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NINETEEN SIXTYEIGHTNINETEEN SIXTYEIGHT

was a knife blade that severed past from futurewas a knife blade that severed past from future

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

In the In the autumnautumn ofof 19681968, in a , in a FinnishFinnish sauna on a sauna on a littlelittle islandisland west west 
ofof Helsinki, Ralph Helsinki, Ralph GrGrääsbecksbeck and and NilsNils--ErikErik SarisSaris, , sittingsitting at the at the 
side side ofof a a woodfirewoodfire and and talkingtalking aboutabout the the meaningmeaning ofof normalnormal
valuesvalues, , suddenlysuddenly sawsaw in the in the glowglow a a showershower ofof sparkssparks emittingemitting a a 
newnew conceptconcept: : 

REFERENCE VALUESREFERENCE VALUES
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1968: DON'T TRUST ANYONE OVER 301968: DON'T TRUST ANYONE OVER 30

……and the concept of normal valuesand the concept of normal values
was older, by far olderwas older, by far older
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580 BC: 580 BC: κλεοβιςκλεοβις καικαι βιτονβιτον

Delphi: (Archaeological Museum)
two κουροι
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22ee--xx
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In “Sur l'homme 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.

ADOLPHE QUADOLPHE QUÉÉTELET (1796 TELET (1796 –– 1874)1874)
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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.

THE METAPHYSICS OF NORMALITYTHE METAPHYSICS OF NORMALITY
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CLAUDE BERNARD (1813CLAUDE BERNARD (1813--1878)1878)
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Si l'on recueille l'urine d'un homme pendant vingt-quatre heures et 
qu'on mélange toutes les urines pour avoir l'analyse de l'urine 
moyenne, on a précisément l'analyse d'une urine qui n'existe pas; 
car à jeun l'urine diffère de celle de la digestion, et ces différences 
disparaissent dans le mélange.

Le sublime du genre a été imaginé par un physiologiste qui, ayant 
pris de l'urine dans un urinoir de la gare d'un chemin de fer où
passaient des gens de toutes les nations, crut pouvoir donner ainsi 
l'analyse de l'urine moyenne européenne!

EUROPEAN AVERAGE URINE (1865)EUROPEAN AVERAGE URINE (1865)
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CARL WUNDERLICH (1815CARL WUNDERLICH (1815--1877)1877)
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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 the axilla.

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.

ANOTHER SIXTYEIGHTANOTHER SIXTYEIGHT
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idealmost perfect in its class
conventionalcommonly aspired to

harmlesscarrying no penalty
fittestmost suited to survival

habitualcommonly encountered in its class
averagemost representative of its class

gaussianhaving gaussian distribution

NORMAL: WHAT DOES IT MEAN?NORMAL: WHAT DOES IT MEAN?
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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 INTERVALS90% REFERENCE INTERVALS

90% of the reference individuals are included
between the 5th and 95th centile of the reference distribution

i.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 = g-1(µg(x)±1.64 σg(x) )

90%RI=µx±1.64 σx )Y

log  x-1 √
Box&Cox

Y

N

g(x)~N(µg(x),σg(x))

?

x~N(µx,σx)
?

N
90%RI = { x5th - x95th }

DISTRIBUTION BASEDDISTRIBUTION BASED
& DISTRIBUTION FREE& DISTRIBUTION FREE

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

TOLERANCE LIMITS ARE AN ALTERNATIVE TOLERANCE LIMITS ARE AN ALTERNATIVE 
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A tolerance interval tend towards the probability interval 
as the sample size increases.

n k
60 1.958

125 1.846
250 1.780
500 1.737

1000 1.709
+∞ 1.645

TOLERANCE LIMITS ARE AN ALTERNATIVE TOLERANCE LIMITS ARE AN ALTERNATIVE 

σ±µ=⎯⎯ →⎯±=
+∞→ 10090%n90095090% PLs%TL95 ... zkx
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uric acid (mg/dl)

REFERENCE POPULATIONREFERENCE POPULATION
MALES WITHOUT MICROALBUMINURIAMALES WITHOUT MICROALBUMINURIA

MALES WITH MALES WITH 
MICROALBUMINURIAMICROALBUMINURIA
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uric acid (mg/dl)

withoutwithout MAMA
withwith MAMA

TNF=0.995TNF=0.995
TPF=0.35TPF=0.35

VERY HIGH SPECIFICITYVERY HIGH SPECIFICITY



S.Milani Reference values (Roma 20.11.2008) 29

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

TP
F 

= 
Se

ns
iti

vit
y

FPF = 1-Specificity

RECEIVER OPERATINGRECEIVER OPERATING
CHARACTERISTICS CURVECHARACTERISTICS CURVE

(ROC CURVE)(ROC CURVE)

SpSp = 0.995= 0.995
Sn = 0.35Sn = 0.35
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withoutwithout MAMA
withwith MAMA

uric acid (mg/dl)

TNF=0.975TNF=0.975
TPF=0.53TPF=0.53

HIGH SPECIFICITYHIGH SPECIFICITY
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TNF=0.84TNF=0.84
TPF=0.84TPF=0.84

uric acid (mg/dl)

withoutwithout MAMA
withwith MAMA

MAXIMUM VALIDITYMAXIMUM VALIDITY
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TO SUM UPTO 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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( ){ } 1 0SBP|)( and   between  death 00 =>+
+∞→
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QUOTH THE RAVENQUOTH THE RAVEN

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.A.P.
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THANK YOU THANK YOU 
VERY MUCH FOR VERY MUCH FOR 

YOUR KIND YOUR KIND 
ATTENTIONATTENTION


