and the Rotterdam AQALY prediction score was calculated. The four
scores were divided into deciles to make the screening tools comparable and were
compared for agreement with the weighted-kappa.”’ To evaluate the cost-
effectiveness of primary prevention strategies for CVD with aspirin therapy. we

simulated the life histories of all 3937 individuals for every prevention sirategy.

Sensitivity analysis

We performed one-way sensitivity analyses to examine the effect of a discount rate of
0% and 7% instead of 4%, excluding the productivity josses, and a one-time
screening visit in 55-60 year old men and women.

Furthermore, we performed extensive probabilistic sensitivity analyses™ for
various threshelds of the score for the most effective screening tool. We consecutively
analyzed 1000 scenarios to account for the uncertainty of modelled transition
probabilities, effects, adverse events and costs. T'o model the uncertainty in the
transition probability functions, we drew 100 bootstrap samples of the study
populatior;.z'1 All the transition probability functions were fitted for every bootstrap
sample, resulting in 100 sets of linked transition probability functions. For each RISC
simulation scenario, we drew randomly one set of linked functions from these 100
bootstrap sets. The distributions of the effectiveness of aspirin therapy (Table 2) were
based on the 95% confidence interval as reported.'' The probabilities of adverse
events (Table 2) were modeled with a uniform distribution on a plausible range
around the published values.'"'* Health-related quality of life weights were modeled
as ranging from the lowest to the highest value as described in the Catalog of
Preference Scores.’® Costs of interventions and CVD events were varied with = 30%
absolute change around the mean value. In the second-order Monte Carlo simulation
the parameter uncertainty resulted in different model outcomes for 1000 possible

.22
scenarios.
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RESULTS

The sereening tools

Baseline charactistics of all individuals eligible for aspirin therapy are shown in Table
2. For every individual, the Framingham CVD risk score, the Rotterdam CVD risk
score, the extended Rotterdam CVD risk score, and the Rotterdam AQALY prediction
score was calculated. The four scores were divided in deciles. The cut-off levels for
each screening tool are shown in Table 3. For example, treatment of 90% of the
individuals with the highest scores corresponds with treatment of individuals with a
Framingham CVD risk score higher than 0.0374, a Rotterdam CVD risk score higher
than 0.0151, an extended Rotterdam CVD risk score higher than 0.0152 and a
AQALY score higher than 0.0423.

The Framingham CVD risk scores, the Rotterdam CVD risk scores, and the
extended Rotterdam CVD risk scores showed very poor agreement with the AQALY
prediction scores (Table 4), indicating that individuals selected by the first mentioned
screening tools are rather different from individuals selected by the AQALY
prediction rule in deciles of scores. The Rotterdam CVD risk scores also showed poor
agreement with the Framingham risk scores. The agreement between the Rotterdam
CVD risk scores and the extended Rotterdam CVD risk scores was high, as expected
(Table 4).

Cost-effectiveness analysis

The most effective prevention strategy was aspirin therapy in 90% of the individuals
ranked as having the highest score on the Rotterdam AQALY prediction rule,
Compared to natural history, treating the 90% individuals with the highest AQALY
prediction scores resulied in an average gain of 0.185 QALY's (Table 5). This was
associated with a mean gain in total life expectancy of 0.22 years and a mean gain in
CVD-free life expectancy of 0.40 years. Furthermore, the net health benefit increased
with 0.049 to 0.073 QALY equivalents (considering a threshold willingness-to-pay of
€20 000 and €50 000 respectively). Considering a threshold willingness-to-pay of €50
000, this strategy was the most cost-effective strategy (Table 5). However, when a
threshold willingness-to-pay of €20 000 was considered, the most cost-effective
strategy was aspirin therapy in the 70% of individuals with the highest Rotterdam
CVD risk score {incremental net health benefit 0.056 QALY equivalents)
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If one is prepared to treat more than 50% of all individuals, the highest gain in
QALYs was obtained using the extended Rotterdam CVD risk function or the
Rotterdam AQALY prediction rule. Thus, screening was the most effective if the
ankle-arm index was measured. However, the additional benefit did not outweigh the
additionzl costs of the ankle-arm index measurement (the incremental net health
benefits are for the most part higher using the Rotterdam CVD risk function than
using the extended Rotterdam CVD risk function).

By intreducing primary prevention with aspirin therapy selecting individuals with
the Rotterdam AQALY prediction rule in the general population, the mean average
costs that will be invested life-long per individual was estimated to be approximately
€1600. Because of the cost-savings due to prevention of CVD events, average life-
long net costs will be only €690 per individual. For the Netherlands this means that
€158 million would need to be invested annually but there would be an estimated
cost-savings of €90 million annually, implying a net national annual cost of €68

million to gain a total of 0.7 million QALYs nationwide.

Semsitivity analyses

Considering a threshold willingness-to-pay of €50 000, aspirin therapy in the 90% of
individuals with the highest Rotterdam AQALY score stayed the most cost-effective
strategy assuming a 7% discount rate (AQALY 0.035 years; incremental net health
benefit 0.044 QALY equivalents) and assuming no discounting (AQALY 0.185 years:
incremental net health benefit 0.157 QALY equivalents)

Considering a threshold wilﬁn@ess‘to—pay of €20 000, aspirin therapy in 70% of
the individuals based on the Rotterdam risk function stayed the most cost-effective
strategy assurning a 7% discount rate (AQALY 0.051 years; incremental net health
benefit 0.033 QALY equivalents) and assuming no discounting (AQALY 0.162 vyears;
incremental net health benefit 0.125 QALY equivalents). Productivity losses had a
very limited effect on the cost-effectiveness because of the low proportion of

employed individuals in this older population.
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DISCUSSION

We examined the cost-effectiveness of primary prevention strategies for CVD with
aspirin in the Rotterdam Study population, using four different screening tools. The
Framingham cardiovascular disease risk function includes the traditional risk factors
such as age, sex, diabetes mellitus, cholesterol/HDL-ratio, smoking and systolic blood
pressure.” The Rotterdam cardiovascular disease risk function includes the same
traditional risk factors but also includes family history of CVD, antihypertensive
medication use, and mild manifestations of CVD and was fitted in an older study
population. The extended Rotterdam cardiovascular disease risk function includes the
ankle-arm index as an extra predictive variable. The Rotterdam AQALY prediction
rule s based on the same risk indicators but this screening tool does not estimate
absolute risk, but estimates quality-adjusted life years gained with aspirin therapy.

In the development of the Rotterdam cardiovascular disease risk functions,
cardiovascular disease was defined as myocardial infarction, PTCA, CABG, stroke,
death from ischemic heart disease, sudden death, death due to congestive heart failure
and death from stroke. The outcome used in the Framingham Heart Study, however,
also included mild manifestations of CVD, such as angina pectoris, transient ischemic
attacks and peripheral arterial disease. This explains why the Framingham risk scores
were over all higher than the Rotterdam CVD risk scores. The four scores showed
poor agreement as assessed by weighted-kappa analysis, indicating that individuals
selected by the one screening tool are different from individuals selected by the other
screening tool in deciles of scores. ‘

The most effective prevention sirategy was aspirin therapy given to 90% of the
individuals ranked as having the highest gain in QALY's as determined by the
Rotterdam AQALY prediction rule. Compared to natural history, treating the 30%
individuals with the highest AQALY prediction scores (AQALY score higher than
0.0423) resulted in an average gain of 0.185 QALYs. The Rotterdam CVD risk
function with the ankle-arm index was overall the most effective screening tool.
However, the Rotterdam CVD risk function without the ankle-arm index was more
cost-effective, indicating that the benefit from performing an ankle-arm index
measurement does not outweigh the associated costs (€8.50 per measurement). The
most cost-effective prevention strategy depended on what society is willing to pay for

health care. Considering a threshold willingness-to-pay of €50 000 per QALY
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treating individuals with a AQALY score higher than 0.0423 was the most cost-
effective strategy. However, when a threshold willingness-to-pay of €20 000 per
QALY was considered, treating individuals with a Rotterdam S-year CVD nisk scere
higher than 0.0307 was the most cost-effective strategy. In this case 70% of all
individuals would be treated with aspirin. Even aspirin therapy in all asymptomatic
men and women over the age of 53, as suggested by Hirsh™, appeared to be a cost-
effective strategy. Sensitivity analyses showed robustness of the results. The results
were rather insensitive to plausible changes in discount rate (0 - 7%) and elimination
of productivity losses. The productivity losses were estimated according to the friction
costs approach.” If these costs had been estimated according to the human capital
approach, the estimated net-health benefits would all be higher.

Consensus groups have recommended using the absolute risk of disease over five to
ten years when aspirin therapy is considered. The third U.S. Preventive Services Task
Force™ recommended aspirin therapy for individuals with a Framingham 5-year CVD
risk score higher than 7.3% (or a Framingham 10-year coronary heart disease risk
score higher than 10%), implying treatment in 60 to 70% of the Rotterdam Study
participants simulated. We showed, that aspirin therapy was also cost-effective in
mdividuals with lower Framingham risk scores. However, the risk of cerebral
hemorrhage associated with aspirin use discourages its widespread use. Modeling the
risk of cerebral hemorrhage and determining the individual’s risk of this side effect
can possibly help to guide decisions for use or non-use in practice in the future.

We used well-established methods of cost-effectiveness analysis to integrate the
available data on the potential benefits of aspirin therapy. Interpretation of our results
should, however, consider the assumptions that were made. The proportional risk
reductions were assumed identical for the high and low risk strata based on studies™’
that demonstrated that risk reductions are homogeneous across the risk continuum
suggesting that the reported results can be extrapolated to groups at intermediate risk.
Note, however, that whereas we assumed equivalent proportional risk reductions
across the risk continuum, this translates into very different absolute benefits
depending on the underlying risk of CVD. Unlike benefit, which increases linearly
with underlying risk, the adverse event rate associated with aspirin therapy was
conservatively expected to be constant zcross the risk continuum.

The gain in life expectancy is an important measure of effectiveness of preventive

interventions, but its interpretation requires that it be placed in context. The gain in
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life expectancy with aspirin therapy in our study was 80 days (0.22 years) per person,
when averaged across the entire target population. Although this may seem small, it is
in fact, fairly large in comparison to the gain in life expectancy from preventive
interventions targeted at populations at average risk By compartson, a widely
accepted intervention such as mammography screening for women aged 50 to 69
years improves life expectancy by only 12 days.®

Furthermore, the QALY that can be gained may have been underestimated since
we did not take extra-cardiovascular beneficial effects of aspirin into account.
Laboratory and epidemiologic data suggest that aspirin has an antineoplastic effect in
the farge bowel.*® Aspirin may have a role in the prevention and treatment of
Alzheimer’s disease®’, osteoporosis™ and arthritis.”> Moreover, effectiveness of the
prevention strategies can be increased by using the structural visits to the primary care
physician to promote lifestyle guidelines involving diet, exercise, and abstinence from
smoking.”

In summary, aspirin therapy in all 55-80 year old individuals appears to be z cost-
effective strategy in the primary prevention of CVD. Cost-effectiveness can be
maximized by selecting individuals using the Rotterdam AQALY score. or the
Rotterdam CVD risk functionHowever, the risk of cerebral hemorrhage associated
with aspirin use discourages widespread use.Although additional ankle-arm index

measurement can improve the effectiveness of screening, it is not cost-effective.

178



Cost-cffectiveness analvsis of aspirin therapy in the primary prevention of CVD

REFERENCES

1. Gaspoz JM, Coxson PG, Goldman PA, et al. Cost effectivencss of aspirin, clopidogrel, or both for
secondary prevention of coronary heart disease. N Engl J Med. Jun 6 2002:346(23):1300-1806.

2. Anderson KM. Odell PM, Wilson PW, Kannel WB. Cardiovascular disease risk profiles. Am Heart
T 1991:121(1 Pt 2):293-298.

3. Assmann G, Cullen P, Schulte H. Simple scoring scheme for calculating the risk of acute coronary
events based on the 10-year follow-up of the prespective cardiovascular Munster (PROCAM) study.
Circulation. 2002: 105:310-5.

4. Conroy RM, Pyorala K, Fitzgerald AP, et al. Estimation of ten-year risk of fatal cardiovascular
disease in Europe: the SCORE project. Eur Heart J. 2003;24(11):987-1003.

5. Hofman A, Grobbee DE, de Jong PT, van den Quweland FA. Determinants of disease and disability
in the eldetly: the Rotterdam Elderly Study. Eur J Epidemiol. Jul 1991:7(4):403-422.

6. Hunink MGM., Glasziou PP, Siegel JE, et al. Decision making in health and medicine: interpreting
evidence and values. Cambridge, England: Cambridge University Press, 2001.

7. Nijhuis RI., Stijnen T. Peeters A, Witteman JCM, Hofman A, Hunink MGM. Validation of a Monte
Carlo-Markov model for cardiovascular disease in a cohort follow up study. Med Decis Making,
subrnitted.

& Pearson TA, Blair SN, Daniels SR, et al. AHA Guidelines for Primary Prevention of Cardiovascular
Discase and Stroke: 2002 Update: Consensus Panel Guide to Comprehensive Risk Reduction for Adult
Patieats Without Coronary or Other Atherosclerotic Vascular Diseases. American Heart Association
Science Advisory and Coordinating Committee. Circulation. Jul 16 2002:106(3):388-391

9. Stinnett AA. Mullahy J. Net health benefits: a new framework for the analysis of uncertainty in cost-
effectiveness analysis. Med Decis Making. Apr-Jun 1998;18(2 Suppl):368-80.

10. Hirth RA, Chernew ME, Miller E, Fendrick AM, Weissert WG. Willingness to pay for a quality-
adiusted life year: in search of a standard. Med Decis Making. Jul-Sep 2000:20(3):332-342.

11. Hayden M, Pignone M, Phillips C, Mulrow C. Aspirin for the primary prevention of cardiovascular
events: a sumnraary of the evidence for the U.S. Preventive Services Task Force. Ann Intern Med. Jan
15 2002:136(2):161-172,

12. Collaborative overview of randomised trials of antiplatelet therapy—}: Prevention of death,
myocardial infaretion, and stroke by prolonged antiplateler therapy in various categories of patients.
Antiplatelet Trialists' Collaboration. BMJ. Jan 1994:308(6921):81-106.

13. Peto R, Gray R, Collins R, ¢t al. Randomised trial of prophylactic daily aspirin in British male
doctors. Br Med J (Clin Res Ed). Jan 30 1988:296(6618):313-316.

14, Final report on the aspirin component of the ongoing Physicians' Health Study. Steering Committee
of the Physicians' Health Study Research Group. N Engl I Med. Jul 20 1989;321(3):129-135.

15. Hedman J., Kaprio J, Poussa T. Nieminen MM. Prevalence of asthma, aspirin intolerance, nasal
polyposis and chronic obstructive pulmonary disease in a population-based study. Int J Epidemiol. Ang
1999:28(4):717-722.

16. Bell CM, Chapman RII, Stone PW, Sandberg EA, Neumann PJ. An off-the-shelf help list: a

179



Chapter 10

comprehensive catalog of preference scores from published cost-utility analyses. Med Decis Making.
Jul-Aug 2001:21{4):288-294.

17. Fryback DG, Dasbach EJ, Klein R. et al. The Beaver Dam Health Ouicomes Study: initial catalog
of health-state quality factors. Med Decis Making. Apr-Jun 1993:13(2):89-102.

18. Polder J} TJ. Meerding WI, Kommer GJ. Stokx LJ. Kosten van ziekten in Nederland - De zorgeuro
ontrafeld. Bilthoven, Rotterdam, Houten: Bohn Stafleu Van Loghum: 2602.

19. Polder JJ, Bonneux L. Meerding WJ. van der Maas PJ, Age-specific increases in health care costs,
Eur J Public Health. Mar 2002:12(1):57-62.

20. Koopmanschap MA. Rutten FF, van Ineveld BM, van Roijen L. The friction cost method for
measuring indirect costs of disease. J Health Econ. Jun 1995:14(2):171-189.

21. Grahara P. Jackson R. The analysis of ordinal agreement data: beyond weighted kappa. J Clin
Epidemiol. Sep 1993:46(9):1055-1062.

22, Siegel JE. Torrance GW, Russell LB, Luce BR, Weinstein MC, Gold MR. Guidelines for
pharmacoeconemic studies. Recommendations from the panel on cost effectiveness in health and
medicine. Panel on cost Effectiveness in Health and Medicine. Pharmacoeconomics. Feb
1997:11(2):159-168.

23, Doubilet P. Begg CB. Weinstein MC, Braun P. McNeil Bl. Probabilistic sensitivity analysis using
Monte Carlo simulation. A practical approach. Med Decis Making. Summer 1983;3(2):157-177.

24, Steyerberg EW, Bleeker SE. Moll HA., Grobbee DE, Mocns KG. Internal and external validation of
predictive models: a simulation study of bias and precision in smail samples. J Clin Epidemiol. May
2003:36(5):441-447.

25. Hirsh J, Dalen JE, Fuster V., Harker LB. Salzman EW, Aspirin and other platelet-active drugs. The
relationship between dose, effectiveness, and side effects. Chest. Oct 1992:102(4 Suppl):3273-33685.
26. Aspirin for the primary prevention of cardiovascular events: recommendation and rationale. Ann
Intern Med. Jan 15 2002:136{2):157-160.

27. Weisman SM, Graham DY. Evaluation of the benefits and risks of low-dose aspirin in the
secondary prevention of cardiovascular and cerebrovascular events, Arch Intern Med. Oct 28
2002:162(19):2197-2202.

28. Wright JC, Weinstein MC. Gains in life expectancy from medical interventions- standardizing data
on outcomes. N Engl J Med. Aug 6 1998:339(6):380-386.

29. Salzmann P, Kerlikowske K. Phillips K. Cost-effectiveness of extending screening mammography
guidelines w include women 40 to 49 years of age: Ann Intern Med. Dec 1 1997:127(11):955-965.

30. Baren JA. Cole BF, Sandler RS, et al. A randomized wial of aspirn to prevent colorectal adenomes.
N Engl ] Med. Mar 6 2003:348(10):891-899.

31. Thomas T. Nadackal TG, Thomas K. Aspirin and non-steroidal anti-inflammatory drugs inhibit
amyloid-beta aggregation. Neuroreport. Oct 29 2001:12(15):3263-3267.

32. Bauer DC. Orwoll ES, Fox KM, et al. Aspirin and NSAID use in older women; effect on bone
mineral density and fracture risk. Study of Ostecporotic Fractures Research Group. J Bone Miner Res.
Jan 1996;11(1):29-35.

33. Csuka ME. McCarty DJ. Aspirin and the treatment of theumatoid arthritis. Rheum Dis Clin North

180



Cost-effectiveness analysis of aspirin therapy in the primary prevention of CVD

Am. Aug 1989:15(3):439-454.

34.Stampfer MJ, Hu FB, Manson JE, Rimﬁ EB, Willett WC. Primary prevention of
coronary heart disease in women through diet and lifestyle. N Engi J Med, Jul 6
20600;343(1):16-22.

181



Chapter 10

Table 1. Efficacy and risk of adverse events with aspirin therapy.®

EFFICACY Hazard ratie” (standard error)
THD risk reduction 0.72 (0.074)
CVD-mortality risk reduction 0.86 (0.094)

Ischemic Stroke risk reduction, 0.98 (0.125)
ADVERSE EVENTS Probability (minimum - maximun)
Aspirin intolerance {prevalence per 1060) 53-60

Non-fatal hemorthagic stroke {annual excess risk per

100 600) 30-50
Non-fatal gastro-intestinal bleed (annual excess risk
per 100 000) 60 - 63

Increased non-CVD mortality (annual excess risk per
166 000) 10-19

Based on: Hayden, Ann Intern Med 2002

* Hazard rate ratios with aspirin therapy compared to no therapy
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Table 2. Baseline charactistics of the 3937 Rotterdam Study participants, eligible
for aspirin therapy.

RISK INDICATORS MEAN % SD / PROPORTION
Male gender (%) 38
Age at baseline (years) 666

Age 535 to 60 years (%)

Age 60 to 65 years (%) 2

Age 65 to 70 years (%) 221

Age 70 to 75 years (%) 17.3

Age 75 to 80 years (%) 10.1
Diabetes mellitus * (%) 7
Current cigarette smoking (%) 25
Former cigarette smoking (%) 42
Systolic blood pressure {mmHg) 136+20
Puise pressure (mmHg) 62+16
Hypertension © (%) 27
Serum cholesterol / HDL-ratio (tomel/1) 31%£16
Body mass index (kg/m”) ‘ 26+4
Waist-hip ratio 0.0 £0.09
Family history of myocardial infarction * (%) 17
Ankle-arm index * 1.10£0.18

* The current use of antidiabetic medication and / or a non-fasting serum glucose level > 1 1.0 mmol/L.
before or after an oral glucose tolerance test,

T Systolic blood prcséure > 160 mmHg and / or diastolic bleod pressure > 93 mmHg or using
antihypertensive medication

1 A first-degree family member was known to have had a myocardial infarction before the age of 65
years.

§ The ratio of the systolic blood pressure of the posterior tibial artery, as assessed by an § MHz
continuous wave Doppler probe and a random-zero sphygmomanometer, to the systelic blood pressure

at the arm. The lowest AAI either right or left, was used in the analysis.
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Table 3. The threshold levels of deciles of scores for the Framingham 5-year
CVD risk function, the Rotterdam S-vear CVD risk function, the extended
Rotterdam CVD risk function (including the ankle-arm index), and the
Rotterdam AQALY prediction rule.

% Targeted  Framingham  Rotterdam’  Rotterdam+’ AQALY score’

90% 0.0374 ¢.0151 0.0152 0.0423
80% 0.0551 0.0230 0.0229 0.0642
70% 0.0713 0.0308 0.0307 0.0812
60% 0.0878 0.0400 0.0400 0.0963
50% 0.1055 0.0499 0.0495 0.1105
40% 0.1277 0.0610 0.0605 0.1270
30% 0.1527 0.0758 0.0756 0.1459
20% 0.1862 0.0944 0.0929 0.1678
10% 0.2373 0.1270 0.1279 0.2017

0% 0.5305 0.4340 0.4913 0.8839

* The Framingham 5-year CVD risk score.

+ The Rotterdam 5-vear CVD risk score.

f The extended Rottgrdam CVD risk score (ankle-arm index included as risk indicator).
§ The Rotterdam AQALY prediction rule.
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Table 4. Agreement between the prediction rules im selecting individuals for
aspirin therapy based on deciles of the scores (weighted kappa’s). A low kappa
value indicates that individuals selected by the one screening tool are very different

from individuals selected by the other screening tool.

Framingham” Rotterdam Rotterdam+ ¥ AQALY score’
Framingham’ 1 0.71 0.69 0.38
Rotterdam' 1 0.91 0.37
Rotterdam+ * 1 0.39
AQALY score® 1

* The Framingham 5-year CVD risk score.

T The Rotterdam 3-year CVD risk score.

I The extended Rotterdam CVD risk score (ankle-arm index included as risk indicator).
§ The Rorterdam AQALY prediction rule.
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Table 5. Effectiveness (incremental undiscounted and discounted guality-
adjusted life years) and cost-effectiveness {(incrementat net health benefits
(NHBs) considering 2 willingness-to-pay of €50 (00 and €20 000 respectively) of
various prevention strategies compared to the natural history without
imtervention. Screening is based on the Framingham CVD risk function
(Framingham), the Rotterdam CVD risk function (Rotterdam), the extended
Rotterdam CVD risk function which includes the ankle-arm index (Rotterdam+), and
thé ACQALY prediction rule (AQALY), and treatment is life-long with low-dose
aspirin in the indicated percentage of individuals who have the highest score. For each
threshold the screening tool with the largest incremental net health benefit, ie. the

most cost-effective tool, has been highlighted.

Incremental Effectiveness (undiscounted QALYs)

% Treated Framingham Rotterdam  Rotterdam+ AQALY

0 0.000 0.000 0.000 0.000
50 0.135 9.137 0.135 0.131
60 0.151 0.153 0.154 0.154
70 0.158 0.162 0.165 0.170
80 0.166 0.170 0.171 0.174
90 0.180 0.177 0.181 0.185
100 0.183 0.183 0.183 0.183

Incremental Effectiveness (discounted QALYs)

% Treated Framingbam  Rotterdam  Retterdam+ AQALY

0 0.600 0.000 0.000 0.000
50 0.068 0.671 0.070 0.062
60 0.076 0.077 0.678 0.073
70 0.078 0.081 0.082 0.082
80 0.082 0.084 0.684 0.083
90 0.087 0.085 0.038 0.689
100 0.087 0.087 0.087 0.087
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{cont.)

Incremental Net Health benefitst (WTPt=

50000)
% Treated Framingham  Rotterdam  Rotterdam+ AQALY

0 0.000 0.000 0.000 0.000
50 0.063 0.964 0.062 0.052
60 0.068 0.068 0.069 0.061
70 0.068 0.071 0.069 0.065
80 0.071 0.071 0.070 0.066
90 0.070 0.070 0.670 0.673
100 0.070 0.070 0.070 0.070

Incremental Net Health benefits” (WTP*= 20000)

% Treated Framingham  Retterdam  Rotterdam+ AQALY

0 0.000 0.000 0.000 0.000
50 0.054 0.053 0.049 0.038
60 0.055 0.055 0.055 0.044
70 0.033 0.656 0.050 0.040
80 0.052 0.653 0.050 0.041
90 0.045 0.046 0.043 0.049
100 0.045 0.045 0.045 0.045

* QALY s = mean 4%-discounted guality-adjusted life years

¥ Incremental Net Heaith benefit ((INHB) is the gain in QALY equivalents in comparison to the natural
history without intervention. A strategy with an INHB > 0 is considered cost-effective compared to the
natural history. The strategy with the highest INHB is the most cost-effective.

I Both a threshoid wiilingness-to-pay (WTP) of €50 000 and of €20 000 were considered.
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SUMMARY & GENERAL DISCUSSION

According to estimates from the World Health Organization, 17 million people
around the globe die of cardiovascular disease (CVD) each year. In industrialized
countries including the Netherlands, CVD mortality has declined over the past 30
years as a result of a combination of public health measures (tobacco policies, health
education, nutrition programs, etc.) and improvements in medical care (thrombolysis.
PTCA, CABG and drug therapy). However, CVD still remains the leading cause of
death, and due to the better prognosis of CVD patients resulting from improved
medical care, CVD is often a cause of serious disability, which may last fora
considerable number of years.

In Americans, the lifetime risk at age 40 of developing coronary heart disease
{CHD) has been estimated to be one in two for men and one in three for women.
However, half of all patients with CHD do not have any of the traditional risk factors
hypertension, hypercholesterolemia, cigarette smoking, diabetes mellitus, marked
obesity, or physical inactivity. Non-invasive methods to measure (subclinical)
atherosclerosis, such as the ankle-arm index. are valuable tools in epidemiological
research and may improve the estimation of cardiovascular risk. In addition,
inflarnmatory mediators, such as C-reactive protein have recently been identified as
key players in the etiology of CVD and are expected. to contribute importantly to

CVD risk prediction in clinical practice.

In search of new risk indicators of cardisvascular disease

"New" factors that are found to prospectively predict CVD independently of the
traditional cardiovascular risk factors may be of added value in the clinical assessment
of CVD risk. The current debates about whether or not to include ankle-arm index
measurement for risk management in primary prevention of CVD are good examples.
First of all measurement of such a "new" risk factor has to be simple and achievable
in a large part of the general population against relatively low costs.

Second, the measurement must show a high reproducibility and a low interobserver
variability. Next, there has to be a relatively high association between the
measurement and incident CVD, adjusted for all traditional risk factors and a

relatively low association with the known traditional risk factors themselves. It has to
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be clear whether the association is graded or whether there is a certain plateau in the
relationship. Furthermore, the "new" risk indicator should lead to a considerable gain
in discriminant accuracy. The area under the receiver-operating characteristic curve
{AUC) provides a good measure of the overall prognostic value of a CVD risk
function including the risk indicator of interest, and can be compared to the prognostic
value of the risk function without the indicator of interest. The ROC curve is a plot of
the true-positive rate (sensitivity) against the false-positive rate (1 minus specificity),
evaluated for varying thresholds of predicted probability. The area under the ROC
curve can be interpreted as the probability that the risk function will assign a higher
probability of CVD to a randomly chosen subject who gets CVD than to a randomly
chosen subject without incident CVD during 5 years. Finally, the benefit (the gain in
quality-adjusted life years and/or decrease in downstream costs) from measuring the
"new™ risk indicator within an existing CVD prevention strategy has to outweigh the
associated costs. This can be studied with a decision-analytical model, which

integrates information from multiple heterogeneous sources.

The role of ankle-arm index measurement in CVD risk stratification
In chapter 2 we investigated the added value of peripheral arterial disease in the
prediction of cardiovascular disease mortality. Peripheral arterial disease as defined
by an ankle-arm index lower than 0.90 appeared to be an independent predictor of
cardiovascular disease mortality. The risk of cardiovascular disease mortality
increases when peripheral arterial disease is symptomatic, i.e. when intermittent
claudication is present. Measuring an ankle-arm index is a simple non-invasive
technique that can possibly play a rofe in the prevention of cardiovascular disease.
in chapter 3 we examined whether the ankle-arm index can be used as a
continuous risk indicator for cardiovascular disease. The AAJ showed an inverse
grzided relation without evidence of a threshold with Framingham CVD risk (from
35.7% in the lowest octile to 22.7% in the highest octile of AAT) and other measures
of atherosclerosis. The AAI was gradually associated with incident CVD without
evidence of a plateau in the relationship. Subjects with an AAJ in the lowest octile had
a four times higher risk of CVD compared to subjects with an AAI in the highest
octile (hazard ratio 4.23; 95%CI 2.63, 6.81). After adjustment for traditional CVD
risk factors and medical history of CVD, the association was less strong, but stiil
evident (hazard ratio 2.49; 95%CI 1.52, 4.08). The AAI showed synergy with the
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Framingham CVD risk score in predicting CVD (p=0.02). Our results are in
agreement with the view that ankle-arm index is a measure of atherosclerosis showing
graded associations with incident myocardial infarction and stroke. The AAT should

no longer be dichotomized but should be used as a continuous risk indicator for CVD.

Risk functions

The Framingham coronary heart disease risk score performed fairly well in the
Rotterdam study population. The original Framingham CHD risk function was
externally validated in our study population, yielding an area under the Receiver
Operating Characteristic curve (AUC) of 0.693. After refifting the risk function, the
AUC increased to 0.728, which was a statistically significant increase.

In chapter 4 we derived an efficient risk function to target high-risk people for
coronary heart disease based on traditional risk factors and studied the additional
prognostic value of indicators of subclinical cardiovascular disease, such as the ankle-
arm. index, In predicting coronary heart disease. Among 5431 subjects without
documented cardiovascular disease at baseline, 388 coronary heart disease events
occurred within a2 mean of 7 years follow-up. The coronary heart disease predictors
that were selected by multivariable stepwise regression analysis were age, gendér,
total serum cholesterol level, the quadratic term of cholesterol, HDL-cholesterol level,
systolic blood pressure, antthypertensive medication use, the interaction term between
systolic blood pressure and antihypertensive medication use, smoking status, diabetes
mellitus, family history of myocardial infarction, angina pectoris, intermittent
claudication and the interaction term between angina pectoris and smoking status. The
regression model discriminated well between subjects with incident coronary heart
disease and those without (area under the Receiver Operating Characteristic curve
(AUC), 0.748 (95%CI 0.718-0.778)). The discriminatory power of this risk function
was statistically significantly higher compared to the refitted Framingham CHD risk
function (p=0.006 after bootstrapping). After adding the ankle-arm index, the risk
function showed a small but statistically significant better performance (AUC, 0.754
(95%C1 0.724-0.784). This is largely due to the fact that the ankle-arm index is
strongly correlated with the traditional risk indicators themselves. Adding ECG-
variables instead of the ankle-arm index yielded a similar performance (AUC, 0.754
(95%CT 0.725-0.784)). More than 55% of the coronary heart disease events occurred
in subjects with a coronary heart disease risk score within the highest quartile.
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Second, a risk function was developed to estimate the risk of stroke. Among the
5431 subjects, 260 strokes occurred within a mean of 7 years of follow-up. The
predictors of stroke that were selected by multivariable stepwise regression analysis
were age, the quadratic term of age, gender, systolic blood pressure, antihypertensive
medication use, the interaction term between systolic blood pressure and
antibypertensive medication use, smoking status, diabetes mellitus, angina pectoris
and signs of transient ischemic attacks. Age was far more predictive for stroke and
gender was far more predictive for coronary heart disease. Cholesterol was not
predictive at all for stroke, but was a very important predictor for the risk of coronary
heart disease.

In chapter 5 the regression model for coronary heart disease and the regression
model for stroke were combined by multiplying the 3-year cumulative survival
probabilities, which were den'x?ed from the Cox Proportional Hazards model with
censoring for the other event. We assessed the additional predictive value of ankle-
arm index, ECG parameters and C-reactive protein over and above the traditional risk
factors in predicting coronary heart disease and stroke. CRP did not add to the
predictive value of the Rotterdam cardiovascular disease risk function. The combined
regression model discriminated well between subjects with incident cardiovascular
disease and those without {area under the Receiver Operating Characteristic curve
(AUC), 0.752 (95%CI 0.723-0.781)). In conclusion, the developed cardiovascular
disease risk function appeared to be a useful tool to select subjects at high risk for
cardiovascular disease in a primary care setting. Risk factors have different impact on
the incidence of coronary heart disease and stroke respectively. Additional
measurement of either the ankle-arm index or the ECG offers better discrimination
between high and low risk individuals.

The development and structure of the Rotterdam coronary heart disease risk
function and the Rotterdam cardiovascular disease risk function are described in detail
in the technical appendices. A “corcnary heart disease risk calculator™ and a *“stroke
risk calculator”™ were developed which can be used by physicians in general practice

and by cardiologists.

The decision-analytical model
Whereas secondary prevention of cardiovascular events through risk factor

modification in patients with known coronary and carotid artery disease is recognized
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as cost-eifective, risk factor interventions in asymptomatic individuals have shown
only small benefits and are extremely expensive. These interventions, however, could
be cost-effective if individuals at high risk for an event are targeted. High-risk
individuals for cardiovascular disease can be targeted based on easily assessable risk
factors. The primary purpose of the work presented in this thesis was to evaluate the
cost-effectiveness of various cardiovascular preventive strategies in the general
population. We developed a Monte-Carlo Markov decision model that simulates
outcomes, both costs and effects, under several altemative scfeening- and intervention
strategies on a population level. A Monte-Carlo Markov decision model defines a
number of different health states and stmulates how individuals may move between
the health states under various prevention strategies. The model is able to keep track
of the time spent in each health state and the accumulated costs. Our simulation model
was based on epidemiological data from the Rotterdam study and literature study
concerning costs and effects of various interventions (chapter 6). This computer
simulation model was developed to predict the future CVD mortality and morbidity in
the original Retterdam Study population and to evaluate the relative cost-effectiveness
of various screening strategies with subsequent risk factor modification in identified
high-risk subjects with the goal of preventing cardiovascular disease. This model was
referred to as the Rotterdam Ischemic heart disease & Stroke Computer simulation
model (RISC model). The subject characteristics of the Rotterdam Study and the real
follow-up data of this study were used to validate the simulation model in the cohort
study (internal validation). The RISC model was validated by comparing the
simulated number of cardiovascular disease events with the observed numbers in the
Rotterdam Study population during 7 years of follow-up. Furthermore, we compared
simulated {disease-free) 1ife expectancies with the result of 2 multi-state life table.
The RISC model appeared to describe the cardiovascular life course of the population
accurately. Finally, the RISC model was externally validated using epidemiclogical
data from the U.S.A. (chapter 7). The RISC model was able to accurately describe
the CVD burden of a general population based on the individual risk factor profiles.
The development and siructure of the RISC model is described in detail in the

technical appendices.
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Cost-effectiveness analyses

In chapter 8, the RISC model was used to examine the cost-effectiveness of primary
prevention strategies for cardiovascular disease using the "Polypill" (a combination of
aspirin, & statin, three blood pressure lowering agents in half dose and folic acid) as
described by Wald & Law. We concluded that primary prevention for CVD with
"Polypill” therapy is a cost-effective strategy in the general population aged 55 to 80
years old under a wide variety of assumptions and may even be cost saving in selected
subgroups. We advocate a pragmatic clinical trial to study effects and associated costs
of the “Polypill” in real life.

In chapter 9 the RISC model was used to develop a prediction rule to estimate the
individual’s gain in quality-adjusted life years (QALYs) with aspirin therapy (the
AQALY prediction rule). The development and structure of the AQALY prediction
rule is described in detail in the technical appendices. The presented prediction rule 1s
a prornising tool to select mdividuals for CVD prevention with aspirin. Individuals at
risk for CVD should be targeted based on the QALY that can be gained instead of on
their absolute CVD risk.

Finally, in chapter 10, a cost-effectiveness analysis was performed of aspirin
therapy in the primary prevention of cardiovascular disease using the Framingham
cardiovascular disease risk function, the Rotterdam cardiovascular disease risk
function, the Rotterdam cardiovascular disease risk function with ankle-arm index
included, and the AQALY prediction rule. In summary, initiation of aspirin therapy in
all 55-80 year old individuals is a cost-effective strategy in the primary prevention of
CVD. Overall effectiveness can be increased by treating 90% of the individuals
ranked as having the highest Rotterdam AQALY scores. Cost-effectiveness can be
increased using the Rotterdam CVD risk function or the Rotterdam AQALY
prediction rule in which case 70% to 90% of the individuals would be considered for
aspirin therapy. However, the risk of cerebral hemorrhage associated with aspirin use
discourages widespread use. Although additional ankle-arm index measurement can
improve the effectiveness of screening for CVD, measurement of the ankle-arm index
was not shown to be a cost-effective tool to prevent CVD in the general population.
This is partly caused by the fact that the ankle-arm index is also associated with non-
cardiovascular disease and therefore can be considered as a measure of frailty. In

other words, in individuals with a low ankle-arm index the quality adjusted life years
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that ¢an be gained by CVD preventive therapy is limited due to their relatively low

life expectancy.

Clinical implications

Current guidelines for prevention of CVD are based on absolute risk of CVD for the
individual patient. It is now well known that combined measurement of several CVD
risk indicators can not only give the general practitiorer insight into the
cardiovascular risk factor profile of the patient, but it can also be 2 basis for more
tailored cardiovascular prevention. Measurement of the ankle-arm index has the
advantage of being non-invasive, easily obtainable, and rather inexpensive and can be
implemented without extra training. Additional measurement of ankle-arm index
offers slightly better discrimination between high and low risk individuals in a setting
where information on traditional risk indicators is available. However, measurement
of the ankle-armm index was not shown to be a cost-effective tool to prevent CVD In
the general population, because the cost of measurement of the ankle-arm index in a
primary prevention center is, although inexpensive, still too high,

The results of this thesis suggest that screening all 533- to 80-year old individuals
periodically is cost-effective. If the general practitioner has a Doppler device available
to measure the ankle-arm index the Rotterdam AQALY prediction rule can be used. If
this tool is not available, the Rotterdam CVD risk function {without the ankle-arm
index) should be used. The latter risk function requires only a short patient history,
including the Rose questionnaire, a short physical examination, and blood tests to
measure plasma cholesterol, HDL-cholesterol and glucose level. In order to calculate
the Rotterdam AQALY prediction rule, measurement of the systolic blood pressure of
the ankles is also necessary to determine the ankle-arm index. Based on the trade-off
between risks and benefits and costs, each individual with a Rotterdam CVD risk
score higher than 1.5% or a Rotterdam AQALY score higher than 0.04 QALY should
be treated with aspirin. This implies that far more individuals older than 55 years in
the general population should be treated with aspinn than currently takes place.
However, the risk of cerebral hemorrhage associated with aspirin use discourages
widespread use in the general population. .

On the other hand, if the government is willing to finance the costs associated with
the introduction of the so-called "Polypill” and the effects of the "Polypill prove to be
as large as stated by Wald & Law, then all 55- to 80 year old individuals can be
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treated with the "Polypill" without the need for screening. The small harm of aspirin
therapy is largely compensated by the beneficial effects of the lipid-iowering and
antihypertensive components of the “Polypill”. The savings incusred by not having to
screen will eventually compensate for the relatively high introduction costs of the
"Polypill". We propose a clinical trial, though, to prove the effects and safety of the
Polypill before introducing this drug in the population. Even if the “Polypill™ proves
to be as effective and safe as stated by Wald & Law, making screening and
menitoring superfluons, we would still advocate a periodical visit to the general
practitioner, as in the aspirin strategy. to emphasize the importance of lifestyle
modification (smoking cessation, diet and exercise) and in order to enhance
compliance. In case of the aspirin strategy, education programs are needed in order to
educate general practitioners in applying the screening tools. To make sure that every
general practitioner will be able to estimate the benefit of preventive treatment in
individual cases, the Rotterdam AQALY prediction rule and the Rotterdam CVD risk
function should be included in national guidelines such as the Diagnostic Compass

and the general practitioners’ guidelines (NHG-standaarden).

Future research on CVD prevention strategies

The RISC model is, with some adaptation, suitable for studying many more CVD
prevention strategies. The recently developed imaging techniques such as spiral or
multidetector computed tomography could prove to be a good tool for prediction of
CVD. Because these imaging techniques are rather expensive, they have to improve
discriminatory ability of CVD risk-stratification substantially to be cost-effective. On
the other hand, our results show that initiating "Polypill” therapy in all 55- to 8§0-year
old individuals without use of technologically advanced screening techniques might
even be cost-effective when the assumptions about effectiveness and adverse events
used are true. Therefore, a pragmatic clinical trial should be performed to study the
effects, adverse events and associated costs of “Polypill therapy™ in individuals aged
35 to 80 years in real life. Finally, a risk function should be developed to identify
those individuals in whom the harms of treatment outweigh the benefits and therefore

should niot be treated medically.

In summary, it may be cost-effective to select high-risk subjects for cardiovascular

disease in a population by means of a risk function based on easy assessable risk-
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indicators and subsequently treat those identified to modify their risk and to decrease
the burden of cardiovascular disease in the population. Additional measurement of the
ankle-arm index in CVD screening strategies increases the ability to discriminate
individuals who may benefit from aspirin therapy from individuals who may not.
However, the small benefit from performing an ankle-amm index measurement does
not outweigh the associated costs. Finally, we would like to state that far more
individuals older than 55 years in the general population could be treated with aspirin
10 prevent cardiovascular disease against relatively low costs. However, the risk of
cerebral hemorrhage associated with aspirin use discourages widespread use in the

general population.
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Voigens metingen van de Wereld Gezondheids Organisatic (WHO) overlijden
wereldwijd jaariijks 17 miljoen mensen aan hart- en vaatziekten. In
geindustrialiseerde landen waarender Nederland is het sterftecijfer als gevolg van
hart-en vaatziekten de afgelopen 30 jaar kleiner geworden door een combinatie van
publicke gezondheidsmaatregelen (tabakbeleid, gezondheidseducatie,
voedingsprogramma’s etc) en verbeteringen in medische zorg (thrombolyse, PTCA,

CABG en medicamenteuze theraple} Hart— en vaatzlekten bh_pven echter de

vaatpatn.nten door verbeterde medische zorg. zijn hart- en vaalzmkten vaak een
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de schamnc van cardiovasculair risico verbeteren.
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vaatziekten.

pan
Cp zoek naar nieuwe risico indicatoren voor hart- en vaatziekten
"Nieuwe" factoren die zijn gevonden om prospectief en onathankelijk van de
traditionele cardiovasculaire risicofactoren hart- en vaatziekten te voorspellen, zouden
toegevoegde waarde kunnen hebben voor het klinisch vaststellen van de kans op hart-
en vaatziekten. Actuele discussies over het wel of niet gebruiken van de enkel-arm
index ten behoeve van risico management voor primaire preventie van hart- en vaat
ziekten zijn goede voorbeelden. Ten eerste moet het meten van zo'n nieuwe

risicofactor simpel en bereikbaar ziin voor een groot gedeelte van de populatie en
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relatief weinig kosten. Ten tweede moet de meting makkelijk reproduceerbaar zijn en
een lage interobserver variabiliteit hebben. Ook moet er een relatief hoge associatie
zijn tussen de meting en het optreden van hart-en vaatziekten gecorrigeerd voor alle
traditionele nisicofactoren en een relatief lage associatie met de bekende traditionele
risicofactoren zelf. Het moet duidelijk ziin of de associatie op een continue schaal
verloopt of dat er een zeker plateau is in de relatie. Verder zou de "nieuwe"risico
indicator moeten leiden tot een aanzienlijke toename in onderscheidend vermogen. De
opperviakte onder de receiver-operating characteristic curve (AUC) geeft een goede
maat voor de algehele prognostische waarde van ¢en hart-en vaat ziekten risico
functie zonder de betreffende indicator. De receiver-operating characteristic curve is
een grafiek die de sensitiviteit uitzet tegen (1 minus de specificiteit), voor
verschillende afkappunten van voorspelde kansen. De oppervlakte onder de receiver-
operating characteristic curve kan worden geinterpreteerd als de kans dat de risico
functie een hogere kans op hart- en vaatziekten toeschrijft aan een willekeurig
gekozen individu die hart-en vaatziekte krijgt dan aan een willekeurig gekozen
individu zonder incident vaatlijden gedurende 3 jaar. Tot slot, de winst {de toenarme in
kewaliteitsjaren en/of afname in kosten op langere termijn) van het meten van de
"nieuwe" risico indicator binnen een bestaande hart- en vaatziekten preventie
strategie, moet de geassocieerde kosten compenseren. Dit kan onderzocht worden
met een besliskundig model dat informatie van meerdere heterogene bronnen

integreert.

De rol van enkel-arm index meting in risico stratificatie van hart- en vaatziekten
In koofdstuk 2 hebben we de toegevoegde waarde van perifeer vaatlijden voor de
voorspelling van de cardiovasculaire sterfte onderzocht. Perifeer vaatlijden,
gedefinieerd door een enkel-arm index lager dan §.90, bleek een onafthankelijke
voorspeller te zijn voor de sterfie aan hart- en vaatziekten. De kans op
cardiovasculaire sterfte neemt toe als perifeer vaatlijden symptomatisch is, met andere
woorden, wanneer er sprake is van claudicatio intermittens (kramp in de kuit bij
inspanning). Het meten van een enkel-arm index is een eenvoudige non-invasieve
techniek die als screeningsmiddel zou kunnen worden opgenomen in cardiovasculair
risico management, en kan dus een rol spelen in de preventie van hart-en vaatziekten.
In hoofdstuk 3 hebben we onderzocht of de enkel-arm index gebruikt kan worden

als een continue risico indicator voor hart- en vaatziekten. De enkel-arm index liet een
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omgekeerd gradueel verband zien, zonder bewijs voor een bepaald afkappunt, met
het Framingham risico voor hart- en vaatziekten (van 35.7% in het laagste octiel tot
22.7% in het hoogste octiel van de enkel-arm index) en andere maten van
atherosclerose. De enkel-arm index was gradueel geassocieerd met het optreden van |
hart-en vaatziekten zonder bewljs voor een plateau in het verband. Personen met een
enkel-arm index in het laagste octiel hadden een vier keer zo hoog risico op hart- en
vaatziekten als personen met een enkel-arm index in het hoogste octiel (hazard ratio
4.23; 95%CI 2.63. 6.81). Na correctie voor traditionele risicofactoren van hart-en
vaatziekten en medische geschiedenis van hart-en vaatzickten, was het verband
minder sterk, maar nog steeds duidelijk (hazard ratio 2.49;95%CI 1.52, 4.08). De
enkel-arm index toonde synergie met de Framingham risicoscore in het voorspellen
van hart- en vaatziekten (p=0.02). Onze resultaten zijn in overeensternming met het
idee dat de enkel-arm index een maat is voor atherosclerose doordat deze een
gradueel verband laat zien met het optreden van hartinfarcten en beroertes. De enkel-
arm index moet niet langer gedichotomiseerd worden maar moet gebruikt worden als

een continue risico indicator voor hart- en vaatziekten.

Risico functies

De Framingham coronary heart disease risico score deed het redelijk goed in de
populatie van de "Rotterdam Studie". De originele Framingham coronary heart
disease risico functle is extern gevalideerd in onze studie populatie. Dit leverde een
oppervlakte op onder de Receiver Operating Characteristic curve (AUC) van 0.693.
Na passend maken van de risico functie steeg de AUC toe tot 0.728, een statistisch
significante toename.

In hoofdstuk 4 verkregen we een efficiénte nsico functie om mensen te selecteren
met een hoog risico op coronair vaatlijden gebaseerd op traditionele risico factoren.
Ook bestudeerden we de toegevoegde prognostische waarde van indicatoren van
subklinische hart-en vaatrziekten, zoals de enkel-arm index, om hart-en vaatziekten te
voo"rspellen. Onder 3431 personen waarbij geen hart- en vaatziekten gedocumenteerd
waren op het moment van de aanvang van het onderzoek trad bij 388 coronair
vaatlijden op binnen een gemiddelde van 7 jaar vervolg onderzoek. De voorspellers
van coronair vaattijden, dic geselecteerd waren door multivariabele stapsgewijze
regressie analyse, waren leeftijd geslacht, totaal serum cholesterol niveau, de

kwadratische term van cholesterol, HDI -cholesterol, systolische bloeddnuk, het
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gebruik van bloeddruk verlagende middelen, roken, diabetes mellitus, familie
geschiedenis van hartinfarcten, angina pectoris, claudicatio intermittens en de
interactie term tussen angina pectoris en roken. Het regressiemodel maakte goed
onderscheid tussen individuen die coronair vaatlijden kregen en diegenen die dat niet
kregen (oppervlakte onder de Receiver Operating Characteristic curve (AUC), 0.748
(95%CI10.718-0.778)). Het onderscheidend vermogen van deze risico functie was
statistisch significant hoger vergeleken met de aangepaste Framingham risico functie
(p=0.006 na bootstrapping). Na het toevoegen van de enkel-arm index vertoonde de
risicofunctie een klein maar statistisch significant betere prestatie (AUC,0.754
9391 0.724-0.784). Het toevoegen van ECG variabelen in plaats van de enkel-arm
index leverde een zelfde toename in onderscheidend vermogen (AUC, 0.734 ; 95%CI
0.725-0.784). Meer dan 55% van de coronaire gebeurtenissen vond plaats bij
personen met een risico op coronair vaatlijden in het hoogste kwartiel.

Ten tweede 1s een risicofunctie ontwikkeld om de kans op een beroerte te schatten.
Onder de 5431 personen vonden 260 beroertes plaats binnen een gemiddelde van 7
jaar vervolg onderzoek. De voorspellers van beroertes (CVA) die zijn geselecteerd
door multivariate stapsgewijze regressieanalyse zijn leeftijd, de kwadratische term
van de leeftijd, geslacht, systolische bloeddruk, het gebruik van bloeddruk verlagende
middelen, rookgedrag, diabetes mellitus, angina pectoris en tekenen van kortdurende
ischemische aanvallen (TIA's). Leeftijd voorspelde CV A veruit het beste en geslacht
voorspelde coronair vaatlijden het best. Cholesterol was geenszins voorspeliend voor
CVA maar was een zeer belangrijke voorspeller voor de kans op coronair vaatlijden.

In hoofdstuk 5 zijn het regressiemodel voor coronair vaatljjden en het
regressiemodel voor CVA gecombineerd door de 5-jaars cumulatieve
overlevingskansen. Deze zijn verkregen uit het Cox Proportional Hazards model met
censoring voor het andere event. We stelden de toegevoegde voorspellende waarde
van de enkelarm index, ECG parameters en C-reactief proteine vast boven op de
traditionele risicofactoren bij het voorspellen van coronair vaatlijden en beroerte. CRP
voegde niets toe aan de voorspellende waarde van de Rotierdamse risico functie voor
hart- en vaatziekten. Het gecombineerde regressiemode] maakte goed onderscheid
tussen personen met optredende hart- en vaatziekten en personen waarbij dit niet het
geval was (opperviakte onder de Receiver Operating Characteristic curve (AUC),
0.7527(95%(3} 0.723-0.781)). Concluderend kan gesteld worden dat de ontwikkelde

risicofunctie voor hart- en vaatziekten een bruikbaar middel blijkt te zijn in het
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selecteren van personen met een hoog risico op hart- en vaatziekten binnen de
eerstelijns gezondheidszorg, Risicofactoren hebben een variérende impact op het
voorkomen van respectievelijk coronair vaatiijden en beroerte. Het toevoegen van
metingen van of de enkel-arm index of het ECG leidt tot beter onderscheid in hoog-
en laag risico individuen.

De ontwikkeling en structuur van de Rotierdamse risicofunctie voor coronair
vaatlijden en de Rotterdamse risicofunctie voor hart-en vaatziekten worden
gedetailleerd beschreven in de technische appendices. Er zijn een risicocalculator
voor coronair vaatlijden en een risicocalculator voor CVA ontwikkeld, deze kunnen

gebruikt worden door huisartsen en cardiologen.

Het besliskundig model

Terwumsecundalre preventie van cardiovasculaire gebeurtenissen door middel van

et

risicofactor modificatie bg pamenten ‘met bekend vaathi(_ien erkend wordt als

RO S

kosteggfﬁeg;gi zi __]H n als individuen met een hoog r151co op h en vaatmekten worden

kunnen opcespoord worden op basis van gemakkelijk vast te stellen nswofactoren

Het pnmaﬂe doel van het werk dat in deze thesis gepresenteerd wordt was het

evalueren van de kosteneffectiviteit van verscheldene preventaesn"ateﬁu,en van hart-en

vaatziekten in de alceheie populatle We ontW11d<elden een Monte—Carlo Ma;kov

aliernatieve screenings- en interventie strategieén op populaﬂernveau Een Monte-

Carlo Markov beshsmodel el definieert een _aantal verschillende
gezondheidstoestanden en simuleert hoe individuen zouden kunnen bewegen tussen

de gezondheidstoestanden onder verschillende preventiestrategiéen Het model 1s in

staat om de tijd die in jedere rrezondhe1c'ls:tocs!ﬁand is doorﬂrebracht ende

—
geaccumuleerde kosten bij te houden. Ons s s1mulatlemodei is gebaseerd op

epldemlolocrlsche data van de Rotterdam Studie en hteratuur 1r onderzoek b betreffende

kosten en eﬂ"ecten van verschmdene interventies (hoofdstuk 6). Dit

computer

simulatiemodel is ontwikkeld om het optreden van hart-en vaatzickten en sterfie in de

oorspfé_ﬁkelijke populatie van de Rotterdam"Smdie te voorspelien en om de relatieve
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daaropvolgend risicofactormodificatie bij geidentificeerde hoogrisico personen met
als doel het voorkomen van hart-en vaatziekten. Dit model werd het Rotterdam
Ischemic heart disease & Stroke Computer simulation model (RISC model) genoemd.
De {proef)persoonskenmerken van de Rotterdam Studie en de echte follow-up data
van dit onderzoek zijn gebuikt voor het valideren van het simulatie model in de
cohort studie (interne validering). Het RISC model werd gevalideerd door het

- gesimuleerde aantal cardiovasculaire gebeurtenissen te vergelijken met de
geobserveerde aantallen in de Rotterdam Studie populatie gedurende 7 jaar follow-
up.Verder vergeleken we gesimuleerde (ziekte vrije) levensverwachtingen met het
resultaat van een multi-state life table. Het RISC model bleek de cardiovasculaire
levensloop van de populatie nauwkeurig te beschrijven. Tot slot is het RISC model
extern gevalideerd aan de hand van epidemiologische data uit de U.S.A. (hoofdstuk
7). Het RISC model was in staat om, gebaseerd op de individuele risico factor
profielen, de incidentie van hart-en vaatziekten van een algemene populatie te
beschrijven. De ontwikkeling en structuur van het RISC model zijn gedetailleerd

beschreven in de technische appendices.

Kosteneffectiviteits analyses

In hoofdstuk 8 is het RISC model gebruikt om de kosteneffectiviteit te onderzoeken
van primaire preventie strategien voor hart-en vaatziekten, in de vorm van de
"Polypill” (een combinatic van aspirine, statine,drie bloeddrukverlagende middelen in
halve dosering en foliumzuur) zoals beschreven is door Wald & Law. We
concludeerden dat primaire preventie van hart-en vaatziekten met "Polypill" therapie
een kosteneffectieve strategie is in de algemene bevolking tussen 55 en 80 jaar, onder
een grote verscheidenheid aan assumpties. Het zou zelfs kostenbesparend kunnen zijn
in bepaalde subgroepen. We bepleiten een pragmatische klinische trial om effecten en
geassocieerde kosten van de "Polypill” in de realiteit te onderzoeken.

In heofdstuk 9 werd het RISC model gebruikt om een voorspellingsregel te
ontwikkelen om een schatting te kunnen maken van de individuele winst in
kowaliteitsjaren {QALYSs) met aspirine therapie (de AQALY voorspellingsregel). De
ontwikkeling en structuur van de AQALY voorspellingsregel zijn gedetailleerd
beschreven in de technische appendices. De gepresenteerde voorspellingsregel is een
veelbelovend hulpmiddel om individuen te selecteren voor preventie van hart-en

vaatziekten met aspirine. Individuen met risico op hart-en vaatziekten zouden moeten
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worden behandeld op basis van de kwaliteitsjaren die gewonnen kunnen worden in
plaats van op hun absolute risico op hart-en vaatziekien.

Tot slot is in hoofdstuk 1§ een kosteneffectiviteit analyse uitgevoerd van aspirine
therapie binnen de primaire preventie van hart-en vaatziekten met behulp van de
Framingham risicofunctie voor hart-en vaatziekten, de Rotterdamse risicofunctie voor
hart-en vaatziekten, de Rotterdamse risicofunctie voor hart-en vaatziekten inclusief de
enkel-arm index en de AQALY voorspellingsregel. Concluderend kan gesteld worden
dat levenslange aspirine therapie bij alle 53-80 jarige individuen een kosteneffectieve
strategie is in de primaire preventie van hart-en vaatziekten. Algehele effectiviteit kan
vergroot worden door 90% van alle individuen die de hoogste Rotterdam AQALY
scores hebben, te behandelen. Kosteneffectiviteit kan vergroot worden door de
Rofterdarnse risico functie voor hart-en vaatziekten of de Rotterdamse AQALY
predictieregel te gebruiken, in dit geval zou 70% tot 90% van de individuen in
aanmerking komen voor aspirine therapie. Hoewel toegevoegde enkel-arm index
metingen de effectiviteit van screening op hart-en vaatziekten kan verbeteren is dit
geen kosteneffectief middel gebleken voor preventie van hart-en vaatziekten in de
algemene bevolking. Dit is gedeeltelijk veroorzaakt door het feit dat de enkel-arm
mndex ook geassocieerd is met niet-cardiovasculaire ziekten en kan daarom
beschouwd worden als een maat voor verhoogde sterfte kans Met andere weorden,
bij individuen met een lage enkel-arm index zijn de kwaliteitsjaren die gewonnen
kunnen worden door preventieve therapie voor hart-en vaatziekten beperkt, als gevolg

van hun relatief lage levensverwachting.

Klinische implicaties

Huidige handleidingen voor preventie van hart-en vaatziekten zijn gebaseerd op
absolute risico's voor de individuele patiént. Het is welbekend dat gecombineerde
metingen van verschillende risico indicatoren van hart-en vaatziekten niet alleen de
huisarts inzicht geven in het cardiovasculaire risicoprofiel van de patiént, maar het
kan ook als basis dienen voor cardiovasculaire preventie op maat. Meting van de
enkel-arm index heeft het voordeel non-invasief te zijn, makkelijk verkrijgbaar, vrij
goedkoop en kan geimplementeerd worden zonder extra training. Meting van de
enkel-arm index heeft enigszins toegevoegde waarde wanneer de meting gebruikt
wordt als een screeningsmiddel in een setting waar informatie betreffende traditionele

risicofactoren beschikbaar is. Meting van de enkel-arm index bleek echter geen
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kosteneffectief midde] te zijn om hart-en vaatziekten in de algemene bevolking te
voorkomen, omdat meting van de enkel-arm index in een primair preventief centrum,
ondanks de lage kosten, relatief toch te duur bleek te zijn. Als de huisarts echter
Doppler apparatuur tot zijn beschikking heeft. zou het waardevol kunnen zijn om de
enkel-arm index te gebruiken als screenings middel voor hart- en vaatziekten.
Gebaseerd op de resultaten van dit proefschrift is het mogelijk een kosteneffectieve
stra‘-[egie om alle 55 tot 80 jarigen periodiek te laten screenen door de huisarts. Als de
huisarts Doppler apparatuur tot zijn beschikking heeft om een enkel-arm index te
meten, kan de Rotterdam AQALY voorspellingsregel worden gebruikt om individuen
te selecteren voor cardiovasculaire preventie. Als deze geen Doppler apparatur tot
zijn beschikking heeft, kan het best de Rotterdam CVD risico functie worden gebruikt
{zonder enkel-arm index). Voor deze risico functie is slechts een korte anamnese,
inclusief de "Rose questionnaire”, kort lichamelijk onderzoek en bloeddruk meting
nodig. Tevens is laboratoriumonderzoek vergist ter bepaling van het cholesterol, HDL
cholesterol en glucose gehalte.
Om de Rotterdam AQALY voorspellingsscore te bepalen is tevens meting van de
systolische bloeddruk aan de enkels nodig om de enkel-arm index vast te stellen. Op
basis van een afweging van risico's, effecten en kosten zou ieder individu met een
Rotterdam CVD risico score hoger dan 1.5% of een Rotterdam AQALY score hoger
dan 0.04 kwaliteitsjaren behandeld moeten worden met aspirine. Dit houdt in dat veel
meer personen boven de 55 jaar dan nu het geval is, behandeld zouden moeten
worden. Er moet echter rekening worden gehouden met het risico dat individuen
lopen op een hersenbloeding of ernstige maagbloeding. Als de overheid echter bereid
zou zijn om de kosten op zich te nemen voor de introductie van de zogenoernde
"Polypill" en de effectiviteit van de "Polypill” zo groot blijkt als verondersteld door
Wald & Law, zouden alle personen boven de 55 jaar behandeld moeten worden met
de "Polypill” zonder daarbij gebruik te hoeven maken van screening. De kleine kans
op bloeding door aspirine weegt nict op tegen de cholesterolverlagende en
bloeddrukverlagende effecten van de "Polypill”. Het besparen van screeningskosten
zal yiteindelijk compenseren voor de relatief hoge introductickosten. We adviseren
wel eerst een klinisch onderzoek om de effecten en veiligheid van de "Polypill” te
bestuderen voordat deze therapie daadwerkelijk wordt geintroduceerd. Hoewel de
"Polypill” screening overbodig zou maken, adviseren wij alsnog een periodiek bezoek

aan de huisarts om het belang van stoppen met roken. dieet en lichaamsbeweging te
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benadrukken en om de therapietrouw te vergroten. In het geval van de aspirine
strategie is scholing van huisartsen vereist om gebruik te kunnen maken van de
screeningsmethoden. Om er zeker van te zijn dat iedere huisarts de winst van
preventieve behandelingen kan voorspellen moeten de Rotterdam AQALY
voorspellingsregel en de Rotterdarn CVD risico functie opgenomen worden in

nationale richtlijnen zozls het Diagnostisch Kompas en de NHG-standaarden.

Toekomstig onderzoek naar preventiestrategiéen voor hart-en vaatziekten

Het RISC model is na kleine aanpassingen geschikt om veel meer andere
preventiesirategiéen voor hart-en vaatziekten te onderzoeken. Waarschijnlijk zouden
de meer recent ontwikkelde beeldvormende technicken zoals spiraal CT of
multidetector CT waardevolle instrumenten zijn om hart-en vaatziekten te
voorspellen. Omdat deze beeldvormende technieken relatief duur zijn moeten ze het
onderscheidend vermogen van cardiovasculaire risico Inventarisatie aanzienlijk
verbeteren om kosteneffectief te zijn. Aan de andere kant laten onze resultaten zien
dat het levenslang behandelen van alle 35 tot 80 jarige individuen met een combinatie
van aspirine, statine, drie bloeddrukverlangende middelen in halve dosering en
foliumzuur (de "Polypill™) zonder het gebruik van hoogstaande screeningsmethoden
kosteneffectief en ook relatief veilig zou kunnen zijn, als de gemaakte assumnpties
over effectivitert en neveneffecten juist zijn. Daarom zal een pragmatisch-klinische
irial moeten worden verricht om effecten, bijwerkingen en geassocicerde kosten van
de "Polypill” therapie te bestuderen bij personen tussen de 535 en 80 jéar. Tenslotte zal
een risico functie moeten worden ontwikkeld om die individuen te selecteren bij wie
de nadelen van de behandeling groter zijn dan de voordelen en daarom niet medisch

behandeld zouden moeten worden.

Concluderend kan gesteld worden dat het kosteneffectief zou kunnen zijn om
personen met een hoog risico op hart-en vaatziekten te selecteren door middel van een
risicofunctie die gebaseerd is op gemakkelijk vast te stellen risico indicatoren en
vervolgens die geselecteerden te behandelen om hun risico te veranderen en om het
optreden van hart-en vaatziekten te verminderen. Toevoegen van meting van de
enkel-arm index aan screeningsmethoden voor hart-en vaatziekten vergroot de
mogelijkheid om individuen die baat zouden kunnen hebben bij aspirine therapie te

onderscheiden van individuen die daar geen baat bij zouden hebben. Echter, het kleine
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voordeel van het uitvoeren van een enkel-arm index meting weegt niet op tegen de
geassocieerde kosten, Ten slotte kan worden verondersteld dat veel meer individuen
ouder dan 55 jaar behandeld zouden moeten worden met aspirine om hart-en
vaatziekten te voorkomen tegen relatief lage kosten voor de maatschappij. Er moet
echter rekening worden gehouden met het risico dat individuen lopen op een

hersenbloeding of emstige maagbloeding,
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APPENDIX 1: THE ROTTERDAM CHD RISK FUNCTION

DERIVATION QF SCORES IN THE RISK FUNCTION

Bascd on the final models, the subject-specific 5-year probability of CHD was caleulated as:
1= (50, (1826) == A=)
CHD -
where SO, (1826) is the baseline cumulative CHD-free survival at the mean of all covariates at 1826 days (5
years) and Z(ﬁ X — ﬂi X,,) s the linear predictor centered at the mean of the covariates.

X; is the subject specific value of i-th risk indicator and X, is the mean value of the risk indicator in the study

population.

The baseline cumulative survival estimates and the adjusted regression coefficients are listed in the table below.
The presented regression coefficients and the constant ﬁ; X, were adjusted for overfiting by multiplying by a

shrinkage factor. which was derived from bootstrapping procedures for ali three models separately (0.91 for the

Rotterdarn CHD risk function; .89 for extended models 1 and 2).

USING THE RISK FUNCTION IN PRACTICE

Calculating the 5-ycar Rotterdam CHD risk score requires a short patient history to determine ape, smoking
behaviour, family history for myocardial infarction. use of antidiabetic medication, use of antihypertensive
medication, medication use for cardiovascuiar disease, and the Rose questionnaire to determine the presence of
intermittent claudication or angina pectoris. Next, a short physical examination to assess blood pressure is needed
and blood tests have 10 be performed 1o measure plasma cholesterol. HDL-cholesterol and glucose level. For
calculating the risk score by extended model 1. the physical examination also has to include measurement of the
systolic blood pressure of the ankles to determine the ankle-arm index. To caleulate the dsk score by extended
model 2. an ECG is needed to determine left ventricular hypertrophy or signs of myocardial infarction.

For example. we will caleulate the S-year risk of a 55-year-old smoking man, without diabetes mellitus. His
systolic blood pressure is 160 mmHg. The blood pressure az the ankle has been measured and is 150 mmig. There
is no history of angina pectoris or intermittent clavdication and the man Is not using any medication. His brother
had a myocardial infarction at the age of 30. The plasma cholesterol level is 6.3 and the HDL-cholesterol is 0.9.
Using the Rotterdam CHD risk function. the predicted risk can be calculated as follows:

Linear Predictor = — 7.3930 + 0.8452 * 1 + 0.0387 * 35+ 03894 * 0 + 0.7514 % 6.3 - 0.6037 * 0,9 + (1952 * 1 +
0.0126 * 160 + 1.4158 * 0+ 0.2831 * 0+ 0.3900* 1 + 1.0490 * 0 + 0.4783 * 0 - 0.0080 * 160 * 0 - 0,0401 * 39.69

~0.6265*0*0-06688*0*1 = 0.778821

[
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S-year probability of CHD = 1 —((0.9661)exp(0.778821) )= 7.2%
The 5-year risk of CHD as calculated by extended meodel 1 =7.7%
Note that the risk calculated by extended model 1 is higher because the AAT is slightly decreased for this otherwise ‘

low-risk individual.

B-coefficients* Bcoellicientst B-coeflicientst
Rotterdam risk fonction Extended model 1 Extended model 2

50 at mean of covariates (5 years) 0.9661 0.9662 0.9663
Constant. (mean of linear predictor) -7.3950 -5,8909 -7.1528
Male gender 0.8452 0.849% 0.8036
Age 0.0387 ©0.033% 0.0360
Diabetes mellitus 0.3894 03469 0.3806
Cholesterol 0.7514 07073 0.7721
HIDL.-¢holesterol -0.6037 -0.5756 -0.5872
Family history of myocardial infarction 0.1952 0.1821 0.1946
Systolic blood pressure (SBP) 0.0126 0.0108 0.0113
Antihypertensive medication use 14158 1.3219 1.3679
Past smoking 0.2831 0.2709 02712
Current smoking 0.3500 03144 0.3585
Angina pectoris 1.0490 1.0038 1.0296
Intermittent claudication 0.4783 03112 0.4301
SBP * antihypertensive medication use -0.0080 -0.0075 -0.0078
Choleszerol * cholesterol -0.0401 -0.0377 -0.0416
Angina pectoris * past smoking -0.6265 -0.6011 -0.6428
Angina pectoris * current smoking -0.6688 -0.6701 -0.6907
Ankle-arm index -0.6837

Left ventricular hypertrophy by ECG 04347
Silent myocardial infarction by ECG 0.3429

* adjusted with a shrinkage factor of 0.91
T adjusted with a shrinkage factor of 0.89

T adjusted with a shrinkage factor of (.89



APPENDIX 2: THE ROTTERDAM CVD RISK FUNCTION

APPENDIX A. Model development

Age and sex adjusted Cox proportional hazard moedels were used to examine the association between various risk
indicators and the risk of coronary heart discase and stroke separately. The additional predictive value was
determined by the Akaike’s Information Criterion (AIC). The AIC can be calculated as the x2-change minus two
times the degrees of freedom, in which the ¥2 is the difference between the model with and the model without the
risk indicator of interest on the —2log Likelihood seale, ™!

First, we selected al risk indicators with an AIC > 0 in age and sex adjusted analyses. For blood pressure we
cxamined systolic blood pressure. diastolic blood pressure. pulse pressure and antihypertensive medication use.
We selected the blood pressure varizble with the highest AIC and examined whether the blood pressure variable
with the next largest ATC was still additionally predictive over and above the variable already included (AIC > Q).
We additionally examined whether cholesterol and HDL-chelesterol led 10 2 better model performance when
included separately compared o using the cholesterol/HDL-ratio. Of all selected variables, a backward stepwise
analysis with a p-value-to-remove of 0.10 was performed to achieve the prefinal multivariable model. This strategy
of selection: of main cffects aimed to include all important risk indicators and therefore used a more liberal
criterion than the standard p < 0.05 criterion.”” A more conservative approach was followed for non-linear and
nteraction terms. Quadratic terms of all continuous variables were tested and added to the prefinal model if p <
0.05. Subsequently, all interaction terms with age and gender were tested and added 10 the prefinal model if p <
0.01. Also, plausible interactions with mild manifestations of cardiovascular disease were tested with a p-value-to-
enter of 0.03.

In both the final multivariable model for coronary heart disease and that for stroke. the ankle-arm index (AAI)
was tested for additional predictive value and added if the model improved significantly (p< 0.05). The quadratic
term of AAT and interzetions of AAT with age, sex, and mild manifestations of cardiovascular disease were tested
in the same way as described above, which vielded “extended model 1°. The ECG characteristics were tested in a
similar fashion. which yielded “extended model 2°, In *extended model 3 we tested the additional predictive value
of serum C-reactive protein using the same criterta. Because of missing values in most of the coatrols, we tested
the additional predictive value of CRP in a case-control design by logistic regression analysis with adjustment for
follow-up tme,

To determine internal validity, beotstrapping was performed.™ The full selection process was repeated in
every bootstrap sample (8C replications). We estimated a shrinkage factor 1o improve calibrtion of predictions in

future patients, taat is, 1o correct for overfitting of the risk function.”*
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Ficure Appendix A.

The predictive vatue of different risk indicators measured by the Akaike's Information Criterion (AIC). adjusted
for age and sex. An AIC equal to or smaller than zero indicates no additive predictive value over and above age

and gender. The AICs are displayed for coronary heart discase and stroke separately.
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The Rotterdam CVD risk function

APPENDIX B. The Rotterdam Cardiovascular Disease Risk Function and extended

models
Rotterdam risk function Extended model 1 Extendad model 2

CHD Stroke CHD Stroke CHD Stroke
S0 at mean of covarlates (5 years) 0.9674 0.8794 0.9675 0.9794 0.8678 0.9797
Mean of linear predictor -7.4503 -23.7629 -5.9258 -23.5318 <7.2371 -24.2173
Male gender 0.8662 0.2435 0.8710 0.2572 0.8250 0.2327
Age 0.0372 0.5114 0.0324 0.5250 0.0347 0.5307
Dizbetes mellitus 0.2797 0.5281 0.3367 0.5104 0.372¢ 1.5259
Plasma cholesteral 0.7365 - 0.6892 - 0.7618 -
HDOL-cholestersl -0.6163 - -0.5878 - -0.6021 -
Family history of Mi 04771 - 0.1636 - 01781 -
Systolic bloed pressure 0.0132 0.0185 0.0121 0.0182 g.12¢ 0.0181
Antihypertensive treatment 1.4858 2.0342 1.3985 1.8942 1.4606 1.8405
Past smoking 0.3069 0.3158 0.2933 0.2087 0.2923 0.3037
Current smoking 0.3798 0.6076 0.3013 0.5492 0.3493 0.5598
Angina pectoris 1.0850 - 1.0158 1.0381
intermittent claudication 0.3577 - 0.1944 0.3046
Transient ischemic attacks - 0.7250 - G.7050 - 0.7178
Age ™ Age - -0.0030 - -0.0031 - -0.0032
Systolic bloed pressure ~
Antihypertensive treatmernt -0.0088 -0.0128 -0.0081 -0.0126 -0.0085 -0.0121
Cholesterol * Cholgsterol -0.0382 - -0.0357 - -0.0401 -
Past smoking * Angina pectoris -0.5718 - -0.5431 - -0.5886 -
Current smeking * Angina pectoris 0.5757 - -0.5722 - -0.5805 -
Ankle-arm index # # -0.6939 -0.5133 # #
LV on ECG # # # # 0.4568 -
Silent Ml on ECG # # # # 0.3324 0.5932
Shrinkage factor] 0.8100 0.8110 0.8900 0.9080 0.8300 0.9090

- non-significant

# not included in risk function
T The presented log hazard ratios and the mean of the linear predictor were adjusted for overfitting by

multiplying by a shrinkage factor, which was derived from bootstrapping procedures 7=
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APPENDIX C. CALCULATING THE 5-YEAR RISK OF CARDIOVASCULAR DISEASE

The regression model for CHD and the regression model for stroke were combined by multiplying the S-year
curnulztive survival probabilities that were derived from the Cox proportional hazards model with censoring for
the other event. Based on the final multivariable models, the 5-vear probability of cardiovascular discase was

caleulated as:

oo U % =f =20 exp(> (B, 5 —f, 50 2)
1- (S0, (1826) *S0,, ... (1826) )
30(1826) is the baseline cumulative survival at the mean of all covariates at 1826 days (5 years) Tor coronary heart
disease and stroke respectively.
Z ( ,5: X, — ﬁ: xm) is the lincar predictor from the Cox proportional hazards medel, where X; is the
subject specific value of the i-th sk indicator, and X, s the mean value of the risk indicator in the study

population. ﬁ{ X, is the mean of the linear predictor.

For example. we will calculate the 5-year risk of a 55-year-old smoking man, without dizbetes mellitus. His
svstolic blood pressure is 160 mmHg. There is oo history of angina pectoris or mtermittent claudication and the
man is pot using any medication. His brother had a myocardial infaretion at the age of 50, The plasma cholesterol
ievel is 6.3 and the HDL-cholesterol is 0.9. Using the Rotterdam CVD risk function, the predicted risk can be

calculated as follows:
Linear Predictor for coronary heart disease= — 7.4503 + 0.8662 * 1 + 0.0372 * 55+ 0.3797 * 0+ 0.7365 * 6,3 -
0.6163*09+0.1771* 1+ 00139 * 160+ 1. 4958 * 0+ 03069 * 0+ 0.3798* 1+ 1.065¢ * 0+ 03577 * 0 -

0.0086 * 160 * 0-0.0382* 3969 —0.5718*0* 0- 05757 *0* { = 0.8284

Linear Predictor for stroke=—23.7629 + 0.2435 * 1 + 0.5114 * 55+ 0.5281 * 0+ 0.0195 * 160 +2.0342 * 0 +

03158 * 0+ 0.6076% 1 +0.7250 % 0 0.0030 * 55 ¥ 55-0.0128 * 160 * 0 = -0.7398

S-year probability of CVD = | — (0.9674 SPOES) o 9704 SCOTIN) y . g 90,
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USING THE RISK FUNCTION IN PRACTICE

Caleulating the 5-year Rotterdarn CVD risk score requires a short patient history to determine age, smoking
behaviour, family history for myocardial infarction. use of antidiabetic medication, use of antihypertensive
medication, medication use for cardiovascular disease, and the Rose questipnnaire to determince the presence of
intermittent clandication or angina pectoris. Next, a short physical cxamination 1o assess blood pressure is needed
and blood tests have to be performed to measure plasma cholesterol, HDL-cholesterol and glucose level. For
calculating the risk score by extended model 1, the physical examination also has to include measurement of the
aystolic bloed pressure of the ankles to determine the ankle-arm index. To calcujate the risk score by extended

model 2, an ECG is necded 1o determine left ventricular hypertrophy or signs of myocardial infarction.
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LIST OF ABREVIATIONS

abil ankle-brachial systolic blood pressure index lowest measured

af atrial fibrillation

AlC Akaike’s [nformation Criterion

ap anpina pectoris

aspintol the probability of aspirin intolerance

aspirin_IHD ischemic heart discase risk reduction by aspirin therapy
aspirin_stroke ischemic stroke risk reduction by aspirin therapy

Befe beta coefficients for the Ask function of case-fatality of stroke
Befi beta coeflicients for the risk function of case-fatality of ischemic heart disease
Beva beta coefficients for the risk function of ischemic stroke

Bevd beta coefficients for the risk function of cardiovascular mortality
Bihd beta coefficients for the risk function of ischemic heart disease
Bmot beta coefficients for the risk function of non-cardiovascular mortality
bCABG beta coefficients for the risk function of CABG versus MI
bPTCA beta coefficients for the risk functien of CABG versus PTCA
bmi body-mass index

CABG coronaty artery bypass grafting

chot chelesterol level

claud intermitient claudication

creat serum creatining

dbp diastolic blood pressure

dm diabetes mellitus

ERGO the Rotterdam Study dataset (o = 3501) in table format
ERGO68T: the Rotterdam Study dataset (n = 6871) in table format

EXP exponent

farmevd family history of cardiovascular discase

friction costs costs associated with production losses for the whole friction peried
friction period the maximum time it takes 10 replace a sick eraplovee (4 months)
friction time the actual time that production loss cxists

Gibleed gastro-intestinal bleeding caused by aspirin

glue serum glucose level

hai HDL-cholesterol level

ht hypertension

LN natural logarithm

Ml myocardial infarction

mifam family history of myocardial infarction

NHANES the NHANES dataset in table formart

P bootstrag sample of linked transidon prebability functions

pl initial probability to be free of medical history for cardiovascular disease
p2 initial probability of 1schemic heart disease

p3 initial probability of ischemic stroke

PTCA percutanous transluminal coronary angioplast
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RISC

sbp

smoke
smokecur

tia

u AP

u CABG

u DM

u Gibleed

u HemStroke
u MI first year
u MI 3q

u PAD
uPTCA

u Stroke minor
uStroke major
uTIA
medhistf
medhistm

whr

Rotrerdam Ischemic heart disease & Stroke Corputer simylation model
systolic blood pressure

smeking (current or ever)

current smoking

transient ischemic atiack

utility of anginz pectoris patient

utility of CABG patient

utility of patient with diabetes mellitus

utility of patient with gastro-intestinal bleeding

utility of patient with hemorrhagic stroke

utility of patient with myocardial infarction in the first year
utility of patient with mocardial infarction in the following years
utility of patient with intermittent claudication

utility of PTCA paticnt

utility of patieat with a minor stroke

utility of patient with a major stroke

utility of patient with transient ischemic atzack

medical history of cardiovascular disease in ferale

medical history of cardiovascular discase in male

waist-to-hip ratio

[
[RS]
[#%]



Technical appendix

The RESC model: the Rotterdam Ischemic heart discase & Stroke Computer simulation model is a Monte Carlo-
Markov model developed to predict the future CVD mortality and morbidity in the original Rotterdam Study
population, aged 55 and older at study onset. and followed from 1991 to 2000. The model was developed in
TreeAge (version Data Professional release 10, TrecAge Software, Inc., Williamstown, USA).

Through its capability to simulate changes in risk factors in subjects without CVD, the model is suited to examine
the effects of preventive stratepics. Furthermore, the Monte Carlo structure allows the evaluation of variability and
uncertainty by using random number gencration and distribution sampling.

The RISC model is a state-transition model containing 6 states: {1} the CVD death state, (2) the non-CVD death
state, (3) the Ischemic Heart Disease (THD) state, {4) the Stroke state, {5) the IHD and Stroke state and {6) the Well
state.

To estimate transition probabilitics for different risk indicator patterns, we constructed six transition probability
functions based on Cox proportienal bazard analyscs with follow-up time as the time axis. The first probability
function models the transition probability from the Well state to the IHD state and from the Siroke state to the IHD
& Swoke state, When modeling incident THD), subjects with incident stroke were censored at the time of their
stroke. The second function models the transition probability from the Well state to the Stroke state and from the
IHD state to the THD & Stroke state. When modeling incident stroke, subjects with ineident THD were censored at
the time of their D event. In both functions having experienced [HD and/or stroke is included as a covariate. The
third and the fourth functions medel the transition probability from the Well state, the THD state, the Stroke state
and the IHD & Stroke state to the CVD death state and the non-CVD death state. respectively. When modeling
cardiovascular and non-cardiovascular mortality, subjects with incident [HD or stroke were censored at the time of
their event. In the fifth and sixth functions, the cardiovaseular mortality rates within 6 months after IHD and stroke
respectively {case-fatality} were modeled, The fourth THD ¢vent and the third stroke were assumed always to be
fatal.

We performed stepwise-backward Cox proportional hazard analyses to select all important risk indicators for cach
of the six transition probability functions, as determined by Akaike™s Information Criterion (AIC) > 0. The AIC
can be calculated as the y'-change minus two times the degrees of freedom, in which the ¥ is the likelihood ratio
test statistic, Subsequently. quadratic terms of all continuous variables and interaction terms with age, gender and
medical history of CVD were tested and added to the transition probability functien if AIC was greater than 0.
Individual risk factor profiles (as sampled from the Rotterdam Study participants) were used to estimate the
transition probabilities for each subject. The complete risk factor profile of cach individual was updated every 5
years in the model. Changes in continuous risk factor levels due to aging were estimated from the Rotterdam Study
data using linear regression analysis with age and gender as covariates and modeled a5 2 continuous increase or
decrease per 5 years. Changes in dichotomous risk factors were analyzed using logistic regression analysis with
gender and all continuous risk factors as covariates and were modeled as “hidden states™ using wacker variables.
Every 5-year period during follow-up. the presence of each dichotomous risk factor was updated by drawing from
a binomia! diswibuetion conditional on the previous risk factor profile.

To model the lifelong event history of a cohort. follow-up time was divided in S-year intervals. For the first 5 vears
the baseline risk factor profiles and the follow-up time dependent baseline cumulative survival from the Cox

model were used in the RISC medel. For the following 5 year-periods the same baseline cumulative survival was

used but the complete risk factor profile was updated every time,



The RISC model

Schematic representation of the RISC model!
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Technical appendix

Variables RISC model

Risk factor profiles were available from individuals who participated in the Rotterdam Study. in Dutch also known
by the acronym ERGO. Continuous variables were drawn from the subjects” risk factor profiles (x) and updated

with a constant (¢), derived from linear regression anatysis, adjusted for ape and gender, for example:

age ERGO[x;3] (is baseline age for subject x)
{age is in the third column of the table "ERGO")

ageMKY ageHt_stagecounts)*s (is S-vearly updated age)

sbp ERGO[x:19] (is baseline systolic blood pressure jor subject x)
(systolic blood pressure is in the 19" column of the table "ERGO")

shpMKY (sbp+t_stagecount5*5*c_sbp) (is S-yearly updated systotic blood pressure)

Dicheotomous variables were drawn from the subjects” risk factor profiles () and updated using a binomial
distribution with a probability parameter, derived from logistic regression analysis adjusted for age. gender and all

updated continuous risk factors. For example, for atrial fibrillation:

af ERGO[x:2]
(atrial fibrillation is in the second column af the table "ERGO™)
afMKV If(t_stagecountS>0;(IfDistSamp(30)=1:1:af));af)
DistSamp(30) is @ binomial distribution with the probahility t_Afrisk
{see “hidden states”, page 240}

All other variables used in the RISC model are deseribed in “Distributions™, page 259.

Model parameters

discRATE = discount rate {default = 0.04)
dt = ¢ycle length (default = 0.1 years)
=3 _sample {Every sampic. another bootstrap sample of linked transition probability

Sunetions is drawn)
he _trial

(Every trial, another subjects " risk factor profile is drawn)

rl = 1-ERGQ[x:17] is initicl probability of being in the Well state
{medical history of CVD is in the 17" column of the table "ERGO")

p2 =(1-pi}* 0.5

p3 =p2



The RISC model

To model the lifelong event history of a cohort. follow-up time was divided into 3-year intervals. For the first 5
years the baseline risk factor profiles (as sampled Tom the Rotterdam Study participants) and the follow-up time
dependent baseline curpulative survival from the Cox model were used in the RISC model. During subsequent
follow-up the same baseline cumulative survival was used but the complete risk factor profile was updated every 5

year-period. The clock for the bascline cumulative hazard was reset at zero at the start of each 5-year peried.

{T}t stagecounts

IR stage)y<=5/du0:1((_stage)<=10/dt:1:If(_stage)<=13/dt:2:1((_stage)<=20/dt;3:[f(_stage)<=253/dud1
H{(_stage)<=30/dt:5:If(_stage)<=35/dt:6:1({_stage)<=40/dn7:H{(_stage)<~45/dt:3.1{{_stage)<=50/dt.9:If((_stage
Y<=35/de;10;If((_stage)<=60/dt:1 IIf{(_stage)<=65/dr:] 2:1f{(_stage)<=70/dt.13:If{{_stage}<=75/dt.14:I{(_stage)y<
=80/dt:15;If({_stage)<=85/dt;16;If((_stage}<=90/dt: 1 7:I((_stage)<=95/dt;13:1f{_stage)<=100/dt; I9:If(_stape)y<=
105/dt:202210MNMNMIN}

Risk functions

We analyzed screening stratepies based on the Framingham CVD risk functien, the Rotterdam CVD risk funcrion,
the extended Rotterdam CVD risk function, and the Rotterdam AQALY prediction rule. using different threshoids-
above which treatment will be initiated- for cach screening tool.

The Framingham CVD rigk function

FHSCVD ' 1-{Exp{~(Exp(ref_base))))

ref base {Ln(3)-logitCVD _base)/(Exp(0.6536-(0.2402*ogitCVD _base)))

logitCVD _base 18.8144-1.2146*fem-1.8443*Ln(age)+0.3668* Ln{age)*fem-1.4032*Ln{sbp)-
0.3899%*smekecur-0.339* Ln(cholhdl)-0.3036*dm-0,1697*dm* fern-0.3362*1vh

The Rotterdam CVD risk function

ERGO_CVDrisk 1-((0.9674Exp(0.9519*male+0.0409*ape+0.4172*dm-+0.5093*chol-
0.6772*hdl+0.1946*mifam+0.0153*sbp+1.6437*ht+0.33 73 *srooke+0.080 1 *smokecurt1,1703*ap+0.393 1 *claud-
0.0095*sbp*ht-0,0420*chol*¢hol-0.6283*ap*smoke-0.0043*ap*smokecur-8.18713645)))

*(0.9794°(Exp(0.2673 *male+0.5614*age+0.5797*dm+0.0214*sbp+2.2329*ht+0.3466*smoke+0.3204* smokecur-
0.0140%sbp*ht+0.7958*1a-0.0033*age *age-26.08444535))))

The extended Rotierdam CVD risk function

ERGOCVDabiRisk 1-{(0.9675(Exp(0.9786*male+0.0364*age+0.3783* dm+).7744* chol-
0.6604*hdl+0.1838*mifam+0.0136*sbp+1.5714%0t+0.3295%smoke+0.009*smokecurt 1. 141 3*ap-+0.21 84*claud-
0.0091*sbp*ht-0.0401*chol*chol-0.6102*ap*smoke-0.0327 *ap*smokecur-0.7797*abil-6.65822303)))
*(0.9794~Exp{0 2829*malet+0.5776*age+0.561 5% dro+0.02* sbp+2.1938* ht-+0.3396*smoke+0.2646* smokecur-
0.0139*sbp™*ht+0.7736*tia-0.0034*ape*age-0.5647 *abil-25.8875747))))

227
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Trapsition probabilities

The subjects-specific 0. I-year hazards were calculated as follows:

r (rate) = pne-cycle increment in baseline cumulative hazard * Exp(Log Hazard Equation)

rdicCVD {hOcvdmort[({({_stage)-t_stagecountS*(5/dt))+11*365.25%dt);pl-
hOcvdmort{{{{(_stage)-t_stagecountS*(3/dt1))*365.25%dikph)

*Exp{Bevdfp: I *age MEV+Bevd{p:2] *male+Bevd{p: 3] *dm MKV Bevdfp: 47 * hdl MRV *medh
ist+Bovdfp; 5] ht+Bevdp: 6] *hi*age MKV +Bovd]p, 7] *smoke+Bovd{p:§] *medhist+Bovd[p:9] *abiiMK
V+Bevdfp: 107 *abil MKV*abil MK V+Bevd{p: 11]*afMKV+Bevdfp: 1 2] *afMKV*male+Bevdfp: 1 3] ageM
KV *afMKV+Bevd(p: 14] *male*medhist+Bevdfp: I 5] *medhist *chol MKV cho! MK V-Bevdfp: 16]))

rDieQther (hOmortoth[({((_stage)-t_stagecountS*(S/d)}+1Y*365.25*dtypl-hOmortoth[(({{_stage)-
1_stagecount *(5/dr)N*365 25% dt):
*(Exp(Bmotfp: 1] *maie+Bmoifp; 2] *age MKV+Bmot{p: 3] *dmgiuc+Bmotf{p:4] *chol MK Voth+
Bmotfp:5] *smokecur MKV+Bmot[p:6] *smokecur MKV *age MK V+Bmot[p; 7] *bmiMKV+Bmot{p 8] *bmi
MKV *ageldKV+Bmot[p:5] *whr MKV+Bmot[p: 1 0] *whrMK V*age MKV+Bmot[p: 1] *whr MKV *medhist
+Bmotfp:12] *famcvd+Bmot{p: I 3] Yamevd*age MEV+Emot{p: 14] *abil MKV+EBmot [p; 1 5] *abil MKV *a
geMEKV+Bmot{p: 16] *medhist-Bmotfp: 1 7]))

D
t_stagecountS*(S/AdnN*3465.25* dt):p])
*(Exp(Bihdfp: 1] *male+Bihd{p; 2 *egeMKV+Bihdp: 3] *age MK *age MRV Bikd{p: 4] *dmMf
KV*gluc MKV +Bihd{p: 3] *chol MK Y+ Bihd{p: 6] *hdi MKV +Bihd[p: 7] *pp MKV+Bikd[p: 8] *pp MKV *mal
e+Bikdfp: 9] *ap MKV+Bihd{p: [ 0] *abil MKV+Bihd({p: 1 1] *abil MKV *abil MKV +Bifd{p: 1 2] *smokecurM
KV+Bikd{p;13]*mifam+Bihd{p: 4] *medhist+Bihd{p;]1 5] *creatMKV-Bikd{p:16]))
riHDfatal

Belp1 1 (Bxp(Befifp:2] *lage_at_IHD)+Befifp:3] dmMKV*glucMKV-+Befifp:4] *hi=Befi[p:5] *he*(ag
e_at_fHD)+Befifp: 6] *creatMKV-Befifp:7]))

rStroke (hCstroke[((({_ stape)-t stagecount3*(5/dN))+1)*365.25%dt)p]-
hOstroke[(({(_stage)-t_stagecount3*(3/dNN*363.23*dkp])
*Exp(Bevalp. 1] *male+Bovalp:2] fageMKV+Bevap: 3] *ht+ Bevafp: 4] *ht *age MKV+Bovalp
[SPrsbp MEV+-Bevalp: 6] *smokecurMR V+ Bevalp: 7] *mifam+Bevafp: 8] *tiaMKV+Beva[p:9] *medhist+
EBevalp: 707 medhist*male+Bevafp:d 1] afMIV+Bevalp: 1 2] ¥abiiMKV-Bevalp; 137)))

rStrokefatal Befe[p:1]*

(Exp(Befefp:2] ¥age_at_stroke)+Bcfe{p: 3] *smoke+Befelp: 4] Yamevd+Befelp: ST *abil MKY+Bcfelp: 6] *chol MKV
oth+Befefp: 7] *ereatMEKV+Befefp: 8] *hdiMEKVorh+ Befe[p. 9T *abil MKV abil MKV+Befefp: 10] *(age_at_stroke)*h
diMKVoth-Befefp: 11]))
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Then the hacards qfier aspirin therapy were calculated as:

hdieCVD rdieCVD* Eff asp_dicCVD ™ % % 1_T_pgp2 e
hDieOther DicOther+(DistSamp(64) ¥ 5w gy T Asp2 page 247)
REHD TTHD*Eff_asp THD P79 % ¢ T pgp2 Pese 290
hEHDfatal THDfatal

hStroke rStwoke™Eff asp Stroke P07 % rSroke*t T Asp2 e 9
hStrokefatal rStrokefatal

htot hdieCVD + hDieOther + hTHD + hStroke

Subjects were targeted for treatment with aspirin based on age. absotute risk and systolic blood pressure (sbp) by

using tracker-variables:

{THe T Aspl (If(age<=80&base_risk>cutoff&sbp<=180;1:0))*ST_asp[S]
{The T _Asp2 H{t_ T_Aspl=I:1:(If{ageMKV<=80&fup_risk>cutoff&
sbpMKV-<=18(:1;0)))*ST_asp[S]*(1-aspintol}

“base_risk™ is the risk score as caleulated by one of the four risk functions
“fup risk™ is the 5-yearly updated risk score
“cutofl™ is the Jevel of the tisk score above which subjects should be treated

"ST_asp[S]™ are preventive strategies in which aspinin is involved

Smoking Hypertensive Cholesterol lowering Anti-diabetic
S Aspirin cessation medication drugs medication
0 0 0 0 0 0
1 0 0 0
2 0 1 0 0 0
3 0 0 1 0 0
4 0 0 0 1 0
5 © 0 0 o] 1
6 1 1 0 0 0
7 1 1 1 0 [
8 1 1 1 1 ]
] 1 1 1 1 1

“aspintol™ is the probability of aspirin intolerance a3 drawn from a binomial distribution (see “Distributions™ page
259}
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Effectiveness of interventions

Eff_asp_dieCVD DistSarap(53) = hazard ratio of aspirin for CVD mortality
Eff asp IHD DigtSamp(54)" = hazard ratio of aspirin for ischemic heart discase
Eff asp Swoke DistSamp(56)* = hazard ratic of aspirm for ischemic stroke

(4] See page 259 for diswributions)

Adverse effects

{T} 1_GlIbleeding DistSamp(36)F * t T Asp2 = risk of gastro-intestinal bleeding
{T} t_HemorStroke DistSamp(35)1* t_T_Asp2 = risk of hemormhagic stroke

(] See page 259 for distributions)

The transition probabilities are then calculated as follows:

pdicCVD = (WDicCVD/htot)*( 1 -Exp(-htot))

pDicGther = (hDicOther/htot)*(1-Exp(-htot))

PIHD = (h[HD/htot)*(1-Exp(-htot)}

pIHBfatal = [f{IHDecount<4:( 1 -Exp(-bIHDfatal)): 1)
pStroke = (hSwoke/htot)*(1-Expl-hton)

pStrokefatal = If(Strokecount<3;(1-Exp(-hStrokefatal));1)
pWell = Exp(-htot)

Within the IHD state, the proportons of CABG, PTCA and MI are calculated with the following polynomial
regression functions: (t_CABG +t MI+1t PTCA =1)

{T} t CABG

(Exp(bCABG[p:1]+bCABG[p:2]*male+bCABG]p:31*(age+({_stage}*dt)}+bCABG[p:4] *dmgluc+bCA
BG[p:5]*choMK V+bCABG[p:6]* smokeemrMK V+bCABG[p: 7] * mufam+bCABG[p:81 *abilMK V+bCABG [p:9]*
medhisttbCABG{p;101*apME VY (1 +(Exp(BPTCA p: 1 J+bPTCA[p: 2] *male+bPTCA[p:3] *(age+((_stage) *dy))+
BPTCAp: 4] *dmgluc+bPTCA[p:3] *chol MKY+bPTCA[p: 6] *smokecur MKV +BPTCA[p: 7] *mifam+bPTCA[p:37*
abil MKV+EPTCA[p:9] *medhist+BPTCA[p: 107 *ap MK V) )+ (Exp(BCARGp: 1] +bCABG p: 2] *male+bCABG{p: 3]
*age+((_stage) *dt))+bCABG p: 4] *dmgluc+bCABG[p:5] *chol MKV+bCABG[p: 6] *smokecur MKV +bCABG [p:7
Jrmifam+bCABG p: 8] abil MKV+bCABG p:9] *medhisi+bCABGfp: 1 0] *apMKV)))

{T} MY

VU +(Exp(BPTCALp: 1] +bPTCA[p:2] ¥male+bPTCAIp; 3] age+({_stage) *dt)) +bPTCA p:4] *dmgluc+
BPTCA[p: 5] *cholMKV+bPTCA [p: 6] *smokecurMKV+bPTCA[p: 7] *mifam+bPTCALp: 8] *abil MKV-+-bPTCAfp:9]
*medhist+EPTCA[p: 10]*apMRV)) +(Exp(b CABG[p: 1] +bCABGp: 2] *male+hCABGp; 3] *(age+{{(_stage)*dt))+
BCABG p:4] *dmgluc+bCABG[p:5] *cholMRKV+bCABGp: 6] *smokecur MKV +bCABGp; 7] *mifam+bCABG[p:8]
*abil MKV+BCABG[p:9] *medhist-bCABG [p: 1 0 *apMKVY))

{T} t_PTCA

(ExpbPTCA[p:1]1+bPTCA[p:2 *maletbPTC A [p:3]*(age+((_stage)*di))+bPTCAIp:4)*dmgluct+bPTCA
[p:57*cholMK V+bPTCA[p:6]*smokecurMEK V+bPTCA[p: 7] *mifam+bPTCAp:8]*abitMK V+EP TCA [p:9] *medhi

230
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st+bPTCAP: 10V apMK V(1 +{Exp(bPTCA p: I J+BPTCA p: 2] *male+bPTCA P 3] *age+((_stage) *dt)+bPTC
Alp: 4] *dmgluc+hPTCA[p: 5] *cholMK V+HPTCALp: 6] *smokecur MKV +bPTCA [p: 7] *mifam+bPTCA p: 8] *abilM
KVY+bPTCA[p: 9 *medhist+bPTCA[p: 167 *ap MK V) j--(Exp(bCABGp: 1] +6CABG p: 2] *male+bCABG[p:3] *(age
+{(_stage) *ds)) +ECABG p: 4] *dmgluc+bCABG p: 5] *chol MKV+bCABGp:6] “smoteeur MKVt bCABGp: T *mif
am+bCABG p; 8] *abil MKV+bCABG[p: 9] *medhist+BCABGp; 10] *ap MEV)))

Hidden states

Within every state, subjects may suffer mild manifestations of cardiovascular disease which were modeled with

tracker variables:

Probability = Expliinear predictor) (1 + Exp{linear predictor))

{T} t_AFrisk regAFi(1+regAF) risk of atrial fibrillation

{T} t_APrisk regd P +regAP) risk of angina pectoris

4T} t_Claudrisk regClaudi(1+regClaud) risk of intermittent ¢claudication
{T} ¢_DMrisk regDMI{1+regDiM) risk of diabetes mellitus

{T} t_TiArisk regTIA (1+regTid) risk of transient ischemic attacks
T} regdF Exp(0.0101 *age MKV+0.0134*creat MK Y-

0.021 7*shp MR Y oth+0.048 1 *dbp MK V-8.6498*abil MK V-
0.3642*chot MR Voth-+0,0994 *abil MKV *age MK V-2.3696)

{T} regdP (Exp(0.39688 *age MKV-0.02256*dbp MK V-
0.20 987 *bmiME V-0 74 1 43 *abi IR~
0.00334*age MKY = age MEV+0.00364*age MKV *bri MEV+0.
42940 *cholhdlr-0.0231 I *cholhdir*cholhdlr-13.45753))

{T} regClaud Exp(2.90669%male+0.38410*s mokecurMKY
0,00 6650 shp MK V-0.02880 dbpMEV+0.521 *abilMK V-
2.66828 % abil MRV *abil MKV-
0.03303 *male*dbp MKV +0.] 5763 *cholhdlr-3.46832)

(T} regDM Exp(0.099377*age MEV+0.27387 *smokecurMK ¥V
+0.03079%ereat MK V-0.0000856 f *crear MKV *creat MKV
+0.05498*shbp MK V-0.02851 *dbp MKV +0.021 ] 1 *bmi MK V-
- 0.70624% abil MEV+0.1 2664 *cholhdir-0.0004878*age MKV *sbp MK V-1 2.52815)

T regTid Exp(0.03451 *ape MKV+0,008] 5*sbp MK V-
0.07433*dbpMKV+0.11234*cholhdir-6.06146)

]
[#3)
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Costs of events '

(from the National Institute for Public Health and the Environment, Johan Polder)

costs CABG
cost_CABGppy

costs_PTCA
cost_PTCAppy

cost_eventMI

cost_MIppy

cost_cventStroke

cost_Stroke

cost_[HDStroke

Cost_nursingpy
nursingCABG
nursingMI
nursingPTCA
cost_casefatality
cost_DieCVD
cost_nonCVD

DistSamp(45)*32390 = ¢osts of procedure
DistSamp(46)*({1-nursingCABG)* 1000

+nursingCABG* Cost_nursingpy)

= costs per patient per year after the procedure
DistSamp(45)*11635
DistSamp(46)*{500*{ 1 -nursingPTCA)

= costs of procedure

+nursingPTCA*Cost_nursingpy)

= ¢o3ts per patient per year after the procedure
DistSamp(48)*7260 = costs of event
DistSarap(46)* (1000*(1-nursingMI+nursingMI*Cost_mursingpy)
= costs of MI patient per year after the event

DistSamp(49)*7735 = ¢coats of event
DistSamp(50)*(If{t_ayecarsStroke<=1:39610;20970))

= costs of Stroke patient per year after the event
DistSamp(463*1000+cost_Stroke

= costs of patient with MI and stroke per year after the event

40000 = ¢osts of nursing home per year

DistSamp({52) - = proportica of patients in Nursing homes
DistSamp(59)

DistSamp(63)

DistSamp(47)*370 = costs of casc-fatality

DistSamp(47)y*2167 = ¢osts of CVD mortality

DistSamp(51)* (If(male=1;costDieOtherm[age MK V];
CostDieCtherflageMEV]))

= costs of non-CVD mortality including costs in preceding year

Costs of interventions

{from the Dutch Health Care Insurance Board)

cost_Asp
cost_enalapril
cost_Lipd
cost_metoprolol
cost_smok

cost_Tolbutamin

18.89
199.06
317.56
151.16
180.00
33.65

= costs of aspinin prescripion per person per year

= ¢osts of enalapril per person per year

= ¢osts of atorvastatin per person per year

= costs of metoprolol per person per year

= costs of smoking cessation progzam per person per year

= gosts of tolbutamin per person per year

! All costs are in euros 2002
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Screenins costs

P e— e i e

{from the “Preventief Medisch Centrum™, Rotterdam. dr. Dalmulder)

¢5_abil DistSamp(57y*8.50
= costs of measurement of ankle-brachial systolic blood pressure index
¢S _chol DistSamp(37)*3.68 = costs of cholesterol measurement
¢S ecg DistSamp(57)*4:25= costs of public electrocardiopram
¢S _glue DistSamp(57)*1.27 = costs of glucose measurement
5 _GP 22.00 = costs of general practitioner appontment
¢S _overkend DistSamp(58)*26 = overhead costs per patient per year
¢S_time DistSamp(53)*5 = time costs for patient
c$_travel DistSamp(53y*2.80 = travel costs for patient

Friction costs'

Feostsd FeostsdageMKVimalet+1]

= costs associated with production losses for the friction peried of 4 months

Age Female Male
55 1815 9348
57 1815 9348
62 545 3903
65 0 0
feostsCABG Feostsd* DistSamp(60)*0.50 friction time = 2 months
feoswsDie Feostsd* DistSamp{60)*0.25 friction time = 1 month
feostsMI Feostsd4* DistSamp{60)*0.6
feostsPTCA Feostsd* DistSamp(60)*0.3
feostsStroke Feosts4* DistSamp(60)*1.0 friction time = friction period = 4 months
cost_Screen =¢S_GP + ¢S_overhead + ¢8_travel + ¢S_time + (Feosts4/2880) +

cS_chol +eS_gluc +¢5_abil + ¢S_ceg)
PrevCosts = (t_T_Asp2*cost_Asp)yt(t_T chol2*cost_LipdH(t_T_dm2
*cost_Tolbutaminy+(t_T_h2*{If{dmMKV=1;cost_cnalzprilicost_meto

prolol))+(1_T_smoke2*cost_smok)

! Koopmanschap MA, Rutten FF, van Tngveld BM, van Roijen L. The friction cost method for measunng indirect costs of
disease. J Health Econ 1995:14:171-85.

[y}
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Transition costs = onatime costs

CVD MORTALITY
UtitDiscount{cost_DieCVD+eostsDic:discRATE*dt;_stage)

NON-CVD MORTALITY
UtiiDizeount{cost_noenCVD+fcostsDie:discRATE*dt;_stage)

HD
UtiiDiscount({t MI*{Cost_eveniMI+feostsMI}+t PTCA*(costs PTCA+fcostsPTCA)+t_CABG*(Costs_CABGH
costsCABG) kdiscRATE* dt;_stage)

STROKE
UtilDiscount(cost_eventStroke+feostsSroke:discRATE*dt;_stage)

FATAL EVENT
UtilDiscount(cost_casefatality+ecostsDie:discRATE*dt;_stage)

Utilities (ref. Bell. Chapman, Neumann)

uWeil Min(uAlive;uOther)

uAlive If(male=1;utility_men[ageMKVTutility women[ageMKV]) b
utility, menfageMEY utility_women[ageMKV])
0 1 0 1

45 0.94 45 0.90

55 0.87 35 0.87

G5 0.54 65 0.83

75 0.84 75 0.79

85 0.82 83 0.80

uQther {1.0-(1- u_HemorStroke )*t_HemorStroke)*{1.0-(1- u_GIbleeding )

*_Gibleeding} * {Min(uAP;uDM:uPAD: uTIA)}

uAP If(apMKV=1:DistSamp($1);1) utilizy for angina pectoris

ubDM IfldmMEK V=1:DistSamp(42):1} utility for diabetes mellitus

uPAD If{claudMKV=1:DistSamp(43).1) unlity for igtermitent clandication
uTTA If(tiaME V=1 :DistSamp(+4):1) utility for transient ischemic attacks

! Fryback DG. Dasbach EJ, Kiein R. Klein BE, Dorn N. Peterson K. et al. The Beaver Dam Health
Quicomes Study: initial catalog of health-state quality factors. Med Decis Making 1993:13(2):89-102.
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u_Glbleeding DistSamp(61) utility for gastro-intestinal bleed
u_HemorStroke — DistSamp(62) utility for hemorrhagic stroke
uMf (If{(ageMKV-age_at [HD}<1.0:DistSamp(27):DistSarmnp{39)))*uWell
vCABG DistSamp(37)*uWell

uPTCA DistSamp(38)*uWell

uStroke (Iftmajorstroke=1:DistSamp{28): DistSamp(40)}) *uWell

eIHDStroke DistSamp(39)*uSaoke

INCREMENTAL REWARDS

= yearly. accumulating effects / costs

WELL STATE

INCREMENTAL EFFECT
UtlDiscount(uWell*dtdiscRATE*dt._stage)

INCREMENTAL COSTS
UtilDiscount((cost_Screen*t_treat+PrevCosts+eost_nonCVD+Cost_nursingpy™®t_HemeorStroke)y*dtidiscRATE*d
L_stage)
cost_Screen =¢S_GP + ¢8_overhead + ¢S _travel +¢5_time + (Feosts4/2880) +
¢S _chol + ¢8_gluc + ¢8_abil + ¢S_ceg)
PrevCosts = (_T_Asp2*cost_Asp)y-(t_T_cholR*cost_Lipd)+{z T dm2
*cost_Telbutamin)+(t T _he2*(If{dmMKV=1:cost_enzlapril;cost_meto
profol)y{t T smokeZ*cost_smok)
D STATE
INCREMENTAL EFFECT

UtiiDiscount({t_MI*uMI+t CABG*uCABG+t_PTCA*uPTCA)* dr.discRATE®dr:_stage)

INCREMENTAL CGOSTS
UtilDiscount((t_MI*cost_MlIppy+t PTCA*cost_PTCAppy+t CABG*cost_CABGppy+cost_nonCVD)*dt:discRA
TE*d;_stage)

b2
L
Lh
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STROKE STATE

INCREMENTAL EFFECT
UtlDiscount(uStroke*dt;discRATE*dt;_stage)

INCREMENTAL COSTS
UtilDiscount{(cost_Stroke+coest_nonCVD)*dt:discRATE*dt;_stage)

THD&STROKE STATE

INCREMENTAL EFFECT
UtilDiscount(ulHDStroke*dt:discRATE*dt:_stage)

[INCREMENTAL COSTS
UdiDiscount((cost_IHDStroke+cost_nonCVD)*dt:discRATE*dt;_stage)

UNCERTAINTY & VARIABILITY

Variability within the population {or heterogeneity) was modeled by simulating every individual subject {x) from
the source population separately. Since individual subjects with their entire risk factor profiles were simuiatcd.
correlations between the risk factors were taken into account.

Parameter values in the RISC model, such as the transition probability functions. effects and adverse effects of
aspirin use, wtilities and costs for the various disease states are estimated and therefore uncertain. The utilization of
Moente Carlo simulation gives us the opportunity to study uncertainty by using random number generation and
dismribution sampling, In the second-order Monte Carlo simulation the parameter uncertainty results in a

population mean with standard error.

To model the uncertainty in the transition probability functions, 10¢ bootstrap samples of the study population
were drawn, All the transition probability functions were fitted for every bootstrap sample, resulting in 100 sets of
linked transition probability functions (p).

Costs of both interventions and CVD events were varied by £ 30% absolute change around the mean value (see
page 260), Utilities were modeled as ranging from the lowest to the highest value as described in the Catalog of

Preference Scores (see page 260).

For the effects of interventions these distributions were varied by the 95% confidence interval as published in the
article of Law and Wald. {Table 1} Adverse effects were modeled with an arbitrary range around the values
publisked. (Table 2)
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Table 1. Effectiveness of each of the components of the Polypill.

Hazard ratios indicate the relative risk reductions.

ASPIRIN Hazard Ratio Distribution s
Ischemic Heart Disease 0.68 lognomal  -0.387% 0.067
Stroke 0.34 lognormal  -0.173%  0.055
STATINS Distribution G
Ischemic Heart Disease 0.39 lognormmal  -0.9514  0.14
Streke 0.83 lognormal  -0.1876  0.03
ANTTHYPERTENSIVES Distribution o]
Ischemic Heart Disease 0.54 lognormal  -0.6183 0.065
Stroke 037 lognormal  -0.9998 0.105
FOLIC ACID Distribution g
Ischemic Heart Disease 0.84 lognormal  -0.1748 0.031
Stroke 0.76 lognormal ~ -0.2763 0.061

ref. MR Law et al., BMJ 2003

Table 2. Adverse effects of each of the components of the “Polypill™.

ASPIRIN Mean Minimum  Maximum
(yearly rates)

Aspirin intolerance 0.057 0.033 0.060
Hemorrthagic stroke (non-fatal) 0.00004 0.00003 0.00005
Gastro-intestinal bleed (non-fatal) 0.000616  0.000600 0.000632
Increased non-CVD monality 0.060144  0.0001008  0.0001872
STATINS

Utility* (quality of life) 0.9875 0.980 0.995
ANTIHYPERTENSIVES

Utility* (quality of life) 0.9875 0.980 0.995
EFFECTS FOLIC ACID

No adverse effects

ref. M. Hayden et al., Annals of Internal Medicine, 2002

ref. Campbell, MDM 2000
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DISTRIBUTIONS
BistSamp DATASETS
1 ERGOQ
2 NHANES
3 Bootstraps
4 ERGO6871
VARIABLES
5 abi
6 whr
7 gluc
8 chol
9 famevd
10 smoke
11 smokegur
12 dbp
13 tia
14 dm
15 af
16 ht
17 sbp
18 mifam
18 ap
20 bmi
21 medhistm
22 creat
23 hdi
24 medhistl
25 claud
29 % major stroke
T30 af
31 dm
32 ap
33 tia
34 claud
54 effect aspirin [HD
55 effect aspirin CVD-mortaiity
56 effect aspirin Stroke
26 aspintol
35 hemarrhagic stroke
36 Gl bleed
64 increased non-CVD mortality
52 % nursing CABG
Bl % nursing MI
63 % nursing PTCA

DISTRIBUTION RANGE

uniform
triangular
uniform
urniform

nermal
nermal
normal
normal
Binomial
binomial
binomial
normai
binomial
binomial
bincmial
binomial
normal
bincmial
bingmial
normal
binomial
normal
normal
binomial
normal

binomial

binomial
binomial
binomial
binomial
binomiial

legnormal
legnomal
lognormal

binomiat
binomiaf
binomiai

uniform

bingmial
bincmial
bincmial

[

T Y

age and sex dependent

0.5

regression functions
regression functions
regression functions
regression functions
regression functions

-0.3338086
-0,1452026
-0.00213783

0.054
Q.06002
0.0008
0.0001008

0.008
0.05
0.02

3501
71327
100
6871

0.703
0.109
0.125

0.06
0.00005
0.000832
0.0001872

0.01
0.15
0.04

SAMPLING

per patient

per patient

per group of patients
per patient

per patient
per patient
per patient
per patient
per patient
per patient
per patient
per patient
per patignt
per patient
per patient
per patignt
per patient
per patient
per patient
per patient
per patient
per patient
per patient
per patient
per patient

per patlent

per patient, per Markov stage
per patient, per Markov stage
per patient, per Markov stage
per patient, per Markov stage
per patient, per Markov stage

per group of patients
per group of patients
per group of patients

per patient
per patient
per patient
per group of patients

per patient
per patient
per patient
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27
28
37
38
39
40
41
42

A S

62

45
48
47
48
44
S0
51
53
57
55
80

UTILITIES
ubl first year
uStroke major
u CABG
uPTCA

u Ml =q years
u Stroke minor
u AP

u DM

u PAD

uTiA

u Glbleed

u HemStroke

COSTS

coronary interventions
policlinical

death

MI event

Stroke event

stroke patient
non-CVD costs
time-and travel costs
target tools
overhead costs
friction time

unfform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform

uniferm

uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniforrn

uniform

2

0.7
0.z
0.917
0.981
0.8
0.75
07
0.83
08
0.77
0.8
0.2

cprog = 0.3
0.7
0.7
0.7
07
0.7
0.7
0.7
0.7
0.7
07
.7

0.9
0.4
0.973
0.995
c.ge
0.8
0.8
0.9
0.85
0.8
085
0.4

1.3
1.3
13
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3

per group of patients
per greup of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients

per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
per group of patients
peér group of patients
per group of patients
per group of patients
per group of patients
per group of patients






APPENDIX 4: THE ROTTERDAM AQALY PREDICTION RULE

a prediction rule to determine the quality-adjusted life years (QALY's) that can be gained with aspirin
therapy based on CVD risk indicators

AQALY =

male*(.02335995987359

+ age*0.00690295313237

- age¥age*age*0.0000005909702440229

+ dizbetes*0.02334184097909

+ glecose*(.,01945786010316

- pulse pressure*0.0018584323831

- current smoking*0.01625017652518

+ smoking*0.08872856504431

- bedy mass index*0.004103481337158

- waist-hip ratio*0.12931881573561

+ family history of MI*0.01407301539683

+ apkle-arm mndex*0.0289142121011

+ cholesterol-HPL ratie*0.013594353323971

+ hypertension®).1277460441602

- male*age*0.0002363527911965

- male*pulse pressure*¢.0003863340006238

+ male*family history of MI*0.04411584470863

+ male*cholesterol-HDL ratio*0.008011455253458

- age*glucese™0.0002568471322575

- age*smoking*0.0007506500729954

+ age*ankle-arm index*0.003337178223863

- age*cholesterol-HDL ratio*0.00002313363518533

- age*hypertension*0.001230024372499

-+ pulse pressure®pulse pressure*(.00001860926553077
+ body mass index*body mass index*(.0001409258800608
- ankie-arm index*ankle-arm index*0.1600049945916
+ cholesterol-HDL ratio*cholesterol-HDL ratio*0.0009075223234744
- 0.2245322189384,
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