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characterized by a frequency distribution with respect
to the variable being considered. Thus, the CHD fre-
quency distribution is such that the estimated propertion
with serum cholestercls bejow 200 mg is 12/92, whereas
NCHD frequency distribution is such that the estimated
proportion with serum cholesterols below 200 mg is
g07/1237. The essentia) characteristic of the method of
discriminant functions is that for the observed frequencies
one substitutes a mathematical formula describing a
theoretical frequency distribution. The particular theo-
retical distribution used should, of course, be compatible
with the ohservations and should be completely char-
acterized by the values of a small number of disposable
parameters, such as the mean or standard deviation.

Deferring the choice of distribution momentarily, sup-
pose that the proportion of CHD individuals with serum
cholestercls between ¥ and ¥ - # can be adequately
deseribed by some simpie function which we denote by
f{¥)h, when & is reasonably small, while that for the
NCHD population is fo{¥)h. Denote the proportion of
the combined populations who belong to the CHD
population by p (= gz/132g). Finally, introduce the
risk function, P(Y), which denotes the proportion of
individuals with serum cholesterol of ¥ who belong to
the CHD population. Then elementary algebraic
manipulation, or an application of Bayves’ formula (3),
is sufficient to show that

Pixy = [t + {1 = pfolTHpA] ()

Thus, if theoretical frequency distributions can be
found which adequately characterize the CHD and
NCHD populations, then the risk function can be de-
duced from equation . An excellent description of both
Framingham CHD and NCHD distributions  with
respect to cholesterol is provided by the log normal
distribution. That is to say, in both populations log
cholesterol has 2 normal distribution (Fig. 1 of ref. 1).

If fp and fi in equation I are replaced by appropriate
expressions for normal frequency distributions with
different means but the same standard deviation, it is
easy to shaw that

P i/ 4 e teteE)] (2}
where
X = logn cholesterol
8 = (u — walfe
) = mean logio cholesterol for the CHD population
4y = mean logse chotesterol for the NCHD population
&% = the comimon variance of logs cholestercl

a = —log, (1t — pHp — Blike + r1)/2]

The curve (2) is 3 shaped, starting at P == o and in-
creasing up to a level of # = 1. In the range of observa-
tions made up to now, .8, with P less than one-fourth,
the full sigmoeid appearance is mot apparent and the
curve appears exponential. For many Durposes it 18
convenient o express equation 2 in the linear form:

log, P/{1 — P} = a + 8 (3}

The effect of inequality of the variances in the two
populations, an inequality not suggested by present

TABLE 1. Ratio of Number of New Events in & Years to
Number Exposed to Risk by Initial Systolic Blood
Pressure and Serum Cholesterol

Blood Pressure, mm Hg

Serum

Cholesterol, | -

g/ toq e Total | <y 1 127-146 137-166 atvy
Total | g2/1329 | 20/408 2B/555  20/224 | 24140
<200 12/31g 2/119 3/teg | 3/se | /b
zoc-219 | B/25¢ 3/88 2/100 | /43 | 3/23
ao-asy | mijaro | Bf1ey | ifamo 6/7a | Bian

2fo+ ‘41/286 Logfra | 1rfinn | 11/57 ‘

11744

Framingham results, is to add a third term to the righs
hand side of eguation 3 of the form v.X?, where

T 1 1
yom =) —p— [55)
2 602 5'12 ’

{and to change the value of a).

The same analysis applies to the single variable,
systolic blood pressure, except that the frequency dis-
tribution of log biood pressure is not quite normal. This
can be seen by plotting on probability paper the cumu
lative frequencies against log blood pressure. The curve
is not linear, as it would be if normality applied. The
plot against the logarithm of (blood pressure —75} i
linear, however, so that if ¥ denotes blood pressure,
logyy (¥ = 75) has a normal frequency distribution for
both CHD and NCHD populations.

To consider both the cholesterol and systolic blood
pressure variables simultaneously, it is sufficient o
find frequeney distributions in the two variables which
characterize both CHD and NCHD populations. If =
frequency distributien m a single variable is thought
of as a curve in which frequency is plotted against .\,
then a bivariate frequency distribution can be though:
of as a surface in which the frequency is plotted against
the values of both variables, say Xi and X:; Empirieal
analvsis of the Framingham results indicates that both
CHID and NCHD populations are described by bivariate
normal frequency functions in logse cholesterol and logy,
(blood pressure —75) with differing means but having
equal variances and corrclation coefficient (section g
of ref. 1). ’

The equivalent of equation 2 is then:

Poas 151 4 larhiTir8eX)] (5
where

X, = loguo cholesterol
X» = togw (blood pressure — 75}

and @, B, and P are easily computed functions of the
means of log cholesterol and log (blood pressure —75)
of the CHD and NCHD population, and of the variances
of the two variables and correlation coefficient between
chemn. The linear version of equation 5 is

log, P/t = P) = a + 1Yy 4 F2 X (o}

Formulas for approximate confidence limits on the
coefficients B; and §; are available (formula 7.8 of ref.
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CORONARY HEART DISEASE RISK

convenient clinically, these values are not associated
with abrupt changes in risks.

Rather than ask about critical values, however, we
may ask how the change in risk associated with changes
in either variable depends on the level from which the
change takes place, This includes the question of eritical
values as a special case. It is irmportant here to distinguish
between absolute and relative changes. Because beth
exponents in eguation 7 exceed unity, a given absolute
increase in either variable will be associated with a
larger absolute increase in risk when the change takes
place fré high rather than a low level. A given differ-
ence in milligrams per 100 cc of cholestero} will thus be
associated with a larger absolute difference in risk when
added to a large rather than a small initial level. A
similar conclusion applies to systolic blood pressure,
except that since the lower 95% confidence limit is
below unity, it is less certain.

The conclusion is different, however, if one considers
percentage changes. Because of the form of eguation 7
a given percentage difference in cholesterol is associated
with the same percentage difference in risk no matter
what the level to which the difference is added. A 1 %
difference in cholestercl is associated with a 266%
difference in risk throughout the range of cholesterol
values. 1f cne would lower cholesterol levels by a given
amount, say 15 %, and if equation 7 describes not only the
association betwecn risk and chalesterol level in Frammg—
ham, but also the change in risk that would accompany
an experimental alteration in serum cholesterol, then
the relative risk would be {.85)2% or a reduction of
about 95%. This would be true no matter what the
level of cholesterol from which the 153% reduction oc-
curred.

Because of the subtractive y3 in systolic blood pres-
sure, given percentage changes in blood pressure are
associated with larger percentage changes in risk when
starting from low than from high blood pressure. A
1 % difference in systolic blood pressure will be associated
with a percentage difference in risk of 1.47 Y/ (¥ — 75),
where ¥ is the starting ievel Thus, at a starting blood
pressure of 110 mm Hg a 1 % difference in blood pres-
sure is associated with a 4. 62 ; difference in risk. This
contrasts with a starting level ef 175 mm Hg, where a

% difference is associated with a 2.57% difference in
risk‘

For both cholesterol and blood pressure the form of
equatmn 7 implies that the percentage effect on risk of a
given percentage change in either variables is independ-
ent of the level of the other variable. No matter what

the blood pressure a 1% difference in chici

associated with a 2,66 % difference in risk. A :
in systolic blood pressure from 110 mm Hg i .
with a 4.62% difference in risk no matter

cholesterol level. Finally, from equation 7 the
simuitaneous differences in blood pressure arwl
terol on percentage differences in risk is multiphe
simultanegus 1% change in cholesterol and s 4
pressure from a starting level of 110 mm Hg will o
in a relative risk of {1 — .0266) (1 — .0462) . A
way of sumnmarizing these relations is by conside
percentage difference in risk assoclated with che!
values at the 5th and g5th percentiles, with blow
sures at the sth and gsth percentiles, and with
cholesterc! and blood pressure at their 5th as comjnes
with their g5th percentiles. These are summarized bl

i

sth Persrntie
Cholesterel alone (166-301 mg) 5 8
Blood pressure alone {110~177 mm) &1
Both 23.4

The population in the upper 5% of either the choic
terol or blood pressure distribution has a risk more
4-8 times as large as that in the lower 5%, while indivs
uals who are in the upper 5 % with respect to both (abes
17 of 1 % of the population} have a risk more than
times as large as those who are in the lower 3%
respect to both.

SUMMARY

7) Discriminant functions have been used to describy
the relationships in the Framingham population betweer
risk of developing coronary heart disease, serum choles
terol level, and svstolic blood pressure.

2) Critical values of either variable, at which shury
increases in risk oceur, were not found.

3) A 1% difference in serum cholesterol is associaie:
with a 166% difference in risk at all levels of serwm
chelesteral.

4 A1% diﬂcrence in svstolic blood pressure is asso-
ciated with a 4.62 % difference in risk at blocd pressurss
of 110 mm Hg and of 2.57% at 175 mm Hg.

57 There is an almost fivefold difference in risk be-
tween the upper and lower 5% with respect to serum
cholesterol or svstolic blood pressure alone, and an
almost 25-fold difference between those who are in the
upper 5% of the pepulation with respect to both vari-
ables and those who are in the lower 5% with respect
to both.
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