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SUMMARY

To identify persons with a high risk for cardiovascular diseases (CVD) special tools (scores, charts, graphics or computer programs) for CVD-risk
assessment based on levels of the certain risk factors have been constructed. The applicability of these instruments depends on the derivation
cohorts, considered risk factors and endpoints, applied statistical methods as well as used formats.

The review addresses the risk-estimation tools for primary prevention of CVD potentially relevant for European populations. The risk-estimation
tools were identified using two previously published systematic reviews as well as conducting a literature search in MEDLINE and a manual search.
Only instruments were considered which were derived from cohorts of at least 1,000 participants of one gender without pre-existing CVD, enable
risk assessment for a period of at least 5 years, were designed for an age-range of at least 25 years and published after the year 2000.

Anumber of risk-estimation tools for CVD derived from single European, several European and from non-European cohorts were identified. From
a clinical perspective, seem to be preferable instruments for risk of CVD contemporary developed for the population of interest, which use easily
accessible measures and show a high discriminating ability. Instruments, restricting risk-estimation to certain cardiovascular events, recalibrated
high-accuracy tools or tools derived from European populations with similar risk factors distribution and CVD-incidence are the second choice. In
younger people, calculating the relative risk or cardiovascular age equivalence measures may be of more benefit.
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INTRODUCTION and age (relative risk) or the age of the person with the same risk
but ideal risk profile (Cardiovascular Age, Heart Age, etc.).
The recently published systematic and narrative reviews ad-
The Importance of Tools for Risk Estimation of Car- dressing CVD risk-estimation tools (4-8) have not primarily
diovascular Disease for European Populations focused on their applicability for the European populations.
Moreover, the systematic reviews (6, 7) are not up-to-date,
The burden of cardiovascular diseases (CVD) is thought tobe ~ whereas the narratives reviews (4, 5, 8) consider only selected
reduced when applying preventive interventions which modify instruments, e.g. recommended by the U.S. guidelines on CVD
CVD-associated risk factors (1). These interventions may be prevention. The presented review addresses the risk-estimation
provided to general population or, if their use is associated with  tools for primary prevention of CVD potentially relevant for
potential side-effects and/or high costs, restricted to individuals  European populations and provides an important addition to the
with a high risk of CVD (2). To identify high-risk individuals previously published methodically-focused articles (4, 9, 10).
special tools for CVD-risk estimation have been constructed.
Using the levels of certain risk factors the CVD risk-estimation
tools enable the assessment of an individual’s risk for the devel- MATERIALS AND METHODS
opment of cardiovascular events such as myocardial infarction
(MI), stroke or different forms of CVD (also imply symptoms like
angina pectoris). Primary, a risk-estimation tool is constructed ~Requirements for a Good Risk-estimation Tool
as an equation with a specific regression coefficient for each The applicability of risk-estimation tools depends on the
included risk factor, based on a statistical analysis of data froma  derivation cohorts, considered risk factors and endpoints, applied
population of a certain region, the so-called derivation cohort (3).  statistical methods as well as used formats. These aspects were
The derived regression equation can be further transformed into  discussed in detail previously (4, 9, 10) and will be only briefly
a score, chart, graphic or used for a computer program. summarised here.
Risk-estimation tools may assess not only the individual’s The derivation cohort should be representative of the general
absolute risk within several years or in life (lifetime-risk), butalso  population of the region. Involving highly selected groups, such as
the risk in relation to that of a low-risk person of the same gender  employees or patients of medical practices, can bias the risk esti-
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mates. The cohort-size and the number of events in the follow-up
should be both high enough to provide a precise event prediction.

The selection of the risk factors should be based on statistical
data analysis of preselected potential relevant variables. Most
risk-estimation tools are based on the conventional risk factors:
age, gender, smoking, blood pressure, and cholesterol (total and
its high-density or low-density fractions). Many tools include
additional risk factors such as diabetes mellitus (DM), family
history of CVD; simplified tools use body height and weight in-
stead of laboratory tests. The measurement of a risk factor should
be easy, well-standardised and intended to be carried out for the
entire derivation cohort.

The standardization also plays an important role in the selection
of'the endpoints. The more easily standardised endpoints comprise
less subjective or “hard” events (M1, stroke, death), especially fatal
ones. However, the inclusion into the composite cardiovascular
endpoints of more subjective or “soft” outcomes (angina pectoris,
heart failure, etc.) is favourable from a clinical perspective.

Preferable statistical methods for deriving risk-estimation tools
are Cox and Weibull regressions as they enable the risk assess-
ment for different follow-up times or if certain values are missing.

The format of a risk-estimation tool (score, chart, graphic,
online calculator, etc.) plays an important role for its efficacy
and practicability. The integration of a risk assessment into the
medical computer software is aimed to enable a time-saving
automatic risk calculation.

Performance Criteria for Risk-estimation Tools

Although a number of risk-estimation tools were constructed
world-wide, their applicability to populations other than the
derivation cohort may be limited due to differences in genetics,
life-style, environment, etc. (4, 10). The commonly used statisti-
cal parameters to evaluate the predictive performance of instru-
ments are: calibration, discrimination and net reclassification
index. The performance of the instrument can be assessed over
risk-estimation on the derivation cohort (internal validation) or
on another population (external validation).

Calibration is measured as a ratio between the numbers of
predicted and observed events. Good calibration means that
the predicted risk is neither too high nor too low referred to the
observed risk, with the best achievable value being 1.0 (11).
Due to changes over time and regional differences in CVD-risk
a risk-estimation tool often overestimates or underestimates the
event rate when applied either many years after construction or
to populations of geographic regions other than the derivation
cohort. In order to overcome this problem the prediction equation
can be recalibrated, using the mean values for risk factors and the
event rates of the population of interest (12).

Discrimination refers to the ability of a risk-estimation tool
to differentiate between individuals in whom an event will occur
or not. It is mainly calculated as the area under the receiver-
operating-characteristic (AUROC) curve (11). An AUROC of
0.5 indicates that the event prediction is not better than chance
alone, whereas an AUROC of 1.0 indicates a correct prediction
for all persons.

Recently, the net reclassification index is introduced to
compare the performance of risk-estimation tools in terms of
classifying individuals into appropriate risk categories (8). This

parameter is generally used to appraise the incorporation of new
risk factors in the equation (4).

Data Search and Selection

Initially, risk-estimation tools potentially relevant for this
review were identified using two previously published system-
atic reviews, literature search up to July 2004 or April 2008,
respectively (6, 7). Additionally, a literature search was conducted
in MEDLINE using the terms ‘risk’, ‘predict’, ‘score’, ‘chart’,
‘table’, ‘engine’, ‘equation’ and the Medical Subject Terms ‘risk
assessment’ and ‘cardiovascular disease’ in March 2013. Finally,
a manual search was performed in the reference lists of relevant
articles as well as on the relevant websites.

The review addresses exclusively risk-estimation tools for
asymptomatic patients without pre-existing CVD. Tools focusing
on specific risk groups, such as patients with DM or with arte-
rial hypertension, were excluded. The presentation of formulae
or B coefficients, charts, point scores, or online calculators that
were derived from a prospective cohort study was considered as
a publication of a risk-estimation tool.

In order to base the review on statistically powerful and clini-
cally relevant prognostic models, only risk-estimation tools were
considered that were derived from cohorts of at least 1,000 partici-
pants of one gender, enable risk assessment for a period of at least
5 years and are designed for an age range of at least 25 years. Be-
cause of secular change in the CVD-risk (4) instruments published
before the year 2000 were generally not included in this review.

The identified risk-estimation tools were divided into tools
derived from single European, several European and from non-
European countries (Table 1). The acronyms of the identified
risk-estimation tools were considered as proper names and not
spelled out in the description of the instruments.

RESULTS

Risk-estimation Tools Derived from Cohorts of Single
European Countries

PROCAM

The German PROCAM score can be referred to as the first
internationally known European risk-estimation tool. The first
version was developed as a point score for estimating the risk
of a coronary event within 10 years and was published in 2002
(13). The new version of the PROCAM score released in 2007
is based on the data from almost 27,000 employees aged 20—78
years, approximately one third women (14). Beyond conventional
risk factors data on triglycerides, DM and a family history of
MI were used as prognostic variables. An online version of the
score is provided as PROCAM Health Check (15) and calculate
also the relative risk of a coronary event. The website also offers
the PROCAM Quick Check (15) which enables an interactive
estimation of the risk for coronary event using the personal data
on body height, weight and antihypertensive treatment instead of
laboratory parameters.

The publication on the new version of the PROCAM score also
presents a point score for the risk of an ischaemic cerebral event

92



abed jxou uo panuipuo)

(1e) 2102 710H ‘Y01 'dEs ws 6502 | 6902 Inqtapm L (L¥) 850'02 "dogd (-osenel ‘dy @|qeisul ‘N ‘uiesp-aHO) A3:00 K0} Jono A3109 uonenb3 | puepsuieN YINIUYO
apogjsod
VY 4V ‘QHY0 ‘H4 ‘WA ‘W3 ‘M awpay|
(0¢ '82) 0102 ‘HE “IQHMOL 'LHY ‘dgS WS S6> | ¥8-0¢ X0 0L< | (6Y) oW ET= 1ed-d9 (snoge 's) A0 | UK (G6>) Aue e aAD -MSIYO 40jejnojea-suljuQ
apogjsod by Jejnosep ‘S3lBM M_w MSIO
(62 '12) 8002 | VUM 4v'Q¥Y0 ‘H4 'Wa ‘W3 ‘Ma ¥8-G2 |  ¥8-GC X0 [ "ON | (6Y) ONGE= 1ed-do 4oBY Jejnosen sy ‘(enode ) anD | . ¢ 2SO Jojepnojea-auluo
Lo L e s Y “IK Q) 18A0 QAD puejBu3
HE “IQH/MOL ‘LHY ‘dgS WS
%) 2002 | s g AL pse | e 00 | g9 | (0s)omet=| jeddo (V1L '3404S ‘GHO ‘I ‘Wesp-GAD) GAD ano (Bigeyens jou
H4 ‘INg “TAHYOL 'LHY ‘d8s Hws i Apusino) YSO weiboid
. 8po2jsod Jo S-ANIS . . . e e . . 3N
— = X0 do, OSeAal 0] Bop-| 1A 0| Jeno 10}e[noJBO-8UIjUO ‘suonenb:
(52 ¥2) Looe NG *Hd “T0H UL S WS 06-5¢ | ¥LI0E 0| o< | (6r)L6El d | ( V1L "a0s ‘dY ‘I “Wiesp-aA0) GAD 01810 @AD | Joleimoled-auu0 ‘SuoRends | ) o o NOISSY
(€2) r4X4 401 'dgs Hws 95-07 ‘aN ‘aN| aN ‘anN ‘dod OBV A1y aby sty sueyo
INg “dH Hws 95-07 » ) » Heyo puejui4 WSIUNI4
(@) 0102 — v.-52 X09 L | (ey)8sgoe dod (Q0vd ‘s¥joas ‘QHO woy Yeap) AAD [eled | A Q1 Jer0 GAD [eled
4OL 'dgS “¥H Hws 152 suopenb3
6002 JOH ‘UDL 'dES WS | QU ‘YIS INQu “dod 6002
paeysy Joje|nojes-auliuQ
(12) ‘aN ‘aN 0l ‘anN suY ‘(0A0ge 'S) IAD | MY “uh 01 4en0 IAD
o ) 5002
w — do
5002 401 'dgs Hws 16y d DIEYSIN JOIBITOES-UIO - ey
ING ‘UDL ‘489S Hws vi-Gy ‘aN (12) 066°1) G0V 13180 13109) 31 (d0 STl Y K gz'e, 0 ono SHeyd Joj uojenb3
(0z) 5002 WHWa 15y lIngtep dod | . ) e _ S
. . ‘ aY01)s) A318D) ‘(98VD ‘IN ‘UIesp-QHD) AZI0Q | 'JAD A8 A100 B1BMJ0S JO} SUOenb:
NG “YDL TOH-L0U “TOH ‘4G WS LSe S5 | (0 aig'sl M}0s 10} suojienb3
401 'dgs ‘Wa Hws 69-0% sueyn
(61 '81) 1002 ——— 69-G¢ ‘anN 6| (9€) Lyo'0e dod (%013 '98¥D ‘IN 'Weap-3A0) 3AD K0} 4300 IAD -
LHY “10H ‘401 ‘dgS ‘Wa Hws 69-G¢ 1oje|nojea-aujjuo ‘suojienb3 Aey 340NO
(21) G00Z | H4'LHY IQH ‘UDL'dgS ‘WA WS |  Usw '69-GE |  69-GE X00 6 (001) 5989 "dogd (vosenal ‘|N ‘yresp-aHO) A3:00 3109 uopenb3
H4 ‘Wa . ) i )
elep o X0 do 1A 19A0 webo Jewus usBeyuado
(91) 1002 8 ‘HE “T0H YO 4ES S jep ON 0z< 0 0l (6v) G921 d IN 0Z ‘01 ‘G J8r0 | ,a¥YO3Md d bl a yuedo)
1HY ‘Mg g . o Joey)
‘HE 'H4 ‘©9 10 NG ‘dES HwS 59758 an Ob< | (001) 000's= o D, Joje|nojes-auluo
(64 0102 - 61702 200 sl ‘(1IN ‘esp-QHO) 3100 | ¥y “IK 01 Joro AZ10)
s 1oL 7k g0z | naem | 7| (8969 2089
707 H4 '©9 10 NQ d9S WS ’ Y}eaH, 10je|najea-auluQ
o . ) . ko) fuewssg NYO0Yd
INQ 'dgS Hws 69-G¢ |  G9-G¢ X0 0l< (€2) 0cL'8 20 (V1L ‘%ons) A3180 yos| 19N AZI9D S|
(1) 1002 o $31005 Jul0d
161 “1aH . . . .
— — nqle, k] eop- o A | JoA0 AZIO
201 *H4 ‘08 10 NG ‘485 WIS G0z | 870z | lInaem o | (B9)sL6'9e 0 (I *upesp-QHO) 43100 101 18n0 43109
(1) 200z | 1641 1H 707 'H4 ‘NQ ‘dES Hws 69-G¢ |  69-G¢ X0 0l (001) 68¢'s 200 (IN “pesp-aHO) A3100 1K 0} Jono A3109 81008 JuI0g
sal)unod ueadoing ajburs Jo SOOI WIOIf PaALIAP S|0O]
. uopesignd (abe pue Japuab 0y .
Y | jspjoueap | uomppe ul) sajqeLeA ssouBoig 81980 Jo 96y 06V S oNd | uswijo (%) N Hoyo) uopiulyep jutodpu3 sputodpuz jewio4 uoibay |  whuosny

SJ00] UOHBLIIISS-YSLI JO MBIAIBAD *L 8]qel

93



"90UBIBJWINDIID JSIBAN ‘OIS ‘SOpLBoAIBLI] ‘Bl Hoejpe olweeyds] Jusisuel] ‘|1 {[0Jaysejoyd [ejo] ‘YD1 ‘Buijows ‘Ywg 21008 uoneaudaq aidnnpy Jo Xapuj Ysipnoos

‘S-AINIS ‘einssaid poo|q 21[0}SAS ‘ddS sk dAle[aY “HY ‘SHHUUME OlBWNayyY ‘YUY UONESLIEINOSEASY ‘0SBAY ‘90uaiajey “Joy ‘paseg-uoneindod “dod ‘Ayanoe [eaishyd ‘Yud ‘@sessip aAIsn|ooo [euaue [elaydiad ‘dOvVd ‘paseq-leuoliednooQ
‘00 ‘SNYI||oW S8}ageIp INOYIM ‘|NQU ‘ejep ON "a'N ‘Uonolejul [elpsesoAly ‘[N ‘einssaid poojq uespy ‘dgiN uiejosdodi| Ayisusp-moT Q7 ‘olweeyas| ‘yas| ‘uiejoid aaoeal-g Ajanisuas-ybly ‘dyOsy ‘ejes YesH ‘YH ‘einjie} YeaH ‘4H ‘uieyoidodi|
Rysuap-ybiH “1aH seonoeld [esauab jo sjualed ‘Jed-do ‘Aioysiy Ajiwe ‘H4 Auouyig ‘Y3 ‘snyjjlew seyaqelq ‘I ‘einssald poojq dljoiselq ‘ddd ‘JUsAs Jejnosenolple) ‘JAD ‘9seasip Jejnaserolpied ‘dAD JUaAd AIeuoioD ‘AJI00 Jusiiwlsiul uol
-eoIpNE|D ‘| ‘@sess|p [Bual dUOIYD ‘YYD ‘asessip Heay Aleuoio) ‘gHD JuaAe [eigala) ‘A31e) yblem Apog ‘Mg ‘xepul ssew Apog ‘|IAg Jubley Apog ‘Hg ‘esoan|B poolg ‘g ‘suojoad euibuy ‘dy ‘@sh [oyooly ‘oY ‘Adelayy aaisuspedAynuy ‘| HY
"ayoud ¥su [BapI INg YsH dwes sy} yym uoslad ay) jo abe ay |, ‘abe pue Jopuab awes sy} jo uosiad 3SH-MO| e JO Jey} 0} UOIE[I Ul 3SIYs

'sIA 01 uI3ADUI0dpus Aluonieyo Jo 4, (sieak ur) uoneindod 8y} jo SUOROLISEI [BUOHIPPY, (S1B9A UI) HOY0O LUoleALsp 8y jo sbuel-aby, ‘poyjaw [eonsie)s, (s1eeh ur) dn-mojjo-, o psjjadsjou pue ssweu jedoid se paspisuco a1e s|0o} uojjeLuljse-ysu sy o swAuoloe sy | .

(19'09) 6002 | a%mo,.\m%\,m _@m_n_._ m_MW ﬂm n__mm op< 0r= X0Q 6 (18) 181'T 'dod (o058 ‘|N ‘Wesp-gAd) IAD | UAQL ‘G I8N0 JAD | JojeInojed suluo ‘uoienbl VSN SYAD
IINg ‘N dEs Yws Heyo
(69) 800¢ — vIGE | i-ST X0Q | 4z (9y) 9819 dogd (‘9seAal ‘4 "a3jons ‘|IN ‘Yedp-aAd) AAD kg 1on0 AAD vSN | IFSANVHN
INg 40 YD1 THV 'Na d49S HwWS suopenb3
8002 | (uonenba uj uawwom Joj 9L Y/GH 0S[e) » » . ’ » - _ .
(85-9) e Ha ‘M0SY “10H ‘U0l das sws | AU 08-S | 086y X0 01 (ov) ¥21'22 | WQu 200 (vosenal ‘aons ‘|IN ‘yieap-aAd) IAD K QL 19A0 JAD | JojeInojed-auljuo ‘suojenb3 VSN spioufoy
ING ‘WA ‘LHY 'dgS Nws Au_I ‘aovd ‘viL BIs 0
‘ — = X0 ¢ “do, J0je|ng|ed-aulju
(55 *¥5) €002 S 6502 | 6502 0 143 (8v) 905y d | v 3n9) GAD (69048 TN ‘Weap-aH) 3D 1600°GAD IND 1EINojed-suuQ
(65 59) o002 INg ‘N ‘LHY 'd8S WS - - - 2t (19) 16v's dog 90 HesH* ‘(qovd 8By Leay 10J2[N0|BO-8UIUO
0K "UDL ‘WA ‘LHY ‘d8S WS ‘4H ‘VIL ‘@jons ‘dy ‘W uesp-aHI) and “IK Q) J8no anD ‘s8109s juiod ‘suojenb3 vSn | weybulwely
(65 ‘z9) 1002 JOH ‘UOL ‘LHY 'd8S WS | Wau ‘6.-0¢ ‘aN X0 | QN ‘ON | WQu “dod (IN “wesp-QHO) A3100 4K 0} J0A0 AZ100) | Joje|nojea-auljuo ‘81008 Juiod
(g515) 866) | 0710401 ‘Wa 49q dgs L_m_m v0E | vLOE X0Q | 2h< (2v) spE's dod (dV ‘N “esp-aHO) aHO K0 4010 GHO 21008 jujod ‘suojienb3
S)0Y09 UBad0JN3-UoU WOf PAALIAP S|00]
INQ 'dgS Hiws ‘uoibey - adoing
(28) 1002 0L-07 ‘an ‘aN| aN ‘aN [opo (e%018 ‘I ‘yiedP-AD) IAD 1K 0} 4900 FND spey) adoing
ING “UOL 'dgS “Hws ‘uoiBey HSI/OHM
() ¥00Z | Q!0 99 ‘YL HwS ‘dgs Ayunod vi-08 | ¥1-0¢ X0) [ 0l (59) €1'se dod e (@0vd ‘®ois ‘GHO wioy yleap) A [eled Aoy 81008 JuI0gd adoing 300230
‘SHOY00 {1 ‘G Jano QA [ere ’
(€2) 210z 4oL 'dds “ws N - — o | u9erso _%n_ Ajutew 4By sty aby sy Heyd
(ve) 0402 UDL dgS WS Kyunoy SHoyoa g 0By Jenose oby Jejnose) | s)ieyo ‘sege) UOjIBAUO)
M8 ‘HE s ‘Ayuno) . ‘dod Ajutew
(¢e) 0102 G9-0z | 0861 | InGlOM gL | (90821502 | . X (8node 's) GAO [Bleq | A0} Jero GAD [ejed | 8I00GHERH Jojenojed-euluo adoin3 34008
401 dgs s Kiunod SH0Y0o 7}
4oL 'dgs Hws “dog Aurew oY oY Heyo
(ee ze) £002 —— S9-0v | 08-6L |  INAaM e | (SIBLISOZ | sguou0n7y — -
TAHMYOL 10 YD L ‘dgS s Aaunod (@0ovd ‘®ons ‘GHO wioy yieap) GAD [Bled | A 0} 48r0 QAD fejed sheyo ‘suojienb3
$8LJuN09 ueadong [BIOASS JO S)OLOI IO PAALISP S|O0]
uopesygnd abe pue Japuab o]
‘Joy um.__.Huo..__ug womppe ui) maﬁ_nw_._“> o.«mﬂcmo._n“ »s1asn Jo aby p80Y 21818 oNd | uswyo (%) N Hoyon uopuyap yuiodpuz sjuiodpug Jewlo4 uoifay whuoioy

S$/00} UONBUWIIS-)SLI JO MBINIBAQ "L 9]qel

94



within 10 years (14). This score was derived from the data of
about 8,000 participants aged 35-65 years of the entire PROCAM
cohort and based only on the risk factors gender, age, smoking,
blood pressure, and DM.

The first version of the PROCAM score was applied to men
in France, Northern Ireland, England, and Italy, but showed a
poor discrimination (7).

Copenhagen Risk Score

The first reference to the Copenhagen Risk Score was pub-
lished in 2001 as a basis for the PRECARD® computer program
(16). This tool was developed from data of almost 12,000 people
aged 22-93 years from two population-based Danish studies. The
computer program was designed for risk estimation of a myo-
cardial infarction within 5, 10 or 20 years, for younger persons
also at the age of 60 years (although the follow-up was only 10
years). Besides the conventional risk factors it applies data on
body height, weight, DM, and family history of MI. Unfortunately,
the risk assessment with PRECARD® is not available online
and the regression coefficients of the underlying equations are
not published.

CUORE

The first CUORE equation presented in 2005 (17) estimates the
risk of a coronary event in men. The tool uses conventional risk
factors as well as the variables DM, antihypertensive treatment
and family history of coronary heart disease (CHD). The 2007
published gender-specific equations (18) estimate the risk of a
cardiovascular event and are based on twelve cohorts with more
than 20,000 persons aged 35—69 years, about two third women.
The tool uses the same risk factors except the family history of
CHD. These equations are the basis for the online calculator (19)
and for charts (18, 19) which are restricted for persons aged 40—69
years and use only the variables age, smoking, blood pressure,
and cholesterol.

Riskard

The Riskard was published in 2005 (20) as multiple gender-
specific equations for the software Riskard 2005 to assess the risk
of'a coronary event, the risk of a cerebrovascular event and the risk
of a total cardiovascular event, each within 5, 10 and 15 years, as
well as an equation underlying the risk charts Riskard 2005 for a
cardiovascular event within 10 years. The software algorithms were
derived from data of almost 16,000 persons aged 35—74 years. The
equations for charts use only conventional risk factors and DM.
The software algorithms additionally apply the variables body mass
index (BMI) and heart rate. The corresponding website (21) enables
an online calculation for the risk of a cardiovascular event within
10 years with Riskard 2005 using only conventional prognostic
variables and also with Riskard 2009 which excluded data for
individuals with DM from the derivation but additionally applies
HDL-cholesterol levels and calculates a relative risk estimate.

FINRISK

FINRISK addresses the impact of the resting heart rate for
the improvement of CVD prediction (22) and derived multiple
equations for risk of fatal CVD event with and without the
variable resting heart rate. The basic gender-specific equations
contain conventional risk factors, in the simplified equations the

laboratory parameters are replaced with the variable BMI. The
equations were derived from data of the population-based cohort
with >30,000 individuals aged 25-74 years. The risk charts pre-
sented in the publication are based on simplified equations with
the variable resting heart rate which was demonstrated to improve
CVD prediction. Using the data of the FINRISK study charts to
estimate the Risk Age based on all CVD events as well as based
on only fatal CVD events were newly constructed (23). These
charts use only conventional risk factors (analogues to SCORE)
and are very similar for both underlying endpoints.

ASSIGN

The ASSIGN is known as the first risk-estimation tool, which
takes into account the risk factor of social deprivation using the
Scottish Index of Multiple Deprivation (SIMD) score. The tool
was developed based on the data from two Scottish population-
based studies with >13,000 participants aged 30—74 years and
was published in 2007 as gender-specific equations to assess the
risk of CVD (24). In addition to the variable social deprivation
(derived from the postcode as a corresponding indicator) and
conventional risk factors the equations use the variables family
history of CVD and DM. The ASSIGN website enables an online
assessment of the risk for CVD within 10 years using the updated
version of the score (25).

The score showed a good discrimination for population of
England and Wales as well as for primary care patients in Scotland
and Northern Ireland (7).

QRISK

QRISK risk-estimation tools were derived from the data rep-
resentative for the primary care of England and Wales and show
the greatest number of participants currently used to construct
the risk-estimation tool. The original QRISK and subsequent
QRISK2 models to assess the risk for CVD based on more than
million patients were published in 2007 and 2008, respectively
(26, 27). Both models use conventional variables but also family
history of CVD, BMI, antihypertensive treatment, and Townsend
score, an indicator for material deprivation derived from the
postal code (analogues to SIMD score). QRISK?2 additionally
incorporates the variables ethnicity, DM, chronic renal disease,
atrial fibrillation, and rheumatic arthritis. QRISK was constructed
excluding patients with DM, QRISK2 excluded patients treated
with statins at baseline. In 2010, the new QRISK model to assess
the lifetime CVD-risk which used the same variables as QRISK?2
was presented (28).

The QRISK® websites enable to calculate online the risk of
CVD within 10 years for 25-84 years old persons with QRISK2
providing the corresponding relative risk and Heart Age (29) as
well as the CVD-risk at any age up to 95 years using the QRISK-
Lifetime (30). The regression coefficients of the QRISK2 are
being updated using the new data analyses.

QRISK and QRISK2 showed a relatively good discrimination
for primary care patients in Scotland and Northern Ireland (7).

CAREMA

CAREMA equation was constructed to re-estimate the SCORE
function for the Netherlands using individual data (31). The model
applies analogues to SCORE only conventional risk factors but
separate total and HDL-cholesterol levels (instead of their ratio).
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The equation to estimate the risk of fatal and non-fatal CHD events
within 10 years is based on data for ~20,000 participants aged 20—59
years of the population-based study conducted in the Netherlands.

Risk-estimation Tools Derived from Cohorts of Sev-
eral European Countries

SCORE

The SCORE was developed by the European Society of
Cardiology and was published in 2003 as gender-specific equa-
tions and charts (32). The equations were derived from data of
more than 200,000 participants aged 19-80 years from twelve
European cohort studies, mainly population-based cohorts (32).
Using derived equations the charts for risk of fatal CVD within 10
years were constructed separately for countries with a high or low
CVD-risk. Published risk charts incorporate only conventional
variables and enable risk estimation for persons aged 40—65 years
of each region either with total cholesterol or with the ratio of total
cholesterol to HDL-cholesterol. The SCORE charts presented on
the corresponding website are based on total cholesterol and offer
also relative risk estimation (33).

The website also enables an interactive risk calculation using the
program HeartScore® for countries with high or low CVD-risk or
specific versions for 15 European countries in 17 languages (for 8
countries after recalibration). Alternatively, the online risk assess-
ment may be performed with a simplified tool using only body height
and weight instead of blood pressure and cholesterol measures (33).
Determining the risk is completed with management advice.

In 2010, the special conversion tables and charts for high-risk
and low-risk countries to assess the Vascular Age of a person
were presented (34). They used the same variables as the tool
for absolute risk and show very similar estimates for both risk
regions. Another chart to assess Cardiovascular Risk Age with
the same risk factors was published in 2012 (23).

SCORE has been applied to Spanish and Dutch populations
and showed a very good discrimination (7).

DECODE

The tool DECODE comprises gender-specific point scores
to estimate the risk of fatal CVD within 5 or 10 years focusing
on event prediction over glucose metabolism (35). The equation
is based on data for more than 25,000 participants aged 19—80
years of 14 cohort studies from eight European countries, mainly
population-based cohorts. In addition to the conventional prognos-
tic variables, data on DM (or blood glucose) and country-specific
coefficients are used.

WHOV/ISH Europe

The originally intended users of the risk-estimation tool de-
veloped by the World Health Organization and the International
Society of Hypertension (WHO/ISH) are countries without avail-
able resources to derive a population-specific tool, generally
low-income and middle-income countries (36). Corresponding
risk charts for 14 sub-regions of the world to estimate the 10-
year risk of a cardiovascular event for persons aged 30—79 years
are downloadable (37). Based on their mortality all European
countries are grouped into three sub-regions. For each sub-region
gender-specific risk charts using conventional prognostic risk

factors and variable DM as well as simplified risk charts without
variable total cholesterol are presented.

Using a modelling approach, the construction of the risk charts
is based on information from the studies on the regional distribu-
tion of the risk factors, on the relative risks of the risk factors as
well as on the corresponding population-level estimate of absolute
risks for cardiovascular events (36).

Risk-estimation Tools Derived from Non-European
Cohorts

Framingham Tools

The first world-wide known risk-estimation tool was con-
structed based on the analysis of the data of a relatively small
cohort of about 6,000 residents of Framingham, USA. For a long
time most commonly used were the equations of Anderson et al.
(38) and derived from this equation points scores for the estima-
tion of the 5-year and 10-year risks for CHD (39). Well-known
are also several other derivations from these equations (40—47).
Moreover, data from the Framingham cohort were used for the
risk-estimation tool for stroke (48, 49) and for intermittent clau-
dication (50), published in the 1990s.

Subsequently constructed risk-estimation tools of the Framingham
group are based on new derivations of the risk coefficients. The tool
of Wilson et al. (51) estimates the 10-year risk of CHD, the tool of
Adult Treatment Panel ITI (ATPIIT) (52) the 10-year risk of a coronary
event and the tool of D'Agostino et al. (53) the 10-year risk of CVD.
All these instruments include conventional prognostic parameters for
risk estimation. Wilson et al. (51) and D’ Agostino et al. (53) apply
additionally the variable DM, whereas ATP I1I (52) was envisaged
only for persons without DM. ATP III (52) and D’ Agostino et al. (53)
differentiate between treated and non-treated systolic blood pressure.
D’ Agostino et al. (53) also constructed a simplified model for CVD-
risk assessment replacing cholesterol parameters with BMI as well
as point scores to estimate Heart Age/Vascular Age. The latest, in
2009 published instrument of Pencina et al. (54) estimates the risk
of a cardiovascular event and the risk of CVD within 30 years. It
is derived from the data for >4,000 individuals aged 20-60 years.
The risk estimation is based besides conventional risk factors on the
variables DM and antihypertensive treatment. In a simplified model
cholesterol is replaced with BMI.

The website of the Framingham Heart Study (55) presents all
above mentioned risk-estimation tools and enables an online as-
sessment of the 10-year risk of a coronary event, the 10-year risk
of CVD as well as the 30-year risks of CVD and a cardiovascular
event. The interactive risk assessment, except for a coronary
event, can be performed using lipid levels or body-mass index.
Besides the estimated individual’s risk the calculator provides
also the normal and optimal risk levels. The corresponding Excel
spreadsheets are also downloadable.

Risk-estimation tools based on the equations of Anderson et
al. (38, 39) were applied in different European studies, particu-
larly on various British, but also on German, Danish and Dutch
populations. The tool of Wilson et al. (51) was used on men from
Northern Ireland, France, Germany, and Italy and also on a non-
diabetic population of Spain. The tool of ATP III (52) was applied
to male population of Germany and UK. The discrimination in
the studies ranged from poor to good values (7).
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Reynolds Risk Score

The development of the Reynolds Risk Score was aimed to
use several new risk factors associated with increased risk for
CVD such as metabolism-related variables (e.g. lipoprotein A),
inflammatory markers (C-reactive protein), markers of glucose
metabolism, plasma creatinine and homocystein values.

Primarily, several equations were published in 2007 to cal-
culate the risk of a cardiovascular event based on the data of
an occupational cohort of more than 16,000 U.S. women (56).
The simplified risk-estimation equation (namely Reynolds Risk
Score) uses in addition to conventional risk factors and family
history of MI the variables C-reactive protein and hemoglobin
Alc. The additionally investigated best-fitting equation also
included the variables apolipoprotein Al, apolipoprotein B-100
and lipoprotein (a). The Reynolds Risk Score equation for men
was published in 2008 and based on the data of an occupational
cohort of almost 11,000 U.S. non-diabetic men (57). The risk-
estimation tool has the same endpoint and uses the same risk
factors, except hemoglobin Alc, compared to the published
equations for women.

The website (58) of the Reynolds Risk Score enables to esti-
mate the 10-year risk of a cardiovascular event at current age as
well as at next age-decades for non-diabetic persons aged 45-80
years using conventional risk factors, family history of MI and
the variable C-reactive protein.

Other Risk-estimation Tools Derived from Non-European
Cohorts

The Risk Chart based on the U.S. NHANES-I cohort of = 6,000
persons (59) was primarily constructed for developing countries.
The estimation of the 5-year CVD-risk for individuals aged 35-74
years does not require laboratory tests, using only data on gender,
age, smoking, DM, systolic blood pressure, and BMI. The article
also provides regression coefficients for equations based on BMI
or on total cholesterol with additional variable antihypertensive
treatment.

The development of the U.S. risk-estimation tool GVRS
(60) was aimed to improve risk assessment using behavioural
and anthropometric parameters. The tool uses in addition to the
conventional risk factors and variables blood glucose, peripheral
vascular disease and antihypertensive treatment data on ethnicity,
waist circumference, alcohol consumption and physical activity.
The website enables to estimate the 5-year risk and the 10-year
risk for a cardiovascular event (61).

In addition to the already described risk-estimation tools
derived from the U.S. populations several instruments were
published based on the data from Asian populations, the Japanese
NIPPON DATAS80 (62) and two Chinese prognostic tools (63,
64). However, these instruments are not relevant for the general
European population due to ethnic variability in the CVD-risk.

DISCUSSION

Clinical Usefulness of Various Risk-estimation Tools

The decision about the clinical usefulness of a risk-estimation
tool may be based on its prognostic accuracy. When a good
calibration is not achieved an instrument should be recalibrated.

A perfect discrimination (AUROC value of 1.0) of a risk-estima-
tion tool for CVD is not possible, even the internal validation for
various tools did not achieve the AUROC value 0of 0.9. In addition,
the performance criteria for the discrimination are generally not
established. For example, NICE refers AUROC values from 0.9
to 1.0 as excellent, from 0.8 to 0.9 as good, from 0.7 to 0.8 as
sufficient, from 0.6 to 0.7 as weak, and from 0.5 to 0.6 as very
weak discrimination (6). In some publications AUROC values
even from 0.66 to 0.88 are considered good (4), over 0.75 as
very good (8) or high (9), over 0.82 as excellent (5) discrimina-
tion. The AUROC value of 0.75 was proposed as the minimum
requirement for a risk-estimation tool to be applied (8) and the
most tools attain this value.

When the tool predicts the development of clinical event ac-
curately, the general conclusion may be derived that a change in
the modifiable risk factors reduces the risk of this event. Whether
such conclusions are valid for all risk factors and particularly in
the predicted magnitude with regard to CVD is questionable (2).
Should the modifiable risks be reduced to the average, "ideal"
or even lower values of the corresponding age and gender group
(2, 8)? Moreover, although there is evidence for reduction of
cardiovascular events by modifying the single risk factors such as
cholesterol or arterial blood pressure, no reliable evidence from
randomised controlled trials exists for the events reduction using
a risk-estimation tool (9).

Whether more easily standardised (and, therefore, allowing
better recalibration) “hard” endpoints or clinical more relevant
“soft” outcomes should be favoured for the risk estimation remains
debatable. Generally, since the goal of primary prevention is the
avoidance of all vascular diseases at their earlier stages, the CVD-
risk assessment is preferable (9). In some cases, a therapeutic
approach for different patient groups may be based on the risk
assessment of different outcomes, e.g. aspirin administered to men
at risk of CHD and to women at risk of stroke (65).

Choosing a risk-estimation tool depends on the accessibility to
patient’s data (i.e. laboratory measurements). The conventional
variables are generally sufficient. Since the variables gender and
age alone are responsible for the AUROC of up to 0.7 (4), the
inclusion of each additional risk factor leads to an ever smaller
improvement in the predictive ability of the model. Moreover,
simple (but accurate) models may be more generalizable to other
settings, because they reflect essential mechanisms that function
across different populations (10). In patients with borderline risk
additional non-invasive tests (e.g. ankle-brachial index) may be
applied (4, 5), assumed that they have a high net reclassification
index. Since the risk factors may change over time (due to changes
in life-style, environment, etc.) the periodical update of the model
would ensure more accurate prediction (10).

Instruments for assessing an intermediate-term absolute risk
are mainly relevant to select high-risk persons for aggressive risk
reduction. The concept of a lifetime risk may be rather important
for policy-makers to support the prevention activity including
the allocation of resources. The Relative Risk charts and Cardio-
vascular Age equivalents are thought to identify young people
with increased risk factors but low risk in the intermediate-term
follow-up solely due to the young age (8). For elderly people,
instruments which consider the effect of age on risk factors using
interaction variables or specially constructed risk-estimation tools
(out of scope of this review) are preferable.
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Finally, it is also important to communicate the risk assess-
ment to individuals in a understandable and motivating way (8).
Useful approaches are providing absolute levels of cardiovascular
risk rather than risk categories and presenting graphics instead of
just numbers (66). Especially the use of the cardiovascular age
equivalences is considered by patients to be well understandable
and motivating (8). Promising results showed the integration of
the risk-estimation tool into the medical computer software (67).

CONCLUSION

Which risk-estimation tool for primary prevention of CVD
should be used in a European population? From clinical perspec-
tive, preferable seems to be instruments contemporary developed
for this population, which use easily accessible measures and show
a high discriminating ability. Instruments, restricting risk-estima-
tion to certain cardiovascular events, high-accuracy recalibrated
risk-estimation tools or tools derived from European populations
with similar risk factors distribution and CVD-incidence can be
used as the second choice. In younger people, calculating the
relative risk or cardiovascular age equivalence measures may be
of more benefit. The integration of risk-estimation tools in the
medical computer software is promising.
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