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Abstract

This article discusses the importance of health statistics literacy, which affects decision-making
among patients and medical personnel, especially in the context of disease screening, statistical data
communication, and the influence of various statistical values that may lead to misunderstandings, such
as relative risk, absolute risk, conditional probability, and biases in the use of statistical data (Bias) such
as lead time bias and overdiagnosis bias. The article also discusses the problems of using statistical
numbers that mislead the public and doctors, such as cancer screening advertisements that give the
image that early detection increases survival rates regardless of mortality rates. It also discusses the use
of tumor markers such as CEA and PSA, which may lead to unnecessary diagnoses, anxiety, and
unnecessary overdiagnosis and overtreatment. To create a correct understanding of health statistics, the
article proposes guidelines for communicating correct statistical data, including presenting risk values in

an easy-to-understand format, such as absolute risk values instead of relative risk values, using natural
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numbers to explain probability instead of percentages, and using diagrams to help explain so that the
public can make more rational decisions.

Keywords: Health Statistics, Screening, Relative Risk, Statistical Bias, Medical Communication
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Early Screening Cancer Program
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saAaUn&a (Regular Price) 8,644 8,859

saAalUs:=non (Special Price )

nsovsanislnanwneg Physical Examination - ¥
AasovAoIuAUlain,SNBwIs,SnsouIod BP,Pulse,BMI » >
msovnNasuUIBLU=ISaGiu AFP L==1 L=
AsoorIaIsUIBU=ISad STy CEA ® @
msoonnansuvdu=iSaneodna suseou cAt19-9 @

msoonﬁa’]su'uu;u:l§dm’ouqnnu’1n PSA »

msoornnansUVBu=ISasSulv cA12s5 @
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Official announcement:
“Contraceptive pills double the risk of venous thromboembolism!”

(UK Committee on the Safety of Medicines, 1995)
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190,000
"Third generation contraceptive
pills increase therisk of blood
clots by 100%"

180,000

170,000

Abortions in England and Wales

160,000 T T T T T T T T T T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Year
Gigerenzer, Gaissmaier, Kurz-Milcke, Schwartz & Woloshin (2007). Psychological Science in the Public Interest
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Transparent format:

“Contraceptive pills increase the risk of venous thromboembolism from 1
to 2 women out of every 7,000 women.”
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According to the World Health Organization...

Eating 509 of processed meat a day - less
than two slices of bacon - increased the
chance of developing colorectal

cancer by 18%.

Source: IARC/WHO

© Global News
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WHO classification of red and processed meats
IARC* Carcinogenic Classification Groups

Likelihood
causes cancer | Causes cancer: Processed meats including
High to Low
Sausages Bacon
and hotdogs Salami

@@ =

Probably causes cancer: Red meats including

o
@
&
®
®

Beef
Lam
Pork amb
“International Agency for Research on Cancer
Source: Cancer Research UK, WHO AEE

LIPITOR cuts the risk by nearly half.

In patients with type 2 diabetes and at least one
other risk factor for heart disease, LIPITOR reduced
the risk of stroke by 48%.
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25 [16%]

(1 100 [3%]

(250 [15%]

fuarluedesanel Joosarvosghuiunmsfidondmouty q Fmuifunmdussdudgaillem 1

Tu 3 nsldarAnudssduivsiianas( Relative risk reduction) 9197 liUszIduUTEaNSHaguiuate Femas
deansiensldranainudeaduysal (Absolute risk reduction(ARR) Junt @eanansautsundiududiuaud
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160 Gynecologists estimate: Universitat
Probability of breast cancer | positive mammogram Kenstanz
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Conditional probabilities Natural frequencies
One woman I 1000 women I
e EE
1% 99% 10 990
Breast cancer No breast cancer Breast cancer No breast cancer
90% 10% 9% 91% 2 1 89 901
Positive, Negative, Positive| Negative, Positive, Negative| Positive| Negative

Probability of breast cancer Probability of breast cancer
given a positive test result given a positive test result
_ 0.01x0.9 9
0.01x 0.9 + 0.99 x 0.09 ~9:89
oo o0
& T h—
JUN 9

Tngauyfisidnuludszying 1,000 au wuduuzise 10 au@ugn 1%) Tu 10 puddnawunluwnsuduuan
259 Wiy 9 au@nuly 90%) Uszansladilulsa 990 au wanakuuluwnsuduuIn 89 Aau (HaunUasy 9%)

(3U7 9) Weassnwumauiiininuinunmdnauligniesunniuiia 87% (FU7 10)

160 Gynecologists estimate: Universitat
Probability of breast cancer | positive mammogram
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AnNT09TILNENTTNTINTITUITUITS UdewuIA 1T TV S9a | Ing/vesdduginaiund Ao CEA=6.5

ng/ml agnduseiSsarlalwg/lolnuns

Uszmvugnvinliidnlafialuagnsunnunaifieafua s vz (tumor marker) a1siinga g CEA

(wziSeanldlue) AFP (uzi596u) CA 125 (uz15955l9) CA 19-9 (uziSedugan) PSA (uuiSasiaugnuunn) Aol
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VNNITNAFBUUU € mswmamimaauaaﬂmmﬂnmlﬂmLmammuiiﬂuuuuﬂ wazanananuun@nlule

wainluidulsaud 9 wavesnsdwmsiaiiieidadelsneadls 4 wuu dsnssFenauIndwas waauUasu Tu

naueuilulsn naauass uaznauInUasy lunguauiliilulsn (m199 1)

A151991 1 CEA test fuugiSaaldlnguazldnss

uziSeanldluguasldnse

CEA Test result P P
Wulsa Tadulsm
NaUIN 46% 11%
Positive(>5ng/ml) Aula(Sensitivity) False positive rate
NAAU 54% 89%
Negative False negative rate AUINIZ(Specificity)

F991N31897UN1TIT8UBNIINITNTIA CEA da11ula (Sensitivity) 46% wazaudLnIz (Specificity)

89%” dnguRnisalvesuzseldinguazldnsswosaulve’fe 11.2:100,000 mneaNuimnviwauauazdaudy

uzisdldlnguazldnssaiosn 11 au andeyatiunndensazneudrelddiuinuindtdinisvagey CEA TH

wauan wdaUieiilenialunziiedaldlnguindesiiivda widuswdasdoyaninaniliedluguduiuniy

535397 TnganyfinaAnwiluuszeins 100,000 Ay s muUieue5ass 11 au drwiimde 99,989 aulidu

12159 155U IuAL 100 AudduuziSIasneaau CEA Tanauln 46 au (Aull 46%) Tudede1au 11 AU

Dunziansiaaglanauin 5 au uazldnaau 6 au uazlunquauiluiilulsa 100 Au azas9ldnaay 89 Au

(AUT NN 89%) d2udn 11 aulinauanUasy Wudelunguau 99,989 aunlilimduuzisezanaldinauins

10,999 A A UlUAUNNANTINTUUINTIUIU=10,999+5=11,004 AU TAUMDULLLSIAZI 5 AU TUNLIEAIILLN

Aufinageu CEA lanauin Tlenmaduuziiasefeidadeligndeiies 0.045% wirdues sSenaidn e

° P 3 . - ° & o a 0§ YV v ' X
ihunelsallonanismageutluuin (Positive predictive value) nsiausidudiuiusssueifazyilidnlaiedu

' ° oY) A & ¢ & o a
Ansuaualuiailulesdusiaauandlunisiei 2

M15199 2 CEA test nun1sAnnsastulsennsiild

Useung
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NANSNARBUA Y 100,000
CEA [ < ] v 1 e
Wulsangiiealdluguazldnss ladulse 3
NAUIN 5 10,999 11,004
(>5ng/ml)
NaaUu 6 88,990 88,996
334 11 99,989 100,000

American Society of Clinical Oncology(ASCO) Tud w./.2549 Wwag European Group on Tumor
Markers (EGTM) ¥ n.7.2546 ** Felaluuziilvhisedudsu Cea wldlunisnsadansedlsausdadldnguay |4
pssaufedagii MsussamnsaansUstunsdldmiileldnmadansesyanaiiquamiuas laifformsinund
vl Ansanuszdu CEA>5ng/ml iAnainnina wazgndsdalunudasunndiiluvieeigsunmdszuy
MARueIS Wensdesndewmsndldlng viesedendesdildingudilinverls Aeraldfuduugiily
#3799 PET scan sawmszunmdiesindinmsgnilesios 1idadewann flezlsfingaldfazuuziililuyh Tuussen
s ifenadiameunsndeuindududdungmeganmadesndes wieftasuelsh PET scan
weruiaundlflalsesededunauanuasy unndliwilafenuusiiliiasendodolunmaia ush
LﬁmwﬂmsgﬂmeLmLﬁa@'aiﬂmwﬁﬂ enanmeSingroonulidaau unmdenauusilirindaoiieu
ponumsanedeu anvslddmevirtoutuldliuzts wifvisuazunmsdemntlainnina dosgaude
aldineanniu desrenmzunsndeuiifnnnmsdwaaiinfuiensinvinuuana davadsonaids e
Sunmefiinannisamadansesiilaideusd

PET scan laild38 n1smsiadansosuzissaldlng lulafianula (Sensitivity) %3 oa1u31my
(Specificity) dmiunsinae ms1zlontai PET scan azasianusiieendildlngvuia 5-30 uufliftes 24%
Wi wazeddendaudn PET scan fanudnmglunsidadouziSealdlugiies 43% winiy’ Tena

\innaauuazHauInUasuguiunil 50%



100,000 people
have a FOBT

7,300
test
positive
¥

colonoscopy

19 deaths
10 bleeds
5 perforations
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100,000 people
ave no
screening

cancer

60 deaths

U7l 11
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100,000 people
have a

T

colonoscopy

cancer

23 deaths
140 bleeds
68 perforations

msfansesuzsialdvguazldnssdudszansimluiildfionmsiaunfseyansan FIT Welinauinds

dafUaeidnsunmsdesndensivdildlng (colonoscopy) Wunmsnisivseinaeeansideidentd wudeaiu

fuuszwndlne TnefununmdiglunislideyaundUae (Ui 11) wudmesmsasanidadenundugaase

MeyansIa FIT winnuidfladeawndluganssazdesldsunisasraiinfusienisdesndemsiaaildlug Wy

fgnsmeuaviinnzwnsndeutosniingunlilisunisannses niaidonu1nsn1sAansesriunsaendos

8M5IN15599TN(Survival rate) NUNISAANSDI

“l had prostate cancer, five, six years
ago. My chances of surviving
prostate cancer, and thank God | was
cured of it, in the United States, 82
percent. My chances of surviving
prostate cancer in England, only 44
percent under socialized medicine.”

Rudy Giuliani
New Hampshire radio advertisement,
October 29, 2007
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3gl9ns1N550ATIN AUNISARNTEY A lead time bias Wag over diagnosis bias
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Lead time bias

Without screening

Cancer diagnosed because
of symptoms at age 67

ﬁ Dead at age 70

Cancer .
starts 5-year survival = 0%

With screening

Cancer diagnosed because
of screening at age 60

. +— Dead at age 70

C -
staa?tcser 5-year survival = 100%

U7 13

anyAuzisasuduneuiuiasnsdimenseuiuiieny 70 uidnlifinnsdanses sznulsadionnis

' o
Y] v =

Wleany 67 U aatludnsin1ssendnd 5 Y 14 0 % nisdnnsesmulsanaudons 60 Tnsuadiliuantonnis Fadl
5031N1550ATNT 5 Y 100% (U7 13) Suililu lead time bias Auinulsausiiiug ldldusylenineddinunm

Jurefanefeny 70 Uwilouds wivI91a1MABIsunNIssne gnianzasianie o yndanandaninaisedsa

YUY

Over diagnosis bias

Without screening

5 years later

ival = 340 _ 440 560 dead
5 year survival 17,000 44 %
With screening
2,000 people with 2,000 alive
nonprogressive cancer
5 years later
5 year survival = % =81%
) 560 dead
JUN 14

n1sAnnsewallaziinquussynsfiseauanususssdesdunlunquanwiuniu naansveslsaly

v v
= = =]

suustlalaiduanuanisae viliddsendiaduindu (FUA 14) Sasinssentind 5 U fannTuuaziife
UszimAni3n1iinasly PSA Tunisdanses dedudnnisdlesdinguazaaianiidnliluuluifiesnyminves
Uszmmnszdnimeanusssengnuunuesisaesdsemaidlildunnaaiuae duiudeidniinissen

Tin Aun1sAnNTadlsn AITNIIVERARA (bias) NIED9U Lay AISNANTANEDENTIEERTINIY (Mortality rate)unu
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wiu Tudszwadinge Jedansoszidadiuayn 3 Y dawseng 50 T ddnsn1ssenTni 5 U 80.3%luawin1vih
NNUATUADTY 40 U d8n51n1550a3nd 5 U 89.1% 8ns1me Tul A.A.2009 veedangy 26.7:100,000 luaed
BIBLUSAYINAY 25:100,000 Felulawana19aiuvinle waousSnIAe9bgnSNaInNsUINNINABY 2.5 1 A5

WguLguNanIsAnNsasdamskanadudnsiaeazdaaunin

Prostate Cancer Early Detection §§§)ﬁfi§D|'(N|G_|ErEEEi\EOYR

by PSA screening and digital-rectal examination.
Numbers are for men aged 50 years or older, not participating vs. participating in screening for 10 years.

1,000 men 1,000 men

without with
Benefits screening screening
How many men died from prostate cancer? 8* 8
How many men died from any cause? 200 200
Harms
How many men were diagnosed and treated**
for prostate cancer unnecessarily? - 20
How many men without cancer got a false alarm
and a biopsy? - 180

* This means that about 8 out of 1,000 men (50+ years of age) without screening died from prostate

cancer within 10 years.
** With prostate removal or radiation therapy, which can lead to incontinence or impotence.
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Arkes & Gaissmaier (2012). Psychological Science
Gaissmaier, Anderson, & Schulkin (2014). Medical Decision Making
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by PSA screening and digital-rectal examination.
Numbers are for men aged 50 years or older, not participating vs. participating in screening for 10 years.
1,000 men without screening: 1,000 men with screening:
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@ Men dying from prostate cancer: 8 8
@ Men dying from any cause: 200 200
® Men that were diagnosed and treated
for prostate cancer unnecessarily: - 20
@ Men without cancer that got a false
alarm and a biopsy: - 180 Source:
Djulbegovic M, Beyth RJ, Neuberger MM, et al. (2010).
O Men that are unharmed and alive: 800 600 British Medical Journal, 341:c4543.
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