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NINETEEN SIXTYEIGHT

was a knife blade that severed past from future

was an extraordinary year
both in political history and in the history of art
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NOT ONLY, BUT ALSO

In the autumn of 1968, in a Finnish sauna on a little i1sland west
of Helsinki, Ralph Grasbeck and Nils-Erik Saris, sitting at the

side of a woodfire and talking about the meaning of normal
values, suddenly saw In the glow a shower of sparks emitting a

new concept:
REFERENCE VALUES
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1968: DON'T TRUST ANYONE OVER 30

...and the concept of normal values

was older, by far older
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580 BC: xAsofic xan itov

Delphi: (Archaeological Museum)
(WO KovpoLl
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ADOLPHE QUETELET (1796 - 1874)

In “Sur 'nomme et le développement de
ses facultés, ou Essai de physique
sociale” (1835) Quetelet describes his
concept of homme moyen, who Is
characterized by the mean values of
measured variables that follow a normal
distribution. He collected data about

many such variables. S
K';;E: S 6
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THE METAPHYSICS OF NORMALITY

Quetelet applied the law of error universally, not only to physical
but also to moral and intellectual laws. The average man is an
Ideal that should be approached as closely as possible.

But it Is also an empirical result, reached by averaging quantities
observed In certain groups, thereby characterizing those groups
with certain average physical and moral features or propensities.

Quetelet did not use the average man as a model to explain
Individual behaviour, but as a yardstick to measure deviations
from this presupposed ideal.
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INTRODUCTION

A L'ETUDE DE LA

MEDECINE EXPERIMENTALE

PAR

M. CLAUDE BERNARD

Membre de Plnstitut de France {Aeadémie des sciences),
el do I'Aesdimie impériale de medecine,

Professeur de médecine au Collége de France,
Professeur de physiologie générale & la Facwllé des scienced,
Membre de la Seciété royale de Londres,
de I'Académie des sciences de Saiol-létersboury
el de Académie des scicmnes de Derlin.
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J. B. BAILLIERE er FILS,
LIGRAIRES DE LTACADEMIE IMPERIALE DE MEDECINE,
Rue Haulefenille, 19,

Londres madeld [ ANew-YVork
Battiikng-Baotikns

HIProLTTE BAILLIERE G, BarrLy-Banuikne l
LEIPZIG, E. JUNG-TREUTTEL. QUERSTRASSE, 10

CLAUDE BERNARD (1813-1878)




EUROPEAN AVERAGE URINE (1865)

Si I'on recuellle 'urine d'un homme pendant vingt-quatre heures et
gu'on melange toutes les urines pour avoir l'analyse de l'urine
moyenne, on a préecisément l'analyse d'une urine qui n'existe pas;
car a jeun l'urine differe de celle de la digestion, et ces différences

disparaissent dans le mélange.

_e sublime du genre a eté imagine par un physiologiste qui, ayant
oris de l'urine dans un urinoir de la gare d'un chemin de fer ou
passaient des gens de toutes les nations, crut pouvoir donner ainsi
‘analyse de |'urine moyenne européenne!
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CARL WUNDERLICH (1815-1877)

“al.g¢
ON THE t

TEMPERATURE IN DISEASES:

A OMANTAL OF

MEDICAL THERMOMETRY.

or

DR. C. A. WUNDERLI{CH,

PFREOFISS0N LEE EEINTE AN DEE UNIVERSITAT LEIFAMN, W, FAONES AEIERTHT
HMENCINALRATE, ODMTUDL TND BITIRH. BT

TRANSLATED FROM THE SEQOND GERMAN EDITION

KY
W. BATHURST WOODMAN, M1,

THE NEW SYDENHAM SOCIETY

LONDON SEEN BY
MnECcELXXT F‘F"ESEQVAT’.:*H
SERVICES
DATE. .. ....ocvvminmnasn




ANOTHER SIXTYEIGHT

In 1868 Carl Wunderlich published temperature recordings from
over 1 million readings in over 25,000 patients made with a foot-

long thermometer used in

He established a range of normal temperature from 36.3 to 37.5 °C.

A normal temperature does not necessarily indicate health, but all
those whose temperature exceeds or falls short of the normal range

are unhealthy.
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BEYOND

NORMALITY




NORMAL: WHAT DOES IT MEAN?

having gaussian distribution CEUESED!

most representative of its class average

commonly encountered In its class habitual

most suited to survival fittest

carrying no penalty harmless

commonly aspired to conventional

most perfect in its class ideal
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reference individual
an individual defined with ad-hoc criteria

reference population
all possible reference individuals
It has an undetermined number of interchangeable members
It is a hypothetical entity

reference sample group
IS a set of reference individuals

reference value
the value obtained by observation or measurement of a quantity
on a reference individual
reference values are obtained from a reference sample group
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reference distribution
IS the distribution of reference values in the reference population
the parameters of the reference distribution may be estimated
on the basis of the reference sample group

reference limits

are derived from the reference distribution for descriptive purposes
by definition a given fraction of the reference values is within the limits
are not decision limits, which are used for interpretative purposes

a reference interval
IS the interval below (or above) a reference limit
or between two reference limits
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90% REFERENCE INTERVALS

90% of the reference individuals are included
between the 5" and 95 centile of the reference distribution
..e. a 90% reference interval has a 90% specificity

this means that
5% of reference individuals show values unusually low
5% of reference individuals show values unusually high
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| 90%RI=p +1.64xG, )

DISTRIBUTION BASED
& DISTRIBUTION FREE
ESTIMATES

90%RI ={ x5, - Xgs5,, }

log xt~
Box&Cox

o 90%RI = gl (py21.64% 0 )
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distribution based

2 2
~ ) Z
V(xlOOp) =X £1+ £

N 2

V(%lOOp) SE(r)\chOOp)

1.00 1.00
1.35 1.16
1.82 1.35
2.35 1.53
2.17 1.66
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TOLERANCE LIMITS ARE AN ALTERNATIVE

Tolerance limits are limits within which we have a
prefixed confidence 1-a (e.g 1- o =95%) that a stated
proportion p of the population (e.g. p=90%) lie.

99%TL gy, = X£0.05K0,00S
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TOLERANCE LIMITS ARE AN ALTERNATIVE

A tolerance Interval tend towards the probability interval
as the sample size increases.

95%TLggy, = X£ g5K0.90S > Plggy =1t 2z54,0

n k
60 1.958
125 1.846
250 1.780
500 1.737
1000 1.709
+00 1.645
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AN

EXAMPLE
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REFERENCE POPULATION
MALES WITHOUT MICROALBUMINURIA

f(x)
0.40

MALES WITH
MICROALBUMINURIA

2.0

3.0

4.0

2.0

60 70 80 90 100 11.0 120
uric acid (mg/dl)
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VERY HIGH SPECIFICITY

with MA

S ~—
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100  11.0 120

uric acid (mg/dl)
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Sensitivity

LL
o
-

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Sp =0.995
Sn=0.35

CHARACTERISTICS CURVE

RECEIVER OPERATING

(ROC CURVE)

00 01 02 03 04 05 06 07 08 09 10

FPF = 1-Specificity
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HIGH SPECIFICITY

with MA

TPF=0.53

6.0 7.0 8.0 9.0 100 11.0

uric acid (mg/dl)
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Sensitivity

LL
o
-

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Sp=0.975
Sn=0.53

(ROC CURVE)

00 01 02 03 04 05 06 07 08 09 10
FPF = 1-Specificity
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MAXIMUM VALIDITY

with MA

2.0 3.0 4.0 2.0 6.0 7.0 8.0 9.0 100  11.0 120

uric acid (mg/dl)
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Sensitivity

LL
o
-

Metz, 1976

(ROC CURVE)

00 01 02 03 04 05 06 07 08 09 10
FPF = 1-Specificity
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TO SUM UP

As long as the reference limits are determined on the basis
of the frequency distribution of the values observed In a
reference population, their clinical validity will depend on an
external criterion, I.e. on their ability to distinguish subjects at
low risk of morbidity or mortality from subjects at high risk.
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QUOTH THE RAVEN

lim {Pr(death between ¢, and (¢, + 4¢)| SBP > 0)} =1

At—>+o0

Pr(death between ¢, and (¢, + 4¢)| SBP =0) =0 VAt

Respite - respite and nepenthe from thy memories of Lenore!
Quaff, oh quaff this kind nepenthe, and forget this lost Lenore!
Quoth the raven, “Nevermore.”

E.AP.

S.Milani Reference values (Roma 20.11.2008)




mﬂv .,.

i
R




