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Reference Interval

Statistical description of a well definde population

* Reference individuals

* Reference values

* Reference distribution (of reference values)
e Reference interval

e Reference limits

Decision limit
* A value for which consequences are different
for measurements below and above this limit

Note that reference limits

are never decision limits Unless you define it
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Common Reference Intervals

Prerequisites for common reference intervals

Biological: Homogeneous groups

* The biology must be common (racial, environmental, gender/age, etc.)

» The state of health for the reference individuals must be defined

* The sampling conditions, materials and storage conditions must be
standardised

Analytical: Transferable measurements

e The quantity (component) must be well defined

It must be traceable to a reference preparation or method

« Analytical bias and imprecision must be within acceptable limits

e The analytical method must be specific without interfering factors

* The analytical method must be controlled by commutable control
materials

Hyltoft Petersen et al. Clin Chem Lab
Med 2001;39:1146-53 3



(Common) Decision Limits

Common decision limits recommended by
International expert groups

National expert groups

Local expert groups

Biological: Homogeneous groups
* The biology must be common (racial, environmental, gender/age, etc.)

Analytical: Transferable measurements

e The quantity (component) must be well defined

It must be traceable to a reference preparation or method

« Analytical bias and imprecision must be within acceptable limits

e The analytical method must be specific without interfering factors

e The analytical method must be controlled by cumutable control
materials



East Asian reference values

Serum-CRP
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Borrowed from Kiyoshi Ichihara, MD Ph D, Yamaguchi University (Japan)
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East Asian reference values

Median Serum-Alanine Aminotransferase

Tokyo M M&.Q.D .-
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Borrowed from Kiyoshi Ichihara, ALT
Yamaguchi University (Japan) 6



Criteria for Partitioning

When to partition
reference intervals
according to subgroups,
e.g., gender, pregnancy,
racial groups etc. ?

Lahti et al. Clin Chem 2002:48:338-52
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Criteria for Partitioning

Distribution a Distribution b

3.0 2. 0/4 1.0 2.0 3.0

Standard dewate units

Lahti et al. Clin Chem 2002:48:338-52



Criteria for Partitioning

Difference between two upper
or lower limits

< 0.25=s: No partitioning
0.25 - 0.75*s: Variable

> (0.75+s: Partitioning

or percentage: 0.9 and 4.1 %

Lahti et al. Clin Chem 2002; 48:338-52




The Nordic project on common reference intervals

Count

Ca, Fresh Plasma
Rustad: www.furst.no/norip/

70 -

& — Female, N=605
-~ Male, N=565

50 -

“ -

4.121.1%

1.8 19 22 23 24,/28 28 27 28

Conc. (mmol/L)
2.1520.01 2.4820.01

Rustad & Felding (eds) Scand J Clin Lab Invest 2004;64:263-441
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The Nordic project on common reference intervals

Uric acid, Frozen Serum

120 - Rustad: www.furst.no/norip/

— Female, N=1370
100 ~ — Male, N=1217
80 4
k=
g 60 - +1 o
3 4.7%0.9% 5.0%1.0%
40 -
20 - 0.3%0.1%
+ 0
o JUVA . .0'1‘.0'1 fu. :
50 100 153\200 250 300 350 40 450 500 550
Conc. (Lmol/L)
161.9%5.3 440.8%7.1

Rustad & Felding (eds) Scand J Clin Lab Invest 2004;64:263-441
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Criteria for Partitioning

How does the number of
reference individuals
In each subgroup
Influence on the criteria ?

How does the prevalence
of subgroups
Influence on the criteria ?

Lahti et al. Clin Chem 2002:48:1987-99
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Criteria for Partitioning - prevalence

Probability ;.

density

Frequency
distribution i

c

Frequency |
distribution ::.

Equal numbers
In the two

s groups

Study group:
Group 1: 1300
Group 2: 1000

Prevalence of
Group 1 =0.25
at application

Lahti et al. Clin Chem 2002:48:1987-99
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Criteria for Partitioning - prevalence

S"""‘fedenPl:npulatin:m

‘ P sweden,Project= 42%

P Sweden, Population = 3.3% E

: ‘ Norway
- 4——-‘;‘

Lahti et al. Clin Chem 2004:50:891-900
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Rankit-transformation 1

Reference population: Gauss-distribution

Gaussian distribution
Frequency distribution
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Rankit-transformation 2

0.4 1 Gaussian distribution

Frequency distribution
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Frequency
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Rankit-transformation 3

,‘
3 - 0o 1

Gaussian distribution
Frequency distribution

2 3

Gaussian distribution
Cumulated frequency

w
o
=

2 3|Cumulated

Transformation of
the ordinate so
that the S-shaped
curve becomes a
straight line

When the cumulated
frequency shows up
as a straight line, the
distribution can be
considered Gaussian

frequency
o4
2'2%1°®  Gaussian distribution
- RANKIT
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Probability paper




Probability paper (exercise)

Parameter Concentration Probability Rankit
Mean p 8 50 % 0
Standard 2

deviation ¢

u—1.96*c ca. 4 2"2% -1.96
u+ 1.96*c ca. 12 972 % + 1.96

Estimate the probabilities for the concentrations

5
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%
98
80
50
20

Probability paper

82 %

x-value (5.0)

NORMDISTRIBUTION

mean value (8.0)

Mean

Mezan standard deviation (2.0)
= .
3 cumulation (1)
A [ NORMFORDELING
% |5 =5
Middelyaerdi |B E: &
Standardafy |2 E: z
Kumulativ 1] = SAND

returneres punkksandsynligheden,

= 0.066507225
Returnerer normalfordelingen For den angivne middelzerdi og standardafvigelse,

Kumulativ er en logisk vaerdi, Hyvis SAMND returneres fordelingsfunktionen, Hyvis FALSE

10 15 20

n ’Iean @ Formelresultat = 0,066307229 OK Annuller
—2 Result: 0.07 =7 %
| | |
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Probability paper

%

99 %

NORMINV

probability (0.99)
mean value (8)
standard deviation (2)

MORMINY

sandsynlighed |0.93 = 0.99
Middelvaerdi |8 E= 3
Standardafy |2 E: 2

= 12 65268386
Returnerer den inverse fordelingsfunktion For normalfordelingen For den angivne middelaerdi
o standardafvigelse.
Standardalv er standardafvigelsen (et positivt kal) for den stokastiske variabel.

@ Formelresulbat = 12,65268336 0]4 | annuller

Result: 12.7




Probability paper (exercise)

Plot the points

X-value (concentration) Percent (%)
7 2 %
9 10 %
11 48 %
13 80 %
15 98 %
Estimate

Mean value

u—1.96%c

u+ 1.96xc

Standard deviation




%
98
80
50
20

Probability paper

‘ Cumulated percentage frequency
. 97 %
= Z 15,98%
B 80%
50 5%
B 11,48%
- 2% %
e 7
8 s=8/4=2
\ 4
| | | |
0 5 1011.9 15 20 25



%
98
80
50
20

Probability paper

— O 6,99%
— 0 5,98%
. 04,93.5%
By 0 3,75% |n
:_ 0 2,43%
0 1,3%
| | | | | | | | | |
0 2 3 4 5 6 7 8 9 10 11
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%
98
80
50
20

Probability paper

— O 6,99%
— 0 5,98%
. 04,93.5%
By 0 3,75% |n
:_ 0 2,43%
0 1,3%
| | | | | | | |
0 2 3 4 5 6 05 1.0 15
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Serum-Prealbumin

Cumulated Percentage Frequency
PROBIT

50 | S-Prealbumin Parallel straight lines

95 _
90 _

80 _
60_] Women below 50 (-E)

30 Others

log-scale
——————————————————r—r—]
-0.70 -0.60 050 -0.40 030 log gL
e ey ————1
0.2 03 0.4 05 g/L

Blaabjerg et al. Upsala J Med Sci 1994;99:315-38
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Criteria for reference individuals

The rule-out criteria for reference
Individuals are different for
different quantities

For plasma-proteins:
High CRP, high SR, M-component

For fasting plasma-glucose:
First generation DM and related diseases

For thyroid components:
Age, gender, family history etc.

Ritchie & Palomaki. Clin Chem Lab Med 2004:42:702-9
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Serum-Prealbumin

Cumulated Percentage Frequency
PROBIT

09 _

95 _
90 _

80 _

S-Prealbumin

M-Component

Individuals with

CRP > 10 mg/L "
are decreased i
= N Sedimentation Rate
A
(Others) log-scale

R e
-0.70 -0.60 -0.50 -0.40 030 logg/L
l v v L Y ' T T ) T ' T v T T l

0.2 03 0.4 05 g/L

Blaabjerg et al. Upsala J Med Sci 1994;99:315-38
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Comparison of Proteins

Comparison of Orosomucoid Values
Caucasians and Asian Indians in Leeds

Cumulative percentage frequency

3
1 99 1.7+s
2 95 .
1. Asian . gg (>0.75s)
T Indians 1 Partitioning
c 0 50 -
g7 - according
-1 42 to Lahti
_2 | 1°
| 06 | 10 12gL|*
-3 e r————————

-0.8 -06 -04 -0.2 0.0 0.2 04 In-scale
Concentration (In g/L)

Johnson et al. CCLM 2004;42:792-9
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Comparison of Proteins

Comparison of Orosomucoid Values
Caucasians and Asian Indians in Leeds

Cumulative percentage frequency

3

, | Confidence —~4»" f_~ 99
1

0

limits ——— - gg

Rankit

-0.8 -06 -04 -02 00 0.2 04
Concentration (In g/L)
Johnson et al. CCLM 2004;42:792-9
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Comparison of Proteins

Comparison of Antitrypsin Values
Caucasians and Asian Indians in Leeds

Cumulative percentage frequency

3

i ~ oo
N /s
1
0

80

= / 4
';‘% “z 150
ad 1 Caucasians / 120
-1 | 7/ |10
) A /Lo °
I o3 ‘ ‘ 12 14 16 g0 |1

-04 -02 00 02 04 06 0.8
Concentration (In g/l)

Johnson et al. CCLM 2004;42:792-9
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Comparison of Proteins
Distribution of a,-Antitrypsin genotypes

Cumulated Percentage Frequency

PROBIT
99 _|
95 _ Percentage of
% N subgroups in
70 Denmark 1990
60 _|
107 MM 89 %
o MS 7 %
5 | V
1 MZ 4%

| ' [ ' | ) | i 1 ' I |

0.16  -0.08 0.00 0.08 0.16 0.24 032 logg/L
| I | | I I | | T 17 v 1 i

07 08 09 10 11 12 13141516 18 20 22 gL

Lund et al. Upsala J Med Sci 1994;99:339-46
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Comparison of Proteins

Comparison of Antitrypsin Values
Caucasians and Asian Indians in Leeds

Cumulative percentage frequency

]
o0
S

Rankit

| Caucasians

Ly
N
S

-04 -02 00 02 04 06 0.8
Concentration (In g/l)

Johnson et al. CCLM 2004;42:792-9
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Plasma-Glucose
Low risk population

Invited population (social security no) 2100

Responders 755
Diseased 29
At risk 290

(First-generation diabetes relatives, Hypertension,
Cardiac diseases, Indicrine diseases, etc.)

Increased HbA, - 12
Low risk population 424

Jargensen et al.Scand J Clin Lab Invest 2001; 61:181-190.
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Plasma-Glucose

Low risk population

10 %
P-GlUCOSE > 7.0 mmol/L
Distribution(s) of Reference Values
Cumulated Frequency;
3 -
& 2 Fraction 0.975 P9
g 1 { 1¥'generation 1 0.90
o — 0.70
a 0 - 0.50
. : —1 0.30
£ +40.10
S 5 Hypeltehsiﬂn mmol/L. 1
1., 50 60l 70 80 |00

14 15 16 1.7 1.8 1.9 20 21 22
FPG, In of mmol/L

Jargensen et al.Scand J Clin Lab Invest 2001; 61:181-190.
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Plasma-Glucose
Low risk population

P-Glucose
Distribution(s) of Reference Values
Ideal DiStl‘iblltiDIl Cmnlﬂated Frequenc};
3 7
& 2 Fraction 0.975 :CI',99
=1 ] HbA]Cc:GB ' 10-90
O ; y 0.70
o 0 | 0.50
2 4 ] | 210.30
€ § / +0.10
Y -2 - §
2 W 0.01
-3

1.4 15 16 1? 18 19 20 21 22
P-Glucose concn. (In of mmol/L)

Jargensen et al.Scand J Clin Lab Invest 2001; 61:181-190.
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Rankit (Probit - 5)

Rankit (Probit - 5)

Plasma-Glucose - Low risk population

P-Glucose P-Glucose
Distribution(s) of Reference Values Distribution(s) of Reference Values
Gender Cumulated Frequency 5 Age Cumulated Frequency
3
9 -10.99 G d & 2 Jfraction 0.975 —0.99
;] Ao.00 e n e r - 1] 40.90
Ho.70 ° Jo.70
0 1050 L 01 Ho0.50
1030 2 1] —0.30
-1 - ':'I':' [ - i E 010
2 mmolL, & 2] mmol/L. 3
f 5[(? ] i '|4 an':l E:ﬂn 001 3 | 5|0 | 6[O '\4 ?fo | 8|0 ! 100
14 15 16 17 18 19 20 21 22 14 15 16 17 18 19 20 21 22
FPG, In of mmol/L FPG, In of mmol/L
P-Glucose g
Distribution(s) of Reference Values _ o
Glucose, Fasting, Plasma, Fresh, Age variation
FPG by BMI Cumulated Frequency ,
3 1
1 Fraction 0.975 0.99 2 f_/;/--/
2 : s ) )Y B
11 0.90 . f/// A/ =
; 0.70 BMI _, )z
0 0.50 i 7 i
1 0.30 s, .
R <010 A7 =
"2 L. + Joor ”/'/
5] . 5."0 .' 6_‘.() Cw.flJfl .-;0 Il‘mn‘oFL‘ : 73‘
14 15 16 1.7 18 19 20 21 22 ol

In-FPG, mmol/L

Jargensen et al.Scand J Clin Lab Invest 2001, 61:181-190.



Serum-TSH
Low risk population

Rankit n =315, 95% CI
3T

2,

TSH, men < 40 years according to NACB TSH, men and women, 17 to 66 years

Rankit n =987

y No Auto-antibodies

Same reference
interval:
0.58 —-4.1 mIU/L

Test values (Lahti):
Young men older women
Lower: 0.31 Upper: 0.15

<< 0.75

Jensen et al. Clin Chem Lab Med 2004: 42:824-32.
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Reference interval for serum-Testosterone

Healthy young men 20 — 29 years

Non-obese: Obese: |
S(|n) = 0.275 S(In) = 0.301 Reference interval for serum-testosterone

Low er Upper
- . . reference limit reference limit
Difference: Low High = 12.5 nmol/L = 37.6 nmol/L

0.351 0.249

Ratio: 1.275 0.906
Partitioning

Obese

15 3

2.5

In(nmol/L)

27 20

Nielsen et al. J Clin Endocrin Metabolism 2007:;92:2696-705
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Reference interval for serum-Testosterone

Rankit Cumulated percentage

3.0

. \ 4 - v
ItIIII|IIII|IIII|IIII| I|I| I|I|I|I|I|I|I|I| I|I|I|I| | | | | || |||||||
6 8 10 12 15 20 30 40 50

Total testosterone, nmol/l (log scale)

Nielsen et al. J Clin Endocrin Metabolism 2007:;92:2696-705
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Composite distributions
Theory - Model

Composite distributions

0.25 e Distribution B = 0.8

e Distribution A = 0.2

Frequency
o

Combined

Prevalence of A = 0.2

Concentration

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 41



Composite distributions

Rankit Combined distributions
Theory ’ EDistributi::R

P ~—

Model °}

In-concentration

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 42



Composite distributions

Combined distributions

Rankit
Theory ’ Distribution Ey
2 4 _
Model | /Comblned
" Preval -
/ reva ency Fro
0+ 0.20 e
-/ s
A1 ]
g —10 %
2 J Distribution A -
| =
-3_1 I J 1
0 2 4 5 .

In-concentration

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 43



0.30 1

0.25 |

Composite distributions ..

c
(]

5 0.15 }
o ]
o ]
= 0.10

TPOAD, n = 1442

0 1 2 3 4 G - s

TPOAb 3 LI m— m— :
Model

08— 39 %
D ata L by @B z
— T - E
p ¥ GO — g % =
and 1 g oo 2
= _._*' — -ﬂ_.l'_
= 7 —170% =
= 5 - o
o e = .......................................... — 5'] % .:_E
’ 2
—t 30 % =
- ]
AR S RO
—t 10 %
Antibody, mean(®= 3,9,s(®)=2 =
2 Healthy , mean(B)= 1,52 ,s(B)= 0,4._ %
Combined 1 , Prevalence= 0,15 1
e TPOAb —1 1%
3 : : : : :
1 3 10 30 100 300 1000 TPOAbD kIU/L

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 44



Composite distributions .-
Testing of fit for TPOAD

Frequency
o
|_\
(03]

0.00 1

Residual plot, TPOAb, n =1442,
A (frequency-model)

0,06

Difference between
data and model

g

dﬁerence

Rankit

Petefge
o
C =)
o

()
ff == Antibody , mean(A) = 3,9, S(A)= 2 =

-0,04

Healthy , mean(B) = 1,52, s(B) = 7: 1%
04

__ I I I I I I
3 ! ! ! : ! ' (] 1 2 3 4 5 6 7 8
1 3 10 30 100 300 1000 TPOADb kIU/L

In TPOAb

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 45



Composite distributions

Upper TPOAb, n = 1442
reference o 1 2 3 4 s \
limit = ++ A 0
10 kIU/L |, ’
&
=
1 5
Reference 5
distribution | ° S
i | "
— ody , mean{® = 3,9,s{A)= 2 = |
2 i gthy , mean(B)= 1,52, s(B)= 0,4 _3
; ( bined 1, Prevalence= 0,15
‘ o =Is :14] —_ 1 %
3+5— ————+—
1 3 10 30 100 300 1000 TPOAb kIU/L

Jensen et al. . Clin Chem Lab Med 2006:44:991-8
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Composite distributions
In the TPOADb example

Upper reference limit is part of the
description of a low risk population
based on mean + 2:s of In-values
(10 kIU/L cutting 22 %)

Decision limit is chosen as
mean + 3:s of In-values in order to
keep false positives below 0.2 %
(15 kIU/L)

Jensen et al. . Clin Chem Lab Med 2006;44:991-8 47



Bi-modal and uni-modal decision models

Nondiseased ‘ Bimodal ‘

Diseased

Cutoff Point

‘ Unimodal ‘
Low Risk

High Risk

Decision Point

Hyltoft Petersen P, Hgrder M. Arch Pathol Lab Med 1988; 112: 435-43 4g



Bi-modal model

Prevalence is independent

of Cut-off
Healthy or

non-diseased

FP

Diseased or
pre-diseased

Galen & Gambino. Beyond Normality. Johv Wiley & Sons. New York 1975

49



Prevalence 55 %

Prevalence 25 %

Uni-modal model

Male serum-cholesterol

qu 25P

390 mg/100m1

Prevalence is

100 -

90

80 -

6.2 mmol/L

dependent on
Cut-off

70

60

50 -

40

30 4

X af or above givel Cholesterol

20 4

7.0 mmol/L _

10 4
0 4 - h
4 5 6 7 B 9
mmol/1

Tunstall-Pedoe et al. Lancet 1989: 1:540-2
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Uni-modal model
Diagnosis of Diabetes

Decision Limit
7.0 mmol/L
Reference Interval

= —————————————————
4.5 mmol/L, 6.4 mmol/LL

7.8 or 8.0
mmol/L

6.1 mmol/L

14 15 16 1.7 18 19 20 21 22
P-Glucose (In of mmol/L)

Hyltoft Petersen et al. Scand J Clin Lab Invest 2001; 61:191-204
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Diagnosis of Diabetes

Probability of FPG > 7 mmol/L

Probability 55 function of biological set-point
1.0

0.9
0.8
0.7
0.6
0.5

CVuithin-subject = 9.7 %

Example <« 50 %

04 6.8 mmol/L

0.3 [ ] [ ] [ ] [ ]

0.2 Decision limit

0.1 = 7.0 mmol/L

00 L L L L L LB B L L L L L L | B B R e L S S B s |
5 9

Biological set-points g

Jargensen et al. Int J Risk Assessment and Management 2005; 5:358-73.




Diagnosis of Diabetes

Probability of FPG > 7 mmol/L

Probability a5 function of biological set-point
1.0
0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1
0.0

1 measurement

50 %

Example
6.8 mmol/L

< 25 %

2 measurements

Biological set-ppint (Glucose mmol/L)

Jargensen et al. Int J Risk Assessment and Management 2005; 5:358-73.




Bi-modal and uni-modal decision models

Nondiseased ‘ Bimodal ‘

Diseased

Cutoff Point

‘ Unimodal ‘
Low Risk

High Risk

Decision Point

Hyltoft Petersen P, Hagrder M. Arch Pathol Lab Med 1988; 112: 435-43
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Bi-modal Distributions

Frequency distribution

Frequency Distributions for two Distributions P re -Va I e n Ce : O n 1 6 7

25.0 ;

Prevalence 0.167
Gauss 1: n = 300

mean-1 = 25 Minimum

[ A S s-1=5

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu «ass2n- 00 | Misclassifications: 4.9 %

] mean-2 = 45
I SETETTEY SPPPRREY | R PP PP PPPPPPPY s-2= 12

e Minimum at 36.7 U/L

0O 10 20 30 40 50 60 70 80

Concentration
FP and FN (fraction of all) Prevalence, FP, FN and sum (percentage of all)
1.0 o
= ] C : off Prevalence 0.167 Prevalence 0.167
© E ut- C =
%5 0.8 - TN - R Gauss 1: n = 300 Gauss 1. n = 300
c 1= 25 mean-1 = 25
oot N mean- = s-1= 5
8 s-1=5 Gauss 2: n= 60
= 04 FP EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE = Gauss 2: N = 60 mean-2 = 45
R . s2= 12
e E e Sum FP+FN
o Min sum (%) = 4.9
w e Cut-off = 35 Min at 36.71

50 Prevalence and
Concentration Concentration Optimum of sum




Bi-modal Distributions

Weighting FP and FN

FP: weighting-factor 0.4
FN: weighting-factor 2.0

Minimum sum: 7.1 Units
Minimum at 33.3 U/L

Pre-valence: 0.167

Minimum
misclassifications: 4.9 %

Minimum at 36.7 U/L

Prevalence and sum of weighted FP and FN

S0 Prevalence 0.167

£ 40 Gauss1 WFFP 0.4
- mean-1 = 25
° s-1=5
Z e L Gauss 2 WF FN 2
< e mean-2 = 45
5 201 s2= 12
& e Sum FP+FN
£ 10 El Min sum = 7.1

0 ] Min at 33.28

20 25 30 35 40 45 50 Weighted FP and FN

Concentration

and Optimum of sum

FP, FN or sum (% of all)

20.00

15.00

10.00 esmermmennmme e nnrn e

5.00 -

000 =77 .

Prevalence, FP, FN and sum (percentage of all)

Prevalence 0.167
Gauss 1: n = 300
mean-1 = 25
s-1=5
Gauss 2: n= 60
mean-2 = 45
s-2= 12
e Sum FP+FN
Min sum (%) = 4.9
Min at 36.71

30 35

Concentration

50 Prevalence and

Optimum of sum




Bi-modal Distributions

Weighting FP and FN
FP: weighting-factor 0.4 FP: weighting-factor 0.4

FN: weighting-factor 2.0 FN: weighting-factor 8.0_

Minimum sum: 7.1 Units
Minimum at 33.3 U/L

Pre-valence: 0.167

Minimum sum: 19.2 Units

Minimum at 29.2 U/L

WFP or WFN or sum

Prevalence and sum of weighted FP and FN

a
o

A
o

w
o

N
o

=
o

o

Prevalence 0.167
Gauss 1 WF FP 0.4
mean-1 = 25
s-1=5
Gauss 2 WF FN 2
mean-2 = 45
s-2= 12
= Sum FP+FN

Min sum = 7.1

Min at 33.28

30 35 40 45

c g Weighted FP and FN
and Optimum of sum

Concentration

WFP or WFN or sum

Prevalence and sum of weighted FP and FN

50 -

======================= s-2= 12

Prevalence 0.167
= Gauss 1 WF FP 0.4
mean-1 = 25
s-1=5
Gauss 2 WF FN 8

mean-2 = 45

e Sum FP+FN
Min sum = 19.2
Min at 29.22

Concentration

20 25 30 35 40

45

" 5o Weighted FP and FN

and Optimum of sum




Frequency

Cumulated frequency

Rankit

o Gaussian distribution
3 Frequency distribution
2
1 Transformation of
0 the ordinate so
3 o 1 2 3
1 that the S-shaped
8 Gaussian distribution curve be‘_‘ome_s a
6 Cumulated frequency straight line
4
‘1 When the cumulated
T T T s comuated frequency shows up
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Comparison of Proteins

Comparison of Antitrypsin Values
Caucasians and Asian Indians in Leeds
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Bi-modal Distributions
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