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Abstract

According to various published studies, at least 26
cardiovascular risk factors can contribute to the individual
cardiovascular risk. For all of these risk factors quantitative
risk multipliers are known which can be systematically
derived from various epidemiological findings.

On the other hand, only a few risk factors are considered by
the risk scores established (FRAMINGHAM, PROCAM,
ESC and HEART score, for instance). Thus, a relevant
proportion of patients affected with myocardial infarction or
other cardiovascular events do not belong to a high risk
group according to these scores.

Thus, alternative tools for universal risk calculation are
desirable to improve the significance and sensitivity of such
estimations.

Based on “traditional* risk factors considered by the scores
mentioned, mathematical analyses were carried out to
describe coincidences of various risk factors with regard to
the resulting total risk. Their quantitative synergism and
relativity can be mathematically described by a specific
hyperbolic tangent function derived from the PROCAM
score.

By other formulas PROCAM risk calculated in this way can
be transformed into corresponding FRAMINGHAM and
ESC risk which are targeted at other critical end points.

We consider that the special interaction of risk factors
described in our mathematical models can be regarded as a
general law of nature so that our formulas could be used for
universal risk estimations in all risk constellations
imaginable, even when multiple risk factors are coincident.
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1. Introduction

Several risk scores are established for
calculating cardiovascular risk.

FRAMINGHAM [23] PROCAM [3, 5, 20]
and ESC score [10] are most commonly
used. Some more risk scores have been
derived from these scores. Thus, for
instance, the HEART score [12] is a
derivate from the ESC score, and the
AGLA score [33] is derived from the
PROCAM score.

All of these risk scores are only based on a
few risk factors. Several other risk factors
detected as additional relevant
determinants for cardiovascular risk are not
considered by these scores. Moreover,
some risk factors are qualitatively
considered (“yes” or “no”, “existing” or
“not existing”), although they modulate the
cardiovascular risk quantitatively. Thus,
for instance, risk associated with smoking
is determined by the number of cigarettes
smoked and the cardiovascular risk
associated with diabetes mellitus is
strongly influenced by the individual
HbAlc level. Nevertheless, smoking and
diabetes mellitus (so far considered) are
managed as qualitative determinants by the
risk scores established.

Moreover, these scores are different with
regard to the risk factors considered.

FRAMINGHAM score: age, gender,
smoking (“yes”/”no”), diabetes mellitus
(“yes”/”no”), familiar clustering, systolic
blood pressure, lipid levels (HDL, LDL,
triglycerides)

PROCAM score (“health check™): age,
gender, smoking (“yes”/”no”), diabetes
mellitus (“yes”/”’no”), systolic and diastolic
blood pressure, lipid levels (LDL, HDL,
triglycerides)

ESC score: age, gender, smoking
(“yes”/’no”), total cholesterol, systolic
blood pressure.

On the other hand, we could learn from the
INTERHEART study [40] that cardio-
vascular risk is determined by much more
risk factors than taken into account by
these scores. At least 26 risk factors can
contribute to cardiovascular risk. This
background corresponds to the fact that
circa 40 - 50 percent of patients with
myocardial infarction belong to low or
moderate risk groups according to usual
risk scores mentioned.

Another problem arises from multi-risk
constellations. In clinical practice global
risk estimations are often made by use of a
simple “country saying”: numerical risk
associated with defined single risk factors
can be multiplied to a resulting global risk
when different risk factors are coincident.
Example: When Risk factor “a” leads to
reduplication and risk factor “b” to
triplication of cardiovascular risk, the
global risk resulting from a coincidence of
both factors “a” and “b” will be sextupled
(2 x 3 = 6). By use of the risk scores
mentioned, however, cardiovascular risk is
calculated in percent. Thus, multiplying of
percent values will lead to irrational
results, especially when the limit of 100
percent is exceeded.

In multi-risk constellations the dominance
of a singular risk factor will be
successively lowered the more other,
concurrent risk factors are present. This
phenomenon (“relativity of a risk factor”)
was recently evaluated with regard to
hypertension [7].

Lastly, different risk scores are focused on
different “end points”. The FRAMING-
HAM score is targeted on all events
associated with coronary heart disease
(angina pectoris, myocardial infarction and
myocardial death). The PROCAM score is
a morbidity score focused at myocardial
infarction. The ESC score, however, is a
mortality score, calculating the risk for
cardiovascular death.

In view of these problems and limitations
this paper presents a new universal
2
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algorithm describing coincidences and
relativities of risk factors and risk scores. It
can be used for risk estimation in each sort
of cardiovascular risk constellation. In
difference from conventional risk scores
quantitative factors such as smoking or
diabetes mellitus  are  considered
quantitatively as far as possible. Thus, the
mathematical models presented can
particularly be used for estimation of

2. Materials and methods

By intensive investigation of several
published original studies and secondary
sources  commenting  their  results,
quantitative aspects of all risk factors and
corresponding cardiovascular risk were
systematically compiled. Various “model
patients” affected with several coincident
risk factors were “virtually” created
representing low, moderate and high risk
constellations. For each risk constellation,
the resulting risk was first calculated by
use of the PROCAM, FRAMINGHAM
and ESC score. In this way, comparative
risk estimations could be carried out with
regard to different scores. In a second step,
well known single risk levels obtained
from various studies and secondary sources

cardiovascular risk resulting from multi-
risk constellations including all risk factors
known nowadays. Moreover, risk levels
can be converted from one risk score to the
other so that mortality and morbidity can
be simultaneously estimated The models
described may be regarded as a first step to
a universally applicable “relativity-theory”
of risk factors and risk scores, especially in
multi-risk constellations.

were multiplied by each other and
compared with the score-based results. By
this means effects of single risk factors and
their coincidence could be mathematically
investigated. Moreover, quantitative risk
levels calculated with different scores were
used for developing conversion formula so
that PROCAM risk can be converted into
FRAMINGHAM risk and ESC risk.

The following traditionally accepted risk
constellations and ranges were used in
“model patients” for elaborating the
mathematical tools and their adjustment to
the PROCAM, FRAMINGHAM and ESC
score: age, blood pressure, lipid levels,
smoking, diabetes mellitus and familial
clustering; further details are compiled in
the text box.

- Age: 40 — 60 years

- Total cholesterol: 6,4 —9,0 mmol/I
- LDL-cholesterol: 3,8 — 5,2 mmol/I
- HDL-cholesterol: 0,7 — 1,4 mmol/I
- Triglycerides: 1,7 — 2,9 mmol/I

Risk factors and risk ranges used for mathematical calculations:

- Blood pressure: 130 — 180 mmHg systolic, 80 — 95 mmHg diastolic

- Optional additional risks: smoking, diabetes mellitus, familial clustering.

Based on these risk factors and risk ranges,
several “model cases” were created with
various combinations of the risk factors
mentioned above. For all of these cases
comparative risk calculations were carried
out, using the PROCAM, FRAMINGHAM

and ESC score. In separate steps, the basal
risk associated with age (see section
“Results”, Table 1 [3, 20]) was multiplied
with risk multipliers investigated (see
section “Results”, Table 2). Thus all risk
levels calculated by use of the scores could

3
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be compared with corresponding risk
levels resulting from multiplying single
risk values according to the Tables 1 and
2.

Based on these comparative calculations,
mathematical models were elaborated to
estimate the resulting total risk also in
cases with a lot of coincident risk factors.
Moreover, algorithms were developed to
convert each sort of risk constellation from
one score to the other (PROCAM to
FRAMINGHAM, PROCAM to ESC).

The following risk factors were not
separately  considered, because they
“overlap” with other risk factors:
- Apolipoprotein Al and B because of their
correlation to the HDL- and LDL-
cholesterol

- Left ventricular hypertrophy because of

Table 1:

its correlation to hypertension
- Type A- person because of the
correlation to psychosocial stress.

According to the PROCAM score patients
were divided into three categories of
individual risk: Low risk (< 10%),
moderate risk (10% - 20%), high risk (>
20%).

3. Results

3.1. Investigation of risk factors and risk
multipliers

By use of the PROCAM score the
“physiological” cardiovascular risk
depending on age was estimated as follows
(Table 1):

Cardiovascular risk associated with age derived from the PROCAM score [3, 5, 20]

age (years)

35 36-37 38 39-40 41 42 43 44 45 46 47 48 49 50

Basalrisik (%) 04 05 06 07 0,8 0,9

1 1,1 1,2 1,4 1,5 1,7 1,9 2,1

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

2,3 25 28 31 34 38 42 46 51 57 63 69 7,7 85 9,3

These levels of basal risk associated with
age were calculated for healthy male
persons who are not affected with relevant
risk factors (LDL-cholesterol 3.1 mmol/I,
HDL-Cholesterol 1.4 mmol/l, triglycerides
1.7 mmol/l, systolic blood pressure 130
mmHg). For women, corresponding risk
levels are lower (circa a quarter) —
according to suggestions of the PROCAM
study group. This basal risk determined by
age is relevant for each individual
regardless of whether affected with other
risk factors or not. As defined by the
PROCAM algorithm, the risk values
compiled in Table 1 (in percent) are related
to the manifestation of a fatal or non fatal
myocardial infarction calculated for a

period of the following 10 years. With
regard to the age, corresponding risk levels
remain “low” up to the “cut-off” of 65
years.

Based on literature quantitative risk
multipliers were complied for “traditional”
risk factors generally accepted and
evaluated already decades ago (Table 2)
and for several “new” risk factors being in
the current focus of interest (Table 3).
According to the findings of the
INTERHEART study three protective
“bonus factors” are relevant for reducing
cardiovascular risk (Table 4). Moreover,
some fixed numeric multipliers for defined
risks were published by several authors

4
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(Table 5). These multipliers can be used tomography and quantified by the
for risk estimations in general, leading to AGATSON score (Table 6, [1, 2, 25]).
average risk levels without regarding

individual quantities. Lastly, the grade of

average coronary calcification can be

evaluated by high resolution computer

Table 2: Risk multipliers for ,traditional” risk factors

total cholesterol (mmol/l) <52 5,262 6,2-7,3 >7,3

risk multiplier [3, 4, 19] 1 1,5 1,9 3
LDL-cholesterol (mmol/l) 31 36 41 47 52 57 62
risk multiplier [3, 4, 19] i 13 1,8 23 3 38 5

HDL-cholesterol (mmol/I) 14 13 1,2 10 09 08 0,6

risk multiplier [3, 4, 19] 1 13 14 16 19 21 24

cholesterol-HDL-ratio 35 4 4,5 5 55 6 65 7 75 8 8,5

risk multiplier [3, 4, 19] 1 13 145 165 23 265 33 4 53 6 93
triglycerides (mmol/l) 1,1 23 34 45

risk multiplier [3, 4, 19] 1 1,2 1,4 1,6

systolic blood pressure (mm Hg) 130 140 150 160 170 180 190 200 210 220
risk multiplier [3, 20] 1 1,2 13 14 15 16 2 22 23 25
diastolic blood pressure (mmHg) 80 85 90 95 100 105 110

risk multiplier [20] 0,7 1 1,4 1,8 22 3 4

smoking (number of cigaretts per day) <10 20 30 40 >50

risk multiplier for myocardial infarction [36] 1,5 2 25 3 4

risk multiplier for cancer [36] 4 7 20 30 40

HbA1c 6,0-6,5 6,5-7,0 7,0-9,0 9,0-11,0 11,0-13,0
risk multiplier for macroangiopathy [CHD) [35] 1 1,25 1,9 2,5 3,1

risk multiplier for mikroangiopathy [35] 1 2 6 13 25
Body-Mass-Index (BMI) <25 25-28 >28 >30 >32

risk multiplier [15, 16, 27, 32, 1 1,5 2 3 4

41]

familial clustering / aggregation no yes

risk multiplier [20] 1 1,5
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Table 3: Risk multipliers for ,,new* risk factors

Waist-to-hip-ratio / WHR - men <0.859 0,860-0,909 0,910-0,949 0,950-0,999 1,000-1,039 >1,04
risk multiplier [27, 39] 1 1,6 2,3 2,9 3,6 5

Waist-to-hip-ratio/ WHR - women  <0,720 0,720-0,759 0,760-0,799 0,800-0,839 0,840-0,879 > 0,88

risk multiplier [27, 39] 1 1,6 2,3 2,9 3,6 5
waist circumference - men (cm) >94 > 102

waist circumference - women (cm) >80 > 88

risk multiplier [27, 39] 1,5-2,5 3-8

lipoproteine (a) (mg/l) <200 >200

risk multiplier [11, 22] 1 2

high sensitivity C-reactive proteine (hs-CRP) (mg/) <0,7 0,7-1,1 1,219 2,0-3,8 3,9-15,0

risk multiplier [9, 13, 28, 29, 38] 1 1,2 1,4 1,7 2,2

homocysteine (micromol/l) <10 12bis13 15 17bis18 >20
risk multiplier [8, 13, 24] 1 1,5 2 3 4

fibrinogen (factor 1) normal blood level increased blood level
risk multiplier [31] 1 1,5

chronic chlamydia pneumoniae infection no yes
risk multiplier [30] 1 2,6

psychosocial stress low much
risk multiplier [40] 1 2,7

microalbuminuria (mg/dl) 0 10 bis 14 15bis29 30bis300 >300
risk multiplier [6, 14, 17, 18, 1 1,5 2 3 8
21, 26, 34, 37]

Table 4: Multipliers of ,,bonus factors* [40]

bonus factors fruits / vegetables sportive activity moderate alcohol

risk multiplier 0,7 0,85 0,9
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Table 5: Fixed risk multipliers, published for general risk estimations

Procam Framingham Interheart Rifai & Ridke Clearfield
(3, 4] [23] [40] [29] [9]
smoking 1,7 3 2,87
diabetes mellitus 1,5 1,5 2,37
familial clustering 1,5
hypertension 1,91
dyslipidemia 3,25
abdominal fat 1,19
deposition
stress 2,67
sportive activity 0,86
alcohol (moderate) 0,91
fruits and vegetables 0,7
lipoproteine (a) 1,4
homocystein 1,8
hs-CRP 2
occasional smoker 14
chain-smoker 9
smoking and metabolic 69

syndrome

Table 6: Risk multipliers associated with coronary calcification (AGATSTON index)

coronary calcification (Agatston score)

<100 100-400 >400

risk multiplier [1, 2, 25] 1

2 3,5

3.2. Mathematical model for global risk
calculation (according to PROCAM
score)

When the “traditional” risk values
presented in the Tables 1 and 2 are
multiplied by each other in various
“virtual” risk constellations as described
above (Table 7), the results of
multiplications are approximately identical

with the corresponding risk levels
calculated with the PROCAM score, as
long as the product is lower than 30 %.
In other cases, when multiplications of
single risk levels exceed 30 %, the product

x” can be processed by the following
hyperbolic tangent function (Fig. 1) to

estimate a realistic total risk “f(x)”
according to the PROCAM score:
f(x) = 100 tanh (0,008x) [%].

7
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Y F(x) = 100 tanh (0,008x)

100

200

300 X

Fig. 1: Regression graph for calculation of total risk in constellations characterized by

multiple coincident risk factors

X-Axis: products of single risk multiplications

Y-Axis: resulting total risk, adjusted to the PROCAM score

The formula describes synergism and
relativity of multiple coincident risk factors
based on the PROCAM score; it is derived
from the regression graph shown in Fig. 1.
It defines the risk for myocardial infarction
based on a period of 10 years, calculated
for male individuals aged from 30-65
years. The corresponding risk levels for
women are circa 0.25-fold lower according
to the suggestions of the PROCAM Study
group. The higher is the number of risk
factors or the product of risk factor
multiplications, the lower is the
contribution of each single risk factor to
the resulting total risk.

3.3. Mathematical transformation of
PROCAM risk into FRAMINGHAM
risk

1
F= Px(6x—+1

PROCAM risk levels can be transformed
to FRAMINGHAM-risk levels to estimate
higher risk levels for all manifestations of
coronary heart disease. Conversing factors
mathematically derived are presented in
Table 8.

Based on the PROCAM risk value “P”, the
corresponding FRAMINGHAM risk level
“FR” can be approximately calculated by a
conversion factor “F”, the PROCAM risk
value “P” has to be multiplied with:

The exponent “n” ranges from 0.5 to 0.8.
The  FRAMINGHAM  risk  range
corresponding with a well defined
PROCAM risk can be described and
estimated based on the graphs shown in
Fig. 2 (x-axis: PROCAM risk, y-axis:
conversing factor):

FR=FxP

Copyright 2016 KEI Journals. All rights reserved
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Table 7: Comparative estimations of total risk for myocardial infarction, based on the
PROCAM-score and single risk factor multipliers, according to the data
compiled (table of values for Fig. 1)

Products of single risk factor Corresponding
multiplications PROCAM risk (%)

5 5
10 10
15 15
20 20
25 25
30 30
40 31
50 38
60 44
70 51
80 56
90 61
100 66
110 70
120 74
130 78
140 80
150 83
160 85
170 87
180 89
190 91
200 92
210 93
220 94
230 95
240 96
250 96
260 97
270 97
280 98
290 98
300 98
310 98
320 99
>320 99
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Table 8: Minimum and maximum conversing factors, PROCAM risk can be multiplied
with when corresponding FRAMINGHAM risk levels are to be estimated
(table of values for Fig. 2)

Procam risk Conversing factors
(%) (minimum; maximum)
1 7;7
2 4,4:5,2
3 3,5;4,5
4 3,0;4,0
5 2,7;3,7
6 2,4;3,4
7 2,3:3,3
8 2,3;3,1
9 2,0;3,0
10 1,9;2,9
11 1,9;2,8
12 1,8;2,7
13 1,8;2,7
14 1,7;2,6
15 1,7;2,5
16 1,7:2,5
17 1,6:2,5
18 1,6;2,4
19 16;24
20-23 1,5;2,3
24-25 1,5;2,2
26-27 1,4;2,2
28-32 1,4;2,1
33-34 1,4;2,0
35-39 1,3;2,0
40-49 1,3;1,9
50 1,3:;1,8
>50 1,3;1,8
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- N W A O O N

10 20 X

Fig. 2: Conversing factors for transforming PROCAM risk into FRAMINGJAM risk.
X-Axis: PROCAM-risks in percent
Y-Axis: conversing factors (multipliers for estimation of corresponding FRAMINGHAM -risk
levels
Graph A: minimum conversing factors
Graph B: maximum conversing factors

Graph A (exponent n = 0.8) and graph B FRAMIMGHAM-risk is about 3.5-fold
(exponent n = 0.5) correspond with the higher, in moderate risk constellations
minimal (A) and maximal (B) conversing about 25-fold, and in high risk
factors; both graphs are suitable for constellations about 2.0-fold or lower.
estimating the approximate range of When PROCAM risk values are higher
FRAMINGHAM risk levels corresponding than 30 %, there remain no relevant
to PROCAM risk. differences to  the  corresponding

FRAMINGHAM risk levels; this finding
In low risk constellations according to should be noticed in practice.

PROCAM, the average corresponding

11
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3.4. Mathematical transformation of
PROCAM risk into ESC risk

Calculated PROCAM risk can be
transformed into ESC risk to estimate the
corresponding lower risk for cardio-
vascular death. These calculations can be

separately carried out for so-called “low
risk” and “high risk” countries. Some
conversion factors used for multiplying
PROCAM risk levels in order to obtain
corresponding ESC risk levels are
compiled in Table 9.

Table 9: PROCAM risk and corresponding ESC risk for high risk- and low risk-

countries (table of values for Fig. 3)

PROCAM risk (%)

ESC risk (%)
(high risk / low risk

countries)
1 1 0
2 1 0
3 2-3 1
5 2-7 1-3
6 2-6 1-3
7 1-7 1-2
8 6-7 1-3
9 4,6 2-3
11 4 1-2
13 3 1
15 7-12 3-6
16 4 2
19 3-6 2
22 11-12 6
28 14 7
33 10-12 5
37 18-19 9
38 14 7
44 12-16 3-7
45 10-12 5
60 33-34 18
68 24-29 13
74 33-34 18
81 24-29 13

12
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50 [ (1) f(x)=0,5652 x

40 | (2@ f(x)=0,3846 x )

30 (3) f(x)=0,2826 x (2)
(3)

20

10

v

50 | -

(1) f(x) = 0,2955 x

40 f -
il (2) f(x) = 0,2045 x .
1(1)
(3) f(x)=0,1136 x
(2)
3)

Fig. 3: Regression graphs for converting PROCAM risk into ESC risk, calculations for “high risk
countries” (top) and “low risk countrie”s (bottom).
X-Axis: PROCAM-risk
Y-Axis: Corresponding risk according to the ESC score
Separate graphs for maximum (1), medium/average (2) and minimum (3) risk levels

Copyright 2016 KEI Journals. All rights reserved



Medical Research Archives
Universal estimation of cardiovascular risk

As shown in Fig. 3, a calculated PROCAM
risk value “P” can be approximately
converted to a corresponding ESC score
risk level “E” by linear functions:

E =mxP

The proportionality factor “m” is different
for low and high risk countries.

For high risk countries:

- m = 0.2826 (minimum factor)
- m = 0.3846 (average factor)
- m = 0.5652 (maximum factor).

4. Implications for practical use
4.1. General advices for practical use

When risk estimations are carried out using
the Tables 1-5, some logical aspects should
be taken into account in order to avoid
overestimation (see text box below).

4.2. Further hints for practical use

Firstly risk can be calculated on the basis
of age, increased lipid levels and
hypertension. These calculations can be
carried out by multiplying the risk values
compiled in the presented tables or by
using the established risk scores including
existing computer-based programs.

In cases of smoking and diabetes
established scores can be used when
calculations based on constant or fixed risk
values seem to be adequate. For more
differentiated  calculations  regarding
individual blood levels of HbAlc or the
number of smoked cigarettes the tabular
data should be preferred.

Additional risks resulting from obesity or
increased abdominal fat deposition can be

For low risk countries:

- m = 0.1136 (minimum factor)
- m = 0.2045 (average factor)
- m = 0.2955 (maximum factor).

In high risk countries the risk levels for
cardiovascular death are approximately 0.3
— 0.5-fold lower, in low risk-countries
nearly 0.1 — 0.3-fold lower than the
corresponding risk levels for myocardial
infarction calculated by the PROCAM
algorithm.

estimated by using the values listed in the
tables. Moreover, risks resulting from
familial disposition can be calculated using
the PROCAM-algorithm or the fixed
multipliers according to the tables.

In this way, all effects of “traditional” risk
factors can be evaluated.

Influences of “newer” risk factors can be
calculated based on specific multipliers,
too. These factors should be multiplied
with each other as described. Thus, further
individuals with significant risk can be
recognized even when not be identified by
the conventional risk scores.

When  products of risk  factor
multiplications exceed 30%, the regression
graph and/or the corresponding hyperbolic
tangent function can be used to estimate
realistic total risk levels adjusted to the
PROCAM score (see Fig. 1 and Table 6).

PROCAM risk calculated in the ways
described can be transformed into
corresponding risk levels based on the
FRAMINGHAM and/or ESC score based
on conversing factors and linear functions
described. These transformations can be

14
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carried out in all potential risk factor
constellations, also in cases with multiple
newer risk factors.

Fixed published multipliers can also be
used for general risk calculations based on

average risk levels and carried out without
regarding individual quantities.

All in all, many existing risk constellations
can be calculated in the ways described
which are not taken into account by the
risk scores established.

General aspects which should be noted for risk calculation:
(1) For calculation of the cholesterol-based risk: total cholesterol or LD-cholesterol and

HDL-cholesterol or Cholesterol-HDL-ratio should be used.

diastolic blood pressure should be used.

(2) For calculation of risk associated with hypertension: risk multipliers for systolic or

(3) For calculation of risk associated with abdominal fat deposition: WHR or waist

circumference should be used.

(4) For calculation of risk associated with obesity: multipliers for BMI, WHR or waist

circumference should be used.

(5) For calculation of risk associated with lipoproteine (a): lipoproteine (a) should only

PROCAM study group.

be considered when the LDL level exceeds 3.37 mmol/l as recommended by the

5. Discussion

We could learn from several studies,
especially the INTERHEART Study, that
myocardial infarctions result from a cluster
of various risk factors - and from much
more risk factors than considered by the
established scores. Thus, these scores, even
when based on prospective studies, are not
suitable for calculating the individual
cardiovascular risk in all cases affected
with increased risk. Circa 50 % of all
patients with myocardial infarction belong
to populations with a moderate or low risk
according to usual scores. In such cases
other risk factors are dominant, which are
not taken into account by standard scores.

The mathematical models presented can be
used to calculate individual cardiovascular
risk in a more universal manner using
specific numeric modulators considering
all relevant “traditional” and “new” risk
factors.

These methods were evaluated based on
traditional risk constellations which are
considered by the established risk scores
based on the results of prospective studies.
Nevertheless, the formulas and regression
graphs developed can also be used for
estimation of risk induced by “new” risk
factors investigated by case—control
studies.

Of course, mathematical models based on
prospective and case-control studies may
be regarded as problematic as both types of
studies have their characteristic potential
bias, especially selection bias (prospective
studies) and memory bias (case-control
study).

On the other hand, there is no other way at
the present to establish mathematical
models for global risk estimations with
regard to all risk factors currently known,
because only a few risk factors have yet
been investigated by prospective studies.

15
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Moreover, it could be considered that the
results of the case-controlling
INTERHEART-study are not drastically
different from the corresponding results of
prospective studies, when risk factors are
taken into account investigated in both
ways by prospective and case control
studies.

Using the tables, graphs and formulas
presented, physicians can quickly estimate
the total cardiovascular risk of their
individual patients based on clinical and
laboratory diagnostic parameters including
“new” risk factors. Moreover, prognostic
rankings for all conceivable risk
constellations can be made.

Global risk estimations of this sort can be
helpful for strategies and individual
decisions in cardiovascular prevention
aimed at those individuals who might
benefit from prevention programs in a
significant manner improving their long
time-prognosis.

When total risk levels are comparatively
estimated based on PROCAM,
FRAMINGHAM and ESC score, separate
risk estimations for all manifestations of
coronary heart disease (FRAMINGHAM),
myocardial infarction (PROCAM) and
cardiovascular death (ESC score) can be
carried out. By these means, the prognostic
weights of various risk constellations can
be evaluated and compared with special
regard to their specific potential
complications. Moreover, the scores
mentioned can be compared with each
other on a mathematical basis.

The relations between the various risk
scores mathematically analyzed are
congruent with patho-physiological and
epidemiological facts. Based on a defined
period, e.g. 10 years, in each population
the number of individuals with all clinical
manifestations of coronary heart disease
(CHD) is higher than the number of
patients with myocardial infarctions, and

the number of patients with myocardial
infarctions is higher than the number of
fatal cardiovascular events. Moreover, the
higher is the total individual risk level, the
lower are the numeric differences of all
CHD manifestations, myocardial
infarctions and cases with cardiovascular
death arising in a course of several years.
Therefore, different results of risk
calculations dependent on different risk
scores should not be regarded as
inconsistent.

It is desirable that new prospective studies
are aimed to “new” risk factors mentioned
above, so that the established scores might
be expanded including all relevant “new”
modulators. In this way, the relevance and
predictive “sensitivity” of these scores
might be improved, quantitative effects of
“new” risk factors derived from case-
control studies at the present could be
corrected in the future, if necessary, and
the mathematical models presented here
could be checked by multivariate analysis.

Thus, epidemiological research might
confirm in the future that the mathematical
algorithms developed describe in-fact a
law of nature which is valid in all
cardiovascular risk factors and their
combinations.

A complementary way for risk estimation
based on morphological findings is
represented by the AGATSTON score [1,
2, 25]. Coronary calcification indices
correspond with cardiovascular risk and
can be used as additional risk indicators,
especially in high risk constellations
(Table 6).

In conclusion, the mathematical
applications presented may open the way
to global and general risk estimations
which could be used for practical advice
and treatment as well as for comparative
risk calculations in all coincidences or
combinations of cardiovascular risk
factors.
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