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Overview

You are a medical doctor, and you want to know, if an addi tional 
test will help you to decide and help your patient
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Statement

Evidenzbasierte und transparente Informationen sind in  einer 
Demokratie zu fordern. Die Gesellschaft muss lernen, 
intelligenter mit Risiken und Unsicherheiten umzugehe n. Dazu 
ist mehr statistische Kompetenz zur Beurteilung von 
Wahrscheinlichkeiten nötig. 

Gigerenzer Journal of the National Cancer Institute, doi : 
101093/jmc/djp237 / NZZ vom 19.08.2009
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Take Home Message

Der Wert eines Testresultates kann nur im Kontext der Vor- und 
Nachtest-Wahrscheinlichkeiten korrekt beurteilt werden.
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Overview

Additional Test Examples: 

hsCRP
ankle brachial index
atherosclerosis imaging
brachial flow mediated dilation
oculostenosis and myocardial ischemia
colonoscopy
prostate cancer tests
Harvard Risk Questionnaire

we can discuss other examples at hand ...
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Overview

Statistical Methods Overview (1)

Each test can be correct

in non diseased true negative (TN)
in diseased true positive (TP)

Each test can be wrong

in non diseased false positive (FP)
in diseased false negative (FN)
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Overview

Statistical Methods Overview (2)

Based on TP, TN, FP, FN we can define

Sensitivity, Specificity, Positive Predictive Values e cc.
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Overview

Statistical Methods Overview (3)

Statistics in Medicine

SE = TP / (TP+FN) 

SP = TN / (TN + FP) 

PPV = TP / (TP + FP) 

NPV = TN / (TN + FN) 

pLR = SE / (1 – SP) 

nLR = (1 – SE) / SP 

ACC = (TP+TN) / (TP + TN + FP + FN) 
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Overview

Statistical Methods Overview (4)

Prevalence of disease
posttest risk for a disease

Statistics in Medicine

PTP pos: (PV x SE) / [PV x SE + (1 – PV) x (1 – SP)] 

PTP neg: [PV x (1 – SE)] / [PV x (1 – SE) + SP x (1 – PV)] 

PTP pos = post-test probability for a disease if the test is positive [pathologic]; PTP neg = post-test 

probability for a disease if the test is negative [normal]; PV = pretest probability [or prevalence {PV}] 

for a disease; SE = sensitivity; SP = specificity.)  
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Overview

Statistical Methods Overview (5)

(1) Independent comparison with a golden standard
(2) Large spectrum of pretest probabilities 
(3) Ability to change clinical decisions
(4) High reproducibility
(5) Validation in several populations
(6) High accuracy to discriminate subjects with and without disease
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Overview

Statistical Methods Overview (6)

How can we judge, if a test gives additional information
based on statistics ?

we can use: 
relative risk, odds ratios in multivariate analysis
ROC analysis, area under the curves
posttest risk calculations leading to reclassification s
Net Reclassification Improvement (NRI)
Integraded Discrimination Improvement (IDI)
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Overview

Statistical Methods Overview (7)

What is the problem with different statistics?

ROC analysis may frequently give no additional benefit, 
reclassification systems may improve clinical decisions

... In the same study
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Examples
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Examples: hs CRP (1)

hs CRP for improved prediction of myocardial infarction in 
Primary Care (men)

The Reynolds Risk Calculator in Comparison to NCEP III  

REY NCEP

ROC 71% 70%
NRI 5 % n.a.

However: 
this modest improvement was not for hs CRP alone, but  for hs CRP 
plus family history of CAD !
The same thing in women
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Examples: hs CRP (2)

Using the Reynolds calculator: how much is risk determin ed by
hs CRP in men and women ?

Age 65, Cholesterol 6.0 mmol/l, HDL 1.0 mmol/l, BP 14 0 mm Hg
No other risk factors

10 year risk 10 year risk
men women

CRP 1.0 7.6 2.6
CRP 3.0 8.5 3.2
CRP 6.0 9.1 3.6
CRP 12.0 9.7 4.1

PROCAM 16% 16%
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Examples: FMD (1)

MESA study, Circulation 09/2009: 

Receiver operating characteristic curves for 
FRS (AUC=0.74)
brachial FMD (AUC=0.65)
FRS+FMD (AUC=0.74) 

to predict incident CVD events (N=183) in 2843 subj ects.
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Examples: FMD (2)

MESA study, Circulation 09/2009: 

NRI: FMD in non diseased reclassified correctly to 
higher risk = 167
to lower risk = 1644
NRI = 52%

FMD in diseased reclassified incorrectly to
higher risk = 32
to lower risk = 74
NRI = -23%

Global NRI = 29%, p<0.001
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Examples: ABI (1)
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Examples: ABI (2)
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In this study, we have no idea about pretest probability, 
Therefore, the additional value of ABI can not be calcula ted
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Examples: Posttest Risk (1)
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Examples: Posttest Risk (2)

Statistics in Medicine

N % p
All 213 100
Women 101 47.4
Age + 1 SD (years) 59±9
LDL <3.4 mmol/l and CRP > 2.0 mg/l 28 13.1
AGLA Risk mean + 1 SD % 4.3±5.1
LDL Intervention AGLA 26 12.2
LDL Intervention REY 22 10.3 0.54
LDL Intervention TROMSO 55 25.8 0.0003
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Examples: Posttest Risk (3)

Statistics in Medicine

Calculator for posttest risk using the Tromso cohor t
These results are derived from the TROMSO study, with 2989 men and 3237 women
Mean observation time 6.0 years, incident myocardial infarctions: N=295
Posttest Risk Calculations are exemplified for a AGLA risk of 10%

TPA MEN TPA Zero TPA WOMEN TPA Zero
0 PRETEST PROBABILITY 0.100 0 PRETEST PROBABILITY 0.100

SENSITIVITY 0.690 SENSITIVITY 0.790
SPECIFICITY 0.500 SPECIFICITY 0.570
RESULT 0.064 RESULT 0.039

TPA Tertile 1 TPA Tertile 1
1 - 24 PRETEST PROBABILITY 0.100 1 - 18 PRETEST PROBABILITY 0.100
 SENSITIVITY 0.690  SENSITIVITY 0.790

SPECIFICITY 0.500 SPECIFICITY 0.570
RESULT 0.133 RESULT 0.170

TPA Tertile 2 TPA Tertile 2
25 - 49 PRETEST PROBABILITY 0.100 19 - 35 PRETEST PROBABILITY 0.100

SENSITIVITY 0.550 SENSITIVITY 0.670
SPECIFICITY 0.670 SPECIFICITY 0.730
RESULT 0.156 RESULT 0.216

TPA Tertile 3 TPA Tertile 3
50 + PRETEST PROBABILITY 0.100 36 + PRETEST PROBABILITY 0.100

SENSITIVITY 0.300 SENSITIVITY 0.410
SPECIFICITY 0.840 SPECIFICITY 0.880
RESULT 0.172 RESULT 0.275
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Examples: Posttest Risk (4)
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Distribution of Risk Categories (%)
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Examples: Posttest Risk (5)

Statistics in Medicine

Reclassification of Risk Categories 
(comparison to AGLA)
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Examples: Posttest Risk (6)

Statistics in Medicine

Posttest risk calculations allow for risk modification
Shifts from low to intermediate, from intermediate to high,  from high 
to low ecc may occur

If in sequential testing a relatively large number of subj ects is shifted
in to anothzer risk category, then this additional  tes t is useful
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Examples: MPS (1)

Statistics in Medicine

Diagnostic accuracy of MPS variables to detect 6 year ris k for MACE 
(myocardial infarction, cardiac death) in N=519 subject s
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Examples: MPS (2)
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Examples: MPS (3)
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Examples: MPS (4)

Statistics in Medicine



Michel Romanens, 08/2009

Examples: MPS (4)
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Examples: Oculostenosis and Ischemia
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Examples: Oculostenosis and Ischemia
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Examples: Oculostenosis and Ischemia
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Examples: Oculostenosis and Ischemia
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Examples: Oculostenosis and Ischemia
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Examples: Colonoscopy
And Prostate-Cancer Check-up (1)
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Examples: Colonoscopy
And Prostate-Cancer Check-up (2)

Statistics in Medicine
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Examples: Prostate Cancer Screening (2)

Statistics in Medicine

59 Prozent der Befragten überschätzten den Nutzen einer  
Früherkennung von Prostatakrebs mindestens um den Fakt or zehn. 
Es gibt zwar viel weniger Untersuchungen als zu Brustkr ebs.
Aber eine europäische Studie hat errechnet, dass mit 
Vorsorgeuntersuchung 3 von 1000 Männern an Prostatakrebs  
sterben. Ohne Untersuchung seien es 3,7, also knapp ei ner mehr. 
Eine amerikanische Studie konnte gar keinen Unterschie d
zwischen den beiden Gruppen feststellen. Falsche Tes tergebnisse 
und unnötige Behandlungen kommen auch hier häufig v or.
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Examples: Breast Cancer Screening (1)

Statistics in Medicine

Bei 50 bis 200 der untersuchten Frauen im Laufe der zeh n Jahre 
fälschlicherweise ein positives Ergebnis bekommen.
Zwischen zwei und zehn von ihnen werden unnötigerwei se 
behandelt oder sogar operiert. Insgesamt sterben außerdem  
genauso viele Frauen in der Gruppe, die zur Früherkennung  geht, 
wie in der anderen. Woran das genau liegt, wisse man  nicht, sagt
Gigerenzer. Möglicherweise sterbe für die eine Frau, di e den 
Brustkrebs überlebt, dann eine andere Frau als Folge i hrer 
Behandlung. So könnte etwa eine Operation wegen eines  
Blutgerinnsels tödlich enden.



Michel Romanens, 08/2009

Examples: Breast Cancer Screening (2)

Statistics in Medicine

Von 1000 Frauen, die nicht zum Brustkrebsscreening geh en, sterben 
in einem Zeitraum von zehn Jahren etwa fünf an Brustkre bs. Lassen 
die Frauen jährlich eine Mammografie machen, verringert sich die 
Zahl auf vier. 20 Prozent bedeutet in diesem Fall als o eine von 
tausend.
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Examples: Breast Cancer Screening (3)
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Risk: absolute versus relative (1)

Statistics in Medicine

Prävalenz = Häufigkeit eines Merkmales in der Populati on
Inzidenz = Auftreten eines Merkmales über die Zeit

Relativ = von 1:1000 auf 2:1000: Zunahme 50% !

Relativ hohes Risiko kann absolut betrachtet völlig  irrevant sein

Bei Screening Tests ist zu fragen: 

Wieviel pro Tausend getestete werden weniger sterben Da nk dem 
Test. Beim Brustkrebs ist es 1:1000. Das heisst nicht ,  dass solche 
Tests nicht durchgeführt werden sollen; hingegen soll te die Vortest-
Wahrscheinlichkeit genügend hoch sein, um solche Te sts 
durchzuführen
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Risk: how simple questions help further

Statistics in Medicine

Harvard Public Health Questionnaire exemplified for
Colorectal cancer in a man aged 57 years: 

Connect to the Internet or go to next slide
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Risk: how simple questions help further

Statistics in Medicine

Harvard Public Health Questionnaire exemplified for
Colorectal cancer in a man aged 57 years: 
No previous Cancer
No Family Hx of colorectal cancer
172 cm, 94 kg
No regular aspirin intake
No inflammatory bowel disease
> 3 servings of red meat per week
2 servings of alcohol per day
<1 milk serve per day
No calcium supplements, multivitamins
< 3 hours physical activity
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Colon cancer risk: small risk reduction

Statistics in Medicine

Net Result + Coloscopy
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Colon cancer risk: low risk with life style
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Risk: absolute versus relative (2)

Statistics in Medicine

10 Jahres absolutes Risiko: 
CH-Sterbeziffern in Prozent (linear extrapoliert aus Sterb eziffern 
2007, Bundesamt für Statistik)

Geschlecht Mann Frau Mann Frau
Alter 45-64 45-64 65-84 65-84

Total 5.0 2.9 31.6 20.4
Lungenkrebs 0.6 0.4 2.6 0.9
Kolonkrebs 0.1 0.1 0.8 0.6
Prostata- / Brustkrebs 0.1 0.4 1.7 1.0
Hirnschlag 0.1 0.1 1.7 1.6
Herzschlag 0.7 0.1 5.1 2.5
Hirn- und Herzschlag 0.8 0.2 6.8 4.1
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Discussion (1)

Correct information about absolute risk is mandatory i n order to
distribute resources for preventive testing and preventi ve 
interventions

Screening refers to tests applied to the total popula tion
Frequently, just by asking the right questions, furth er screening 
tests are  not useful

Additional – sequential – tests should be reserved to h igh risk 
subjects

Statistical models looking at reclassification of su bjects appear
clinically meaningful: 
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Discussion (2)
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Discussion (3)

Prevalence of Disease should be known

Relative risk for incident disease is misleading:
“when you smoke, your risk for getting lung cancer 
is 5 times higher than in a non smoker”

What really matters is absolute risk in x/1000/year
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Limitations (1)

Analysis of risk for death underestimates risk for morbi dity and risk 
for treatment costs, especially in diseases, that can  be prevented 
efficiently. 
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Limitations (2)

Input from the pannel: 

---
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Conclusions

Absolute death risk for various diseases is very low i n CH

That’s why average age of death is over 80 years. 

Smoking cessation, high physical activity and healt hy nutrition are 
the corner stones of preventive medicine. 

Patient history is usually sufficient to define the  large amount of 
subjects at low risk.

Additional tests may be warranted in intermediate risk  subjects.

High risk subjects identified by history and additio nal tests should 
receive maximal diagnostic and therapeutic attention.
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Take Home Message

Der Wert eines Testresultates kann nur im Kontext der Vor- und 
Nachtest-Wahrscheinlichkeiten korrekt beurteilt werden.

Statistics in Medicine


