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MDPHTAR IPNNI MZNH NYN NTTN .1

,MDIDING DINN NN 22NN IN MONNI occurrence NYaNN N1 NPOIW TINOVPHDTAN DTN
.MNNDY ARITNND 11220 207 DY OMNOY NN MAPY )10 10D .NITY NN IXIVNN MDY NIVNa
MNN NRIVNN DIYIIND DMNDNN DY DNYOVN NTTHI DI INDPHTANT NINION PO INDIN J9INI
1113919 AN

NINT .DVN VN NAY MOIVIINX TINND DIIND PON NN MY MONN NYNN TININD N YD 7172
NN NINNM ,NMIRIND NN DN DI NN TION TYN PDIVIIND NN NIINT 1Y 12 1N T DY U
.D¥2NN 190N

oD 19 ;5 APNNTHOIRSNNI IWANNNY NYIINN NN NN NI NI 92V DY NIDNN D WHTHD 1IWN
TPDIIIND YT DY TN MIONN .T292 DXWID NPIVAR 7NN NYDINN ,TAD2 DOV NINN MDNA DN
;0D .NONNY NP0 NRKMIN NPDIZIIND 1TNH (NN RD TR) 595 71T .0°9INN DIIPNWN MON
PINYN IPINM DT ,5WND N2 NDIN NN PYTY AN NIPNIN NONNA MPYY NDIDYN IMDIVIIN
DIND NVLINYIN NPWYNN YT HDD NN 91D 23N NIDNN ,PNYID NPNPIDYN NDNKN DY NMNYOWA
9NN NMIND MIWIN

DYON DMWY ,DINNKN,DMPN 190N : DTN OND 1.1

(MPSN9IY) DIVINK,NPDIVIINT DXDIND 90N : MITHIN 1.1.1

NMNA OXNNN IN DIIND 190N DX N0 NN NMINN INX IRIDNN NNID TN NOVIVIN NNNN

.DXNNN IN DIINN DY THVITIDIN MNPV PTHIND 111 NIPNIN IYDINT NNON DY NI N0 .NODIOIN
P NP IDRD - IMYNWN DY YT WPINND TN, TNINI YDVNMNAPN 1PN IINYIYI 190NV 120
ITPDIVIIND DY NOTN NN IIMDIVIIN IPND 7 NI 190NN ON1NN

L, MOIDOIND DT Y9 113592) OXNNN IN OXINN 19D NI WY DI T1T2 MONND NYNN >TT02

(percentage) MINN .1DVINIVIN 121D TNV N¥IY HINN YINIWN .INNN DNYNN PIIRY 1IN TUNI
PDIVOIND DD TINK DXINN 901N NN INNHD PVNPNNN 12WN 1D YV 13912 599) MDAV TTH N

IN AT NTIPIA INIDNN MINOYW INNY D1 HINND .DMINKA DY 7772 Y21 YaApnnn oM .Mona
DINRD . DTTHN MITNY DY O NN 190N DY T N1 MOIIIND DT VT MOV NITHN NAIPNI
DT IN DT DXHYVIANY DT NMIDNDY NN MTNN TN 1OV T3 10N 1IN

30% W NI OV oK .(N) DPT2N DY 5151 1901010 DY DINND ¥ DININNK DINN TIUNRD

TWYD 1PY091 110N DXANNVNN DNIVYYNNN 30% -OW 101D ,) 1YY NYNINY TN NN NNYNN
92Y70 ONM : NN GNNYN TYN 10N PDIYIIND DTN 10 NN NYTY 1IN ,MIAIYNnn INNRD

YON 2,000 DY NX1IAPN IN (NDXDIVIN NIV NITTN NIONN NMNI IWNR) VINX 20 DY MLP NP
9V NNYAYNYY MZITI NPODIIIIN HY NDVANY 117 TUN , 1D 1IN NIVMY
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(rates) O>Nww1.1.2

TIN2 555 NN AWK MNYIY NNONT NT NN DOWNNWN DITPYD . TNAN PN 7YY NN VIDIWUN
N NNNN IYNRD - 11D NN DXVNNYN DIXNYD (MN8N IN TINK : 112N NNNN DIPNI) NIdNN
3D NYPN TN DY NN NYWUN 1991 (1932 DINYY NNNTI) MIDNN DY TR ININA

(129 DNXNN IPRY) NXIDNN TINN 122 59723 75 .98 DAPN HMYY NN NV NI 119310 YYD
MY SY Apyna DOXWIN 100000 Y55 091N 10 WD N3N 193D ONYNNN IXIYNN N PaY
,1000-5 NXYNNN DNMY NN .APYN DY DTN — MIY DY MIDN NN DX NYWN XVIAD NN HYO 7172
5y 100000 1N 10000 ,1000 -2 NY W NSDN T DY NYYI NINT .APYN W DTN NNY 100000 N ,10000
TN 1000 -5 DYYWA WNRNWND NN NIVP MDIVIIND TUND INIVY 912V KDY 19010 Yapd nin
NYANN YINND 3T PONY IN 100000 -H DI NYWA WHNYAD NN NITTI MONN IX MDITI NPOIVIINA
100000 9 1 5 D) AN2» APYN HY DTN NNV 1PYNY OIPN 10 DY MYV .JOP MNIVY 12¥a DMNIWYN
DTN TNV

DNV OY MNI 1.2

:DNYOY DY 7P IS MYNPN

MON NYVW1.2.1

1215 MDIZIIND WNNVY (D770 IN) DIINN DV 2I91) 1901 Yy ©DIAN : (crude rate) 2o Iy
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X1y .100000 -5 0.2 7N MNNDINY DMWY 0.000002 MIN NINSDINNY 1IN DIPNA .POND
1915 IN 1000 -5 MINSHDINN XVIAD DI TYN

D) THYY MONY 110N NN NRVIAN NN TN ,NDIN NN MPDIVIIND VIOY MIANDNN NN MINSDNN
IR DY 100% -2 DDWNN MIN NDIN NPND KD MIANONN (MYIND DY TTH ,)NI702 XOVINNIY

.(point prevalence) Y33 NTPI2 NMINYDN 1.5.4

9% NTIPIA MIRKDIN IN TPNTIPI MR NP PIT NTIPIA NN NONNA DIINN NN

Y)Y (D7) N33 OV HYAOIIIN) NINK YD 1I2Y NYINHN 21V JOIDN OIN 20 D951 DN HWND
1571000 NIPN AT NTIPI NNIN NIRKDINN 2D IN ININN YN 1000 DY 21w 09N 15 1790) TPanN
MIINONNVY 121 AN I NTIPIA NN 7P PDIVIIND VIAY MIANDNN YT NWYNY .0.015 1MHd
(193 TP NMING) 98571000 MO NYDITIIN NNIND NN NPND - N

DOIDOIN NDIN NPND NDPON TT0 NN PAT NTIPIA MINSDONN TTHD NP
-NYIN NPNY NOY MIINONY NN NPNY MIANDNN ON> I - 91 NN (Prevalence odds)

YTOIN NMIND 9127 MNNDND MDP0N DY 29011 TIVN DIP MPTI MYNN2A .0.015/0.985 : DyY nnnTa
INSDIND ANMPN

(period prevalence) 9PN NONNN MNP 1.5.5

APYNN NYPNNA TPDIVIIND INSDIY DIINN DI NN Y915 NN NPNI DINRNMIN O¥9INN DI TO
NONNN MRNII INNN MDIVIIND DINKNIN DIDINM 9 TO 2 DN .DOWTN DI2IN AT NIRNIN)
MPNI MAWN MR NYIAP TPOIVIIRNY ININA ,PDIVIIND

32N 1000 DY YR NNM TPDIVIIND DN O¥9IN 10 -5 GON2 DOWTN 1Y X9IN 10 19X DN HWNH
NTIPIA MNXDNN HTAN2 .0.2 =2071000 NPNN 1N NNPNI NYNNN NINSNDIND NITHIN PN NMPN W
SMPNN TYN NYIAP NINYI,TTNHN ONINN TPHRY 7TPDIDIIND I10IDI ,MDNNY T2 Yy Dapino v I
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(lifetime prevalence) oy ' NYNNXN MNYDN 1.5.6

DY N IVN DIVINRNNI NN IRYI DN .NDNN DNNA DYI INIVNY DN DI MINNDIT NN INK PIVHD TH
INL(7PDMI72) NIDIA DINYN) NNYY IIND O) MNYNINN 952 MNAD) , 21N 312N DO DYPIY NPT
ONNNN NN

) MIYINON TN 1.6incidence(
DTN YT TUNY IWPNA P MNIN DWTNN DIPHN 190N NN

Tapia Granados JA. On the terminology and dimension of incidence. Journal of Clinical

Epidemiology 1997:50:8:891-897

MYINON 190N 1.6.1

TPDIZIIN NNMINI NONNT MIYINOT 1901 MIP NN NPDIVIINA DIWTNN NINNN MIPH 190N

PN 10 W9 DX -DWnY . TaY1 incidence ,MYINON N T1I0 DORNP ©¥YY .(incidence number)
T 2 MDIDING 10 NNMN NONNT MYINIIY IINI ¥R 1000 12¥ 21¢12 JOID NHNN

VARD MIVINON 1.6.2
NAPNY NONNN MYINON I9DN MNP NN NI YA DIMHPN NPOIVIINI DIYWTNN NINNN MIPN 19010

POWYOIN NMINA

LN 1000 )2¥ 21¥r2 NIYA YOID NINN PN 10 WM DN -HWNY .(incidence number per period)
NP>T2N NNWYI N2 MV NT 21 NMDIVIIND MWD 10 1NN NPNHNN MYINIY IIN)

(probability of incidence) my >N NMHaANON 1.6.3
(CI ,Cumulative Incidence) n720%0 MYIND ,NO1D MYINOD : DINN NNV

SY 92710 DO NHNTI .NITHN JIT NNPNA NYIAP MDIVIIND DIYTNN DMIPNN TO YN 3TN T
NN 9915 NN .MDIVIIND YD1 TAN HINK IN 0.01 9MD5 ,Mwa 1071000 DY MYIND WY

DYDY PM NONND NP0 1PN DINN DDV NNINA (2N YIWIN DI 1MNT) 199902 NPOITIINND

AT 299 ININDY NIDIVOIN NNIND NYNNI MDND NI PNY 119909 TTH INNN DN HINN .N2 MINY
DY TN O),DXNINNRD NNITA.INT PI9 ININA NN 1T PDIVIIND DTRY M9anonn ,mYo ,.(Risk, R)
WOY D DY TTH DMNDNN DIPNN NINONA DXIONN W .1 -5 0 P Y)Y 1DV DN NNVY D> T 10N
.attack rate 9pnnn

DT TT0 RIPI YD DY (MY ,102)) NN JAT NNPN TYN 1IIVXNY DMIPNRN TOA NI NIVNNN D YYD
MVY TNPSNONN DT NNMPN NNIND NONPNN MYINIIY 121D .IMPN NNIND NHIION MYINOD
MY MY NN MYINOTY 191 19 1N NN (NWN IN) NTTHN NMPN MNNY Y3 -NMPNN
D999 0T NNPNI AMAP MDIVIIN DY DOIANN TTHN
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NN TN
PDIYINT DOVI9N HYHY NN APYN DNPNA WINNY DIWTN DXIPN 190N

Y12 PDIYOINT MONY DD DINIAN KD 1901

1202 NMDIVIINA D55 KD 12 DY : 1202 NYDITOIND 19D, MYNY D12 YN D5 DYD5) MdNa
19NN MYND D912 XOWIIN IN (prevalent cases ,DON¥DIN DMIPNN) BN 925V 1ON

Jife-time risk ©»N NMPN2 NHMION NHNNI MND NPON NTITNY NIIVXN MYINIL YHNWYN 1NN
DN NNPN DD TUN MIND DMV IR DI 1HH IN 135N

1T TTH 2N 1D NIDND MINDNT
012X 1995 XY 13902 DOWIA TV VD DY NOD NN NPPTI @
DOV 19957 KD 139N THINNIYN JOID DY MO MYINON NPPTIa @

IN DN NN IAYY DI 15D XD MIDNI DN JOID HY NI MYINON NPT @
.0

NIVXN MYINOD NTTHO MNINN 1.6.3.1
: DYIVINN IYAND YT DMPNNY MINN NIIVNN MYINT 1IWINI MNIN ¥

VAP DIVIIND 12 OV ,(THINK MIDNN HI15) MINN MDON MOIVIININD DINYY OPN DOVIY @
PDIYOINNN PON DX NHDMPNN NN D NN .IAPNNN OIN TY 2APYNI R8N DPDIZOIND I
APYNY TAN IN TIAY DIPN 1Y ,INN DIPHY N, (MINK MYNNN) TN

NYIAP MDITIIND 12 DY, (MINK MONM H510) MINN MDN TPDIVIIND DI DPN DOVIY @
MDY T DY POITIIND DOWTN DO DIODINND DX NNMOPNN NN NI NN .IPNNN OIN TY
NTI2Y NYNN IN NN IN

TPOIDOIND DOV YO0 NNT APYNN TYH @
NDY D)WY YIYD 0PN IRY NN) MOND NMIT NIPD NPDITIING DINIAN DIVI9N DY e
(MO1Y9INa D2IVYN

APNNIY DTR DI DIN NHYNIN DY NONND NYHNOIMT @

MYINININ 1D DY ,11PH5IN NPDIDIIND NNYT HHND NPVUYI IPNNN TPDIDIIN AN TIIN APYNN DT DI
21 TvN2 NDID MPTIN IPNNN MHOIVIIN HWNY .1PYDDIN PDITIINI MYINOT NN NIND MNS 1pNNa
D200 TTA (DY) W DINNIY ONPTIN PYN) MIAP INWI YXINNN 97N NYDDIN NPOIVIINIY Ty MY
21 5 TN 2APYNY DIRNN PN ANIY NYNNDY 98P 2PN 11919 15 DY NHDIRNND HIAVNH MYININ
(13 10D WD NPT NINHN MYINON DY
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-2PYNN TYNRY PO DIONNWNN 9 INX 2IPYY 11 1IN 29Y NNIND IV NYYIN NVPPNI : N‘T
NYYIN MIND DN (PTNN NDA NDN) MY IN DY DY INNDY 98P 1IN ,NIITN NIPN TUN IN
TOAN 4N ,0910 NN IPNNY ,DXANNWNN D NN IPYY 1) ,IXP NINN DY VYT TYNRY PO 1NN
DYINTN) NYNNN DI N NN NP DTN IN VODN NN YIN D NYTY ,apynd 05y KXY DXaNnwNNN
(MY IN VOV

NIV MYINOD OV MY NN 1.6.3.2
AYND MIVON DX 1923 1N TT0N

DOVIN DY NOWNN N»P e

PDIDIIND DIWIN DD INX MOWIIND DOVIN DTN @
MINN MDD NMNN DY DPDIDIINNND DINNY DVIN @
DTSN DOYVIN DI NNTIIN APYNN TUH @

MONY 1N M) NP0 DIRYNIN ¥ HYND) NIT NPIN MDIVIIND DXV DIY PNIPON NN @
(79) TN HHISI-PHID 2N, DIMIATN  NYY MNTIP MONN PNNIVN NPD DY

MNA MXXINM NP MDIVIIND NNYT NINS NIPMN MDIVIIND INY PINIPNNN DD e
Y951 POIDIIND ,NPHRN THDIVIIN NN NNYMND

: (M59151) NIVINN MYINON *2)Y Victora am> 79I
“However, the numbers at risk change over time. Subjects who develop the disease, who die
from other causes, or who are lost to follow-up can no longer be detected as incident cases.
Recognition of this pitfall led to the development of the incidence rate also known as
incidence density or force of morbidity (or mortality). Its denominator is expressed as
person-time unit”
Victora CG. What’s the denominator? The Lancet 1993; 342 (July 10): 97

mono "N 1.6.4
M N5 NOW MIINONY MYND ()12P0N) MIANONN P2 DN MDD MOND NDPON NN PNIPOY P TT0
Risk Odds 5y 72y11 o»vnnn oonnna .(Risk odds)

Odds=Risk odds=

TTR MPT MONNA .0.01/0.99 = 0.0101 1>7> 712701 1 ,1% NN NONNN MYINON ON
92105 PNDPDJ 152 )0 OX MIP N
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Odds=Risk odds=~ R

OYIIND 30% DN .INY 91T 112D NIPON MNP0 PA D TANN 71PN NYIW HWND 9N NNYOW Nonna
P17 M20NY TIya 0.3 NPNN 1T NMPNY NOON MYINIT 2N, (NN Y3 NOPNI) NYIYI NNON W
.0.3/0.7=0.4286

RSN 7NN XOW MIINONN 127 (R, 11220N) DRSNS MH1anonn a2 on>n »n ODDS | »oon
5¢ M50 1995 0.1/0.9 7°1 »H50N 0.1 YY MIINDN 7PN NIYON DN ,IWNY (NN DN 1 9MHD)
MINSIN NN IPYNIY VT ON DUND NN IPY 10 NN 15V Do v 9-5 1 mMINN 0901 1:9

.10%=0.1 5 MH2NON 1995 1:10 NN NIPDN .9 -5 1 NN NXNND MNO0N MINNDN
odds=R/(1-R)
o

R=o0dds/(odds+1)

MoNNIA XY TN NPT NYNNN DN DMPNA PP JTNIND NIDN N0 TTH2 WHNYNY NIDN 1N
D19 90N T NN odds 20N AN MMV

(incidence density, ID) my NN Moy 1.6.5
Y200 YTNN D2 WHNNYN RON ,YSIND PN RINY PP, MYINOD NTTHY NP2 20 TTHD 2wN) 13 7110
12702 PDIVIIND DIV NN APYNN TYN

. Incidence in the strict sense “» -5 Ny 770 NN Tapia Granados

NI
Victora, CG .What's the denominator? The Lancet; 1993; 342 (8863), 97-99

MYINOINN MY 7110 1.6.5.1

(dynamic population) Nnwn MDIYIIND NIN 9290 NNINTID NYIAP MDY DIPOIY N PN ,0NYD
MDY -3 1 2WNY DY MY DYND .MNY D377 NINK 'DINIP TPDIVIIND 'DIDIDY DIVIN

NN NN -5 1AWN DNIYI NI MMNY TIYa DRIV MOIVIND

95192 9PNNA GNNYND 12D ION IN,APYNRY YTANY ,IPNNNIN TOVLDYW DN DY YPON ApyN D) 1o
SVUNY : DYPYI NI DANNYN DXINNY DIVPN 7N IPNND MDIVIIND DXANNWN DY N0 NIN'T
T2 MANIN NPV NPDHN , 0N YOI DY IPNNA IPNND MMNMYP 1PIRY MDON DN NNMID
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12T MTN? I90NY NYNNN NYDIN NN DNPY 1IN ,DINY JOT IIWNI APYNI DIRYNI DIINY DOVIAY 1D
person- 9% - DTN NYTNYY NN DINMN NPV NNPNY TPDIDIINRD DI T DY MINIMY D101 Apynn
MWN TOY OV APYNN TYN NN 7DINY APYNI N¥NIN DTN 9 : NINNA IN N0 vV (years) PY
Apy TTON 2N NIDNN NN YA

DNNN NYND 1Y I NINN NID YAV TYN NN tpy 2D PIND INTD

YN MYINOTN NV IMIDD NONNT NYANND YT DI3) S¥XIN 1PON NN IR I T

.(ID,Incidence density) (Xn”8) myINonn Moy N (Instantaneous incidence rate)

NON,YNIND PN RINY PP, TPHIRDT PDIVIIND MYINOTN NTTHY 90193 19937 T7HD 2wN) Nt 710
D92 WHRNWN TTHN .1NDP02 NMDIVIIND DY DID VI DI INN APYNN TYN 22D YN Y1 wNRnNvN
M 595 NN DODN MINK DDA ,NNTD DTN YN AT NN 55 ONMNNI ,APYN S T MY
AT 2OWUN APYNI PN TNN DD DNNYWID DNY) MNNIT NODIDIINT DIWIND I DY 2Apynn DY 1IN
PN THINOPNTANI NPONIP N0 THO DY TTH2 NI (N1H MY DMWY

1. Rothman Epidemiology, 2002, Little Brown Boston

2. (Miettinen, Theoretical Epidemiology John Wiley & Sons 1985

3. Szklo M, Nieto FJ. Epidemiology beyond the basics. Jones and Bartlett Publishers
Boston, 2004 (p.69-72)

4. Kleinbaum D.G., Kupper L.L., Morgenstern H. Epidemiologic Research. 1982.
Lifetime Learning Publications, London

5. Aschengrau A, Seage GR (2003). Essential epidemiology in public health. Johns and
Bartlett Publishers Boston

6. Granados TJA On the terminology and dimensions of incidence. Journal of Clinical

Epidemiology 1997;50:891-897

-2 19P5T (NPHINRPT) MNIND NPDIYOINA incidence density ,ID -2 79180 nX 970 Rothman

“An open population differs from a closed population in that individual contributions need not
begin at the same time. Instead, the population at risk is open to new members....similarly,
individuals can exit from the person-time observational experience...by dying,
aging..emigrating or becoming diseased”

Rothman K, Greenland S. Modern Epidemiology (p.34- 35)



38

- v TN incidence in the strict sense -5 Ny 770 MAN Tapia Granados

“This is the most common measure of incidence found in vital or morbidity statistics”

DMWYNIN 090NN TNNA Miettinen N 0>vVV¥N Kleinbaum, Kupper and Morgenstern
(TPVIIN MO PNTAND
»We will refer to this average rate for a given follow-up period...as incidence density (ID)”
DDVINIVIN TTNID TTON DN OPTHIN ON
“The term “incidence density” reflects as intuitive interpretation of average incidence rate, i.e.
the concentration or density of new case occurrences in an accumulation (or sea) of population
- time”
NPDIZIIND DXVIN DOV DN PRY TO2 CIR nmiyd ID Sv 57ann wiTin NHINKRD XYW TN 1902
(NN3N) IPNNN AT NNPN DI TUN 2PyNa PN
Aschegrau & Seage p.45
22N NDPHTANI DIPYONNINN PN T ,Rothman

...”incidence density is sometimes used as synonym for incidence rate” (p.76)

TMYDIZIIND TWRI 1AW 1N DIPNPIDYN DMIPNNI (AIWIND MIWIRN YT 11930 T1H10 »n ID -n
SPARDT TPDIDIN NI AN MNY ,ONIY NODIIIIN 1IN MONPNNN NXIAP TUNIY, MININDT
270N NNIYRIN NNIVYNN DIPIN DININ TI)

....In a cohort study without an ‘internal” unexposed group, as is often the case in occupational
epidemiology research,-estimation of densities, rather than probabilities, allows using the

available population rates as control rates” Szklo M, Nieto FJ. (p.83)

$YAPOTI DYTTHN DININD NP NANHD OO OIPIN HYW T 1902
»There are two major types of incidence measures, differing primarily in the way in which
they construct the denominator: cumulative incidence and incidence density” (again, this is
Olli Miettinen's terminology, adopted by Kleinbaum, Kupper, and Morgenstern )

(Rothman and Greenland use incidence proportion and incidencerate, respectively).”
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TPHNT NMDIVIINT MYINOT NTITAD RN TTHN NIN MYINDTN MO 1.6.5.2

dynamic ) MnNWN MOIVIINI RN ,DI¥D NNINTID NYIAP NPDIVIIND DIPDIY N PR ON ,NNNKD
-2)2WN> O MITY HYUND .MNY 035772 NINN /DIRN MDIVIIND 'DYDI0Y DOWIN (population
NN MINOYY - 12PN DRIV NN MMNY TIYa IR TPDIDIIND MDD’

129D N IN ONTIAY NN IPID ,APYNAD YTANY ,IPNNNN MDY IIN DY YPHN 2pyn 0) )Ond
DYANNYN D¥INNY DOYIPN 1IN IPNN NODIDIIND DXANNWN NVDID NNNT IDDNNA IPNNA GNNUND
ST NTIAY NPOOT , DT NNNNA NIMHNN HYND : 0 PWI HNYID

NTTRN .2APYN PN cohort -N ,NYIAP NPDIDIIND TINN) NOYNINT NPDITIIN YIPITI 1T Miettinen
:( cumulative incidence rate -0 770 > Y 11D MOVOINI
»Dynamic population ...in which a population of a given size but with turnover of membership
moves over calendar time...”
(Miettinen, Theoretical Epidemiology, John Wiley & Sons 1985, p. 247)
NMYINONN MDAN > 1.6.5.3

YMNN TTIN
OVINN OMIPNN 1991

PIV-DTN HY DONIN APYNN YT TYND
RlAl Pl
DOWINND DMIPNN 199N

PAT-DTN DY DXNNNA 2APYHNN MDNY 112702 PDIVIIND DIVIN 11 12Y ID1ON 193 TN DID

DN PTNII_(MNN NI WY NN MYININ MY

DTN
II-DTN
P YIMNN T MDD

plah

TTHN INT YOI NYNNY APYNI NMDIDIIND DNAY DIIPNAA : JUID PPIYIID DIRNHD MIYINTIN MDY T
NP NI NYLN NN ID TWUNND INK TTH2 VI .Y TTHI WHNYN JOIDN DIV D) 19 YR 10N
202 ODIIIND NN AWND TWAN XY NP KD MDIVIINIY

: TPVIDIN TPNIPHTIONI NN NN 1980 -1 925 212 TN
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“Very often, especially in areas with relatively complete tumor registry, it is possible to
identify nearly all incident cases of a given disease ....that developed in a well defined
population with a certain period. Rather than fabricating a “population at risk” for
age-specific ID’s assuming a stable commutation of CI's, it may be preferable to calculate age
population” Morgenstern H, Kleinbaum DG, Kupper LL. Measurements of disease incidence

in epidemiologic research. International Journal of Epidemiology 1980;9:97-104

MYINONN MDANL WIDOW YT HY NPNDO NP 1.6.5.4

MM HYHH9N NYPIYIING NPNIYD Y NPOINY AN 1O TN NN ID -N MYINONN MDaN 7119
NYOIVOIN P2 OYTAN NPYTAY NNINNN NN NIVXND MYINIY DIVND ,NNT (AINIPONN ANIYNN
NMNNA TN MY XY : NP0 APR OHN NP H9Y DIPHN MIIVXN : TINXOP NINTI .NPHINDT
.. DN2Y DN ...(72T DY IMD M D1D) DIWIN D) P2 NMDNHKN

MYINONN MDY NWIND MNPINT 1.6.5.5

GONIV YT P IVNN) .DXDIN INK 2APYN DOWTIN 15 HYW 3PN 1095 .2pyn S 1YY IpNNna 1am
ApPnn Sy owTIND 15 Tuna

AX -2 99101) WTIN 12 9NN VA TN IPNNN NNNN APYNI PYNI NNYN .1

YAI0N) APYN DY DOWTN 3 INNRD (23N PN 10N) APYNY TIN TN IPNNN NDNNN APYNI 2 NNUN .2
lost,L -2

APYN OWIN 5NN TIRY WWINN YTIND 2PYNI 7PN WOV GNNvn .3

APYN OYIN 12 Ty 9NN YV OWIOY UTHIND ApyN1a s qnnvn .4

.DOWTN 15 TUN APYNI 1PN HOWINRN GNNWYN .5

LDTN-IPYN OYTN 47 IMDD 124 3+5+12+15 DY THNONY 1N IpNN1A 5710

15114 |13 12| 11|10 9| 8| 7| &6| 5| 4| 3| 2| 1|vmn

NN
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120 2WNY GYWAN N .2/47 MIN MYINONIN MDA, DXINNVNIN HID1N DN MWD NITY NNSNI) DN
OV ARIINNN MYINOTD PHN TTHIPN - DI2IN 5 TINHD VMY 1 N9IN — 1PN DNNIN NINND NMNNY
N9 2APYNIA PN O9INN 59 NY

1990 NPT

MV 2pyNa YN v 800 -5 . 00 MYNN NYNNY 2APYNI MPN DX AWIN 1000 OY DNDHN 2IWOYW M)
12=9600+800 12°02 1N MIRNN . MINX MDN 1TV KDY APYNN NN IAWY KD 1D -NNOY
100 .07 VTN 6=600 *100 P73 2PYNY 1IN 12 S MY 172 P 2APYNI PN YR 100 .OTN ->VTN
LOTNOWTN 2=200%100 29 2Py 109N 10 DY DWTN MY P 2PYNa PN YN

oW 10150 Apnnn Nopna or .O0TR->UTN 9600+600+200=10400 9NN M YTy 57NO

1NY 10/10400=0.0001 0 (XN7YIN) YTHIN MYINIDN NPV D 9D NI 1IN JVIDN NYNNA

009N YN MHr9) NIV NNPNT
AT 7O .NI22 NN DD NNY DM NN PHTHA T : 1722 DXDIN NPDIVIIN 1IN NI MOININD NHNT
TT0 NN NI DIROVIND DY NVIRN MDA 190N : 19 .N>722 DINN DI HYW DN TO NN APYNN
S MYINOT MPAN HY
M9 190N
N771722 59151 NAYRN MDY 19010

912> DTN I3 N9 INKY : MTIVIN HY MLV NN DMNNIN TIYY DXINNK DI NN DI INNRNI
121N 92 59NYW NI20NNN MYININ DN AYND TWON MNX .NDDN ,NVINNN DI TUN TY TOVIND NPND
90N NN (M7 INK) NN TTHN 12D .NNIY 1PN DI19W NDYON 1991 NNV DT NOPN N7 NNY
:320 N MYHYN

M9 190N

DITOVIND 1901

DYDVIVOIPNTN OITTN MYININN MDIN 1.6.5.6

N MDY OINYY ,NNINN WOV, MPIPNN NMNN NV 1N PDIVIIND DY MINILITTN DY 115NN
DYTTHN Y 319010N DI W N MY 555 DMNHYI D0IDIDIN PN DXTTN HIPY 1N KD 7172 /TN
DTN NNV 100000 -5 ININN T1HN ,NWYN5 .100000 -5 190 NN NNY,100000 -1 ©595N9 NN, TN
NNTN MY NOIY , MY DY YODVLD 2PYNI PN YN ,PDIZIINT DYDI9 100000 -D T10) 2pyn Hv

20 YW MYINON MOAN” YYD N3N 100000 -5 20 DY MP1dN NNINN: 1D YRV 2D DWW v .(MNIvIn
STV TYUN 2PYNI PV MP1dN 100000 -5 99195 ,2pyn2 21N M 100000 -2 1nny mipidn
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2 AT DTN D MYINONN MDY MuN 1.6.5.7
1.92 ,07OvTND 01pn 8.33 , 07X Nv NNnY 01p1n 10000 »n 0T MY 0p1n 100 : 25 v
120 (P2 NTAOD MYINIDN 190D 2WINN) 1 7 19% DN RNZN ITHONY PP /T DTN MNAYY 0PN

D190 NN TWUNDI NINY NINIST TIY 99D WNRNWNY NINAY DI MITN NHN NINISH TIVY PIIND
NOYON NN DX IMYSNNI TITHY TWAN IN) XMIINDN TTH NN PR : NAND .DNIY X DWYTN DD

.N9Nna mvny (Risk)

MDY NN OXIN) TN 1.6.5.8

PV ,NPNNA MOND NN NN NINN XD ,WTIND 0.0001 DY NINN -DOXWTNN DMIPNN NYOIN NN NINN DN
APYNN 93 TOY WHIN MY YV ApNnn TUN) NIDNN YT NN TIUKR PNINIANDN TT0IPN RN NNNXD
995 7772 NN DNV NONND NON NI AVND NPVLNNN DXIVT MDP ,DIINY (DIVIINRD DD
APYNN T TO2 RINND NIV NMIT,NYNND PNIPDN NIV MYININ (NI N/NN) NPT 1NN
:MINN D903

Risk= CI = ~ID * (time of observation)

DN DNININADPRN NN MYINITN MDA NIAVNNT MYINT P2 PN NPT NPXR MYINIIN TWUND
,(NVXDIVNNY NN PTIO? YTNION NI) NPTIN? TDIVIIN MR YW MYINOT MDA NTTN

T MXIAPN NWIDYN NADNNN MDIVIINA K150 NDPON M0 At DN T NP YD INN ApYHRM
= ID; *AY
Cumulative Incidence = Risk =¢e '
YY1 ML NN At ;NP D2 MYINNTN MPAN N ID ; (XNIO 1IN MNN) DD HNoN Y.

MYINNN MDA DY NN PPN NTTHI DX IYIVN OMINDN € = 2.781 ; INIIAP DI INN APpyn
PN I NNTO NN PITN D MWYI MTTHM (DINT NPNN PNRINI MMIZN MNY MYINT -5WNd)

2o MY AT DY HNVINI YHNYI PTIY IV IN MY O NV Dwnd) t o 7wio yom
t
- j D, *At
Cumulative Incidence = Risk =e ©

Grunau GL, Gueron S, Pornov B, Linn S. The Risk of Cancer Might be Lower Than We
Think. Alternatives to Lifetime Risk Estimates. Rambam Maimonides Med J 2018;9:
e0002. doi:10.5041/RMMJ.10321

2% MXIIAP DY P3N NNIND AVINHN At 2 MYV MY DY NNDNI DXVHNYNN DI DD NN
:(92¥9 NN NXIN) NINTD .APYNN DV NN JPIIN NINY NN NNV Tiya
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DNV 55V 5% MNP ONDNNN JVIDN DIYIN JOID HY NMYINONININYY e

752 2VINK MYLIAY 1D 5 NI DMWY 2.5 YNNI NN ONY 55Y 72172 OTR DI INN APYNN e
IDIN YNNI AN JOP TP APYN NNV 2.5 592 112) AWINNKN NION (D190 NIDNAY MNNDNT
D220 NN D2 HY APYN NNV 597 MYV IVIN

MTIVN .1.6.5.9
N MTIVINAD MIANONN

Survival = 1-Cumulative Incidence = 1-Risk

IX MNH VNN DNON

= ID; *At
Survival = 1-Risk=1-e !

i ApYN NMPN 539235 o)
S,=Survival,

MTIYIN DY NMIANDNN NN MIN NIPMIN NAPNN 7Y APYHNN NINPN DY NHDION MTIVNIN
YN MNPNI

- ID; *At

S.=Survival, =IIS.=1I [I-Risk=1-¢€ |

NNONA WNHNWI (At DT IAPYN NOPN DY) MNPN YNV MTIVNIN AWND 3T DUnd
R,=1-(1-R)1-R)=

2
ID, *At — 1D, *At - ~IDj*At

=1-e 7% =1-e

995 191N
CIR ; =1-TI(1-CIR)....A-CIR ) = l_e_zl—le*At
N5931% 529p10 oo 1 11

ND9D AYND TN TP, MYINONN MBAX NTTHI 1AW NI Y30 NNY MINN APYHNN NNPN DN

*
mnn nnonm 1D * AL

Cl le =1-11(1-Cl R)(l —Cl Rj) —1— e‘Zf—'Dj*Ni
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APYN MNPN NNI2 DONDD DD 1.6.5.10

S5v MTIYVINL TN JOT NNPN D52 NIPONY 2D DIWY MINT ,APYH MMPN NN DXNDYDN DI T
9739399 ©YDNN YD NN TIIWY TN ,40-44 12 52N NXIAPA NDPON AVND YT YWY .NNTIPN NOYPNN
NNONY ,40 D) TY NPITIVNN DY NOMWHN MIINONN AWND TN ,40 D) TY MTIVNN 2WND »715.40
moos

M NP0OM

—ZIDJ *At,

Rj:l'sjzl-HSJ:l-H [1-Risk]=1-TI[1—e ]

.91 99NN NV NNPNT IND

Grunau GL, Gueron S, Pornov B, Linn S. The Risk of Cancer Might be Lower Than We
Think. Alternatives to Lifetime Risk Estimates. Rambam Maimonides Med J 2018;9:
e0002. doi:10.5041/RMMJ.10321

NPOIIN MDY MYNN HY My 1o ID -y CIR nxnwn 1.7
MYINOT DYDY 1PNRT PDITIINT MYINOT MDY : NPTIN NMDIVIIND 1D YN MYINIIN NTTH
VIR MODIVIIND NIAVNN

TONRRYT IMOWOIN 1.7.1
8PN TIN YN TINND DXNNN DPON ,NNAPY DXTHN IN DXNHD DPON : DINWND NPIINY POIVIIN N
DTN MV NN DXDO0M) ,)NDPDN DINY NYYN DY DIWN TOY DNN N¥IAP 92N DI 119D DX TN DN
PN 0NN TNN YOVW DTR 7)1 10 DN, DTR-NNY 10 0NN DMWY 10 N¥IAPA HIIYW DTN IPT) APyN YW

incidence ,YTH NI N MYINONN MDAY .NHYN DY DTN NIV 10 DM DNN NIV P YN

VNRD MY 710 MW L ID, 112701 07D DNV TWNRD MOND ND>0N NN NNRIDNNN YV density, ID

NIV IOOITNIRY XD WY . ID; ;112701 DINS NNWN MPNY NINN MNNIT MDIVIINI INIZNNN

NMODIVIIND DI DIXNNY DRI YW -TPNHRDT POIVIIN DI INIY NODIVIIND JOIDN DIV ON
INIYIND DYNNNY INIYW DX DI DNNND ¥, INIY IMDIVIIND DODINND) DXTON IN ONIY
20N BN HYA MONY YONPN PNIPDN 1IN DINDPON MY 2 ONN

Incidence density ratio =IDR= 1D,

0
AP POYOIN 1.7.2
71720 55 AWK ,(NMYIPA DTN PYN TV 2T TO,NNITY) NN DIWIN NP NN AMAP NPOIVIIN
ANAPN 293N U5 . N0 DIND NOWN INND DN DN NND DXTTIN NN ,NNPN NP’NNL DONOIA
IUND MYND 120N NN IRIDNNN HINN .DTTHN NNPN D TN NNt N9YN DXNY DININD APyNna
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NOVN MPRY NINNK NYIAP NMDIVIINI NIRIZNNN NDINND MY TT0 OMNMWH . R | 12200 090 DMWN

NI AP MDD NRNYND YN N1 NN DNIW NMODIVIINY NI WY . R | 112201 00

DYT91 IN,INIY IODIYIIND DO DINNY DIV -TININIT NODITOIN NIN YA NMODIDIIN MPNRY
DNDY0N MY P2 DN .ONRIYMI DXNNN) DRI DX DI D NNN WM ,INIY NODITIIND DaDIND)
N>0N DI KW MOND YON NI>ON NN

RR=Risk ratio= &

0
YOIDN DIV DY ININDT NMDIDIIND DINNND TTH NN MYININ MDY 1.7.3
MYINONN MDA TTHA YIDIWNY,, MIYINITN NIDANY NIIVXN MYINN P2 DDTIND NINN
YOO SV INOPNTAND YT YONIPN 1902 DN JVIDN DIV

Adami HO, Hunter D, Trichopoulos D. Textbook of cancer epidemiology. Oxford
University Press 2002 (Table 1 p.4)

NN MYINONIT MDA 1IN 1INV APYN DY DTR-NNY TOY ,NNPN MDA, 091NN 9901 P2 DN
NN MYINONN NV TTH XN MY . ID; 5 ymonn incidence density 112700 D)0 DX9WNN

IN NINN TNNDT NIMDIVIIN ANVNAND NYYD N TTH DMYN )N1DP0N DI DXNVNN

NV ) ONYWN NIV P2 ONdN 1D 1127010 DIND NN MPNY (IRIYI 157010 NP OIIIND)

120N DIND NOWNN YW NINNN DY MYINININ DY DXNYWN ON> NN (NRIDNN DY NINDANN

1

IDR=Incidence density ratio= —
ID,

“ID may be viewed as the concentration or “density” of new cases occurrences in a sea of
population time”
Morgenstern H, Kleinbaum DG, Kupper LL. Measurements of disease incidence in

epidemiologic research. International Journal of Epidemiology 1980;9:97-104
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incidence density

cumulativeincidence

TINDT 1IN0 NP 190199IN
(YO0 ,owND) NPT | NOYIN MNIINN HVWND) NNIY n9n1N Mo
(29Y NMANa P
(113170 MYNH Swnd) TN (30 NOYIN ,oWNnd) I8P 9907 IN 12N It

NYANN) DIVPRN DI NADY 1NN
195 NYMNN , VI DY NN
(Lo MoNNH

IN NNMN) TN VPN P 190)
(N3 NOYIN NN RO

N DNN DN NIV
A5 HY XM

wvn v

NOIYIING MY HYa HNPON

WUN PR
MY (MIPTIN) 1NN
%995 NPOIYNIN

Y299 YN ApYN Swa NYON
,OITIING DYDY DINVY It
NN, APNNY DIV AN
M9 90N YA DIWIN
I 199N

N PN wun v

> ND NN NYAPY 1)

1.9 MIRSNNM NONNN TYN ,MYININ MNP WP

MYINONN MDY (YN T2 11 THV 90non D mnn Synpn) D un ysmnn ndnnn Jun ox
NN AT P92 MOIVIINA OIPNN 1901 N ID mn

Prevalence number=ID*D

NI AT P92 PDIVIIND DIPNN TV (MIIANDNN) MRINNIN DINN

ID*D

Prevalence rate=——
1+ ID*D

Freeman J, Hutchison GB. Prevalence, incidence and duration

American Journal of Epidemiology 1980;112:707-723
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DOMDPHTAN DIPNN OND .2

NN PPN 2.1

DD 2.1.1

NP0 MY NDYNT NN HDID ,APNNN ININT VIVYD DIDID NN 1T IWN IPNN experiment )10
DXNVN DRV VNI NNIIYY NP0 DINY DINVN DY NXIAP DNV 1AW IPNHD NN TNV VIV NDNN
1N MNOPA IPNNI .NYN DY DM IN DN DI NYAYN PTIONDPA IPNNA ND .M DIND
LDTN )22 9PNN2 )0 PRY DL, MINN NI MOINNI) PTAN I2INN MR VYWY 5D 7172

IWIAPI TWR AIPNNTHOININ NN ,NIPD MNIND NOYNN NMINT NN PITI OWTY NN : IWN PN 11D IPNnd
APINN T DY

clinical trials ©»»5p "% »pnn 2.1.2
DOYVIN NXIAP DONWND POP NDMNL DTN A2 OPYPN NDNN NN NDNNN NITNIN NNY 1PN NN
NAYN) NPRY ,NNPIIN NXIIAP , DRNYNN NXIAP NNV ,MAWNNY IN DNIDN NVY ,NMIND NOWNN
NN 99030 7192 placebo (13 PR=) 123X ,NNT DDV NNPXAN NP NYIAPN OXTYD .APNIN OO

QND1DDAN LPANNN WY NMYYN MPLN NN T (placebo effect) 7250 NMIVN NN DXY” NYdWN
NP NYIAPN I OPYP NDN) DDV NDAP DNYN YN - ONDPIAN XPNT IR —HIH5N N MNIINND

placebo controlled) 2a»NXY MNMWNN IPNN” XIPI 12PN NNPYAN

NP NMYY DIVN NXIAPA NDIND IYIAP YN TPNNN PYANNYNI IIN AN M) NNINNN NYY DN
NP DN DD IPNHNN PANNYN DX ,TINDIN .NYNNN TN DY NVNY NNIND W ,NNPXAN
9NN 291D PRI D IDVLNY NNINY ¥ NNPIAN NXAP NMIYY 1INV TN IRIDNNN NV NPVN

1N IMN 9190 N2 LYNY ,JNIN DI MNYT NPPNN NNVINT MXIAP SNYY NWN OIOP NDNA

NI DNX NXIAP ORY DIWN ,NNYT 7PNIN MXIAPN SNV NINNN NININY HYNY 1IWN . Moapn

2NN OYIWH DNV NT RIN DIDVNY NIAPY NYP 1PN, NINKRD NXIAPNN INY NYP NOIN NDNNON
NDMN PNV ODIDAN MMWNN RPNT Y1) NN DIN ONVNY NYLY 7PN 1N ; MIXIAPN NN NINIAN
DYNYYN DD DIMANNI TN 1T MNY NPNN XD MNP ¥ DY 1IWN 190 MNP DY P DMOP
JTOY YYD DN TN LM N0 IMN NNWY IN NDNNY 119700 O1nY

INVINN MXIAPN P2 NNY 1IN YDANNY OMVYN DI NPNANY INPI MONIPNN MLIVN NNN
IPNNN MXIAPY DXANNWNN DY TINIPN NIRXPN TN 2IPN MNDNN MIRXIN YW T2 HWa ON YN
77°N2 MYSNNA ,AWNIIN IN 2T 1I9INI YNINND D12 IRIPRD IRYPNN TYNN .randomization NN
NNXD GRNYH MINDNA 7POVN IN PIN? DI 727> RHY MV TUN INN J9IN DI IN D900 DY NINIPN
APNNN MNIAPNH

1 2N J(randomized clinical trials — RCT) *NApN 5P 0% R¥IPY N3 HO1YP N0 HY 11D NNND
VNN TN VYN DY GIN DY NMIYH NYIAP MIVIRNDD IPNNRN MNXND DNRD NAVNI IPNN DY
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.DPMNIVN MOPN NX XTIV YTI2 NPMITHN IPNNN NDD NX DIPTINND DIPNON DOMMYY
IN N9IND MNT DXNYY NIND DI T .T292 IPIND NYITN IPNNY NMIND DDA H21TH , D8y
DN NXAPY DMWY NX DOYTY DN DXONNVNN 12 01YP N0 .DYPTID DININ N1DVN
VI DT YN DYINY XD NYAPHY NNPIAN NXIAPA IN D1V NXIAPA DN DN DYTY
(single DDN TN IN,NPHND TN IN,NNX MHITL NI OOXRIPN DD NN IPNN XIPY ,DIPIND
.blind RCT)

IPNNN MNP DX9INND NPIVN NN KN YSINN IPINNND D) NPITHN IPNNN NDO NINDN
OUNY 1N ,APINN DY N2 MOYRWHDY DY VN YNND NMYY NNV TO2 9pNHnn NIV NN
IPOIIN NYTN NN NN NYAPHN NXIAPD 1N DWP DN TV
NIPY DANNWNN INPIN NXIAP IR DOYTY DN DMIPIND DN DANNWNN DI 122D MO
.(double blind RCT) (M*H0ON 9195 IN) NND 9195 INIPN MIP NN IPNN

YTAY 0NN MXNIN NX DTN WX DIPINNN D) DIPTIIN THY IR DPNON DYDY e
NPDNIN INVN NN NP NXIAP IDX DOYTY DIN TN, MNP YNY MNIYIN D DOYTY NINSIND
DY NP OPOP MDA APNN INAY NI NIPNI INK NP DIV IN PN NP IDN)
(triple blind RCT) (NW2IWN 1PHDN INR) NYIIWN NN

91920 IN) 712N INWNRN NYDIVHD NPHD YYA INIPN IPIP MDY RIDN 711 I9IDO0N 1PNND

oY MNWY 1M PN K ,9uY XN MY .placebo controlled triple blind RCT 9,55 ,(nannn
21900 ,0°1X NI IR MPOVIN 53107 NN DIV DMYN 12 ND PHP MDD NPNHON
INSPNIN NIRKIN 1OV ,71PNDN2 YIDIY IWAND 1PN, DIDV-IND IN FNININ IOIRY IDVY INX PNNIN
.DMIPIND I OXANNYNY )1 NN TIRIPND

NNNAN 1MINN N2 NMIPNN MORY DY MYN NAPY PN MDY TIVN NI IPOPN NONN ,NNIND
DOYTIN NPND YN NPV DY VYN TTYN NNV T IPNND TN PR ,NNT MINY .NPVIY HNIXIVIdN
5Y 7192 )1I0N .NINN PN AN D53 1195 MXXIND NN MLNY DMMIWYN DN PITIVY ITD MIVIND
STUIIMY AP MINAD TIDN NV RN INOPN NONIN

D90 NP2 1732 MY 19120 N2 ¥8>a Lind .0»»OP DMPpN1 DY MIVDNIN IRNNDND IINRD X
NONNS NMIND (DTN ,0 37,9770 NNMIYY) DINAM DIMNNDOD HYW MINN NYIVN 21720 7N DY DMIN
9DINHD NN WX ,NINNN NN NI DINON IN DINNDY 1NNY DX TIN N2 77 .Scurvy NPToNn

.C ynoma

Roger Collier. Legumes, lemons and streptomycin: A short history of the clinical trial.
CMAJ January 06, 2009 180 (1) 23-24; doi: https://doi.org/10.1503/cmaj.081879
NYOWN TINND ¥TI 12892 DIPIAN DMIHP MO MPNNA 89151723 COVIDI19 nOnnd omnonn

97% 13 IN) DINDNN NXITAPY 1IN XN DX DININNI NINHN DX WIN DNDN .0ONDNN
ANPIR-NIVON S NOON 70% -31 MITTIV YW NOXN 95% 1 1N 7199 H¥ NONa
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.N2PNPA MO PPN 2.1.3

1NNY MNP INIPR 19INT DN ONDNP N0 MPIPN MDD NMINIPY NN DXNYMN DINIYD

NHNON IXIVNN DTN MNMIND MNY IN NP MONHNA 5I19VY 1NN HYND .NMIDNNY DY MWD
192 XD GUN ,JNN 90D NIDYT MDPNPN DIMY MIAIYNNN NMININ NN DINWN .NYIN MAIWNND
DN DIV NPNP NMXND DM MAWNNN DY MXHIND MIVIN DXNYY (NP2 MDMNP) NI NIV
PPNy NNP)

JNONN MDY 1INAD YT MNP YNVA DY DMNDIN NVYW DY NINSPN MIN NI YNINP N0 NHNT
NI NNT DY TOPND W ,MVIYI XD NPNX MONY ¥ 11D NN .10 1% MMIT NPNN MDNPNY 2wN
022 DONNYNN DY NNODN NYIAPY NDNY

ANN MPNN 2.2
D212 NON : NPNINX MDD DY DTN 7)1 DMIVAN TNIN DN INOP MDD IPNN IN DN IPNN
PN YT DIOIY DIVIN GIVND TWAN ONX .OMNIIL DX JI0Y DI1DY TUN N1DPD DN DIVIN NIWND
DNIDNNN NN PITAY XTI NLOYY DIVINR NYNT IWAN IX . NPNNMIND NM2IYNN IN DNDN MDY
2Y NYOYN NN NYIVN PITID YT MNY NYOYN MNTD DIWIN NIYND TWAN IRV IRTIAY ) IWOYN
PP NY DTN Y DIDTYN NN NIV NHT 992 VDIAIND DIVIN NIYND TWIN ON DY .INIDNN
NN ,NNITL DM IN DTIVN DD INDIND DIWIN JYW NOWN YIND WM IIX DD 9D DINWN
TPNX NPT ROD DMV DN XOY DMIPNI MNIN NNY N ,NMVTN MNIN NNY DI
NI

MONN SV HOYILN TONNA ,MAIYNN KDY ,MAXY : NINK NVIYA VIPID P OMIPIND DI ,NON DXANNI
DYXPOWN MANN MIPNN DY ,NXIDON ,NDDIND MMNOPHTAN .NPDIVIINI MONNY 0970 N

NN APYNI NANN YN HYNY ,TON IWINMY ITNIII NDY0 DIMND NMNYN N1PNY 1INIY NPOIYIINA
.DNIVUYN RO NIV NIWY MNI OIVYN

POIYN OWND LT NP P DI DIANNI MINSDIN ,NPTIND NPDIVIIND D) MYNINHD NPINN
TOTD DO TINY DNMIAND NYYA IN NTTIAN MIDIVIIND MMIMANND NN IRIDNNN G0 NN PYITAY
JTO) DMNNNY L(DXDIIPON) DINIPND NOPDIYIIN

11902 NVYTIOW NYONN MIPNN IND

DYNRN DIPND ®
DMNIPN OIPNND @
DYVINDIPND @
descriptive studies 0»NN ©pNN 2.2.1
SV NINI MIMARNI 1D 797 NN DIWIRNDN DIPNI DN D DNWI ,DMNNIN NPOXN MPNN
MONNY MO DY DMNI 1NN T, NPOIVIIN
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IN Y NTIPIA,THN MIPNN : ININNIN PN TYR 299 DMNIND NPOXN MIPNND MND MY PIYY DN
TPIMINDY NONNNA NYIM NI DN DY IIT TNRY NNN -TNIN PPN

DYTNA OMININRN DIPNA : IPNNA DXANNWNN 297 DMNINRN NAXN MIPNN MO MY PIXD DN

DPDIYOING DMPNN)
DTN NANN PN o
JPOIVIIND AN PN o

DTN OMNINN DIPNN 2.2.1.1
NPYNRI T NPNY DMWY (case reports, case series) NMNIL YA¥N N MYNN DY DXTT2 DIPN NINN
7NN MIN MYID

DT DD NNAIN DN DIPN NYIW DY NITO DY wasn AWK ,(1971) Herbst Nt o0 ,ownd 15
13 129 DT MY 20 -5 19N DXDYTHY DINN NN NPT DXADN DIPNA P .MPYS DXV DY P »7Ta
ADES) 5170022°00-2>0R->T , 17070 DX 7PN MZAN ¥1IND 7N DY INIVON 1NN JPNIIIND
1YY INYN, 0N NN NOYNN IMDD

Herbst, Arthur L., Howard Ulfelder, and David C. Poskanzer. "Adenocarcinoma of the
vagina: Association of maternal stilbestrol therapy with tumor appearance in young
81. Iwomen." New England Journal of Medicine 284 (1971): 878—
http://dx.doi.org/10.1056/NEJM197104222841604

The Diethylstilbestrol Legacy: A Powerful Case Against Intervention in Uncomplicated
Pregnancy, Pediatrics, NCBI PubMed, PMC5080866, 2016

YN DMIPNN DN, YYD T WP WY NNIPID DN 7Y JOID OY THY NPT MIN NONN DY NNT 1981 -2
(AIDS) ¥573n "MD>NN HWHN NMHNDN NN 72T DY MDA T

Hymes KB et al. Kaposi’s sarcoma in homosexual men-a report of eight cases

Kaposi’s sarcoma in homosexual men-a report of eight cases
Lancet. 1981 Sep 19;2(8247):598-600. doi: 10.1016/s0140-6736(81)92740-9.
William Mcbride »71 Sy N)WNID DONI (D9) 70N) D121 DI PRITONN P2 IWPN M) D)

PN NNNO
.DYP1 MINN N2YNOY NPNIN DYDYD W

Guidelines To Writing A Clinical Case Report.Heart Views. 2017 Jul-Sep; 18(3): 104-105
PMID: 29184619 PMCID: PMC5686928 doi: 10.4103/1995-705X.21785
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PDIYOING DONINN DIPNN 2.2.1.2

D912 DIPNNN .PDIVIIND NP0 DTN HY MNYIVW IR DNV NINIZNN 22NN DIIRNND TUN DIPNN YN
DYINNNN DIPNN YN DANNY 11270 19733 NPT TN DY 1INIDIDINY,7PDIVIIND PDYD 1dYa NN
A3 NOTIY INIDNND NP0 YD NNT MYIYAY DI01 NPNY DMIYY DNIDN NI INIDNN DY 1M MNOY
NN 20 MONND 112D NN NN D27 DMIPNND NNIN TV NOTIY 2D MDNN HY NRIDNN HWnd
.DYNNY DT VIDND 1D

,OUNY T2 0NN DIIPNNY IWN DI DN DXNINY MPTN DY DITIDN DPNINIY DPNIDT) DI
MW PPN 7Y MDONY MINY ,NINNRD NYYL MNMN MPTHI 25 MONNN NMNNA DT NNIND
P2 ONYN MIND 09IV DNDN NPPTHY DI NYWHYN NIV NNYNPN NONHD NN NN PTY

TN

NYIAPDY NYNIN NOWAD D02 NN D1 127D 2NN DY MINNDN DXTTIN IWNR DMNIRN DIPNN
DY12) 2992 DIYYN DY M) MY NNHNN IPNN ,DWND T .01 DXAONN DMIPNN ROY D) NYITN
MINNNDIT DY NANTHN IPNN T TR0 MDIVIIN 2792 NNDN NYIN MW TN DY WaNn 021y
PORYN AIPNN KD DI, T NYIN IYSNN NVIPIA TN HY YIAND 1Y) W VDTN HYaN TY VDTN
DY9NNHN LOAIND PAN DY JOID MYNNN YYNT DY D) NP1 VIDINRD HY9N .ANIYNN DY

.ecological studies ©»NNPN OMPNN 2.2.2

IYUPN N RO NPDIVIIND NYNND MNIWI MIVAN 11270 D) P2 WP DIRNND DONNPN OMIPNN
DY DIMIPIN IN DMY DINIY NPNY NI IRNWNN .O>TTIA DIVIN DSN

12202 "NV DY YIANND NDID MODIVOIN NNINI NNV DNV 15 MONNI INIYNN DY INNYNOYNY T
.25 MYNN MNOWI NONI MIYY NN TUN

YN N0 MNY Y YIANND N9ID DTN NNINI_MNY MITNI 20 MYNNIA INITNN DY RNV D)
.25 MYNN MNYOWA NANI MIYD NN

DN IN MPTH HY D1VLDILVD DXNNI DINVHY NI YN NPON> DIVIVI DIN IIRD DIPNN
YNNIV DY DI 19N TR MNNYNL DINT DIWIND DIONNN NN ODINY DMV DNINT2
NIVAND MIPNI YTH TPHHI NRNVNIN .NMIY MSINI NNV NMINPNI DNV DN INX DMV DXPT)
MO DY YIANND 1D DY DI VNI DMIPNNI .IPNNN NONWD DMNINN DIAIYNN N0 N NVIOY
YYN ¥ OX MONHD NYIND DIYAD NN TN .INIVNN 2991 220D MIPON PNV PIDY XY TN PPN
PDIDOIND MINIA DY DMNNN NP0 DIND
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.DYVDIN OMPNN 2.3
D019, 01PNV DY TTIA DIVIN IXN MINN NYANM ONDN NP0 DIN P2 WP DPTIA VNI DIPHN
PPN DANNYNN
DMVIIN DIPNN IND MOV 2.3.1
:(DNMIVIP IN) DYTHMI NN 29H DIVITIN DIPNH INDD M)
SN MY YAY MDD 2.3.1.1
(cross-sectional) 7NN MPNK YT NTIPIA DMIPNHD @

(longitudinal) TN »MPNN NPT TNINI N @

: (directionality) 115295 M 2.3.1.2
APNNN MNP MITIN NAY NVIWN ST DY NUYNY ¥YaP) NI IMND
.9NNT 2NN NIPON DN DY Y19 DIIAPN NN 1AV ITON NN N2XNON IPNNN MNP NITHIN
NIY0N DINY NNWNN NP : N0 2D AXN 19 HY IPNNT MXIAP NN DPTHIND NN IYUND @
120N DINY NAWN NPRY IXNYN NXIAPI
1270 MO NDWN INRD NINNN NINYDIN NN D¥PTIA IN

follow-up 2apyn APNN NIN PN IPNHN NN
NN OPTIA NN (NONNN RO NP NMYD) NONNN AXN 3D IPNNT MXIAP IR DIVPTHIN IYND e
NP2 NI IPNN AP 1D MIAN IPNN .NYNNN NNIPY INNRD 12¥2 NP0 91D NIRNDN
case control
SIPN APNN NN PITN ININD NINNN AXNY )IDP0 0N DIPT I IWN IPNN NI @
S2PNNY DN TON TINA ,DMNI2) DN DY NXIAPA )10 MDDV DM PTIAIUNIPND @
.ambidirectional »M12 YT 3PN MIP ,APYN IPNN YV M1 (1ay3)
DRIVNN MM TON TINN DN NYOY INANNDD DINIIY 2D OPIN DY NP NIPN IPNN HWnd
IURD NI IPNN 1IN DXOPN .ONYYN XIY DNWYHN MNP PTIY , 009N NP DY D55
NNIAP DXPTHIN INYRIN IPYNHN IPNN NY2 GONI XOY AN VNN GO YN YINY DINI
MMON NPNN POY WX YTN NNPI NIPN IPNND DN, APYNRN IPNN TINA P1Y N2 1Y Wvwv
¥1APN NMND NN YT
(timing) N a2 ML 2.3.1.3
SAPIND PAT DYDY DIXNNIN JIT 99 AND 1D DINMIN NNIYY (NDIND) IPINN DIP 29D D32 IND
TNYL IPOY DIYIPR 297 IR TPNYI I9DNY DINNIN 297 12T NTIPI XD 1PN IUND e
IPNNRN YNNHIY YOI NTIPIN DIV PN PTIA PN : prospective TNYY NN 1NN 1pNHn
i > 09WNRI T 1910 KDY DIWA WY DINTN NOKX to NIYA DINNN IPNND DX . TINYD INOMN

DY D>NNNN APNN ’concurrent MWIY IPNNY IPNN DY MY N0 OORNPN ¥ L > to 19
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NN PNYA NIDON 0NN DY NYAYNN N> TUR) 112701 OIND MNUNN MNP DY OINN NHIDNI
.NID 20PN IPNN

P IPNNN LIV IPY DIWNPNX I DIINTN PION JOT INRY JOT NTIPIA NSNI IPINN TWNRD
982 92YY IPNNN DNN Y PITN NTIPIN DINPN P2 IPINN : retrospective Iayv IpNn
INNY IR IODNIY DINI 220 PYOY NYY DINMN NON Lo MV DPNNN 9pNNn ON AT

MO IPNNY PN HY M NOY DINNPN W L < 1o 19911 < 0wnot mnTp oHva

Y .92y M) HY DDINN IPNNNN POM TNYA DXYAPNN DMNMNN PN .mixed AMYN IPNN

.ambispective 1% YT 3PN NI IPNNY DINNP
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DOVYIN DMIPNN DY DMIPYY DIND .3
DMIPOY OMIPNN MO PTHIND DN DY IMNDN MVLIVY NVIXY 5 DY DDINN2

(cross-sectional) Tnn »pnn 3.1
PO0NY XY 12 5Y 19T NTIPI NMINA NDY0N DI AN NYNNN ANN PT2) DN DMIPNN DIN TN MIPNN
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PO NNN N NTYY NVP IN 0T
NTIPI NHINA NPT DY 727TN DINN .02 DIWI DN 2D NONHD MINYDON : VD IPNNID DNONT @
2297 NONN 9D YAPI FTHNNY I DN A1 AINN DY THNN DY I
S5 19T NTIPI NNIND NPYTA DY 12170 DINN .01 DIVWI ISN 2D INNPN NINHD MINSHdN @
19NN 29D YaAPI ITHNNY N2 DIAX, INNPN NYNN DY THNN
DV 1Y NTIPI NNINA NPT DY 921N DINNK .DMNY DT M0 DY DIVIN SN INNPN MINON
9NNN 295 YAP) DTN NO NI DN ,ANNPN NONN DY) DTN ND
NON ,2PYN IPNNID NPNY DN DN TIDY TN IPNN DY NYISNNA APYN IPNNA H2YTH NUYND
MIPNNI 192) MINYNDIN NN DOPTIA DD TITA.2APYN IPND THN IPNN ONN) TIDY P2 27 572N PRY

1NN IPNN HY N DN surveys DMPD prevalence studies NINYDIN MIPNN D) OMNIP THN

TIX PN 3.2

19NN NYNNY DNTIP NP0 M) : DINTN ITO 207N 1NN YN DIPNNI

forward directed study ,nm>7p M35 9pnn 3.2.1

.DMIPINN DINYN) NIV Y3 NTIPID NOPONS prospective D) XN foreward 2pyn 9pnn v

9 HY APNNN MNP MITIN 12V follow-up ApYN IPNHN NN XDVPIDIND IPNN NDY PPN IPNN

19NN DY N IPNNN MXIAP INK DXAPIWY )N1DX0N DM

1T AIPNND MINONT

NYOYNN NT IPNN AYNN MZNN IVX DOPTI) ,DNVUYN NI DIVYYND NMINIINN DIAPY @
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.PINY PO retrospective NINN DY DIPNN 3.2.2
PHINN Y9 DY DNIVPIDIIVI DIPNHN YW DN NY v
NNPANIPN IPNN 3.2.2.1

backward directed study NN M52 IPNN NN Y
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NI AIPNNY MNDNT
DNV PRI DY IRNYN N8P NNIYD 20 NYNNIA OXDIN HIN 92¥2 PYOY IO PV Ipnn e
.25 NONN1A OOIN
DNYN .INMP TN DMNDINN YNIN NYNNND DIWTIN IAYNY INNRY IPNNL DINNN DIPINN @
TN IRNYND MNP .0IN DINY IDN YNNI MNP OI9IN HSN 72¥2 ONODN DY YN
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Dagan N. et al. BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Mass Vaccination Setting.
NEJM.org. doi: 10.1056/NEJMo0a2101765
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1N 97N YT DY THHIN NN

.DXNYN DPNY DN DEN TTHN MINS 10N DIMND DINVN SN T13 = DTaN 710
RD =Rate difference = rate among exposed — rate among non-exposed

79I1Y99Na (cumulative incidence difference CID n920810 MYINOD : IN) MYINDND MHIANDN Y9TIn

:AMAP

: 0 YYD NOWN NON NPDITOIND NNXY 1 NNHD102 NMHWNN PDIVOIND NN 1D DN

RD=R-R,

191 1Y9I99INa incidence density difference (IDD) niyINoD NIDN Y970

0 YDA NN NON MOIVIINRND NINY 1 11D NMHWYNN MDIVIIND NN JIDI ON : MYINOT MDAN H TN
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.prevalence difference NINNDID Y9TIN
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DMHVYYN NI MDIVON NN DIVYN NPOIONA (difference, PD
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MoNY NMHANDNN YON DXTTHI : MINK DD .)1DPDN NN MNYN IPXRYI MNYN NPODIYIINI
,ANVN TN .NNUNN PDIVIINI NINNN NYNN NYITY DN 19 DXPTIA DN T .ANYHN MNP

.PN990N NYPO DY MIYOIN NIDN

21N MYINOIN ON NYIAP NPOIVIINA

RR=H
R

MYINOT DAY DM DN NN POSY NNV P02 DWNNWN D myY (CI) N92080 MYINON NTTH DN
"N

CIR

Cumulative incidence risk ratio=CRR=——"

CIR,

N OMO00N ON?

Odds ratio=OR = g

0

DOVNNWN HD5 TI72 72080 DN D NY TTH 00NN W NPIAYA .OMDDY DN TTH0 MNY NNd v
: DN2D OXNNN2

Risk Odds Ratio (ROR) ,Disease Odds Ratio (DOR)

2130 MYINOTN MDA DN TPHT MDIVIINA
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ID,

Incidence Density Ratio=IDR =
0

NN NMININDONN ON> NVIRSDIN TTIIN IPNNI
prevalence ratio = prevalence;/prevalenceo
1IN NMINIDONN D0 ON? NMINIDIN TTIND IPNNA
prevalence odds ratio = prevalence odds,/prevalence odds,

VP OTTNRD HTAN TN P2 NNV 3.5.3
T9N9Y ©ON YTTNM 572N YTTH AWND 1N

RD =R -R,
RR=1

R,
RD = (RR-1)*R,

N9VN RO MIDIVDINI YDX0AN NIYDN NNVIYY N0 71PHYY MY DIMNDDN WISN 1D 1979 NVIAN IMNNIA
Ro
s MYINOIN MDA Y2)D NI WP O ,IMT
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DN YTTN DY N TR WIO Y TTN DY PIVNION 3.5.4
ON NMIYY (D190 IN) NP0 ININT DIXNYNN DXN NNIDNNN MNIYY NPYTIAL TPHINN IpNNN Y95 1172
-519X01 N -)DP0N DINY DXNYN NI DN DN NYNN VTN DY DINYD IWINR , TINDIN .D¥NWN DINRY

DDINNN NN COVID19 NONN Ny DIN NMIYN NYRY HWND .O0¥NWNN YN DNN NYNND ITYN DD

71 ,efficacy -n 7POXNN MDY XIN DN OXTTI P2 DN NNIN NN .DNDIND DPNY VN NNIYD
YNPN AONND DMNDINN TN NN DY 29 YIDIY 12 UMY

N2PDN BINY IAWNI XOW YN IXN NONN TV DY Y9N Y TTH0 D3 DMIVNID NYNN DY WIS Y TN

RDno disease (1_ Ro)_(l_ Rl) =RD

19NN TYND ONY Y117 > 75 927N PN
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RRno disease = ﬂ # RR = &

I-R

DMV DTN NYNN NN DXINND WIN TTI) DN 3 TT1 3.5.5
VONNA 191 ,NMVN KON NPDIVIIND TTH2 I ,(MIDNN) ONYN OIDA DTN NN DN YTTH DTNV NI
DMV DTN YT NVYD DI DN TT0 ININY

5y W85 919> RR=3 5unb .nbnn nyond NoYo 091 12 )N51an avpn NX Xvan RR -v amb nm
.DNIVUYN NI DN TURN 39 DNYYN DX 29 IXIVNND DI NIV T

50% YOV T3 Yy Waxn RD=1.5 5und .imoivorn Sy noOwnn DN vy Nyawnn Nx 10 NN RD
YN NPDIVIIND DY NDYON DN NYAYN ODINY .)NDPDN DI NOWNN MIDIVIIND DN NP

M2XUN 7PNN KD ,(27DIND DMININ NI) NYOY NI PRY MDDIZIIND .PDIVIIND NDYDN DN MN*OWA
RD -n 5w 5110

LDDIVOING DNIVYYN N3N XD ON 0) 0»P) P P11 RR 1 Dy NVIAnm ,oN91%a0 9vwpn TTORND

YWIN PN DY PDIVOIND 50% 2 NRIDNNN MIYY .MDIVIIND DT D) 12100 19N PNDPDN D) NYSWN
NPOIDIIN DWNY .NDANMY NIVP TPDIVIINI INIVNN MDY TYUNRND NDXN NINXIA NN AN NIVN
D201 MIN D2IDN DININD NAYMY IN DIPT) D1V DNNIND DY

: TPONNOO NINT

Ri=2, Ro=1, RR=2, RD=1
(1Y DTAN TN DORN DN TN NN DIN

R;=6, Ro=3, RR=2, RD=3
DMV DM ITTND OINNND 912 572N TTH INN_: TN ON

R;=2, Ro=1, RR=2, RD=1
(7Y DTAN TN DORN> DN TTN NN VAN

R;=3, Ro=2, RR=1.5, RD=1
e Schwartz LM, Woloshin S, Dvorin EL, Welch HG. Ratio measures in leading medical
journals: structured review of accessibility of underlying absolute risks.

BMJ 2006;333;1248-; originally published online 23 Oct 2006;
doi:10.1136/bmj.38985.564317.7C
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design
¥ ¥
Experimental
Researcher .y ; ;
controls exposure Clinical trial Observational
A 4 v ¥
Descriptive Anakytic (individula
(populations) subjects)
RRR, RD, NNT
Retrospective or
prospeciive
Backward or
foreward
h ¥
Case control
Groups differ by
Cohort (follow-up); disease status),
Cross sectional Groups differ by Always_
exposure status relrospaciive
Association
heasure: OF
Retrospective Prospective
follow-up study follow-up study
Association | »| Association
measuras: measuras:
RD, RR RD, RR
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.DNTPNN
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02 VAVYN Y9 DY 2N 5.8
D»1VoVN 5.8.1

N9OWNS NPYIANDNN 9 DY  Risk N ,015°05 N”HANDNN NN AWND TWAND D2 (NNDN) LAYN
9NN DY MR NIV ONINT NNPIA NIPH IPNN2

P(E+|S+) ,
P(E+)

P(E+) M 270N DIMND NOWN NIPNIY MIANDNN .NINNN DY MIRYDNN NN P(D +)

Risk = P(S+ | E+) = P(S+)

MNIWY DINIVIID 9 DY MNINN NN NPTHN IYN ,TPRIOIN NAVNNN TITD DIRNND VIYNN -MNDINI

P(E+) mn ©1mvanmo vy mHanonn .NoNnn DY MRYNIN N P(D +) -N2NHN
diagnosis of a disease if there are symptoms =

symptoms if there is a disease*prevalence of a disease

probability of the symptoms (with or withut a disease)

plalpal

P( 1010 wrwo Ypwna a7 )* P(un0)

DPWna 770 WU U0 NMNaNoa=
P(opwma n7)

NP0 DI P2 VP NVONNKN TPNTPRTARND NPIPNNRN NAYNNRN TITY D) NNDINNN D2 NNON
NINI NYHNY (N2XON)

P(cause | effect *prevalence of a effect

P(effect| cause) = b )
cause

P(smoking | cancer)*prevalence of a cancer

P(cancer | smoking) = P(smoking)

NYND N0 NYONNTI MVAVNN NAYNNN TITY D) NYIRNN D»2 NNDON

P(effect|cause)*prevalence of a cause
P(effects)

P(cause | effect) =

Sund
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P(cancer|smoking)*prevalence of a smoking

P(smoking | cancer ) = p( )
cancer

"Lnk)

. . P ir pollution)* 1 f a air polluti
P(air pollution | cancer ) = (cancer|air pollution)*prevalence of a air pollution

P(cancer)

02 VAVYN NX NN DIMIANDN DININ NN 19NY 9220
1707 12 DYNP DN NWYY MIINDNN NN N

.and 1972 NN VIV TPDIND AT ININD INX YIPR DN TAR YIPR D) 12 OOPNNRY A8NY NNON
JSIMINANONN TN P T NPIPN JPNIYY MIIN0NN NN I MNP NMYOIN YNV TIWND

.M D2 MMDNN intersection

YIS+, N9IN P OTRNY O T+ NP> 733 »21N XY¥HN 7PPY MIANONN : DPNTY
P(S+and Et)=p(s+nE+)

P(S+nE+)

»10 mutually exclusive D71 2N NMYNNN XNY TWUNRD : NINAN NNXTH DYDY Y
;N0 DN NN DN ODIN D) ¥ : DXIANN MY DY " TINNN NN DOVIND NMIN . P(S+ NE+) =0

NOTIVYID NN JNANNMOPY MYMN SNY DY D127 105

NINAY 1P DIYIN YN TARY MIINDNN T 5.8.2
PAIDNN UNion MNHANODNN 7 TINNIY 721TI,TIND NNX DD IN TN MIPO MDD NIYIIN SNV TWUNRD

.Uy»oaww Unmna
CTIND NNNX D2 IN YNV NPIPN ,NPNNI NOWN — MYOINN XNYY MIIANONN : NHNTY

P(E+uUS+)

P DOMIVY IR S+ NN OTRAY IN, E+ 11970 090D no>wnd mnanonn avn)
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MV QYN O NDIN D) IV VTN OV IX NDIN N GUN)  OTRD IMNNA P> ONIYY 2NN
YMNINON

P(E + US+) = P(S+or E + or both)=

P(E+)+ P(S+) - P(E+ N S+)

TINOPNN MIANON DX NAVYNA NPIY S+ 51 +T HY NMMIINONN NDNY NI NN DX PONNY TN W
10NV

1YOOWNN NMINANDNN ,OWNY : HPNPNN MIANDND TNION 2NN MPY MIANDNN NN MYAN0VNY 0Younn
=S N2 OTRNY MNANONN MN S+ NoNnd

P(S-) = 1- P(S+)
g AR 2R

P(S+) = 1- P(S-)
P(S+) -n DN 9non 2080 Dyn DyY 9Nl
P(S-) -n NN 9001 Hy5 23080 DY \Innw nn O
.E 12010 0715 nor>wnn Y mM1anonn 5 D) T

P(E-) = 1- P(E+)
g AR 2R

P(E+) = 1- P(E-)

72 .P(E-) -0 DX 9000 585 nwn 510D innwy nn 55 P(E+) -n N 90010 Nwn 51nyn 9w 9r8a

P(E-) -5 9710010 N9 9mwn P(S-) -5 97110 Mmixnnm ponv

DY WIANNN RXNN VTYN NONN ITYN DY IIRD DIWPNRN NIYD GMYUNN MK, TNNN MNINT-NYYND
RlA) el pialal

P(S-and E-)=P(S—-nE-)

02 VOYN NN 5.8.3
-DvW ND9DNN MIN NIPON DIND NOOWN 7PNN DN NPNH 1°NN DIV NMIANONN ,MIANDNN MDY 9D

-1 09951 S+ NoNN YW WD AURD AN M E+ 9mY0 novn niddpy mnanonn L1
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M S -wambo 5951 nbnn NYpY MHanon .2

DN .1NT 12 PN DONIND MNYY MIIANDNN 7PNN NMMIANDNN NYdN .DONIND MY DN N
.MN2Y 21N YNYI NT N3 OININN

P(S+and EH=P(EHS+) P(SH)

79 Y2101 9371 LIVYNN DIV

P(S+ N E+)=P(E+|S+) P(S+)
D»P NPIVNYID , 0N

P(E+ and S+)=P(S+[E+) P(E+)

P(E+ N S+)=P(S+|E+) P(E+)
NN

P(S- and E+)=P(E+|S-) P(S-)

.0 (NN 09 NYYwN) E+ o) (NSnn p) S- 0aw 2895 manonn s
PN MYNNN YNV MDD ,NONNN 2D NON DN NWN PA RINWID WP MIIND IDIRY 29 10OV
OYPNN PN, PVITND_ NPNNINY

P(E+S+)=P(E+)

NOWYN HYNY) 19NN NYNNA NNYP NN NWND NIANDNN ,NINNN 2NN 7P NN DIWN NY 90D
NPNNIY MNIANDN OHYA DIN OWID NIANONNI 2010 NONN (2D NONN 28N HDD VP IRY ,DWUID
.independent
TPNOINY NN ,MT

P(DHE+)=P(S+)
N ,NYNN 7PN ON NIPN DWIY NPWNN D) ,PNDO WP KO ,/NIPna’y mHanonn ,nd NIpna
(tDYT XY TR) NPRNDIY MNIINDN YTV DY TINND

P(S+and E+) = P(E+) P(S+)

lndependent probablhtles independent probabilities

20D 17 199 ,S-9 E -5 00100 570 0vn o0 MNND
mMHaANONN Y NYaRN MN PTIN 1P S+ on E+ oxw mnanonn ,mHanonn »vho »ab

E+ v mnanona nbaom ninaxn 7PoNn marn NXRNN NN NP> E+ v 1 9wNd mp> S+ v
V 1209 MDVINIVIN NN YD1 NP>
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P(S+and E+)=P(E+and S+)

T2 2AN2) DY TWN

P(S+ mn E+)=P(E+ n S+)]
P(S+|E+) P(E+)=P(E+|S+) P(S+) M9
P a mpn pNna RR 1wn 5.8.4

MINYDINN OV OX,02 VAW NI, RR -N NN 2WND IWON T¥D P1T2) 12N ,)0)

: NINAN NPIANONN AVNY 1% NNPXA NIPN 1PN

YYD ,OINN PAN NOOON DMY DNVYNN NN .DTINNI MY NMIINDNN ,ND @
.0"N OOPTAINY T DN VYN MHANONN
P( EHS+)

.DYDIN DYNX DXPTINY AT DN NYOYNY MIANDNN 1Y 00NN Y20 DNYND TINN @
P(EHS-)

.DY9IN DPTNY T DX NOOWN TTYND MIINDNN 1D, 091NN P DINWNN DINRY 1IN HINN

P( E-[S+)=1-P( E+{S+)

DN DPTNY WM OX NOYN ITYND MIANDNN 10D ,DINIAN PN DXNWNN DINY DN DINN
.D"oN

P( E-|S—)=1-P( EHS-)
R,=P(D+E+) ,09wNw 15X S¥N M5NY 112°01 NN 2WN)

P( E+|S+) P(S+) _ P(E+S+) P(S+)

R ) = G s PGS + PEASIPS) . P(ES)

DY9IVN DRV YN KN MYND 112701 NN 2WN)
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R, =P(S+[E-) = P(E—|S+) P(S+) _ P(E—[S+) P(S+)
‘ P(E—|S+) P(S+) + P(E—|S-) P(S-) P(E-)

PN IIN MONS N0 R, =P(S+E+) ,09wWNY DX DN MSN5 112701 12 DN DXNYN DX ,INNND

MoN2 >0 N2>0N X Risk ratio -n 1m55 ,012°00 ©N> NN M o’ . R (=P(S—[E—) ,029wn DNy

.RR -5 n18pa oomon v Relative Risk -1 (112700 0915 D39 wn qwNd)

P(E+|S+) P(S+)
RR — R1 — P(E+|S+) P(S+) + P(E+|S-) P(S-) —
P(E-D+) P(D+)
P(E—|S+) P(S+) + P(E—|S-) P(S-)

P(E+|S+) P(E+[S+)

_ P(E+) __ P(E+)
~ P(E-|S+) =~ P(E-IS+)
P(E-) P(E-)

_0dds P( E+|S+)
odds P(E+)

YSN 1NDY0N DIMNY NDYN LIV MNANONN MDD P (MINK) O NN RR -0 ,mpa napn 9pnna
MOYOIND D52) Y52 N9 WNN MDD , 00NN

,ONTI2YI VOIIRY NPWN NNV 10: 1 DY O MIINDN (risk) 12D ¥ DINVDIIN MFIN HIN ON : NPT
HNN NONNY 112201 DMWY >IN 17100 N 1N NIOHIN MDIVIINT LOIRD NYWNY (0dds) N>>OM
1FP555N MODIYIIND DIMDYDN DN’ 195 NaxNN 1000 %9 115702 012N : 1000 1 RR wn oy 1avn

S INON

odds P( E+/S+) = RR*odds P(E+)

positive 231 39y MDD DN HY VTN MY - IRNIN -DIN NINN TION PO -INIIN N NV2
.(799) 1902 MTY) TYOP MNOPNTANA predictive value PPV

odds PPV=odds P( S+|T+) = PLR* odds P(S+)
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19 manonn mn P(SHE) ; mowoxa nynny nmanonn ,nonnn minsmn mn P(SH

120N DINY NPOWN NHPY NN TURD

5.908N DXNNIN NDVNN HINN NN NYTD TNNN

1A PN APNNN NN AN P(E+) NONHnn HY no>wnn 9wy X NYTY TI0X) )10 ON,071 0OvVN 29 DY

7PN IPNNA NN Y NNPIA IN DN MODIVIIN NIND MINY NIDYIN MDIVIIND NHYNN NYY NN
APNNY NINH DN NYNN NYY IR NYTY TIN D1 NNDNA NYNY YT JNXIN .NNPA

D2 VOVYN Y9 HY NN -»NTI NYNN” DY NNINN 5.10

“Rare disease assumption”

M RR) risk ratio ©15°010 DN NN 2IWNY VAN YN NP2 NIPN IPNN 59D 7772 ,7IND

odds ©»15°0n DN DXWNNWYN 1 DY .IPNNRN MMM NINKDINN DY DTN NP PRY N ,9PNNN
IUNRD 77,019°01 DN NN 11D THIN 00N DMY DIV 995 7172 .RR y11mI85 (OR) ratio
ST NONNNY

1IN INDNY N 7'11TI NONHY XN DINONN NND

,10% -1 N2 MINNPNAD  »
NOWNA NINP NN NONNN IUNRDI N @

NPT NINP NINN IWNIORTIAY  °
TURA DX MYINONL MIDN MNNDINNY NIXIND NMINYDININ NNDI,TIOTD 19737 ONIND YITI VI TH
.N9NNN SV (Y¥INN)

Prevalence= Incidence X duration

DY2NN MY TYUND D) IN ,INP NYNNT TYN IUNRI IN 1D MIYINIIN TUNDI IN 11 7PN NINSDININ
IUN TNRYT POIVIING DMIPNNA (97730 N2 YD XOY) TN o) OR »1 5y RR Hv yTmIND .01 19N
.(incidence density ratio, IDR) myInonn ma’as on> X TN DX0IN

MNP P(S+) 9555 ,n010) MNYDNN N NPT NONNN ON @
.03 030 P(S+) nX ©9915w £00a0 [, 2ou0 AN Y MoNa D) IN e
MIINONN , NN TPDIDIIND 217 12 O, 1T N9NHN) 5991 595 P N P(D-) 7PNn e

P(D -) -5 0 Mvpn 0I1aRN P IRY MIDNA (NM2A) 1IN MINIAD
:NNPX2 TIPN NON IPNN MY 280 NNMAY RR -5 nNona XN 11am
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P(E+|S+) P(S+)
R_ P(S+|E+) — R1 _ P(E+|S+)P(S+) + P(E+D-) P(D-) __

- P(S+|E—) RO P(E—|S+) P(S+)

P(E—|S+) P(S+) + P(E—S-) P(S-)

P(E+|S+)
__ P(E+IS+) P(S+) + P(E+|S-)P(S-) __
P(E—D+)
P(E—|S+) P(S+) + P(E—|S-) P(S-)

_ [P(E—[S+) P(S+) + P(E—[S-) P(S-)] PCE+[S+) _
mPRAPIRI - IP(E+(S+) P(S+) + P(E+|S-) P(S-)] P( E—|S+) -

_ P(E-) P(E+[S+)
~ P(E+) P( E—[S+)

17T NYNHN ON ,NNPO

P(S+)<<<1

P(E+[S+) P(S+)<<1
P(E—[S+) P(S+)<<1

(~ 21279 1 PPa 1N

22PN DYMNT DXIAN DNNN)

P(E+[S+)
P(E+[S-) _ P(E+/S+) P(E-|S-)
P(E-|S+)  P(E+S-) P(E—[S+)
P(E—[S-)

RR =~ = odds ratio=OR
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NMPX2 MIPN PN S 2X2 153V 12)0 73N MVIAN INDD NN

DN DNVYN | DIND DINYN XD
=iyl 20N
DY9MN A B Mi=a+b
nMpn C D Mo=c+d

DT DN DNNNN RR HYv nNoNn NX XV

D120 DN >T> DY DIMNDON DN NN TINND 1N ,10% > P(S+) ,n210) NMINYNN IWNRD : 1NN
RR=~OR

DOR -n nx 5apy EOR -nm - 7ann 1onm 92 0avn 29 5y Ninda 5.11
DYYINN YIN (NDPWUNY NIPON 91571) NOOWNY MIANDNN 2WN)

P( SHE+) P(E+)
P(SHE+) P(E+) + P(SHE) P(E)

E,-P(EHS) =

DONI2N HEN NYOWYND MIANDNN NINDIN DN

P( S-[E+) P( E+)

E,=P(E+[S-) = P(S-[E+) P(E+) + P(S-|E-) P(E-)

0N MMPNRN PE+) 770195182 N9YUNN YWY DX NYTY TIVN) ,NNINDD -25 100w

: DYDINN HAN NPWNY DNDDN NN AYN)
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P( S+[E+) P(E+)
_ P(S+[E+)P(E+) + P(S+E-) P(E-)

B P( S+|E+)P(E+)
P(S+|E+) P(E+) + P(S+[E-) P(E-)

N VIV MVAY N (172D 1Y) INIION PNIN) D)INN DINNY

P(S+|E+) P(E+)
_ P(S+[E+) P(E+) + P(S+|E-) P(E-)

[P(S+|E+) P(E+) + P(S+|E-) P(E-)]-P(S+|E+) P(E+)
P(S+|E+) P(E+) + P(S+|E-) P(E-)

P( S+|E+) P(E+)
_ P(S+[E+) P(E+) + P(S+|E-) P(E-)

P(S+|E-) P(E-)
P(S+|E+) P(E+) + P(S+|E-) P(E-)

_ P(SHE+) P(E+)
® " P(SHE-) P(E-)

: TP DINOIAN YIN NDPDN 97N MINAY TINDIN NI

_ P(S—E+) P(E+)
=" P(S—|E-) P( E-)

1YY XN 1 (EOR) exposure odds ratio -n ,nownd 00N on>

P( S+[E+) P( E+)

P( S—|E+) P(E+)
P( S—[E-) P(E-)
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P(E-) ,P(E+) NN DX0%5 11719) %0 NN ONMIN HYONRIDIIN )N

HIDMINXN MMNMPNN MOPYOINA 220N DI NN NV NN nyto TIVX) NI JNOND
P( S+|E+)
P( S+E—-
EOR=0,,/0,, = P(S*E-) o S—E+)
P(S—[E-)

P( SHE+) Pintc)

_ P(S—E+) _ %A+ C)
B P(St+|E-)

P( S—[E-)

%zﬂz DOR=ROR =" = OR
D OO BC

risk -n ,ROR »vaa oownnwn omyay ; disease odds ratio DOR nHnnd 00N oN> NN NP
: MINN ©¥9>n2 odds ratio

EOR = DOR (=ROR)
- (NOWNA NINP -1/IN) DT NONND ININAY PRI YD
DOR=~RR
:INON
EOR=~RR
.RR AN 19R5 2y P2 )10 ,07922 19pn 9pnna EOR NN avny 15 amnw o

-N ,0MO0N O YV DXaxn nwvw 5.120R
:RR 091901 01 Y1980 797,0R 01501 DN HY DOIWON DYANN DYDY DOP

OR=1
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POONN DINT IDYNI NOW YN NNMIYY 1I9WNIY YN DN 119701 YTHINI 1991 D»190N DN 710 PR
12 5¥),N9NNY NYP 1R 12IDN PN NT N0 DINY XN .NONNY NN NN NDPDN DI NWNN
T PNNN NINNIN 299 ,)19°0 DI XIPD NPTSN PR

OR>1

JNONN DIND IAWNI ROYW NMYY 1I9WNIY 1IN DXN 112701 YTRIND 1991 DMDP0N DN Y T7an v
NNIN NON DINY NWYNN .DXNVN DPRY IIND TN N12) 127D DININ) NIPDN DINY DINWNN
DIN Y NXIPY NPTIN W 1D 51 ,N9NNY MYP NPND 210 191010 DINN IPNIY )1PDN DN .NONND

N IPNNN MINSIN 29 DY ,)N1DD

OR <1

JNOY0N OIMNTHIDWNI NOYW NNMIYD 1I9WNIY TN DEN 19701 JTOIND 1O9) D900 DNYa HTan v
NN NIDN DIMNY NWNT .DINVYN DIRY IINND IN1_TINI 17D DIXYNI NIPDN DINY DXNVNN
19 99, 09NN FTYND NYP NP MUY, PN KON 19100 N IPNIV (912713) NP0 DI .NONN NN

T APNHNN NINSIN 299,110 DN RYIPY NPTSN DN»P

-1 5.130R.7n1n M0 Ndpoa 110 1N
STINY MORYONY IRYD 1) 1NN I NYP02 7177 RR 15 OR

SY D190 DNY NX JHD) 1070)VYN XD NMIYY MDNY DNIVYN DY DMDN DN N NN .

ORe -1 09N XY Nnvd 0¥NwN

ND DY D201 DN’ NX 12D .DNUYN NNIYD DNIVYYN KD DY DMDPON DN YOP NI :IN - &
ORne -2 ©Iwyn nmy> DMIvynN

NI WPN OMP .
OR:=1/0OR

DNIVYN NNIYY DNIVYN NOY MDNY 119901 91 (400%) DIVYN NN 4595190 ¥ DNIVYNIY NNN) DN
.25% 990 1/4 v

RR -1 115 1onmand nopo Yy XI9ONX 1N 010N DN TN
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1215 MOIZIIND NN MHINND MIPIA NIPN IPNNI NNPXAN NP 5.14

DYIN .DONI2 HY NP2 TMODIVIIND MIYI TWN DXDIN MDIZIIN NN NNPXA NIPN IpNNa

, PNV APNNN MDIVIIND THPH PIY NY PN .1NYDYIN NPDIVOIND NN INNY M ,NWyND ,n1vnn
N9 ININ INT .TPHHIN PDIDIIN NIYON DN NYAWN DY IPNNRN DITIIND TINDY DINYT IN NIN
NN 13123 IND XY IPNHNN MXXIND DY INYY 7PON 1M NINK INNPYA NIPN IPNNA NI
LPDIVOIND MINONNDN

s NP NIPN IPNN2
MIIND DINYN | MDD DINVN ND
D N\ =itV
DN A B Mi=A+B
NP C D Mo=C+D
(W) DY NPMNA YOI NOYYON POIVOINA
MIND DINYN | NN DINWN XD
N\ i=kiv) N0
DY9MN A B’ Mi=A’+B’
nMpn C’ D’ Mo=C’+D’

A= fA'
B= fB'

C=gC
D=gD'

LDONMIN VYN DNTI TR ,DINN 217 NN DNTIV 1IN DI ,g<f 555 77972 MPTY MONNKIAY PYND v
odds ratio -1 2¥ONY MWN NT PRY ,72N0N . 1NY DT DR NMNDYTN I NYY ,09IN)

95 £ HY HNKA OIN DOXT VOV IPNNNY NI

I g HW MINNA DYDIN DIT NOV IPNNNY NN
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AD = fA'gD = AD = population OR
BC 1fB'gC' B'C

study OR=
DXNVYN XY DXNWN 27PN NN NITH OX P ,1D199INa OR -1 X 103 )81 9pnna OR -0 yNon
: MY (DN DIINN 2PN)

(NN NPT B’ oot mw A’ Doyt e

(g VNN : 1T D’ oo mu C nidyT - e
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THN MIPNNI MONN NYNMND O1TTN .6

P NTIPIA PDIVIIND NYNMN X NONN MNP ( CS ) cross sectional studies 7NN »MpNn»
IPNN2 DIND NOOWNN IN NDYND NNTP NONNN DN VAP TWON XY 1IN DMIPNN 1MIND .NNPN IN
DINNDIY DMIPN NTOX IWANI NI IPNNA . PATN NI MIAVNNN PR I ,NONNN INKD NN
INSDINN DX TYITHD AWONND 1D DY 2T NTIPIA POIVOINA

forward n>TPY DPN DMIPNNN .JOT NTIPI NNIND DMWY, NNMDN T NTIPIA DIN TN MIPNN
N9OWN Y NINND NPYTLY NONNN 29D IRNYN M¥APA N T backward nINRY D»N D) DMIPNHIN

INND YN IPIND) DMDVPIDITIVI NPNY D91 DMIPNNN .NNPP NIPN MIPHN DN M I3yl
AT NTIPI NNINA -DYNNN NOIN PHNIN DY TNY XYY IPINN) DPOPIDIND N (DIINMN PNOON

Knottnerus KA, Muris JW. Assessment of the accuracy of diagnostic tests: the cross-sectional

study. Journal of Clinical Epidemiology 56 (2003) 1118-1128

DIPNN .IPNNN DY NN WX 10T NTIPIA NMINSNNN DY DTN NDIYNN NN TN MIPNNI PINN
Ny DT YN

o)1 CS »pnna ov1pNn o110

12201 DN 29 DY NIND) NPOIVIIND DX APYN IPNN IO (9PYD RR) OINON DN @
9NN 2D Y9 DY NIND) NPOIWIIND OX,NNPYA NIPN IPNN2 IO (OR) OMON ON>
DINNY OODIN HY 1D NONNN NMINYDIN DY D01 DN DY 7172 92)rTH NP2 NIPN NMIANA
XD NTTII XY (DIDIN NI DIN NOYND NMNWIN 117D 2NDIND DNOY NOUNN HVTY) MOIVIINI

:(2X2 N52V) RN NYAIN DY NDAVI WHNYI .0OWTN DIPN NYIN MIYIND

DN DNVYN | DIND DINVUN XD

E+ yo>on E- y>on
S+ ooin a b Mi=a+b
S- npna c d Mo=c+d

Ni=a+c No=b+d Total
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; DOSN NONNY MTY NNMPY NYI 112201 DIND DINYNN IPNN YONNYN DIN a

; DINN NYNNO MTY NNHMPIY NYI 120N DIND DXNWN DIRY IPNN PONNWHN 03N b

; DISN NONNY MTY PRI NYD NIPON DIND DXNVWNN IPNN 2ONNWN DN ¢

; DISN NYNND NYTY DDA PRYI NYD NDY0N DINY DINWN DIRY IPNN »9NNwH o0 d
; VD 120N DN DNVNNY DOPTN DD 70 O N;

; IV PNOYON DIND DINVN NOYW DTN D5 70 03N Ny

; T9NND MITY NP DONNY DOPTIN DI To 0N M,

; 19NNY NYTY PR DOXNY DOPT2IN DI T 03 Mo

APYN MIPNND THININ IRIDNN YN NIIYN MVLIVA WHNWND 1N THN IpNN1 6.1

prevelence;= a/N; 1N 120N DINY DXNWNN NXIAPA NONHN MNYOY .
prevalenceo= b/Ny 271 DXWNN KON N¥IIAPA NONND NIPON .
IN DYNWNN TPDIVIIN NYIN VITY NNANDNN NWYND MIN MINNDIIN .

DM NOVYN HYA TNHYD NONND 1P RLIN IO TN DINVN DIRY
120N
DY2IN 9N ¥ NN 29 1112201 MHINY DINWNN DN TSN 9N NN NYIN NPNY MIANDNN DNN
DYIVN DRY YN NMIYY 112701 2000 DINVWNN NP

MIRYINN ONY NN AWND 1N

prevalence ratio = prevalence,/prevalence.

YN : NP NIPNR MIPNND TNDIN NINITNN NYNN NIV MOLIYL WNRNWND 1N, THN *9Pnna
20N DN NNY NIYN VISN DN NNY NIIN NPNY DDA

asc = prevalence odds of the diseased among the exposed
NP0 DINND NNY PIYN INNX VAN DX NNY N2IN NPND DMIDPON AWM
.bsd = prevalence odds of the diseased among the non-exposed

2N NPNY MDP0N DITH NN 19 1)1PDN MNID DINYNN TN DEN TN M2 NDIN NPND MDD ONN
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MIINY DINVN KD
)2tV

ooIN

Mi=A+B

NP3

Mo=C+D

References: Cole P, MacMahon B. Attributable risk percent in case control studies. British

Journal of Preventive Social Medicine 1971;21:242-244
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NVIAP VN NN OMIPNN 99N .8
;DD VIZYN MY 5157 11D MY .MINDI XD NNPDAY TYIND NMNIY NINKINA PRY NTIY DNV IPNN D52

IPNNNOVOINY ION @
IPNDNOVYINY NN e

DONMN DY NYLIN MDY @
PR NNNX 1D DY ,DIPTNIN RI MIAIWNM DIV NN MY 01N 12190 MDY MYLIN NNPON
PNNN ONYNN PORY NDXD MINN

: ©Y99PNHNI HYON IND NV

APYPTATYN) IPR PLN e

(9PN TYN) NYI1IIP PV e
VI¥>11 accuracy, precisionIny 1v pyT oy M’ 1PN (random error) MIPN MO YINI ON
PN DMVPION NYAPY MTTNHN

.validity 9pin Sya 9pnnd 8023 (systematic error) NYIAP NOPOLN YIN) ON

A9N2 VNIY 95 INYINI MYIAP NPV NI P9 NMIY IPOY

PN MLN 8.1

S1DOMON D307 -NPRIPRY NPIPN NPIDV NTITH MNNDY IT DY, NNYI  NPNINND_N2IPN MON

; DIND NN DMIPN DNV HWA NNXY NTTHN IR DT TN YPYIN DY NPIPN NPV : TIO MINDNT
NN 20N IN )WY ODIIN DY 21T XD DIV 1N )10 M) DY NPIPN NPNTHN KDY NPNY Ny ap
20NAD NN N

990NV 935 .1IPNRN VNN NTNIY DNV (variance) TN NWI(sample size ) IpNNRN ST

WN DTN DY PYTN INY 27, MAPN NNIWN YYN NIND YD 7972 0P 9N 51T DX TN

MNY MNY Y95 7972 NHMP DI DANNWN 190N DY IPNNA .NDNAY 12D DN P2 IWPN NOIWN
DNOIYY TN NOIT NNV TN D¥TH WUN ¥ 9NN YOP IPNNRY DI : TIONN MDA D) T2 .71 DY
ANV DO MIPN

YOP 7901 XINN,TPIPN NNAWN TN TN YYN DPP N1 PIN NONNI 1120 DN P2 IWPNY Y35
VPN NOIND NN DY DOPTL DY ANY

PN NNV DY NYIWNND TN D1T) WUN DMP 9NN YON NYNNY N0 D) P2 PN Do
VPN NYIND NN DY DIPTII DY INY D1T) 1901 \INN
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NNDIDNA DT TPAN IMDI APNNN DY (power) NNXIYN YTAND D1ND NIIDY NOYTI NPIPN PLVN

1D YN (low power) N1 NNIXY DY IPNN DY IR ITNI) .MININNI NNMP 1IX NNV NYINN INND
VDLV NPNAN DXPNAN OXIWP INNRD NNDID YTAND DN NIVY

nap MOV 8.2
NYIAPY NIDN NN NYIAP NPV IPNNT OINYNI NTTHI TN MDD NPLNL NPIRNN AP NN
INONNA OYPY TN, NYNN MYINT IX MNIY NN DY 1PYLIN

NYOPN .NIVNY NYOP PYT IN NN : ININ NPT IWNNWN Morgenstern -1 Kleinbaum, Kupper
APINN Y NYNND NIPON DY NN NYIAPD NNYT NIVND
NVY D2 .NVNRD NN NINN TYNRDI IV NNNX I P2 (NPIPN) NPVIY NYYT NIPN PV e
PPN MY NN NIVHN
199199 119 IMNX MNDM PN NN MM TWRD TNPN (NMYI1AP) PVNY NIMT IVIAP MVN e
NDIN NIVNN NLY HY TAX NN : (TMDV NN 112 7NIDNND YN NNON) NIVNN
.1I0VPN IINN MPINT TN ND W MDIPN MY NIPHna
SIPNNA INVINND MNP DXN ANY NIIND DYDY 7NN TWRD NIPN IR MVN 2D PINY 13w
DXNVYNN YN ,INYIND MIXIAPN 12 DTN 1PN YN NP POVN PIN APYN IPNNL @
LDX9WN NOTIDN DY DXV NXIAPI NIPON DI
WN L, INVINND MNP P2 DTN 7P TWRD IR 7PON DIN NNPXANIPR IPHNL e
APNNN XYY NONY NYNNA DDIN KON DN DY NRNYN NP OINN
.DNMN NOIRY YTHRN NOOX NN DN PVND TAN IPNNL @
NN 913> MOVLND NOAND DIVY TYN INYN
MY YON WP IN IRNIN DI PP IND) MONN MO e
NMYNN MNP MOIN PN
NYIAP MOND NY TR IPNNT NNNY JTIND 01D NDIDY INNWNN MNP 1N ININD DT PVN
MXIAPN NUPYI 1T NN IT ZVIN D ININD ) ON -MINIWN 2D NMIND JN2) 913725 DY NINSINI

: MWAP NYVN HY OMIPY DIND

(Miettinen 1976, Kleinbaum 1982) n»apoy mxap vidwh myap nyvn Moy 1n)
. selection bias 9NN NMDIYON YV NN LN .1
information bias PN MNYNNI IN N TAN 220 YN MIVNL MPLN .2

. confounding bias.n.).n ©29yNHN DXM OVA PVN .3
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:IPNNN MNP HY NPNan 8.2.1

IPNNN MXIAP Y NPNAN DX 7192 DMDN NDN DOPTI IPNNA DIDHI) IWNRD NOPNP NN VN
ND LY 012D PN ,IPNN DY) DN DMIWIND DIPTINND PONY NI TN INNIND NP
.DMNIN TIDdY ADWA MONN NN NN PITAD DO

SY YT ND ,DOMDNYA YN NNNPA INXIVNN NTYONI MPIA P2 WPn DY IpNNN DR DM INNTa
.20 NP DT OPN IUN IIN IN NTY0NI P20 MV DX DTV IIN HSIN Wpn

DMININ NOINI NNAYN NNYMIY INRYD .0IMN TIDY 2DV N NON 7POVNN JPNY DD 7172, IVIN ON
IRSNN DY TANDNY PRI PN IPNNN PN

? 17°N22 VNN YINND 1) T

DY DTN DNIPIVIP NYIAPY ,APYN TPNNA IPNNT MXIAP D52 DIPTN INK NI APYN 1IN
NNNYN D733 NPV YN DNVY NNPIA NIPN NDN IPNNA NDIRNND INNYN NP IPNNN MNP
01192 )T NT RY) /NI TN IYNTV-1 NN NYAWIN NPNY NMIWY D93 YTy MNP NY
oo

9PNNY DT DXL DYTIN HWA NPNIa VN 8.2.1.1
ON -NNYIND MNP 1°2 IPNHNY DD DTN MO IWRD NN 7PV TPNN APYN IPNNI
NIV NONNTL,PTAIN DINN O3 DY DINVN NI DN DY NRNYN NXIAPY 110N DI DXNWNN
PPN XY
91 (Selective loss to follow-up) 2pyn ApNNA DMON NON P IV MY XY DIPTI YTAX HDID
s TINDNT NN POND NOIAND
POV NYIYN PTIAN IPNN NV DNV DWY NDITY PYY 72N HYA NN VIV DN JTAN @
2990 IMNA
;MNP ONYA 2D NONN TONN INN 1IPYI .25 NONM TONN DY NYOYN NYOYN PITAY NXDW N e
N 2P INN DIPNY VI DIVH 1PNNY ITIN TN DOWP DN DN .ONUYN NI DNUYND
.29 NONN TONN DY NYOY DY NP NYAYN INNRD NP 7P 1N 1090 NHIad
DN . MINSIND DX MVNY N9IDY APYN IPNN GNNYND NXIPD DINI DN DY DNV MWD @
,LAPNNN XD ,IPNND 190N 1D DIYYN DN TN APYN IPNND 197V KD DNIVYYN 19 PN
.29 MPNN MNS ¥ DNIVYNID YD ,MYLN

TAN ON NDPNPA NI TPNPIND YIN HIN JOVI0 NONNA B A D990 YW p1anIpnn e
DN D17 XD ,ND7NIPA MRV TWINRND NN OXID NIVAIN HYA DIAWNRD DN A DIV
Y2)D 11931 NIV NN DY NNT 915725 195 .N71P32 DINNNI INRY 1D A DN OHNVNN

NP2 A DI
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N3N T2IWN VPIN Swa nynaa movn 8.2.1.2
Healthy worker effect, HWE.

.8.4 Pyoa PnY HWE 2 207 171 .17 n22 mons HWE 2180 v
NN NPIININIIAN TN NYNTY DY INYAVN NI NIYYN YTV DPDIVN OONIPNHTAN DMIPNNI

SIPNND TPNNYN NN -1 NYIN

PDIYOIND IO INY DN DMDN DOVIN D9 NTIAYY DDIAPNN IN DNS NONNION e
YmINn

NIV IO DY .NPNY OPN MDVNI TINYD AN D91 DPRY DN NTIAYN DOYNI NIONNION e
ANNN DY1DI,DPPOYN DEN,NTIAY MMPNI MONN

DIONRY DY 1N NNYD TN DN DOWIN V)Y DV Nyvny NYapn HWE -n Swa monn N1t nna
.DOIND RNV IPNHY ATINND DINIIL NPVID IN,DIIND NNNYNA

PTI2N IPNNI NNPIIAN NXIAP NN PIITH PTHHINT TNY Y XN TN NYIIN DY NPV WIND 3T
IN DY, MMT MTIAYA DXINN OXTYY DX T2V NNV ORTIY DN .0 T2V DY NMNN IN INVNN
NNYNN TPDIVIIND IPNND NDIDIINA INYT MON MIN

HWE -5 m>an n»rvon 8.2.1.3
MNVYNIN DNV ,DNTIAY DIPH 1YY IR DEN DI DXITNN N NNIN NV 1IN 1IN 1PVN
.Sick early retiree effect 10 m0NN NN N2 .ONTY INKD

DN N 0112 NNNN NRIDNN PNYYI DN MY TWNR MINK NPIANIN NPV D) NI NN

5 DNWYNI ,9INMOIN TN DIINXY AN DNWYN 0¥ 555 TIT D) PWYN ST .PWYN YTV
720v2 . HWE -5 71910 1192 199 19X N1VN .90 MDMI NYIWN NDIDN NHI2 POIVIIN MNP
D>29YNN DM HYA 7PVN VI NPT PNY .MM DN NPVLNN YNNI DOPYI TNN M DINIIN
PN NIRYD DMNYINT DXADN NIPD DI YW PVN MIPIYY

IPINN DY VN DYa NN PV 8.2.1.4

DX2INN N, ANYINN MNP NN DTN NP> OX NN PON PN NNPA NIPN IPNN1I
120N DN 29 LY IPNNN KIVI NNV NYNNA OIN KON DN DY NXNWYN NIIPI

DTN D8N QUNND 9N DTN YNOD IV JWYN N 19355 25 NONN JNIND NV X9 DN : NN
NONN MINIAN - IIDI .25 591N NXAPY DNYYN 7IND RN JWYN IPN TR MYNIN YMX DY MONNN
JPYOYN 939N NN KON NN DYV 11905 15

PNN Y ,0°P2TY DX DNDNNNY NNINN YW DNONNH DEN ININD XD 7INIP NONND ON 9N
VI T NOXN MINK NXIVNN PITDY
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IPNNN MNP DY NNV MTIVN YW NPN12 VN 8.2.1.5

N>2NY NYIVY NNPXA-NIPN IPNHN NNPI NXIAPY DIINN MNP DY NNV MITIVID : NN NN
DN .NTI2Y DIPNA DINIID NMIYY 2D 591N YN NYIY HY PNV NMIVND NNV NI .1NPNHAL VD
P9 9PNNN THOIVIIND PVINWYYY RDHHD ,DNONND NN KW NTIIYN WA IN 1TV DIYYN 159N
DXNXNMPN Y .29 NYNN NIMIN PIYOY P2 WP PRY 912720 17 9PNNN NINSIN 12 O I1TIVY 29 PN

.Unmasking Bias ' Detection Bias » movnb

NINSHIN NPVN DWa NN PV 8.2.1.6

prevalence or incidence bias

:1%D MVNY MO
.DINAND 1NNV 73D DIV DN TYND @

995 DNININD ROV "DYOPY” DIPN YW IWUND e

219°0 NPYNNA OIN JND IWURY NI 2D NONN P2 IWPN PTIA YN NNPPA NIPN IPNNA ,INNTD
25 GPNNAIPOY DN I NNINY 19D 20 NONN KW DN 1IVMY DN D19 KD |15 XIN)
.29 NONNA OMIND DDWN PNAIN XD, NPIOP MYMN RO -7OpY”

YO XY, DN MO0P GPNNA POV ,D2T1D DNIVYNI JON ,)IYOYD NNIVP DINNK NONNN NN DN
TPIN (POYVINN) IPNNN TIPDA .OYN NLIY IN NLOY XYW DD DIDIN NITPIAY WP TPNNDY .IPNN2
YT DY TIVAN NI MO NYNIN .20 NONND NYUP 1IN NYOYY

SUPOOIN APYN YW PPN AN e

NINX MNN YW HOWN T TIN PNINY (incidence cases) DOWTN DXIPN P IPNNINDIY e
1995 Now 09I inclusion criteria 9pnNna 09N NYYINY DXPAN TN DYDY WRIN WIAPOIW MM 593D
NN INNNDN IINNDN DY NOIVYN PYDI P2ITHA DOV NN DTN PN .exclusion criteria 9pnnNa
Ratplalaly

NOPI2 DY DY LN 8.2.1.7

Admission rate bias- Berkson’s Fallacy

DY2IN MODIVIIND YNNI IPNNNI ,DITIN HAYNRD DY DIV DIDMP IWND TPNP 1 VN
DINY ITND GUNND 9N 2N NP2D DITAVIND 1N ITND DM TUN DNIVYYN DIDINY NI O TAVIND
L, DMOVIND XY 11201 07 DY D9IN ON : TOND D T .MINND NYOY P2 WP R¥DOY 9172 .0N0UYN
PR NPON 0N P

TN NONY IPIND XY DTIP NNPIA NIPN IPNNI L1946 -2 YOPI YT HY NNYNRIY NININ YN
N 1919 NN YOIV DY DITOVIND DN AN NONY MNOWY DIVN NINT . JOID MYNN 2N
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PNV DYDIN YN DINIDYIN DY TIN) WY NI N2XDN .JOID NID DOTIWIND DN HIN NNMINOWN
DY2IN 1Y R =TI ,N712D NINK DN OMIN DEN NN NMNN HWA NP P2 ,NINY DN YOID D) DY
Y DIPNN DY DAYN MNPV TUNDI NP NIPN IPNNA DO T NP PONN LIPNNA HHINY IOND

23 PVNN DWYAVIN MIND APYN MIPNN DMWY NNPYAN MNP

9N IN MZNN N NNIN NNPXA MNP NN IPNNA DIDID MN NPONN NN YNNI NTNN NVIWN
21999 87 DIAVINGD TPDIVIIND NNPI NIPN IPNN YXIND TWRD -HHI3 0N HY NNPPA NP
SV NN NINK NNPI NP P DN DY NXIAP 7IIN 1NN DNRY ,MNSD NNPYA MNP SNV
99109 1) XDY,9PNHNN NN X5 DVNN DN VNN W DXIN NN DY 7PVN Y52 1N .DMITIVIND

.DININ IDONIY INNYD 1P0ONA

YN MO MINN DY DXDIN TOWYND NI MPVI ¥ 1OV ,IWYD J1IY NNN AN INYIY NYNINN
DY N2IN TYUNND DY TN TOVINY NIDDI 20 NYNN JOID DY NOIN) NPYNIN NONNN NN MPHNNND
(712531 n1oo

DX2HNN NLVN 8.2.1.8

Response bias, volunteer bias

MMNMYPN MX0N 12 DY DN IPNNA HHONY DX TV DNW ITRN PN IWND NNP Response bias
PPN H55NY NI MNY NNYNN MNP dNY TWUND NP 7POVN .APNNID

DN NNVYPN N0 WA IPNNA 55517 B°010 NI NNPPANIN DIIINN IWND ,NNP1A NIPN IPNNI
1IN P20 MNNNY NP0 717D ()NNVI MININA VI DD IN PrTAY DIV HUnd NDoN
89 HAPY T NN 1P NIV WWNN) PNV MITNNA YINOY DY MITHY IPNN HHINY 0> NMIND SWNY
ONYY VYN NTNY IWP KXOY IPNNA 555ND WYN? XD DNNIYY NNPIID WNRYY DN . (NVI12
NV MIMIND 722

DYTIN DY TITA DN MNIA IPNNY OXIATIND .0X2ATINN HWA NPVN MIN TION NI NMT NPVN
VPN NP 22 NYOY P WP PITDY NP NIPN IPNN 120 .JWY0 1IN IV, MINI INUID
Y1 PIN WP MY 1D DNV DINIIA DXATIND NIND : VI NPNY DIDY ,NNPIAN NXIAPY DXIATINN
NP N IWY

moY bvwa nydnaa nvn .8.2.1.9
Membership bias

(77200 MHAN TXN) DIVIVLN Y DYND .MDIDIIND DY MTITHN MXIAPA DOWHNYNI DN 19NN 11D 1PON
INT .INY NI NYIVN YHYA DIN DNIVYNN 1D INPY DTV XON NINIIT NITNNY DN NIV NHY
NDY YN NYAN OTORD NONNY 2001 MY NPYION DIVT NV T HY NYINY NYTN MmN NI
110N
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NN DN HVA PV 8.2.1.10

Procedure selection bias

D 7PV ONN (NNDID NMID YN NI IN NDIDN HWND) 1NN DN NDN DODINA DIV TWND
OND TPON MMM DY NNDXN 1PNN 20 XMNIY DAPN> N1 NONN NIMIN DY OXIN P DX HVNY
.DNYNN NN DY MMY 19PN OV

INSIN NN DIV NYAPN IYN NINK NXIAP N11122 DNDN NV NYAPNN NXIAP MY DN ,OVND
JRID MYAIN AN INND? T .INY DY ANY APYNY T N7 190N PONN DIV 1IN, 1ONONP
N7 2PYNI DINSDIN NXIAPA XPNT NOINN DY MDD MYNN,POND IN MDNND

NN MINOT DY 9190 IMNX DAPN NN MXIAPN YNVY PN 1IN D 7PON YN N 11T
12 .00 YV blinding MO0 92195 ,X5 391 MHDNN NV NX HAPN M NYT XYY, TON ININI
DY,V ,WUN ¥ NINK) 1NN D1I90N N0 NN W XD H90NN 0N ,IPINN DIY NI NIPNI DINIY
yNnY >715 .double blinding 5195 7MY MXI -5 .(NNIWNHN MNP dNYWA HNHVNN IR DIVNN HY NNV
NP DN NYTY 920 D1NDY DINTNN TIDYY NN, 0NN NN TV IWUN NIPHRTOND T HY DIMIY
TIPN DX 7DXNMYY NMINXIND NYAP INNRY P .NNPIAN NXIIAP MIN NXIAP IR NV NN NYIAP
triple blinding ¥51wn 71y 7M1IP 11 NVIY .219P0N NOY NMINIIND NN DIINYN)

NN S VN 8.2.1.11

Compliance bias

SONYNN NXIEAPN DYDY S TAN 10N N19VN NYAPA PYHNND INY P DOINY IWNRD NNP NID INY
VY, NNV MY NPT TINOYW NN TIDVI MDY MIVH NPVIT TINON NPV ARNWN -DVND
NPNY 515Y IOND MYNN KIY IV MVYP SXID MYMN DY NYTN DIV NRNYIY 121 .V NPND
WINI AN NINNN IRID NMYNN 1P DIRY DN XPNT ,TIN NN’ 2190212V XY DINN : NVIN
DIWTNN 210N MNP =) MDY DY YOI NNT 7NN IRSIND 190NN NP

APYNI YTIN DV PV 8.2.1.12

Loss to follow-up

192YY )21 - MNY MDD MINN MPITAD OXINN KXY DOPTII TWRD MWIN APyNY OXPT) yTAN
NN ,5UNY ,0X9>TYNI) DMPN DIV NTNY DMNYN DN OIDIN IN IV IN ,INN DN DIPNRD
.0NMIN D190 DY DXAPYN

YN 1O )0 MNP P2 IRV 7PON 19NN ,APYND DMINND NPV NIMY NMNYVINHD MNIPN DN
.DYVN APYNN HNYIWIL INYY NNV, NP MDY DSYY NMYPN NDD

LD /N NP2 NNINNN OIWIY DK (72 NXIAP) 12809 NNIYY (X NXIAP) DYTN NN NPTIY NN
ON D5 19Y) NI MYDIN XOY 1IN NN IDIND NN DINNIN TV NTIVY DN 77 2pynd won
APYN MIPNNA AN NNOYW NT DN MONN (NP 1990) XD 170NV
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7990 S VN 8.2.1.3

Selective referral

,2INY DVP DX9IN HYI TITA DIDIND,0N0N RYNI NMINHNNNN NN IN DTN D¥9IN MN13

5¥ 1002V DMIPNN 120 . MNNNN KDY DMHYD DNINT DXMIYA TWRD TN DXI210N DIPNDI

OW) 9N MY NPND MDD DIV NINSIN TYNDI ,000I10 NPND DIWY 1IN MTNPH NPDIDIIN
132 PON NYNIN .INY DM NMNN MNYYWI TN DX NNONN YNV (AN NN NN DDIND
TPLN YINN DX DY ,09IN) .DIIN NPDIVIIN NNIND PN IPNHNI NNWNN MXIAPN YD DX P 19NN
LDYINN DMANHD MY NPDITIIND NINXIND YWIT9 79 P¥WIP 19N ,IPNNN MNP DODIN NNNIYNA
,DOYYP DN 15901 ,NNINIV 19702 NN DIV INNKD DN MTIYIN DY IPNN MINSIN ,OWNd
.Y DYIN MOIVIIN DYDAPNN DITIIND NPLNIYI RY NPNY MNWY

YN MIYNA VN 8.2.2
YT PON DYDY NDIDY NNIYN IPNNN NXAPY INNYND,IPNNN MNP NNNA TPY YT YN
$IPNN INYIND MNP DX MY NN VYD 70N TWRD NIPN NP 7PVN 2D PIND 1IN

DM DNVYNN DR, INVINND MNP P2 DTN 7PN TWUNRD YN 7POVN THPNN APYN 9pHnNa e
NYMN DY YAPNHNN YN Y20 PNIPDN DI DINVN XDV IIN DY NNV NXIAPI NDPON
Monnn

DXNYNN IIN 2)D .PIN 9D THPNMPN DXP T (VDIAIN ,NIMY HYND) DIPI3N DININD DINVYNN DITAY
DN DYNRY DMINK DT 22)D T2 \PRY N1 .0NPMINN DY VI ,27 YT QONI NDX0N MDD
MIPPan Mpr11a

DX2INM TN, INYINT MXIAPN 1A HTAN DMP TWUNRI YN NPON NIIN NNPA NIPN IpNNa e
TN DY IVINN YT 12D IPNNN XIVI NONY NYNNA DN KON ION DY NXNYN NI
.92y2 )15°0N

Y2)D 9N 27 (NYIY) 1120 MM 220 YTNN TIWRD ,NNPOXA NIPN IPNNA NIPN NI PVLN : NPT
Y2)0 T MNDY ,IVOYN )91 22)0 1VIN92 1PN DIDINNI DIV DRI DIV VW 1OV ,D¥9INN
NI APYNN 0N (7DINIAN) NNPIAN NP

D»P D NTNY ¥ . APNNN MNP YO0 ¥1ap NIRY 29D M2 DINNI MON YT DY Y112 1PON YIND 1)
TINDN MO YNND TN DY .AIPNNN MNP Y92 DXONNWNN U 3y PPON D22 NORYN NDND NNt N
) (DMX720 N DIND) AIPNNN YANNVNIN NPITHN IPNNN NIVN NX PNONY NN ,DMIONVN MNDPN2

(blinding
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MAINN NV NN OXPNDN NNNPN NONND NIMIN MYOVN 91122 POV IPNNI NPT e
NN DN DOWIYIN P KD INYAVN DY DIPTN SNNTY T2 9pNHDN MNP D NInnn
A02PY MNINN DY NMAXN MYNNN

double blind TNX5 DMPINDY AIPNHN PANNYNND DIDINVLN DY PNDN NI NPPDN NN IPNNA
.(study)

(12°N) 122899 NNX NXIAPY POIN 1N, INNPY OMNON NPPTA POIWN IPNNA,NONTD e
D2>p RON O D2AP XD I POIN DIAP M1 DIOYTY XD DIRININ 0N DXPTIIN D) NINK NXIAPD
NNX 991 NNHNMPN NINN IPATI NN DOPTIA MNP SNY MINK DXIAPIY .T192 128D
NIAPIN
NON .0.1D DDD TI72 NOAN XD IPNNN MNP D92 NNY DTN MIPY Y10 MWD D PYND NININ N
P2 DN OMIVP NNYYNY DYDY 91Dy IWN (Random Misclassification) NN NyvLIN MDY D1 HN
M0 IPNNN NI TP PNN KON MXXINA (TAX PIDD) NIAP 7PVN DN XY .MONN 127D 797
APNNN YV NNXIYA DT 7PN ,DPVDILVD DNNNA .(DPYD) NIPH NN MIAPYL NPV 29D, NIYOIN

DN DONNN YN MLV 8.2.2.1

Procedure information bias

YPYINI YINIY ,OUNT .MOIN NINNIND NN DIDY NNYNN MNP NNY NPT TPINN HWA NPVN

N WY HYND) DNV NPT ONIN D) .NVIN YTI0 NXIAND D1YY ,NNWNN MNAPN XNva DY 0T XD
DININD NINNDIN NN DSN,OWNY - ¥ NI 7PLND NN DD (NNN NP DY NPYTAN FNINI MM
N PANINDNY NPNY MUY RO DSN NPT .M DY) OF XN Y09y DY DTN 19NN OXN1) MN
MINIAPN PNV DY NPT OXNYT DININ DY TAPND ¥ IIND NPON YN YT .MNN DIN NPT IUNRD

APYN YR NHaAPa VN 8.2.2.2

Differential information in follow-up and clinical trials.

NYOYNN NN DY IPNNN MXIP DX DX PTHNN DIPNNA APYNITZNN DY YT DY MY DIV
MXIPN P2 NINNYNL PVNY N NDON ININD

VTN ONYI NNINY,NNAPD MWD DIYY NNYPN N2X0 NNMPY DN 1oV

N NXIIPA DIV APYNN NN DN (12 NXIAP) 12899 NMIYY ('R NXIAP) NWTN NNIN NPTIY NI
DY NN NAINN IPNI NN T .N NXIAP2 ORI MYNIN ANV MNYIN , INNYNN NXIAPN NNY 7PN
NPV XD NXAP ONXIVN NMIYIIN 1Y) NOY DIVN P ,)1ANDIN NP NN M NI MYOIN
PV MNd Apyna
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DMIPIND MY, IPNNN MNP 932 2APYNI IPNN DY TNR IPIVIID T DY MIN NI NON MVNN NYIN
N8P 551 MNINN DV X0 DPTM

Differential information in case control studies

N 991NN 28D Y9 DY 9PNHNN MNP NN DXPTHINND DIPNNI N0 3NN DY ¥ PN DY NNY DIV

,222 901N DEN AN 27 VIN9A HIAPN NPYOY DY YTHRY A0 ,SWND 15 .MXAPN P2 IXNYNA PVND

AN DY DN : NI NPNY DY DINXIAY 2D Y9IN DY DMNXIST DIPXNL IPNN 1D DY .0ON2 NMYD
NONNI NYIY P2 NYYNY NIDINND PIN WP DY WIAX NI IPNNY 1IN .DINIIAN IIN TURND N ) IWOYN
aly)

mMIOINa NPVN 8.2.2.4
Recall bias

MNY IPNNN MNP TYRI DXDOLPADIIVI DIPNNT MIAPY NI (NNT IN) NPY PNIDT DY 7PV
RiRRIrBalapi!

DN : IV 7NN MINNI DY NNTN NN 1917112700 DI NNT Y9 DY MNP IITNN Y, APy IpnNna
TINN MYANNA VIVNPND 1D DNIVYYNN 1IN ,NINYT MINNN NRIDNN 22D DIYYN KDY DIYYND MY
TN ININM DIDOPIAIN DINIYT DY THINDND TN W 1T 7PON YN T NI IN TINISY MHUN
PNHNI NNINNN NPT ,OWNY : DMDPA 0NN TITHD MIN NINK NV .(MXIAPN YNV 12)D) MNTH IN
NINNN INNI WX ,DTI NI HODIND MPANN NON PN XINW HbAlc by 7onond Nk n1oo
072 MM2) 1D MM

DOYIPN TN 1D OIDIN 19N YINN NIIT 29 DY IPNNN MXIAP 1ITNN 1AV NNPI NIPH IPNNI
RAulf Sk lalnmival

MNNHRN INY 1PINN TYNI DV PX DT ML DI TN DN DY DITIH MNNN : NIDN NIN'T
TN W 1D 7PLN YNNY T .NAIWN MNS T2Y2 NP0 YNINY NDOWNN 1NP2ND TUN ,DMNIA DT
L(MIX12PN NV D) NINRTN IN NTIVH INNNN) DXDVPMIIN DI DY THNONY
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confounding ©9yNN DM SW1a ML 8.3

APNNN HY PN DPRY DPNXN 11D NN NYAWN 217 KW NNIN MLVN XD N
confounding factor NIy 199,07 7TTHN 2N DY WIWNI MWYN 2IYNNN OINN

. 8.7 ,8.6 DXDYDI MNMIT IPNY N

:29YNN 0 NITHN 8.3.1

DINY NOOYNIY NYP TWUN NP0 0 NIN (JN0N 1999y ,999Y ,92520 D) 2NN DI @
SNPNS DIMNYN NN INMN NN

N9NNY D) NYP 1M N0 DM NI 2WNN D) ®

S INOIT
DN 92 P, NNNPN NINN YA YR NNNPN DI THD NIDNNN OX P2 WP PTian Ipnna .1
9NV 115 29YNN

(N5¥1m 60 M )21 90% NOIN INIVIL) NNONNNN NYYD NUP D7) e
(AN OTAYIND TNV DINDN) DAYNRD NYYO NUP DN e

NTND MNIN D, 799 20 MIDNHD DYDY (1THD DWND) XIinwod N0 D) P2 WpPn MTIN IpNNa .2
,222 MYNN DY YIT> DN INNNA -V IYOY NI ,IPNND MNNN ,INN N1DPD DN DY NYAVN PRY
NN OOWI HEN 2D MONN DY M MNIW) 101 ,MINS DNWYN 012) DN : 299NN 07 NPND N
9NN MDOYIN VTYN 7Y NI NYOYN Oy

- 8.6 DXYD IND) IPNN NMIPODN DAPY 1) DXAYNH DXNHIN DY MOLNA DIV IN NYIN INND P
(8.7

NDINID DY OPITION 8.3.2
.DX29YNNN DMIMNN NYOVN DTN Simpson’s paradox

“It is not necessarily true that averaging the averages of different populations gives the average

of the combined population”. http: //mathworld.wolfram.com/SimpsonsParadox.html

PN NN DN TIDYIY MY )OO0 DN NYIWN DY Wasn (stratification) 017292 DINN) THIY IWUND
TPOYP NOIT 12100 1 (1951 -1 1IINN 19 YY) NDOND YW OPITI PP NYDINM 1T NYOWNY MITY
OPYTION 12 5¥Y 1903 -1 Yule > Yy NNYNXID NNYINI NYOIND) . TIAMIN NYYI POYY 29yN10D DN NYOVND
.Onv Sy D) RIP)

YN APYN IPNNI NNNP NONNIPTIV NI : ININ NHONTN NN I N0 DY O NPNN MINRNN MAPYa
PIPYTI PN MININM (D)2 MIAYNNN RID) DNDINND XD DNIDIND HIN HIN NNIDNN P12
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DNDINND N DNOINN
09N 20 6
DXNI2 20 6
40 12

OR = 6*20/6*20=1

RR=0.5/0.5=1

: )N OMDX0N ON?

NN 015200 ON?

SRIDNM NNONNN P2 VP PR ,DOYD 1DV MNIONN ,NINKIND DV 1191 MNIN DD

P2 WPN STTH NN AWNN D) 19D 712592 DNIDINN XY 12 ) OIDINK 40 1230 MNHIND NIN NNY PITD

. 9% 5y 7217 DY TH9)a NINIDNM NNONNN

S IPYTO DINNNNN PN AN OMNNN 20 ISN

DMOINN N DNOINNY
ooN 8 4
DONM2 5 3
13 7

OR= 3#8/5%4=6/5=1.2, RR =(8/13)/(4/7)=1.08

NY HNN NNIYNNY 0dds »12°01N : NXIYNND PIOINN DTN P2 IYP ¥ N DIN2NN HIN NI
Y1) ©NIDIND XD NN INIDNND NIPDN IN (D101 DN 295) DNIDINND XD DXN 20% -2 DT DNIOINN
11OPYTIO .(D212°01 DN 19Y) DNIDIND HNNND 8% -1

.29YNNHN DINN YN 12209 PAND YT 995 NN HY DINMIN YD) NN NN
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:YIPOTI OINRNNINM PN DIPYN 325200

DMIDINND N DMYOINN
DN 12 2
N2 15 3
27 5

OR= 3*12/2*15= 6/5= 1.2, RR=(12/27)/(2/5) = 1.11

DNDINK KXY YIN NNIFNND odds 2700 : INIDNND NOINN NTID P2 WP W DIPYNN DN D) : IV
DSND 111991 11% -2 DY) DN0IND XD XN INIDNND 120N IN DM ON? 299 20% -2 DY
.DMDY0N DN’ 295 , 070NN

17 11OPITIO

NNIYY NRIDNM NOXNN DT PA RINYID WP NIRININ LB 0910 DN YW IDND TN
171 WP NRIN IO D792 TIDY

I INN D595 NPINVP YN .INNPA NIRIDNNM NOXNN DT 1P WP 2IYNN DI NN 90N
N OXINAN XOM AN DN NN D) N HIPWN 113D NN 1OV 20NN NDAVY VIYS NND
.DYPTIN NP (D7) 72)D YN NN DI R HHPYN)

IN AYPN INDIN,DYTTIN DT Y 2NN INDD 7OPITIHVN .(92)) 27YNHN DIND NYTY 19 DN NI ¥
YNNI .NITIIINND NINDIVA DMNMN NMIYY (71227 KDY NNX NDAV) DN OMNIN) TIYL NIV DIV
27217 992 9WPNN MY 92N ,29YNNN DN YT DY NI MIONN IWPNY DIMIN DX, NYNIN 1PN

P99 1N D253 DN D) ©XPYY NP confounding variable 29ynHNN OINVN
(MY OMIN OIN2N) NRIVNNDY (TN MM ONIOINN) NOINN NTNY NP D7D

DN NN 9NN TD DIVN .92 DY DYTA1IN MW MITIVNN MY DMNDINN 19010 HYW IWPN NN INY V)
YAV 797132 TN 8 P19 INT .MTIVNM DMNIDNN 1901 P2 IWPN NN -PINN N NIPNI — Wwn
(DM 771N

299NN DN NPNY DD IWARNY NN NOINN DT D) P2 IWPN NTH NNIN NY2VN
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DMHDINN NO DMOINN

ANy 0NN 13 7
DPYN 27 5
40 12

OR=13*5/27*7= 0.55, RR=(13/40)/(7/12) = 0.56

YOP NN 922 MHONNN XY odds MNDY0N : 9D NNONNN P2 TION WP ¥ TN DXNN2ND DN : IO
LDYPYSN DINN 56% IN DD0N ONY 29D (55% PI) DX PYSN DN IWNRND INY

N ONANN DXN DNIDINKD KD NN ¥ MINKN DN N

29YNN DN DM NPNY INIIN ININ — NINNT INNNY 112D DI NN DNN I

DNRIVNM D) P2 VPN NNTH NNAN NYAVN

MY DMININ DYPYN
o9IN 12 14
DN 8 18
20 32

OR= (12*18)/(8*14 = 1.92, RR= (12/20)/(14/32) = 1.37

YOIN 92% -2 91T AN DN HXNX NNIYNNY odds »15°00 : ©9IN INY WY TN DN TN I
,DYPYNN HSND 1.37 99) 37%-2 YT TN DXIN2NN DXN INITNNY )10 N DDDN ON? Y 1.92
.DOND°0N DN YD

299NN DN NYIVN DY 19973 NNITH 8.3.3
.DMIMN YV 7217 Y02 INYIWNA DAVNNND XD DN ,NMINNIND NN NINYND 2990 DN YITH MNIND IWIN

NP NONK TN POXN HYW DIPONNY ,DIVOWN P WPN DI
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IINNIND 09 P2 WP DY NN -NNY D) XX TN VPON 8.4
: DYNAN DYMANHDI )T

(HWE jhealthy worker effect) 120 72390 OpaN .1
HWE -nmaown 2

HWE -n5v o2om nwdw .3

HWE SvamonnS>mann .4

2299 9201V 295 NN NPVNY DIND DD DN ON ,29vNN 07 0) NI HWE -qy»

(HWE ,healthy worker effect) X>72n 7290 VPON 8.4.1

DIYNPYY N¥N) DPOYIN PYYN 1T DN NI MINNND NXIDNN N NNNN OXPTAN OIPNNIa
SV MNVYNIN DIV NPHYIN NMDIVIIND DX NYWNN TN 0NN NXIZNNN IN NIMNNN Y NWYY
Apnnn

NNNDHNI MAYY MMYPHN MTNND IYPNA 7NN DINNN NYNN’ DY NI9DA NMDMN NNONND ININND
P NAND DINIWNNY 7PN NN DIV TN ,IXIVNN 7PDYY DPIN NITY NINSNI XY DINN .XI90N
NYYND NI IXIZNN YI9NN NNNDNI NITVN P2 WP TN D) 1991 TPHYIN PDIDIINDN 1N DONOIA
9NN NMIYY D WP DY

NINI AN PYI ,DO¥9 DTRNY T2 NITY INNN ,T1Y DTRND NP WD ,NTIAYN NOY MDINWNN DY
MY ,MOIVIINRN D510 TN DINXIA 019730 YNINNIA P ,PYYN YTNIYY MY 5 .NDPNNOTN 10
MM IN DIXINY DINWN P MYYNN YTV DN .PYYNL DYDY DMININ DY NIIWIND NYOVNN

IPPDINY NN TN DINIL YNPNYNI DN DXT2IY ON TIY I TX (TN DNIWYN ,5¥WnD) D90 120
YTIN-NN 120 NN NIOHIN MOIVIIND NNIYY NNNTH MIYYNI JOID M NYY DY RNV .ONTIY
2992 (912°29) D1 NXITNNN PNV .NDNNN DY MINNDIT IN MYIND NININ W underestimate
797,010y DIPN NX 2ARYY DININ PVIY DNYP ,JVID D¥DINI NXIDNN YNV TN, 0TI
1IN, MINN D202 .1P595N PDIVIINI TWNND 1N DINI2 DIWIN KD 7772 NTD 1NN DY)
APNNNONNWN DY NPV NN DY PON I ,DINIA INY PIPNNY

: JARC -n 5w 190 9902 2n0) 79
“...in occupational cohort studies where the general population is used as a comparison group,
it is usual to find that the overall morbidity and mortality of workersis lower than that of the

general population. That is because only relatively healthy people are able to remain in
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employment, while the general population comprises a wider range of people including those

who are too ill to be employed. This type of selection bias is called the healthy worker effect”.

Santos Silva I. Cancer epidemiology: principles and methods. World Health Organization,
International Agency for Research on Cancer 1999 (P. 282)

2Y0OPN 11902 2MD NMINT HY DMVIIAN DIRPIVLDILVLDIN 1IN THN ,Altman
»..Example of a potential problem is the ‘healthy worker effect” whereby people in
employment are healthier than the general population; this needs to be considered in studies of

possible adverse effects of industrial exposure to some hazard”.

Altman DG. Practical Statistics for Medical Research. Chapman & Hall London. 1991 (p. 484)

NNINN >2)D 0N NXITNN 2D D) 9NN MPVNNY DXIANNN DIYITH NNINNRD NNV TN 1902
(Boston University - Brown nvyo12:x10)
“The healthy worker effect means that the rats of death and disease among working population
are typically lower than those of the general population” Aschengrau A, Seage GR. Essentials

of Epidemiology in Public Health. John & Bartlett Publisher Boston 2003.
19902 2M5 ,NINI DINIPHTANM 752N TN, NONNIAN

Making sense of data (Oxford University Press 1994)
(110 n7y) AN XY NNNONA NXIVNND Twpna HWE Sy
NN 7NN PN HWE -1 marvwn X nNINKD Nnn Punnet
*“ This phenomenon, sometimes called the “healthy worker effect” has generally been better
studied in mortality than morbidity data but has recently received some attention with respect
to the latter” Punnet L. Adjusting the healthy worker selection effect in cross sectional studies.
International Journal of Epidemiology 1996;25:1068-1076
VAPOTI ININKD YNNIV 1NN NN HWE -1 Hw 9nv»a monoTyn 0 hHnn - poan
“Healthy worker effect: Compared with the general population, workers have generally better
health that permits employment. ”
»noynn awpna HWE -n nX pavna nnpb wvww vatim
- Potential causes and effects of the healthy worker effect should be properly evaluated in any
occupational epidemiology study.”

Garcia AM, Checkoway H. Journal of Epidemiology and Community Health 2003;57:7-10
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HWE -n ma>wn 8.4.2
S5¥ YPN TN 919D AN TOY .OMNPIDYN DMPNNA N2 awnnd v NNYow HWE -n bwa moinn
:PNPIOYN MNOI2
The healthy worker effect is perhaps the most common selection bias in occupational
studies”.... And occurs because relatively healthy individuals are likely to gain employment
and remain employed”
Checkoway H, Pearce N, Crawfor S, Brown DJ. Research methods in occupational

epidemiology. Oxford University Press 1989 (p. 78)

12 Eisen) m»wyna pand no>wn 9nXD nmdw) »upd nvpn nxvnn >0 9pn HWE nyaynn

(1993 ram Nuits) N»Wyna NINYY NOWN INNKD D21 MY (1995

Eisen EA, Wegman DH, Louis TA, Smith TJ, Peters JM. Health worker effect in a longitudinal
study of one-second forced expiratory volume (FEV1) and chronic exposure to granite dust.

American Journal of Epidemiology 1995;24:1154-1162

Nuyts GD, Elsviers MM, Broe ME. Healthy workers effect in a cross sectional study of lead
workers. JOM 1993;35:387-391
HWE -n 5w 020590 nwdw 8.4.3
ANY MYP MTI2YA PIoYY MNN2D 0X9107 IN DN 1N DN DWIN .1
NPIDYNI TN 27 YT INYIND DIDID TN DN DOIVIN .2
19V 2APYNY AN DIPNT INY P INY DN DWIN .3
DINND Y M NPIDYNAIIINYY e
NS ROVINY DIPOYIN DITAY @
APYND YTANY DIVIN NING TIY,IN 1213 1210 13N INY NN PDIVIINI NMNDNN - e
: DNVIVNN DXIMIND NYOYN NININ NN ND? IYX MNNN NPV YW DIINY
DNINVIV NXIZNN DY NOW NN NIYIN 10N ,0007010) DXP2110 DMIMIND NOYWN YW Nima) Nnaa .1
S 129N NNITNNT NI NPWA MY DO XD NI NIPNA .MAT DNV HY NPIDYN INKRY NP

.HWE
“...an increased risk of disease may be artificially plateau at the highest level of cumulative

exposure, at which workers have the highest duration of employment”
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Staynre L, Steenland K, Domemeci M, Hertz-Picciotto I. Attenuation of exposure response
curves in occupational cohort studies at high exposure levels. Scandinavian Journal of Work

and Environmental health 2003;29:1223-1234.

129N VPANI PYIYN YWY NMVANY NION 1912 .INY ODIN PP DIT1D DNYYN D) DNY DI .2
A% AN MPIVIN NN

.(external validity) )80 mapm (internal validity) n°m9 mapn 8.5

(MNOXHI) YMYND 281D IPNNN NRNIN DY NNPNND DN NYIAP 7PON NYIN NIY DN MOPN
PPN DXANNWND INIXTI THINNY MDIZIINI

NTIN PO IN IPNNA NODII NOW PDIYIIND IPNNN MIXXIN DIVOY ORIN MIN 7NN MOPN , THNN
NN NYOY P WP R¥NDMY 1N Dwnd 75 .generalizability 9pnnn MNIN 99519 NKI1DY 995
NN NI DIV DIDIN .NMINNK NININD 1NIYPN ITHD PMINHIM ,NNN YIND IPNN2 NN JOID
92YN0 IPNN NMININ NOYIN OOINT .NMY MXINI DTN 2 DY MNOIN DY INYP L Y0 02N PRI
PPN MTAYY 12PN PO MIYYNL THN NION IPNNT TIVI N PODIYIIND

25915 1117 19 DY) YT MNY MNIND DTN )2 MIXM TPNDPHAY NYTI INX NN INDY 2080 NNNTA
MITDYN NIPY YN PN DTN YN .NINN MDIZIIRD NNX MIDIVIINGD NN YOIDI NV DY 1NN
RaTpiplaly)

131 ,9PNN2 NONNYN NOW MDIDIIND INTIDY ONYDD NIDIVIIND IPNN DIVHY ONIN YD DIV W
APNNN YY 10199 MOPN NHRPPYI P MIVAN NN MAPN -0 NXIT .APNNN DY 11139 MOPN

(D2599y,0°52521) DX2AYNN DN T DY NPV 8.6

NN 9N IpNN2 .multifactorial 195 171,097 11D YT DY NN ND MIDMN MONHD A
DY) DY DOVPNN NP PIT MY DY 9NN P ,TON )10 0 P 21T2Y 5O 772 ©0INONN
N9NNN 99INNN P RY HHD 7772 DOWIWIN MINOID NYNN IN NONN TPNRN .IPNNDY DT DONNYN
, M2 MYNN ,MNINT VIV, NINIIN XMWY MDNT , 020N 1D NYPIN SYNNINND D) NIN INIPIN
121 DX
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s INDONT

M2NN DN ,DIA MPATNN DIN NYP NNNP NONNY IN INNPN NONN DY HIDUNRD 1DP0N MM @
NOXN ITYM 00, YP)

,NYAIN 20 NONN .PNYIV 20 NYNNK NYNN DY NIV NYOYN NPYTAL DIMNYN DRY NN OYND e
IMN PNIP0N DIND NYP IWR MHINVN NXIN (1D97Y,925319) 299NN D) ,711 .00 DN WITD
DD M) NN NI .XXIND INNIY NI DI DI 17,1390 NHNTA ,NLOYN) NPNY DIV DN
Y NN M N0 DM2XD) PN LD ,OVYND 011 NIWYD DNYP D) NPNY D1 TWN 20 MDNNY

PRIV 25 NHNN) HPNNSWI NPNVDIN ,(TPNYIV 2D NHNNY (Menopause) NN NY>TN DIV DIVI

opwn ;151 HDL 51900510 nna ,nmaxy LDL 51700515 nna (1220 D) 7NN DX NNavn »aa
PHRY I ,DW) P2 DI2) P NNY IDIND HDINND NIYIYN NV MDD AN DOWYN D12 ON .GTIY
MIY MRHND NX MOLNDY ,PNYIL 22 NONMY NYOY P2 WP (D2920) 29V DN INND DIDY 19N
IPNIN XXINN DY (PY1Y) DIPIN DX INMNX DINN DY TPINIRN IYOVNN DX TN 3T .99 PN Tup
AT HYA DPOVNN YNND TIVX (NPNYIV 20 NYNN)

DN ,DWUND 7o .NMINONHD DOPN N AN WIN AWP 1NOD NMINNIND NN MOLNY D) 912> 29YNN DN

SY TPNNAYN NPNVDINVY XN ,MND DNIYYN NOPNYIV 1D NONND HY PNNWNI NINVDN DY DIVIN
MNXIND NN MOLNAZY HPNYIL 25 NINNI NLOY P WP (92530) 29¥NN DNY NINNY NYIDY 25 NHNH
DYVIN DN : 27¥D 1715NNY DINK DD Y)Y O) T2 .7PNYIL 25 NYNNY )IWOIYN 12 9N Won vp oD
NN 9D PN, MNS DNWYN (MNYNN 052110V O N N, M) HDL myna w) mimay LDL nny oy
JPNWI0 20 NONND NYOIYN P2 INY WON WP N0 MIXXIND NN NV TUN 299110 D) WX DMNIINN
:(D°92520) DXIYNN DINTNA VY NPIPIY MY SNV ¥

.DNIN NOON M9 9PNHRN 119N 1DWI DNYIVH NYNIN .1
.DMMN TIDY 25V D2INN POINX 9NNRY DNYIYNI DIV .2

DY29YNN DYNIYN NYIVN D1V 8.6.1

The control of confounding variables by prevention of their potential influence.
DYPTAIN NPT 7Y DXAIYNN DN YW 7LD YNND 1N OINTN NOIXI 9PHNA 159 >2HWa 715
Y9591 %99 (NP2 NIPN IPNNI NNPIY DN ; APYN IPNNI DXNVN XYY DINYN) IPNNN MNP
VYYD 112 DN MYITN MVLIYA .ONIVYN RID IPNNN MNP DI DN 11, PHOND .DNYY NWIYN
N9NNN M) P2 IWPN PITIY DO .NINT 12 DXIYNND DD NN MY DXAYNN DN Hwa vl
aWN) 92 DN D% 5Y NPINLPA ,HWNY) DT DXAYNHD DXHIN 7Y MPINHDT MNIAPA NNYIND
29 0N MDY DY, MINK MNTPNN MOV .D319YNNN DN NYAVN MDD T3 77 (39NN DINO
INOPRTANY MNIDT IPNA DO NYIWY 27 WINOWA PN DNWN 7PN DY PO IPPYA MOYDION NN

.DMNIN NN 2921 IPNNKN NN 25¥A DX2AIYNND DXNNN NYIVN NYIND NPIPIY DIITVT WIDY MN»p
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Restriction 0990 ¥ (NN NNMIYIN) NPINVPO NON °©
Randomization m8¥my 17, JONIPN NIRSPN - @

Matching 2oy e
TIDY 2OV, 00NN PNOON INKD DX2IYNN DN NYIYN DINVY NPIPOY DIITT WIDY MN»P
: DN

Stratification - 29ynnn MNWHNN HY NPINVP 29Y I, 0272790 DNM TIVY : TN
Standardization T9TVD Y NOPY PPN @

Multivariate analysis. »nwn 17 MY

.DY29YNN D) NYIND DIWNWNN DNV DNNNN VI IND

29YNNN OIND DY (MNX MPMIYNRN) NPINVPY Restriction NN 8.6.1.1

NN 920N Y91 (a-priori confounding factor) YoNI¥IVIA PIWAN 29NN DIV NYAYN WIND T
D12) P73 91995 551 ,OWND T DIYAN 29YNHN MNYN YD HYW NPINVLPNN NNNXD IPNNN YNNI

T 9PNN DY PMIRNHINY PONND 1211 .02 DY 25 MONN NYAN DY NYOIYN NYOVN 217291 ,9pnna
.02 P (generalizable) nyws N»nn

PH55N NMDIVIINNN PON 22D DMNNI DMIIPIND YT P XD ,NDAN DY VOMN DN D YHITND WD
PN IPNNM DD DXV 2230 DMNIN) WA PP RY 7252 D120 IPNNN NN NN OX - DOYOW NNNTA
TIVX) DOWIA TPNIYIV 2D NONN 12D NYY DIHNY NDY0N 12)D PIONY NI DX .DM12) Y)Y P DIV
DOV — P IN — D) D1 TWUN INK IPNN TV

2NN DYWL, IND — DI 29YNND DIN YNND PTYIN 19N 00 BY NYOIYN NYAVN Y100 DMIPNNa
PPN (Menopause) NNX NYYTN MDY DIWID TAX IPNN NN DY VHNNY ,TI79Y 991 IONPNNN
(PNNA MONNWNN NX) IPNND NDION DX DY2HND NINT 7P ,IMIPD NN ND*TH MINNRY DIWIY NN
IONNNNN JANN 9D

DN T2 P XY ,29¥NNN DINT DY NMINMIDN NPINVP DY TINDS NIINND NYNN NON 010D
MO ,APNN 52 NHANN NVIVIA DXVNNYNI ,NYYNY ANYAVYN DT DY TINOD 51 KDY )Y

DY NNDIDY DXNNA D) 9NN P2, 0MNY DNIPIVIP 29D DTN NIDNA IPNHNN YONNVNY

APNNN MIRD P DN ITNRD P DNNYN DY2ND NN 7P -HWNY .DaNNYN

12 H9VY DY NYPPY B > DY confounding (9199Y) MAIYNN NYIND MDY NVIY NN NN

Sy DLANNN IPNNA DIINY ,NINYIV 29 NONNY 11270 DN NN NIDOY T ,HUNY 9N ININD TYINa
T, XD TNN 713 77 (10% -3) NI DPIYN DXANNYNIN I19DN ¥ NN NIYHIIN NMDIVIIND
DYANNVYN D, XD TTNNI .NTI IPNN2 VYN DNINDN 90N YW NN NYOSVN NN PITAY NP
NOV DMIPIN D DIWN IDTY DXNYD .DIONNWNN INY DI DI TN NI JIT DMWY N9 D1NIIID
.D»NI2ID DPNRY D MONNVND IPNNN DX YRIN 1272, MINPND NINKINA ONOND
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randomization) M¥PHITI -TPNIPN INSPN 8.6.1.2
DX29YNN DR NYOWN NYIND NVIW NPN IPNN DANNVN SY HNITIV N, TPNIPN RPN
DO DR DT

IN DNV 1D, NMNAIWYNN NYOWN DIPTIAN DXDPVPADIID DMIPNNA NYIY MINNITINL WIDOIWN
.DYLPIDIIVIN DIPNNT 212 1D NVIVI VIPID MIWIN YNYI IN INY NYP .MNIN

LPNNA OHNINIVIN DXANNWNN NN DYON IPNNA DXANNYN HY NINIPN NN : NOOWN NMINN
Y9N DIDVI/MAWNNN NN DDAPNN DN : NPNIPY MNP dNYD MNRIPRN ONXNPM DONNWNN
YONIIN LPAN NIY NNT IV NAPN DV DIAPN DY TIT2)) DIDV/MAWNNN NN DIDIAPN DINY
.(Pom

NANM TIO MTIN .APNNN MXAPN NNNX D2 HHIIND GNNYN D35 NNT NP MY DI TIPN 13 NVIVA
, DMV DXYNN DXNIN) DY NNOINNN NN MIDTIAN NI ,1D 1T MMIT NINN MINIAPN YNV 2D
IYAUN IR DININD PIN NIV NI .(MINIVIHL DN ,D0°02521 DHI)) NNXD DIWNT XD IN DN
PPN MIXNIN DY

T2 ,N312P Y52 DXANNWN 290N PPV YIAT ,MIINDNN YPIN DY NDDIAND TORIPN INRSPIY NN
SV MNDANNN NPYTA T DY RTND 1M ANT DX .1NIINONN OPIN 29 DY NNDINNA MAND 7P NNV
NINNI L) DY, PSDNITIIN TORIPRN IRNPNN INKD MNYN IPNNN MNP 12 DN DINYNH
JPON DANNYN 129 IN DIV DIPNND

DY29YN1N DI YW DNNDANN NPNN TPXIPNN IRNPNN INND D) 2D MIPY DIDY ,000) DMIPNNa
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1. Dolgin E. Search for better COVID vaccines confounded by existing rollouts. Nature 589,
340-341 (2021) doi: https://doi.org/10.1038/d41586-021-00015-0

2. NEJM report

“Although the study was designed to follow participants for safety and efficacy for 2 years
after the second dose, given the high vaccine efficacy, ethical and practical barriers prevent
following placebo recipients for 2 years without offering active immunization, once the
vaccine is approved by regulators and recommended by public health authorities. Assessment
of long-term safety and efficacy for this vaccine will occur, but it cannot be in the context of
maintaining a placebo group

for the planned follow-up period of 2 years after the second dose.

Fernando P. Polack et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N
Engl J Med 2020;383:2603-15.
doi: 10.1056/NEJMo0a2034577
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RD AB vsno A no B R11- Roo ==0.75-0.05=0.70
OR AB vsno AnoB =57
RR -nn 180 7w OR -my , 1) NN AYNNnn -2 v
SY NYTTN NYOWNN 2N TNND DMWY DIANNN NYIINRD DIIDN YON Y209 NY WTN NN DID)
VY LDIATR
VOIND D¥NYN VDN DIXNVN NI

WN | RR,, =RR, =15 RR, =RR, =8
NV

DWNNI | RR, =RR, =5 RR, =1
Ny
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OIDY LDAIN HY MTTN NYOWN -DOTNHIN DN 10.21

N YVID NYMN VOAIN,NYOY P2 PN IR IPTA

D721y 73000 -1 INPD NN WYX MY 20 -HD TN VDIAIRD 1DYMVY DT 12000 -5 IPNN IDNNYN
131 7PN MY XD DDAIRD DXNYN PN RIY DTN NYYY Y173 DN .DDIIND DXIVN PN ROV
INNRD DYTAIVN MNP DD MY MRV INNYNN NXIIP

10.9 71PN VODATNY DINYN PN NOY DNIVYN SN IXIVNNN NPYWYY [ N8ND)

RRsmokers=10.9
5.2 7 NYY XD TN VDAIND DNWN PNV DI T2IY DIN NNITNNN WY
RRasbestos=5.2
53.2 7PN IXIYNNN MOY NYOIY DN VODIAIND 19UN) D) TUN DN NN
RR smoking +asbestos=33.2
52PY DINN 11N YDIVITN ITIN NYI) DX 1OW NPVDHIPD NITTN NYOWN Www M2
RRsmokerst RRasbestos-1=10.9+5.2-1=15.1
N NN M NYY NINRNN TR
[RRsmoking +asbestos=53.2 ] > [RRsmokerst RRasbestos-1=10.9+5.2-1=15.1]
Y000 NTTN NYIWND NTY PR PONDION HTINA - TORND
56.7 YW O 0N D0 NANI YNYAONN HTINA

RRsmokers*RRasbestos=10.9%5.2=56.7
(1999 Brennan) >2>0>TX 5T NN 112) YOION INNNN PDNNIAY NPNDPINMITY v
References:

1. Brennan P. Design and nalaysis issues in case control studies addressing genetic
susceptibility. IARC Scientific Publications # 148. Lyon, International Agency for
Research on Cancer 1999, pp123-32.

2. Hammond EC, Seikoff 1J, Seidman H: Asbestos exposure, cigarette smoking and death
rates. Annals NY Academy of Science 1979;330:473-490.

3. Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiologic Resaerch. Lifetime
Learing Publications. London 1982 (pp. 403).

4. Rothman KJ, KellerA. The effect of joint exposure to alcohol and tobacco on risk of

cancer of the mouth and pharynx. Journal of Chronic Disaeses 1972;25:711-716
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TOTIN NYIVN YW1 NRVNN 9Ty DY D771 10.22

(0591175 NPMNA MDY Rothman Y¥ 9N nkNnwn 0w Rothman a5 0190102 0M110)

NN 2)D) YAV )NDX0N DN DY NTTN NYAYN VTN DY NY NN , 01570 DY0A DY MTTN NYOVN 1TYN
(MNI2 NNSN

IC 7710 Nyawn Swa )12°0n 9Ty 10.22.1
IC = the interaction contrast, which is the excess risk due to interaction=
=RD,,—RD,,-RD,, =
=(R,;-Ry) - (R,,-Ry) - (R -Rye) =R, - Ry, - R,y T Ry,
=(R;- Roo) - (Rlo'Roo) - (Rm'Roo) =RA,B -R,-Ry tR

not A, not B

(A 3)) TN 07 DY RD -n DN 29,0190 HYwa nyawin NooIin 7yn Yy wasny nn — 0 mv IC
ON P75 (B no3)) »win DINN Y NPINVPIA VAP

1C=0
if and only if
R, -R,=R, -R, and R}, —R(;=R,; — R, =R, .8 R

not A, not B

9595 1P190DN NNPNTN 29D AWM

1C=0.75-0.23-0.5+0.5=0.52
TOTTN NYOWN WA N0 HWH>oN 9Ty 10.22.2
ICR = the interaction contrast ratio
ICR= RER]I, the relative excess risk due to interaction =
the excess risk due to interaction, relative to the risk in the absence of A and B;
RERI=IC/R,, =IC/R

not A, not B

R R R R

AB _ R, Rg +1= 21 o oo Mo 4=

Ry Ry Ry Ry Ry Ry
=RR,, -RR,, -RR, +1=RR,; -RR, -RR; +1

9595 NI90NN NPNTN 9D AWM

ICR=RERI=15-8-5+1=3
IN PYLOYN NYIYN XOD) 379 1NN DINWN DIRY TN NMYY 7292 111N NYAYNN DY >ONdN 12700

(DN DPNY N NNIYY 0720 VDN,
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TOTIN NYIVNY (DN IN) YNY yNNIv poNn 10.22.3
AP (the attributable proportion), which, if positive, is the proportion of cases attributable to the

interaction of A, B

AP=
=the attributable proportion due to interaction among cases attributable to the combined factors =
=IC/R,, = R.s _ R, _ Ry Ry
RAB RAB RAB RAB
=1- RA+RB_R00
RAB
AP=

=the attributable proportion due to interaction among cases attributable to the combined factors =
:IC / RAB — RAB _ RA _ RB + ROO
RAB RAB RAB RAB
_R,+R; =R
R

=1

AB

AP=dividing by R,

_RR,+RR, -1 _ RR,+RR, -1

1 1
RR RR ,;
: 99 IR NPT 29D AWN)
Ap=j_>*t8-1_,12_,,
15 15

JODATRM NYOYN P2 TTTN NYIWN NN NI DN YINND 1NN 71PN NIRIDNNNN 20% N 2IWIN 19D

DYNMNN NIYD DINYN PNV IR, TPTTN NYAYNY DNMY 1NV NRIDNNN DINN 10.22.4

The attributable proportion due to interaction among cases attributable to the combined factors ;

The proportion of cases attributable to the interaction of A and B, among subjects exposed to both A and B
AP*=APstar , ;. o=
= AP*=AP/[RR,, - 1)/ RR ,)]F
Ry -R, -R; R, _ R, -R,-R, +1
[RR,; - D/RR )] [(RRy; - 1)/RR,)]

22 TIADNN NNPNTN 29D AWN)



15-8-5+1 3

[

[(15-1)/15)] 14/15
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LLDAIND NOOWN NYOY P2 NTTN NYOYNY DN JM TWN NN 1VIDA NXIYNNN INK YN 3% 199
JNDY01 0T WY IOVYNIY A ION TINN

TTTN NYOVUN PRYD OXTTHN 10.22.3

.(MPINN) MAVN NTTN NYOVN PR ON 0 DININ DPYD ONOY DX T1HN NYIIN D

1. interaction contrast (IC),

2. the interaction contrast ratio (ICR, also called RERI, the relative excess risk due to

interaction),

3. the attributable proportion due to interaction (AP),

4. the attributable proportion due to interaction among cases attributable to the combined

factors (AP*, or APstar),

Rothman S5v 0»77n 01990 10.22.4

1mn 27n
YNI9ON YDVITN
RR RRAB/[ RRA * RRE] RRA8/[ RRaA + RRB]
RD RDag /[ RDa * ARB] RDag /[ RDa + RDs]
D190 MIND2 NIV
117 27m
YNY99N YVVITN
RR RR1,1 /[ RR10 * RRo,1] RR1,1/ [ RR10+ RRo.1]
RD RD1,1 /[ RD1o * ARo,1] RD1,1/ [ RD1,o + RDo,1]

-2 NINNDD I DMYN DXTTHN MDD MSPRIVIN RYNI NPHN MO0 NP PPn )T
Abramson, J.H. WINPEPI (PEPI-for-Windows): computer programs for

epidemiologists. Epidemiologic Perspectives & Innovations 2004, 1: 6



198

standartization P N .11
AUND LIPNN DY DMIMN T2 (D2Y99Y ,0°92520) DX29YNN DI HYA PVNA DV NVIY MN IPN
DNPLITIVD INYI ,TITIVDN MININD DOXNMN NN NYYNY N NIPNN 52IPN TITIVD 92 NN NPNN

YR 1PONA DINVY NIPINN NVIY DY DMIPOY DNMONN 11.1
MPPNN NYVN 11.1.1
T DY NPON YNNI YT 1INPINA TN Y WITH .DX2AYNN DIHN) DY NYONA DIDVY NVIW NN PIPN

confounding factors D 29yn1n 0HIN2 NINVY MVLIVN NNK MN NIPN (NYI1AP MPVN) 29YNN DI

.DMNIN NN INND
mMYYON IPINN NVOY 11.1.2

(97 MNSANNA NIMVY DYND) 29¥NNN DINN DY I MNYN B YA mapn npovown »nv Dopy
JPDIVIIND PA NNYNY IVAN T ,S TITIVD NPDIVIIN 2D NYYI NDPWN TIWUNRD

IPNIN NPDIVIIND XNV HY DMNIMN DX INYN Nopwn
oDWOPYN NN 11.1.3

;S OIYOIND DX DTN T DY (B Y A NPDIYOING) DIWWUN NN DYOPWN Y IPN2

S MOYoIN DMNYWN 29D (B 1 A NYDIYOING) D720 DTN NIN OYOPWN PRY HPNa

NN IPNNY IRNYNA P NIN DRIDNNN NIIVN IWONND WX PN 11.1.4
N9OWM NNXIYNN 122 IWPN X729 DTN IN DNV NNDIND NN 7N MIYHD IPNNY NP

MyNYN Y PRI N IPN B A npoivoNa

MYINOT S DIPINND DNV HUWNY .ANIITAN 119N DIIYAND DN NXITNN DY DIIPIND DMWY
MDIVIING YOI NXIVNN NN DIVINND DIN JOID

(B, A) 70 112y 170)MY NPDIZOIN NXNYN DIWIND DINIPINDN DXNWYN
B mD199180n 901 1DN A 7PDIDINY 9910 GWINR DINPINND DIXNOY NXNYIN

By A 710199182 NXIDNNN DN TINND IWON ON

NMNWYNY 591 ,0°9W17> MINIY NN NN JOID MIPNY HXIY THDIYIIN 9 DY NIPON NUYI DN : NPT
DYV IN NN -9NY NN YOVID NXIVNN W 1957 NYTY T DM DNIPINHDN DITTIN P2 NNWN
.29YNN DI DN NYIWN KOO

NIND YO0 PN DTV IN NN YOIV MPN DY PPINHN TTHN NN NMIVNY D) DO To0 qona
INIEN TIWVNS 590 X5 ZIN DRI TPDIDOIN NONY |, TITIVDN NDPDIDIIND MIYND YO 995 ,ND0
DDV DXIYT 29 5Y )07



199

MPIN INND NIYIAPN MONN YTPIN 11.1.5

NN DNV ,DINN) TIDY 992 19D 10°29YNN D991 DY PPN NN PVN NNMP DINNY NN T
DNV P2 D720 W DX 99191 351N NYIWY MIWIN 29NN DN DY NPINLPY O1ONDN DINYWYN
SYNY . PLVN Y NNRID )NYNN NYWD D1INON

20-,10-20 92 Y NYPIMNVPA DXNYYN INWI D7) DY MIYIR 7PLN ¥ ONN PITAY NNN DN .1
2N9NN HY910N NY W DY 191 40-50,30-40 ,30

NMIYY , 02712001 DOWID NXIVNN MY MY ,ITHN DY PIVAN PO YW ONN PITAY NN OX .2
290N NYWN

Y237, 10PN ON) 1Y 13 NPDIDOIN ANYANY 10 -19NY 920V HOVNNN TONN -NPIN ANRY .3
STITIVON MHODIVIIND NNVNY D) 11PN (TITIVD IMN 290 ,0°27YNNN DI

TN DO NRXIDNNN NYY NN DXNPINKN DINYUNN NYTD 51 XD PN INND : Y0 NNNTA

NN OO DY VN 11.1.6

TN DN GR) DINK DI WA NVIN NN NDIZY NPDITIIN XNV D1NONN NINNN PNV NRNYN
YNIWY NXNWN DYNY .PMINIIN DIRXIND IPNIN 11PN DN P2 WP DXAIWNN TWN (NDNNHY 1270
¥ NAY) NPYMIONI NPDIVIIND (DX1120 INY ¥ NAY) NPAIYN MDIZIIN P2 NPMINT MINNI NIRIDNN
97N ,29¥110 DM YA NVIN NN (DPYN INY

NP0 DN NXIVNN P2 IWPN DY DIDN TTHI DMNONN DN IRNWYN TNKY ,RIDNX ,WNHNYND PR
MO ,DMIVAN 1N1IPD 7D Y20 MNTT PR NPDIZIIRN DN NPDIZIIND NNXIDNNN KW DIDN T N
NPVN KOY NPDIVIIN 2D YNNI IR NNVYND TIT RINNDD TN YO TR TV ODI05 A8 TN 0N
LDINN DT NP0 MNN YA

(TINONT 11.1.7

$PDIVIIN NV P2 9232 MY .1 DNPnT

29 MYNN N JOID NV NI DN .12 17D DN DINYY (NVN) MIVNRY DI DN 22

23 XD 7O (27NN IO NINMIAN N THA HWND) NN MOIIIND (NPPIANA DWND) NPYN MOIVIINA
MONNN HINYYA DNV DI NPDIVIIND DY NNY DINDM NNV .0MNONN DINYYN DX INVND

L INNYN 1IWIRY KD TWUN

NPIMLP DMY PN JOID TV DMIND DINYY TUND 7P 29YNN DN NNND 51D DMV T30 09
NWYNND OMNY PN DMINON DINYYN TYRD M 7PVLNY NYINR) MNIDNN NYYNN DN D7) DY MY
MPPNN NN, PPINHN

:POIYIIN ONY 192 592 MY .2 InnT
NV NPNY NOVY NMNVYN KD DOV DY MTOD MIVYN DOWI DY MITD P2 DN NN I NYY NRNYN
MXIAPN SNY DN D) 3T DY
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NMY NPINLPA DMWY P NN KV DMHND DINYY TURD 7PN 29NN 0N NNND D1 DNV T30 309
TNYYNN DMWY PP DMONDN DINYWN TUNRD NP1 7PVNY NYIN) MDNN NYWNN DN D7) DY
MPPNN ANNRY PPINHN

TN, TRNYN M2 PPV T NNYYN ROT MIVYN DIWI HIN DMNIONN DNV IR DINNND YWY INON
APNNN NORWO MNINN LD DYDY ,29YNNN DN NV T

$NPOITIIN NNIND 1213 9NV .3 NNPNY
MY INNNIY DI1DY,PDIVOIN NNIND ,0IW D)NIA OPNDIN NNINN MNPV DY NI DY DINWUN DN

DDA DINAN DIVIN INY DINDMOPY T .GNINY TN DY MOIDIIND DINDN)N 1) DNV HYa
Sva P NMNNA POYY NANI 2000 MV 1970 MW NMNN HY DN DINYY NNIYI DN 290N
AN DM NNRIVNN DDA NDY TOIDIIND NPTIN

NPINLPA DY P NNINN DY OMIND DI NYY YR MY 29¥NN DIN INNY 91D I9IW 7Y 109
APPINNN MY YNNI D) DN NYWNND DMWY (MNY DAIVI) 0T DY NNV

:MYDIVIIN NV 12 PYIY D)3 9V .4 NPT

NPNY NDIVY NMINN DIWI HY 39 MY MIPYS DIWI HY 39 MTY P2 0?10 39 MY MY NRNIYN
T2 DMNYNN DINYWN NN DINNND WY ININD .NINIAPN YN DIWIN DY NWIYN 193710 YT DY N
NUYOIYY T30 107 3PN NORWY ONXNN ,NYIYN ,2IWNNN DINL D10 T TIN, IXNWN 12 PPV
Y991 HY MNY NPINLP DMV PN NN HY DMIND DINYY TUNRD 11P71> 29¥NHD 0N INND N
(N2 MIVYYN ,0YN NNVYN ,0DIYN NYY RD) NYOY

Y 1997) NNYYN KDY MIVYN YN NN NV 77120 97NN 29900 0N NPND OY D)W 10D w)T
DMWY DINDMN DOWI HIN NN NV PTIAN IPNNA YN DN NPND 512 NYOLY 0) T (92290 PPnd
WY NXIT 9D PPN W 19

DINYYN DX MLND ON GN DIDY 191 NDIDN NN ,NPIWN NNTL(PH) ITHN 1N, 02901 DXHN)
.DMNoNN
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S55PIWN YNNI VIDOY 11NN YW NpNoL 11.2

DD PN 299 NPIN NN NI 29YNN 0NN I9VY TN MIDINN MVLIWN NNX

NVYWYN YV NPy .adjustment WX standartization NYPVLITIVO NIV, INPIN NVIVN OV IRID)
PN NN NPT NVIWN .YIAPIY 7 TITHIVDY 99 DY NPDITIIRD YNV 2IYNNN DN NMIDINN NNNVN NN
L PPINNN NYYN .DNIWHRN MNP P2 MIMIT 2IYNNN DINN NPNDIND 1PN 1D DININNN

N9 PN DN NAN) 7PN IUR POMDN PMININ N 11 adjusted rate N standardized rate
DY)7INHN MIVNN NPDITIIND DXNYYNY 1D . TITIVDN PDIYIIND 91T PDITIIN (92)N) INDN
1M, (TAITIVON MDIVIIN DY) NNVANN NNIN DY DIINNDNN OPMINDN DNV DYIVIN NIV
DM VYD

MNZONN NN DINNNY DXANIY ,NPDIVIIN YNV DINWN TWRD 29¥NN0 DI 1N D) ON : PN
NN DN DY NYOYN PR ,NNT DINDNN NNDONT TIYND . TITIVD 290 NPDIVIIND YNVWA DINDIN
9% DY DXNVIN MPYN DOVYIN

:MOOYHONY 9D DNV DXIPWN 19 DY HOPIVN YNINHD 2IWIN INN POV NPINN MO0 e
LAPNNN HOIVIIND DNYYM TITIVD NPDIVIIND DIOPYN DN 7A9PYIN” NVIVA

STATIVON MOIVIIND DINYIWN IPNNN PDIVIIND DOPYN DN 7AW XIN” NVIYa e
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SIPON MRNDND DMNIVON OO 11.2.1

:A 9pNNRN NOIYNN

IN) NRIDNNN M NYY IN) DDIND 19917 PDVIINI DOVIN TN | DINN DY T2 /0N
NP (NMNN N¥IPA (DNHN 5500 | (973 N¥HAP) 29YNNN
Apin Apim
A, A J
_ 1 j W
W, Aj
A A W '
W, A,
A A2 W :
W, A,
A As W, ?
W, A
A Ad W *
Wa Ay
A A — — TOTAL
N A
- Z Ny = Z Ny

1191 C ,B NOnwWO5 9NN NXIIP 02D MIDIN NN wNNY)
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:B 9pnnn NN

IN) INIDNNN INYY IN) DN 990N PDIVOIND DOWIN 90N | DINN DY 727 'ON
n¥IPA (NMNN n¥apa (0XnNHnn mOYoN | (97 NXAP) 2vNNN
B pnn B pnn
B. B. J
J | W
W, B,
B Bi W '
WB] B,
82 BZ \% 2
WB»Z 2
B, B3 W 3
W, B
B4 B4 W 4
WB4 B,
B TOTAL
B Ng =W, = ©
B B
N B
= Z Ng = Z N

1191 C ,B NOnwWO5 9NN NXIIP 02D MIDIN NN vNNY)
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S 191090 MOIYIN

IN) INIDNNN NV IN) DYDINN 190N DOVIN 1901 DM DY TN 'ON
n¥YIAPA (NMNN N¥2PA (DXNNHN POYOINA (o N¥aP) 2vNNN
TITIOON TYTIVON
SJ S] Vvsi =
WSJ
S S1 W 1
Wsl
S, S2 W, 2
Wsz
3
i S3 W%
WS;
S, S4 W, 4
W54
S S S Ng =W, TOTAL
Ny W,
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IDOPY NI NN 11.2.2
55 5¥ 0NN YPWNN TUND DIPIVN TTH 1IN D29 YSIN 5O NWYND CTNND YOV HHPIWN 1101 vy
NP DY YXIIN 2IWON NONTY NP2 .YXINNKN 2IWIN TNSD DINIDNN DIIIYN 19010 NN T
(5 7Y 1 -0 99030) NN MYV HY DY NI MHIXMIN DINAN DII90NN
1,1
2,2,2,2
3,3,3,3,3,3
,4,4,4.44
5,5,5
3D T 92 W9 OV NN (1,2,3,4,5 : N3 NIPNI) T DI ND9ON T DY AVINd NN MY YINND
YIDNT 2IWON TIXD DIDID PON HPWNN NINY
,2 T YSINT 2N TN IDPWN 199 DNDYS 2 WA 1 7190010
L4 77 YXIINN 2IWIN TNNDIYPYN 19D DY 4 W91 2 1901910
,6 P11 YXINN 2IWIN TNND IYPWN 19D DY 6 Y91 3 190100
,5 P71 YXINN 2IWIN TNND IYPYN 19D DY 5 W91 4 190190
,3 TP YSINT 2WON TNND IDPWN 135 DINDY3 YN 5 190010

WYPYNAINDAON T DY TIY DI DY MDWNN 2WN)

1*¥2=2
2*4=8
3* 6=18
4*5=20
5*3=15

DYYOPWNA DIV DY MYAONN DIDD YT DY AWIND YSINHN
2+8+18+20+15=63

2+4+6+5+3=20 DOpWNN TO2 NPIPN DYPYNI
63720 N YHINNN 199

25PN YNINN DY MOYD NN 11.2.3
1N PPINND NPV HY 25D S0NNND NV . PPIND NYOY DXAVNNI MIDNT NYYN DX PPN T

W. R,
Adjusted Rate=AR= L

2w,
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YOV HY 55D YVNPNN NV . PPINN NV D AVNN (crude rate, CR) »m50N NYWN DX PPN T

(weighted) ©99pwn R ; DMWY T 29WNNN DINN SY T2 535 Jwno(adjusted rate) AR ppnn

‘W, 299100 DIMNN SV 7217 532 1DVIN ITN DY D5PYn 29 Sy

OITIVD NYY PN DWOPIVN DNV DY ynn >nn 11.2.4
PDIOIND NI MWOYNY IN DIIPYN 29590 DN INVITIVD 1aYY 1WOY D) XIPY P INHn NYN
STITIVD NYDIVOIND NNODIN

Adjusted Rate (AR)=standardized rate (SR)

2OPIVN YXIIND MNONN NYWN 11.2.5
NN (57 NP 552 HWND) Ta7 552 35NN NN

1) NIPON 0IN DV ] 077292 ONYYN DY DOPIVN YN INND NYYND 17N A MPDIDIIND MINN NWYUN

AW, 00 A PN DY T2)7 522 POIVIIND 21900 29 DY, 29YNN1 ()
1

%

Ay,

. . A j WA. :

Crude rate in population A=CR, = N —VIV
A A

- i
J

:9DPIVN YSINN NNN ,IMNN,NYYNID RIDN T MIDNN NN
CR . = ZWJ Rj
2w

(A 1950 MNDAT2) NN MDD W W, DIIPWNN 19 DY NUYI IpWN IWUND
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IPONN NPV WHNWND 1NN ONN 11.2.6

; (MYPANLVP XNVY) PN NNNTY .(IMVP) 1272 B899 132D 29¥NND DN 1Y ANND DINNN NIPIN

2191 0-1, 1-18, 18-65, 65+ Swnd nyranvp yaIx N 52 mxap

9909, T NIV D2 1DD) NI 2YNNN DIV DN : 89 MINWNI 123D D) NPIN YSID TWAN DIINY
YNIY INYL(D2DD01 D) 712170 DN DY T2 ¥8AD A0IDD) DY) MNP MAPD 1N (719) DPY NIV
TPIDVINHVD

PN MINLP Y2 DIV HY NVLINNNY PP YT JTIIRY MXNIND DY MPY NN DI N3 NIPNR2
1793Y,40-60 ,20-40 ,1-20 DXXD?D DINIMN NNV NN PONI DR DYND .(DINNID MHYIL NN MDY
AN IPIND D2APN PONNY P WY 1DWNRD DNV 5 DI ,IN1 NNVP M) MNP PITAD NN NPOY IN

791 (973 192) DYDXNT DOINWH DI MDD NXNWNA 5195Y 112 MY TUNINA .10 YT DY DN Ty
2NN NYOWND DNINWNN INY NN ,NVYYND PPND

NN NV PN 11.3

Direct standardization
-H5WNY) 29YNNN OINN NNDND 292 MPIN JPNIYY NPDIDIIN YNV DMYN YD 77171 A9PWrN NVIYA
.Y TITIVD MOYOINA (97
,2299N) DN 22D 0NN PPN INKD [NMNN IN NONHD NYY 22)0] NPDIVIIN YNY DINYN MDD
YT TINN ANWHNN NPDIVIIND YNWA 179YNNN DINN DY NNLINNNY ¥TD

9% HYunh —MWAN 29YNN DN DY PINVP YO2 OXDIN DY MANN 99010 NN DXAVND ,MINN DN
STITIVON MDIVIIND PDIVOIND DY H9I15N 190N DIPINNIY TITIVDN NPDIVOINI DIVIND 190N 3 Y

APNNN TPOIVIIND (92 HWND) 29¥NNN DIND MNIA (20 NONNY HWND) NIPON NN DXAVNN : INTD

. age specific ratesn»9890N DX NYWN DN N

TITIOVON NDIVIIND NNVAND 9D A NPDIVIIN NIXIVNN P NYW PN 11.3.1
27N MNP POIVOIND 190N NMHIDONN 290 B -1 A NPDIYIINI NXIDNN MNYYW 1PN 191D 20)
STITIV0N MOIVIINA

Y DWPWNN DN VN (DMY DTN DOVIN NN -DWND) TITIVON NDIVIINI NPNYINN DXYIAPN
(weights) DY WN NX HHPWI DAY TITIVLDN NDIVIIN
1D QINYIYN 11 IR T97300N HDIVIIND 119 IN ANIINNN 9P 190N N NN DOPT @

992 POYIIND I90N) DOYPYNL IPNNNN DNV NN D295 : 1D .9PNNH NOIVIINA
(NMNXIYNNN IN) NN MIPN 90N NN DXYAPN) TITIVON NDITOIND 92 NP D35 (00 NP
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TPDIYIIND 1D NRIVNNN DY OINYN 1N 1PN 52 NXIAP DI TITIVDN NMDYIINI DANN
pnnn

S NAXN 99190 NWYN NN DAYNN) DXYPYNN NN DINODNI , D798 DI9DNN NN DINODN N @
MY NIN N .(IPNHRN TPDIDIIND 1D PN DINYY IIN) TITIVON MODIDIINI MN IN NINXIDNN

D) DYDY KIPI NT NV : NMNIRD) .(ARA) A mOI9IN YW age adjusted rate 52 9D PInn
.(SRa ,standardized rate

955 POIIIND 301 295 53N (SRB NN 111202 18) ARB 092pm B moIvoND 50 Dy 0N e
TITIVON POIVIINA (D7) DYNY) 29NN O HY NNIAP
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Expected number of patients in population A

Expected number of patients in population B
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E; (by rates from B and weight from standard)
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VIV YNIND DOYNIN ,MINK 0992 .71PIMVP DD 1/3 DY HpYn ¥yap) D7) NPINVP VIOV 12710 DN
DTND 991010 MY HDINNNNID PPINNN NV XIN 1N NOIYA NN .OPDNON DMND0N DI DY
.D»NN DD TUnd
DYOPYN 29D HOPIVN YNNI WHRNYND 1D ,NPDIVIIND MNYN 19 DY NPDIVIIN PPN DNNNN ¥
DXNNMA (AN JOP HPWN NY JN1 ,NMIND NIYNA NPON TN N2 MNY DY NPINVP) MNYY D191
:NMVN DY 299911 19010 DYOPYN TN : DOVNPNN
_ 1

- variance,
NMNIONNN 120N DIPINTN DN NMIND DXAVYNNN YD ,MVLDOVVLD NINAN MNIN YW NI DOPYH
N MNWN 29D DNIPINNDT DINYYD 920N NPIADN MYNVYN NI N1OPWH PN ,O9INY .NPHNON
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Sorlie et al. Age adjusted death rates. Consequences of the Year 2000 standard. Annals of

Epidemiology 1999; 9:93-100.
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AW 1210 NHYA NN - Y TITIVD 29D NPIND - 11D NNV .T97I00 IMN 295 DIIPINND
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.DMIVYN P2 INYND N KD ,27DIN TOIDIIN 29D PN



225

Y0 TITHVD ITYNA,TITIVON NN PPN MIVYID 11.8
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NPYW NVWY NN 11.9.2
197300 NYDITNN 299 A NYDIVIIN NIPINY
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Weights rates nNvnnn
S TYTVON PDIYIN A ApNnn MOIYIN PV NopY
A Ypnnn movoN S TITLON MDY 9Py NIPY
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. TATVON MOIYIINA (92 HWND) .29yNNN OINN MNIA (A5 NONND HYND) NIPON NN DXIVND ©
D971 OVIN NN -HWNY) AIPNNN MDIVIIN DIVIND 190N NN ODIAPH @
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MN/ANRIDNN DY MNANN D101 9MPYWN NN DXAVNND DDOPYNN ,DMI987 DXI190101 NN DINIDN N @
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: A TPOVIIN TOY (A NPOIDIIND DY DYT27 29D MDIDIIND 19D , 79730042

ZW S, expected number of patients
A
I\
I S

' in population A (according to rates in standard)
Ry indret = ARy = ZW = .
A total population A
]

NV NN NITIN 92D DY ¥ (TITIVON NDIVIIN 29D) TITIVDN MOIVIIN 220 NNITA IWN) ON : WY
NOYN NN NNIYY PIX RY 1997, T9TIV0N MODIVIIN DY DYODINN NN) TITIVDN MODIVIIND MIONN
TATIOON NOYIIN 20 DIPNYN NN 1AW NYYN NI 2IONN NYYN : TITIVON MDIVIIN DY MIONN
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_ expected number of patients in population S _ S _ Crude Rate in S=CR,

total population S Ng

IMNYNN GTIY ¥ ORN 11.9.5
NIOWH (PNDNN) NANIN NYYN NN MW PY XY 1PN 9NRY ,ANIITNN 9N v DX PYTaY 1D
DIYOINI PPINKN.. A

ST97000 HY 0INYIY X9 DY M8y A 9PNNN NDITIING NOXIN 12 DN XIIPDY DN
standardized morbidity ,nnmna x5 NNYNN2 123TH IWRD XR) SMR standardized mortality ratio

PRINNT NYWYH (R5NN NYWN RINY) NINIY 29D NYYN 2 DN 2WnNY DoY) (ratio

A
W
CR, _ Z b Observedrate O _
- S - = =SMR
SRy indirect ZW 9 Expected rate, o E
™ N
2 W,
i
A Observed number of cases in A

=0/E

ZW S - Expected number of cases in A: rates from S, weights from A
AN
j s

29019 NAYIN 199121 P2 Y Nt 90 NV aNY RN ) W, -2 Monm nnn NN 9993 OX 119199
]
i

(MY W IN) 19010 A MDIZIIND NANIN DIXNNN IX OIINN (MYY IN) 190D NN INWYND TYN) TTHN I8N

.S TITVON MDIVIIND DD PN DMNIWYNIDIN A MDIDIIN DY NP KD iPSTHVITIVD INKRD N9Y

(RR) risk ratio -2 "9 on> 710 M0 SMR -1 11.9.6

SMR = Observed / Expected
MUNN MDIVIINI NMNN X INIVNN 9T PR SMR=1 -n O
AN NNNN IN IXIZNN NP ¥ SMR>1 9wNd

9NN 91 7N APMN OINN 12 DY) NAXIN NMNN X IRIVNN MNS ¥ SMR<1 9wN>
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120 WYND NN LA TPOIDIND DDOPY S IDIVOIND DNV 9D A MOIYIIND (PY NY) PPY 1NN

(S TPOIYIND DN A TPDIVIIND DIOPWN 19Y) S MOIVIIND PY 1NN

70D
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VDD NV XD

SI{A, indirect — S:\)S,di rect
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SR

MR =

A, indirect

— C:RA
A, indirect SI\/l R

DTN YNHNN NV NPIZN YT HY A 7PDIDIING (W XD) P INNN MWOWYN NN YaPY 110, 919199

SR

-wo)PoMa.SMR -2 A

SR, .. *SVMR=CR,

A, indirect
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S7000 DIYOIN DY (PVITIVON
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Comparative mortality figure (CMF)
(NMNNY P NS INXIZNNY D) )12 TN

Stantardized (indirect) rate in population A SR,

indirectCMF, =
A (crude) Rate in the standard population CR,

_ Expected rate in standard (rates from S weights from A)

observed rate in standard
297 TITIVON MDIIINI DXNYYN DV IOPIVN YXIND 1NN TITHIVON PDIZIIND MDONN NY YN ,NIND
STYTIVON MOIVIINA (7D¥OPWNNY) MDITININD ITN)
72NN MMM NN VI DN

TPDIZIIND 7902 9Y90) ONY T ,579pwo W DOpwnn DINA NPDIIING PDITOIND Y1900 : NI
: DIYIY I MONM NNNN NN TITIVDA
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CMF, =

2Ns
_ ZWA, Rs, ZWAJ RS' ZWAJ

= Z NG R, =
ZWAi Z Nsi

Z NSJ RSJ

_expected number of patients in A (rates by S, weights of A), adjuested to the size of Svs A

observed number of patients in the comparison (standard)

_ Expected in A if was the size of S

observed in S

CMF 5% 5v ©9>7292 10IXD MPDIIIN DTN 9 DY (JOID DY ,HWnd) DMNIND DX NYY NN TITIVDN ON

TATIOOY (NINN INK DY PDIVIIND YOID MWW HWUNI) A M0 MOIVIIN DY NRNYN TVIN?
TPODIVOIND DY (D7) 29D N23) NNDANT 29 DY ,NIND NIANI MMOIDIIND NAXN 190NN 7127 INNN ININDD
SV TNY 09901 ION) L(TITIVDN) NI XIND WD 7P (D7) 720 HYnD) DINWWN 1IN I8

)982 IXWYNN 9T DY NP 1-D 97y CME . asn 1001998 Nnivd YIND MOYOIN
STITIVON MOIVIIN NN A MDIYIIND INXIYNN INY ¥ NN 1 -n 97y CMF oN : nvooo
CMF 5% 5v £>7292 70IND DN DT 29 5y (JOID DY, HWnd) DMNIND DX NYY NN TITIVDN ON

TITIVOD (PAXN INN DY MDIVIIND JOID M NYY HUNI) A MNAD MDIVIIN DY RNV TVINY
ININOD

TATIOON 292 Y NIPINA PPINKD (NINRD NAX NI A NPDIDIIND NINIDNNN NYY DY 213N ONN
(N19 XIND) TRTOON NDIVIINA NNIDNNN NAXN NYWI NNT DT ONY (N1 XIND TPDIVIIN 1))
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_expected rate of patients in A (rates by S, weights of A), multiplied by the size of S

observed number of patients in the comparison (standard)

_ Expected rate in A * the size of S

observed in S

_ Expected number in S (by weights of A)

observed in S
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APNNN TPDIVNIND DN DY PY XD NIPINY NPI90N MHN'T 11.9.10

NONDSN TNO % | 09 Y901 9901 | %)
B 150199182 vy | MIVEN JSN mvyn
A nPovoIN
0.5 15 300 -N P
20
0.2 4 200 20-39
0.1 1 100 +40
0.8 20 600 5710
MM

A DN DMOXN DMIODNN NWOND ,S TITIVDN NDIVIIND NNON (PTINN) MYV WHNY)
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. NNV YN MININD DY Wawn (97 Hund)
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AT NPT NRNIN 12.6.2
(MNOXN DIMPN DIYP MNTD INY NYP M) MOVDVLON NP )TIR .1
(DPRY DMIVP NNONN) PNVIY PO NP> .2
DYINNNT IPNN YANNYN YIN TNXY) 1N D27 DIANYN NYPYN DVA 9pnnn mMoya ddby .3
(AN D17 DINVYN DY IO

.D29YN1N DN DINY DINWN HY NI DY 91 NPT MINONT 12.6.3

NP2 NIPN IPNNI AN MY MINHDNT 12.6.3.1

9P 7PNV Y NPT HYND .)NDYDN DNMNT NP 1D TR ,NINND NYP INIRY MINUN DY NPT YSInn
AP TOPNY TPORND .IN JOIDY DI NIPY T XY NV, NN JOIDI PYY P WP POIVD IPNN1a
LPNIN 20N BIND WP 19D W DNIWYN DIN AN NNYOY

.(confounder 52521) 29yNN MINWN PN DTN INWNN ,NONNRD TP PRY 1D

ANPN NI NPNNOYNI (confounding YD) MPON YIS NWYNY TN PN Td DIVN

I12°0N DN NNYT NDWN NHNID NIINNDN PHRTH DY NNPIAD DIDIT DMIPNN,NTD NPT NYYI DN DN
-9 2975 01200 DN .NYNNNI NIPON DINY NDOWNN P2 IWPN (WINY IN) N8B NIV 120, (DY)
DYND INPNN NN YA POY DINN OV IWPN DTN OXNNA NN YTHRN )TN .1

NMNPO2 NIPN IPNN AN NPTD MNDNT 12.6.3.2
.9NNY 29 NON )NDY0N DN NN MYP IPRY NINWN DY NPT YNINN
YOV NMYUP IRY NYNND 0N YPI DY NPT -DWnd
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+ -

DOVYN DIVYN ND

non + 275
240 35
cases a=fte b=g+h
275
- 200 75
2N N c=etg d=f+h

SY) TPVN YNNY NYYND TNN PR T2 DIWN .(confounder ,525210) 29yNN MNWN ION DTN MINWHIN

NN M NPNNIYN (confounding

NYY -5unD) DXNVN XYY DINYT (NYIY ,5WND) NDY0N DIND DINVNN ,NTD NPT DU DX, TPNND
DY2X7M7) MINT NLOY MNT MNP DX .IMINN NXIAP IN NNIT O0I) YPID XINDD 1PHTN DY (DOWYN
9NN PNDON DIND NOWNN P2 IWPN (WONT IN) XD NOY 1210 ,(NPINND NP M12ND O30T

.1 -5 29p1 00N DY

NYNDON TYNNA 0N HY NPT HVA I NPT MINDNT 12.6.3.3

1N ,20 AONMY YNV NPNY NORYT P IWPN DY IPNNA (N0 NUP 1INY) 07000 VI DY I
72 .07 MMV GTIVHD NRNIND 2570 NONN DY YNDYON IWPN TYNNA NXNIN OIN DY I NYynd
TIVAY NP 1N KD 11D NIPNA .20 NN 1NIY NPNY NONT P2 IWPN NNV IR DDV 11D NIPNIY
DIV DMPLVLD MNI NN IPAD NN NN KDY ,DXPVVLD VI 11D NONYT P2 TOTTN NYOWNN NN
AWM IN 2NN

YT D20 ONNVNI NNT DY MNDNT 12.6.3.4

IPNNN DY NNRXIYN NNON (MITTI2 MIVYOY) JOP IPNND DI9IMNT DINYN MIVY DY NPT NYY» DN
DXANWYN YPYND WY NI NP AN IPNNN MDY TIY GON .D1NDD OIWP MO MY 1N KN
Y DHHINNN DANNVH YIdNI

PVDXLLD SMYNPYN MND JTVIRD NN DINTHN TIDY NPINN MDY 12.7

ORYNN ,HMINN DNN NOIX HYA 1PNT DN YY) DIPHRN DX NYUYNI 10 N1INN DOYN) DX
NN DN 0NN TIYY MON NYYNY ©I) T .(MNMP) DMIPN DY) DMON PN DIMINNID DNION
NPIND DXIOYNN N OX,NNPXA NIPH DV 237 MDA 273N DINND IXNT .AWPN PN
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P7PYW) OR=2.57 1111 NN NIVYNI DXNPIY TUNI TUNN INTL DXAVNNN KD OX 1N 0P OR 7110

392 V0 MNINI 46/6=7.67 NN NPTN DX PNAYN DNPIVYI 12N TTHN .(NVDOVLO PN PITY

NAN NYAVN
Control
+ -
NDY , DNVYN ONIUYN NI
29N D9IN N
,DIVYN + 240
cases DoIM 194 46
DOVYYN N - 35
DM 6 29
200 75

51525 M OOYNND 1P NN 12.8

P72 YOV MN NP DY HUNY ApNN DXONNYN D) DY NN TINND NPT 91D YNINN DXMYY
IND NN .OINN NP0 NDAPN MDY PINRY T DIVIN NIPN DRI NNMIDN NN DDV
-DYIVON (D92520) DYAIYNN DD DN VN DN .0INN N2D NP DY OPM NYWN DY NV NN
AT VYN IR TIDL MIND TIND VN NP

DNV NYIIN YN YTV DY NPDIDIIN YNV HWND -117ANNI MMTN NPDIVIIN XN DINYN DINYD
D25 NPT IND PR .OMT (PD5DD -XNIIN ANN ,ITHN D) DITAIVN MPANNDY NNINA NONNN MYYN1
PN DNN) TIDYI TN PR M1 a8n1 frequency matching DNNWN NNYANN HY NI NOX P72

SY NNT PYITAD Y TN MOLN NN XD DIINNTN DNINWNY TIYW NNINY ¥ YYD 0NN DNNID
11277 DY DINTND KD DY D) DINNI TIdY ST

D987 DINWN YW I 12.9

IOYNIVY NN MNAPD MIYINRD MY (D7) -DWND) DXNT DNINYN DY NN .DYTFT2 ONINWNI NT NI TY
,07T292 1N MOV N1T 7N NINK MIVIN .(65 97 INNNY DYN NPT HWND) NN YY) HNINNN IN
DN PYTAD N P77 ,9PNN2 DXONNYNN NN 25WA NI N INKD .0NY 10 D55 NNNNN DN
.DNINWYN 17 0NN TIDY IN (DNNIN TIDY DY) T YT DY ,NOYONN N
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520 NP3 12.10

,DININD NRNVN HWNY : NDPNNIDN DXNYT DIN NNWNN MXIAPN PN DIPTIN TWND NN HOYIV N
.NOWN NNIN M2 IN T NI

YT YTAND DI N, NN ONNIN TIDY 29D XOV -5 DN TI2Y ON Pr1aY NI DN DMIPNRa
(PNHNN Y NN NTPD)
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MODLLD MPNI YIPIWN MY .13
VTN PNNI NNNIO NYIPI DN NOIYNA IPIYN NPKX MNVOXVLY MPNIN

DINNNNI PNIND NN DY_IPMIIY NP DY DXNPYY NDOINN NMHVDYVVLO MPNIN .1
(95%)

IPNRY DTIN NIONAION (YTH2 XY 29D) 5% DY 1992 NPVDYOVLO PN IPRY DTIN .2
ON91) DIRIDT NINAN SMIYIWUN

99 ,APNNT NNXIY DY YN G1IXA P IPNN DY LDV MPNNI YINWYND W .3
5712 NN N7 DTN NN p-N T .POVDXVLO PN HTAN MTID IPNNN DY NN
28PN IPNNN

S5¥a NYLN MY NN NVLDVLLL MPNIN .4

noMy”mNn e
IPNN DANNWN DY NLIN NN @

confounding factors ©»1¥N D2IYNN DN @

PPV OPTANDAAP DRI NN HVDLLD MPNN .5

-n MLYP MYV) false positive findings *2*5wN MO NMMYL HAPO AN DXV DIYTN .6
NDY, DY NYIp v 92 false positive findings 2100 1N2Y NMIYL MNP (5%
JVYIN

MY MPNIN PIPY DY THNOND NN P HNY IPX MHOLDYOVLO MPNIN ITYN .7
false negativenn DNW DININN ¥ININY 1Y 1D HY .DMIYIN DIP3N DXIMND NOOWYND
false positive -n IWNN (AN X5IN) 1D wnn

PN LY NYANN NN PVLDVLVD MPNIIN .8

SV NN P NN DY NDP DIONN NODIY IX NIYNRND NN MOLDOVLD MPNAN .9
299011 DIV IAONIY DINTIN

Wasserstein RL, Lazar NA. (2016): The ASA's statement on p-values: context, process, and
purpose, The American Statistician,2016: 70 (2); 129-133.
doi: 10.1080/00031305.2016.1154108
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YMPIY MPNINN TIY 13.1
DINSNNA PNAND NHNT OV TIMIY NYAP DY DINIYD NDDAND SYTN IPNNA NLDYOLLD MPNN
.D»YTN DMIPNNI NVDYVVD MPNAINT YIOWH DIPNDNI 1D O (95%)

NYIAPY MIPN HTIN HYA HNK NYNHNND MVP MYV AWNNND N TITID 1925 NIV YN I
PIND T, DINNY . DIV IPWINY DPRIPN DIDITI NNONN DY 11772 MLDIVLVLD PN KINN
PR IUND DTN NN NPAPN NPIYL 5% N NMING BY THNDND NNI MLV MPNN DY NI
OVDYVVO MPNN NYIAPY TPMPIY 1 DN NYXIN D NI .7 p<0.05 7 -3 (NWYND HTIN
.MIINDNN HY IPHRNDIIN NNIPYI PN MINIY NIV DY THNDNI YN0 I1PNNa

22N TITI NYIAPI 5% DY NN DY MONNONNY 8N (2000) Moye
“ The significance level of 0.05 was born from ...casual remarks”
: VYW NYYIY INTIN YIDIWNN YNNN MINY NINY INT NN W9 DY 9312

N2 OV NIV IN,TD DY IWOSN I

“...came to deplore how often his own methods were applied thoughtlessly, as a
cookbook solution, when they were inappropriate or at least less informative than other

methods “ (Box, Fisher, 1978)
SIPYTO 1959 MW AN5Y 0.05 TV WNNWNDN ¥INI INNY 18

“The calculation is absurdly academic, for in fact no scientific worker has a fixed level of
significance at which from year to year, in all circumstances, he rejects hypotheses. He rather

gives his mind to each particular case in light of his evidence and his ideas”

PR IV 0PNV OMNIN) DY MPNAMNN DX YDIPN TIWI 5% -2 XPNT VIV PITNNN 12T NN PR
N7 5Y NVINNN (DXL DMIPN DIXRIND) PYRI NN MYLN 512)D 5% -2 XPNT NN NDD
NYOWN 29 PIY DY NOIYN TIRN YN 1987 NIV .PNYN 1D MY, 1YY MIN NYITIN MPNIMN
DININNA 7 p -1 T P3N 5931 ¥y nY American Journal of Public Health -n ,912>80 miNod1a
“inadequacy of statistical testing “ Yy yan> Rothman & Greenland .0»yTn

1 INX)

“Since statistical hypothesis testing promotes so much misinterpretation, we recommend
avoiding its use in epidemiologic presentations and research reports” Rothman& Greenland p.

194



257

: 5% P TV O2N0 TNIOPIND Armitage MmO ,NPrOo°VLOI DXIVNN THNI TN 1D’01 7902

“The 5%..have become widely accepted...This is unfortunate in a way because there would be
no rigid distinction between a departure which is just beyond 5% significance level and one
which fails to reach it. It is perhaps preferable to avoid the dichotomy —‘significant’ and ‘not

significant’- by attempting to measure how significant the departure is”

Armitage PA, Berry G. Statistical methods in medical research. Blackwell Science, Oxford
1994. p. 94

MPVDLLVLO MPNN” NN NN 13.2

NN NN TY 21D MXIAP ONY P2 572N NRYN DN : NN NIRYN DY NNYN 19010 NN p -0
IPHN NN HTINNY DMV

INPLIV NMIDNTA MIPN KXNNN NN DTANN N TMINIAPN XNV P2 PN DTN NN OIN

NN DTANNY 7Y NP0 2D IMYNYN p<0.05 DY N 1(MXIAPN 2 55D HTaN PN DY)
201 0 1M IV 1T MYTA MXIAPN dNVY 91915 ,71PN8NY DI DX .5% 1N OP PN
INSIN ,NINDID ,NSNI DMIT DNDNN 95% -2 : INN NYD 5% -1 JOP 1N 1T MPDNI NYVIV
NIPN P2 DTN WOV

TINYA NMPNAIN NN NMVDYOLO MPNAN 13.3

5721 NION2 VN (DMYTNH DIMDINL PN NIV Y9I) 5% HYW NN NVLDIVLLD PNAIN VNV Y TN
MYNVN DTN NIDNA IR MVDOVLD PN TN : TONM TNV TPRIDT NN SNIVIVI IPNRY
DN .PNYY DONNNA (YVAPINY NI NYAP) MOLDLVLON MPNNIN NN NNDPY NI NNIAN
79N 6% DY MYL ONXN .p=0.06 HY NN IPNNNY N 2N IN 5% DY MYV NN DAPD DY

NNY MYMN Y2 DY DNV NMVAPNT MNP SNVYY NI ,OWNY 1HNNIND NIND dPNIVHYN
YODYOLON NN TN, )NDY MTIVINN 1202 MPTL XYY AIDS N RINNDN NONN X ,MINT
210N IR HAPY NN KD ONN .Pp=0.06 DY YIAX MOLDYOVO PN PN MXIAPN P2 STANNY PI NIV
NPNAN NPT MONN DY T DN 7 6% DY DININNI MIVIN MYV DY NNINA 1PN TN 210N
N2 ORN 5% -1 DWIND NI DI NP NN NYXIN , D3N TIT MIANNN (NI Hwnd)
(12 12112) 197D NN HIAPN NDINN

,DOTYY DY MDPAN PI1NN DN MINNID OXNNA P VIINNY DO I DY INSHNN MYHWN NI
PRI TN NPNANA 59D PIYN INN MHIVDIVVD YMYNWUNY R¥NDND
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MV 5D : NN #DXDN NI P DN .MILP N¥IAPA NPT YOI NINHD MYINON ,INTY
5y ,71PODXOLON MPNANN NWN NN Y (DNIWN TYN NIYEY HTN MNWHN) DXINN 190N
AW PRYA VLDV MPNAN Ty MINNDNN YOI ¥ 1D

9900 TUNI .NDY KD 10°PT2) MNP P2 DIRNNNA DTN ITYND NITY NN 5% -1 71T p ORN
LOPN DYPTIN I90D MY - TN PNIYN NPNY 912 ,p=0.15 59105 21T p D) ,JOP DXPTIN
APNN NIRD WPYND NNYOIRTIY NI .15% P DIN 1PN NPNY PIDDY DTIND MTY XD ¥
VINOUM ,NNIDY NP1 NN MYVLN DX NI IPNNI DY THNDNY IRTI MDINY .INY AN

.15% HY¥ MyvA PNONY IX PN ORTI .DXIWN MNIN HY2 NN IPNNN INRNNNI

PPN NRXIY DY YT IS P NN NPVLDVVLO MPNAIN 13.4

PNRYY 1IPNNN DTN NYOYN DX TINN) TN .APNNN DTN NMION NHOVDYOVD MPNAN ,DOYD NNIND
5T MW MIYN NHNXIYN .IPNHNN MM (NVLDIVLD) PN DTN NNIXND MIANDNN NN IPHNN
990V D5 TONN .APNNN NHXIWY NDTH T INY DI IPNNNY DI .(D2IMIN 1901) IPNNHN

APNNRN NNXIY MLV T2 ,INY JOP ,DNMN I9DN N ,IPNNA DONNWUNIN

YN IO ,TPONNON NI IPNNN 2T IR DXTHN DTN TN N2 DTN NON - TIVY PPD

,DXIN 200 NYTIV NXIAPA YOID MYINON PT2 ONH TN HIVW DIPNN NYA NHVDVLD MPNIIN
D350 DPOYY ININ .1PLDYVLD MPNAN NP TPNY D12 DIWIN 400 T 12 POV ,9MYN IPNH
JPDIN2 DMV NNPONY XXAND DI1DY (MTOID MY PA N2 NIPY 10N D)

DY NIPONY XXAND NXIN GNX 9127 199712 DANN IPNN N1X2 199) ,1PNNT DXIONNYN DD DXPN ITYN
OPIN IN TPNIIN PTXI OND .(IPNHN DXANNWNI DY JOPN I9DNN HYW) MVLDLVLD MPNAIN PITYN”
NVONNN TMDITY DI MXIAP DY IN 10917 DIANWN YY1 DN T HY DOYXIANN DIPNN P Daph

DYTAN APNNN DINNNI NN NPIIY 7N T2 HY
NVOI1NNN Richard & Conley »1 Sy 12NN NI MOLDVLVLO MPNAN DY MINNDN HWA MPVLIN
OIP AN

Peterson DW, Coney JM. Of cherries, fudge and onions: science and its courtroom
perversion.. Law & Contemporary Problems 213 (Autumn 2001)

www.law.duke.edu/journals/64LCPPeterson

APANRN GPIN Y NN NN PLDYOVO MPNI 13.5
DY29YNN DXRNN TPNNA DXANNWN YYW NVIN NN ,NVIN YT HWA NPV NNV NN MPNN

. confounding factorso»¥n

DN DOINIPNTARD DMIPNNT 21T .APNNI NPNVIY NPV NYDIV NIR VDLV MPNIN NPT
N8P MYNNN NYIN NNPIYD NMNVN NNN NINIAP NDNKD NINSDIN IN MYINIT DIV 0NNV
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MXIAPN PNV DOPTI DXIND) DNPAY DYOYIN DN .("NNPY27 NXIAP) NNNWN NXIAPD NUNWNN NINN
NNIPON DININNN DY PLN JINN , NIV NN GONI MXIAPN DXANNWNN DY YNNIV IN DN DIN
DIPNN MRXIN ML DXNVY DINNN )N1IPD D7) .PVDIVLY NPNAN PNAIN IPNNN DN DI MYVIN
YOM) ONX PYOIY 25 NHNN NYMN P2 IWPHN IR NMVND DIDY TWUN,AINIYNNYD 11270 D) NN D% . ND 9D
DYPNAIM PP DININNN DN DI T DIVND .NNIWNN MNP DNV DINDNL DXINNWN IPNNY

7252 MOLDXVLLO MPNNI HY THNDI DX DXYVIN P BN ,NVDIVLVLD

DMNNN DIIYNN DD HYL) MYNN YV NNV 1201 NHIIW NN MVLDVLLO MPNIIN

DDA VNNV DINN) TIDY YUY IN 970 1IPPN NYY» OX D) .0 XY (confounding factors
MON2 PNIAYNAINPDI OV ITND IN,NY 09142 XY DX29yN10 DMH9) NONY , 00T DMIWAN DIAIYNND
YOV NN THIVND D91 RY YT PRY PP .NMINIIND NN DOVN TUN D720 YN GONI NI IpNHDN
LDINNNNA PONN NN VIND IN,DX2IYNNN DIV

RSN PNIP0 0N P2 WP AWRD YT 2D OXINN VTN DTINA TINN WX TN AN Brannigan

Brannigan VM, Bier VM, Berg C. Risk, statistical inference and the law of evidence: the use of

epidemiological data in Toxic Tort cases. Risk Analysis 1992:12:343-351.

P2 MLOYOLVLD PN WP PININY WX (MOVIR) NXITN Ramazini H¥ ¥IpNnn NnNT 038020 ON
LMINT 09 DMPY NPT IMPON .NINK DY NNIYY (AN I9NY) NPT DEN TY JOID) NDPaNN TYN
DYINX DX29YNN DN PTI RIY 1210, NN INYLY .MPAN 1IN IMNY NY2 DIWIN P2 12yND
D919) DMNIWYD DINYPI DD DI, NITIIT PN D, NPT JPOIRY DOWU NPT P2 DID>Ta0N
.()1PIN2 DYWI HIN AN DD DMNIVDX MNI WA AN ) TV JOID DY 1N

MOVAYN PRI NP NN NPV NLDVVLL MPNIIN 13.6
MDON PHN RO THPMPIY NNNA — YT YTHNIDINY,51% DY MINTY DTN WNT PPN PN
PRNY YINT LIVNI NYYNRD . TONIPHTDINRD NINODI 2VON 1M XYNN .95% SW MNT -MNI2

WP WY odds 50 IMDI NITYNY MHANONNN DYTY MDY YNV WP (PND*oN) R mnanonn
AP PN AUNRD NP

odds=R/(1-R)

MMN XDVP>ND PON YW 1INND NN NITIN 1) T292 NMIANDN YY DOANNKN 771 NN odds N
MMIPHRTAN SNIPY N2 TINNI I NN VOY) .PMITH NN

Hoffman RE. The use of epidemiological data in courts. American Journal of

Epidemiology 1984;120:190-202.
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“Whereas scientific proof and statistical significance rest by convention on demonstration
of'a 95 per cent or greater probability that the results of an experiment or investigation
were not due to chance, in civil tort cases the most widely used standard of proof require a
“preponderance of evidence”, “more likely than not” a- “50.1 percent or more probability’
“but for” or “reasonably medical certainty” Probable is denied as “having more evidence
for than against” (see: Vlack HC, Nolan JR, Connolly MJ. Black Law Dictionary, 5®

edition, St Paul Minnesota West Publishing)
-1 PO T2 DXVDVVDA DNMA YINYW INNNN IRPINN 29779 THONA D) D
Reference Manual on Scientific Evidence, Second Edition Federal Judicial Center 2000

“67.A common error made by lawyers, judges, and academics is to equate the level of
alpha with the legal burden of proof. Thus, one will often see a statement that using an
alpha of.05 for statistical significance imposes a burden of proof on the plaintiff far higher

than the civil burden of a preponderance of the evidence (i.e., greater than 50%)”.

“Ethyl Corp. v. United States Envtl. Protection Agency,541 F.2d 1,28 n.58 (D.C.Cir.), cert.
denied,426 U.S.941 (1976);Hodges v. Secretary of Dep’ t of Health &Human Servs.,9 F.3d
958,967,970 ed.Cir.1993)(Newman, J., dissenting);Edward J. Imwinkelried, The
Admissibility of Expert Testimony in Christophersen v. Allie Signal Corp.: The Neglected
Issue of the Validity of Non Scientific Reasoning by Scientific Witnesses, 70
Denv.U.L.Rev.473,478(1993)”

An electronic version of the Reference Manual can be downloaded from the Federal

Judicial Center’s site http://air.fic.gov/public/fjcweb.nsf/pages/16

LIYNI YTNI MY NDN MYV NMIYY PTYNRI NON ML 13.7

NDN MYV NN NN NANN (PAPNN INOY NPIYY YR 110N NMIYLN NHNI) MPNIN NN NP
0N DX .NMYON OND P PI9N DN NTTN MON NNMP ,TIN NN .(0DHY MDY NPIYL) DY
YAVIN (95% DIPNA 99% NYI) AN NNIY DININNA PNV NN WITT) MPNIN NN 2D MYIT
YR 117,999 .9PNN0N NNXIY JOPN,INY MDYTI MIMNNY DD 10N MMYLN NN NITHNA TON
T2 .20 DM MAVN PWNRY MXIAPN I NP0 DIND MNWNN MNP P2 DTN NINNY 1N
LTI YR PRY NMININD DXYIANI DY Y2 112201 DN WA P DY NIYO NIIND DN DY 1N NYP?
THONA IMPNIN NN DY NIV NYIAP OT HY P DITTNNN TNND MAXTY PNV WP 112) ONN
mPMn NN wpna WHO -n Sv
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Martuzzi M, Ticknet JA.The precautionary principle (WHO), 2004

: DM2NNN BX2MD

“Establishing type 1 and type 2 error rates is a choice that reflects certain biases and is largely

done by convention often without considering the consequences” (p. 71)

T 2D OVIYN PPTA PNN T .70 ©YTINY oA FN -1 NN 0>1n FP -n any oowwin 9uxo
(PPN

nCourts should not be so concerned with factual false positives that tort law becomes distorted
as an institution compared with procedures that utilized more sensitive admissibility rules.”
»One can show in statistical studies,... reducing the chances of false positives mathematically

increases the chances of false negatives.”

Carl F. Cranor, Regulating Toxic Substances: A philosophy of science and the law 32-34 (1993);

infra notes at 85-95 and accompanying text

false nYAVPN NMYLH YIPND HOYTH TN DY DXODINNY MVLDLVLON MPNAINN YIWN : TIN NN
1Y DN (995 7172 20% -9) false negative NPLIHWN MMYLN NOTIN TIN (5% -N NMINY) positive FP
NYLAYN MINRY P22 NPT D TIY PN TN .IPNN NIRY 912D GO INX PN YXIZ TND TN

DONOPHTANY NIVIVN NYTY ,NYIY NYIDN NYIT NIV

Scientists..., seek to establish causal connections with »"proof... usually accepted in science” or
possibly proof ”beyond a reasonable doubt” because alternative explanations will slay 7a
beautiful [but mistaken] hypothesis.” The "beyond a reasonable doubt” language is revealing
because it is one of the most demanding in the law. Using this standard in toxicology would
require that if there were any reasonable doubts about the toxicity or other properties of a
substance, one should not conclude that a substance has them. This is, we suggest, much too

demanding for tort law’s admissibility standards, or its ultimate standard of proof.

Carl F. Cranor; David A. Eastmond. Law and Contemporary Problems, Autumn 2001 vé4 i4 .
Scientific ignorance and reliable patterns of evidence in toxic tort causation: is there a need for

liability reform? Duke University, School of Law

:TPOIY NVINM THENIPY MVIAONN NP1P  MVLDXVLLON MPNNN NYIPI

N TIWANN DI MVP ,APNN L, NIYRD NN MYLY 9N MNTI DYDY NPIYY PTYNY ONN - @
11D VWP NYAPA MYV IWYNND NIRIIND DI P2 9YP NHHYY N1 MYV §r1¥nY NOONN
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925 MIVP THLOYW MYL YITTY IR INY MDY NPIAPN MYV ,TIONN ANNDN PTYND DN @
19WAND

31,197 NPNY NI NP 1D NVONNY NI ,H299¥ NVINN NIN NMIVAND YNV P2 NPNANY NP
T NVYNN NMMYHYNI NDXN NINIAD NIDON,)1PIYN N0 N

DN IYY NYRT NDN NMYOLN NKNT J192)) MPNINN NN DY 1D NOLONNY ©>aMD 2N Brannigan
INPILDOVLD HY KDY VIVNN N> DY NVIND NN (FPNNPN

“.There is no such thing as scientific expertise on the appropriate choice of confidence levels.

This is (and must remain) purely a legal decision” (p. 347)

SIMNNA N2 DNVAVYND DIYTH P2 DTANN

To7 IRXIND DX D) ,22PNN P MNNDY ,NIYNRI NON MINDWNI YN PTYND DI OIYTN e
DAVN R¥NNY NN PR DN .IPNNRND NNRXIY MIVPY (095N 1NDY) MY NDN MNYVLN MHT)
MPNNY WINY PN T ,IPNNN IR DYTHND 900 Y10 MONY ,9PNNA PYNND TWON
POVDLLD

DN YOV .NPAPN NMYVY IWAND D30 NINTIY,NPDHW NPIYO PTYND MINT D00 220D , 9905
SPNYOIMYNDYNI DTN RYDO AN DT IPNNI 19N TN XD NI WP 021N WP DOP

289 PNOY0 DI P2 WP DY NN VIONND DXINNN,TTND ,DNIVIVN NPPTVOIVAD e
90N YN GONTOY DY MONY DY DN ,MNM2

:2001 -2 MY NVYOINNN Crabor & Eastmond ©>am> 7

Scientific bodies and most scientists are typically quite demanding in preventing factual false
positive...There can also be scientific mistakes in the other direction by chance alone, such as
factual false negatives, in which procedure s fail to detect a toxic property of a substance when

in fact it exists.
YLV NN NVOOLVLO mpmmb NYITAY OXPNT) OINNN

“.. scientists guard against random errors producing false positive results by demanding that
support for their conclusions must be statistically significant. Unthinking commitment to this....

can be increase false negatives” (!!) (p.20)

one of » MN (95% S¥ MNXT NI) Y111 ” beyond reasonable doubt” DNY DININND NYIITIV 1)
PR OPTY IONRNN NPNX IWN the most demanding in the law

]t is, we suggest, much too demanding for tort law’s admissibility standards (p.22)
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P20 IDINY NXIVNN P2 WP YWY N2 TURD D) DN DN INNRD WIPN DY TN NNY
IUP) MNPIND NNMID 1A YIWN 1AW INTPAN 1NNNN NN PN NN DXPITH 012NNN N0
DY Y (PINY XYY DPO NI DPN

“For substances such as benzene, toxicologists are still searching for mechanism by which it

causes cancer, even though for some time it has been known human carcinogen” (p. 31).

Cranor CF, Eastmond DA. Scientific ignorance and reliable patterns of evidence in toxic tort

causation: is there a need for reliability reform?

Law & Contemporary Problems 213 (Autumn 2001) www.law.duke.edu/journals/64L.CPCarnor

NOY (MIPINDD) YOIDN DIND 2WNI NNY TUN,ITIA DY NPINPNIPN AWK MW 100 -0 9N WIT
PN PIPY 2230 2004 THwn WHO -n Sv 019791 01 .77

Martuzzi M, Ticknet JA. The precautionary principle (WHO)2004

Tobacco smoking ... was known to be associated with lung cancer for more than 50 years

before a plausible biological mechanism was finally described” (p. 71)

MNP YNNY DOVPINT DMPNIIN OODO¥I HY MTINNN MW HTaNN Yy 1992 -1 and Brown
PMINNN MNDIA PAD D3 HYN ©XNMLIA NPNY OIVPANT DIYTNID

Brown P, Popular epidemiology and toxic waste contamination: Lay and professional ways of
knowing. Journal of Health and Social Behavior, 1992; 33:267-281.

MINIAY DWINN DMIPNA (95% DY) DINNIA PNIN DY MPNRNKD MYITY THNND ,)INIL DNIY ,)I12) DNN
DN NN NDNN NN HY DIPNI PTY KDY DR INPNPNN NNKD IN NNND WYN D, N8N
' erring on the safe side” ny»naa any

PIPY DY 927 HY 1MV TN 210 DOINDIDD DIMNADV NYIWN 2)D DD DOPNNN )TN IOV Y

NY PTYODIN .OMINIIDD DINATVA YIDIWN NIDD Y1) NINTY N NOPNA DINNA) DN .NYNHN NP
IN 20 INNY NI JOIDY DYDY DIYY 1IN DN YINIWY DMV NN DNN 7 DN VIDIY DY 0T 77900 H2y
VINOY PTYNDY DMINDIDD DMNOYVI WINIWA 1NN THN NI NID 2NN .7vNOY HY MY 30
PRINY HNDTA

SV MYaWns I DX 03T .(WNWNI YVIWI) MNPTN NONINNT 553 HYA DT SN TNPNA NI T
.DMNYN DI

NNNYN I p-N TIWY PTYI PDOWUN N0 R APNN DD MYVLY PTYI NT KW DIIPNNIY INON
.0.1% DI IWANRN 933 MIVP NPNN,TIDDUN MY NON NRNDYNIYY 20% YDIN) 10% M7 HP2APNN
APN MYLY MIVAN 20% DY DMINIIDD DAYV VIDOY P WP WY NP PTYI MINNK D)2
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IYINN YOIV DT DMNADVI YIDIY P WP PRY MIPONY PTYN 1D wp vy nyapa (FP -n)
YNNI TMPNIN DY NNT .0.1% YDIN PYT MY WA MYV

“Mobile phones have changed the way people work and communicate. But this independent
group’s report is right to recommend precautionary measures to encourage both manufacturers
and users to limit microwave exposure until we can be more confident that the use of mobile
phones is indubitably safe.”

Maier M,. The health hazards of mobile phones BM.J2000; 320: 1288-1289

271N Love Canal -2 ©»n»wyn 0359w > 5y 'N2>20 0101 72)0 1172 Paigen NX bosn N2
S TPAPN NINNDY DY NN NN INN 5% NNYTH

.. such levels are inappropriate to environmental risk as to other issues of public health, such as

bomb threat and epidemics”
Paigen B. Controversy at Love Canal. Hasting Center Report 1982;12: 29-37.

D112 NV NNHIA DY PNMWYYN DI TIVNN DIPN T "MdA MP> XY 120 0TRY v Couto
£INY NOM)

“The degree of risk of human health does not need to be at statistically significant levels to
require political action. The degree of risk does have to be such that a reasonable person would
avoid it.....the likelihood that a reasonable person.... Would take up residence with the
community at risk and drink from and bathe in water from the Yellow Creek area or buy a house

along Love Canal”

Couto RA. Failing health and new prescriptions: Community-based approaches to
environmental risks. Current Health Policy Issues and Alternatives: An applied Social Science
Perspective. Ed: Hill CE. Athens. University of Georgia Press. Pp. 53-70.

,I2122) PYURI NN MYLN TN NY NDN MYV YIVIND THIX NN MNAIA MTH 20N Annas
2YIPOTI OMPIVN 5% HYN NLDYOLD MPNI NYIAP PTYND

"Specifically, are we more interested in preventing type I or type Il errors? Type I error refers
to detecting something when it does not exist (false positive), and type II error refers to failing
to detect something when it in fact does exist (false negative). Public health professionals are
generally much more concerned with avoiding type II errors, since such errors can have wide

implications for the public's health".
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George J Annas. Burden of proof: Judging science and protecting public health in (and out of)
the courtroom. American Journal of Public Health.1999 ; 89: (4) 490-4

PP, IVIY YYD DXANY YIND YTI NNPYN 21PN NN MXTI DXWNT D59 LaYNI DIYYINY Tiva
VP MYLY DR YNIXID DINTY NPRINKT MIIN VLIV NTIPIA TIDN ,DXAMON NYTY ,NYIITN
A (PYRI NDN NP DOYTI ML 199) MY NDN MLVP MYLY IBNRY’ DINITRY TIYI NYNI DN

»In the criminal law context, type II errors that allow the guilty to go free are preferred to type I
errors that put innocent people in jail. This is why proof beyond a reasonable doubt is required
to convict. In the tort context, the type of error one wants to avoid will depend almost
exclusively on one’s perspective: corporations will favor avoidance of type I errors, whereas

consumers will generally favor avoidance of type II errors”

DY NVONNY DID WNYY 191D NN NNXYYIY VDLV MPNNI ,NPIY NN NVINNNY NI
NYNO

PVAVN AR NN NDINNIYND MPNM NI DY NVINNY DY 13N 725

NN ,NPLDVOLD MPNI NYIAPS NINIY MPNAN NN YIDYY ,MPNAN NN DY NOONNN
: DTN M0 PO NIN MDLVPMAIN TN

...if we view the... relative risk ratio as evidence, a finding about the statistical significance
of that ratio is not an additional piece of evidence, but rather a judgment about how much

weight to give to the initial evidence.

George J Annas. Burden of proof: Judging science and protecting public health in (and out of)
the courtroom. American Journal of Public Health. Washington: Apr 1999.Vol.89, Iss. 4;
pg. 490-4

YOUN MDY NMIYL HAPD INY DXV DNYTN 13.8
false »21nn M2Y NMyL MNP false positive findings *2*9wn N5 MNYL H2APY AN DXV ONYTN
JOYTH XD, Y YR v 791 positive findings

T2 7> DY) (NN NP0 DI P2 WP PRY) NIYYN NMNTY 95% DY MINTI NN DY TOYTHN Y TH
NDN NIV LDV NYHA RIPIV NN NPIRY NPNNN NYOIT NYYNID MIN NI WP WY 75 M1y
JNIVURA

NDD ,DO¥INI 270 09N .false positive -n ,Myva NaPN NMPON NP HYWIA NMIYL NN 1 DN
false negative -1 7w NON NMYV” 1230 NPT NPNPNN YT, NPTIN
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(95% Y¥ NPLDYOLD MPNANID NYITITNN YHNWNIVY 29) 5% HW XAPNN INDY MYV ,)ITYRI NDN NMYL
5%-2 YL 1IN NI WP YV YIP) DN : WY .INXIDNNY ONTN 19N P2 WP WY PO MIYL 7N
1D VP PR VYN

DN : 1D .ANIDNND DTN 1IN P2 WP PRY PO MYV MIN MDOHUN 1NDD MYV 7Y NON MYV
MIAPY NN OOYTNN OMMDINN 272,595 TIT2 . WP ¥ NN X% -2 NYO) ,NTD WP PRY YIP)
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“ Type 2 error, failing to detect something that actually does exists, is by convention often
set at 20%...” Martuzzi M, Ticknet JA. The precautionary principle (WHO)2004 p. 155

MODXVLO NN TI DY NVONIN INDITY MDOHY MYV INIAYY MVP NXAVPN MYV PTYND PTN OND
SP99Y NON

There is an implicit bias here: the test is set up to be more cautious about falsely detecting

something than about failing to detect something...
Martuzzi M, Ticknet JA. The precautionary principle (WHO)2004 p. 155

NYNNN MPID PNIPY 13.9

-0 YINNDIOLY : DMIWAN DI DIIDMIND NOOWND MYIDIT MINIY WIXTH NYNNN MDD PIPY
DIMN YYN 999 M ONMNNDY MXA .false positive -n TwNN (AN OIN) 1D wnn false negative
NINT . DMPNT) DNIVIDN DININD WIAPI XY PYTY ON DI DNVIDND D>TIVNN DXIINND DI I, )VIDN
NPTN NONONN DD, 075w DINNNDN NDD YT1HA NN PVNN : PN VN IWN MDD NYN
PN NNN

Y102 N2 PLVN 13.9.1
D>1171NN 100000 1 VYN P YIDY IN NOWNN NIZDN TYNRD NDID TUN YT N3N NY0N NV
.7252 (4%) 4000 -52 P NMIN>IAN DY NYAYNN NIPNI DD BYIN .DPD DIWNTN DIIMPN DMNIIN

D>ININ HY NIV TWND TIYTNN NMINPY 1PN NYP : DNIVIDN DXININ MYIYN TIYTN TWNRY WP
SWTN PYTI) DNIVIDN IN 0)NDNI IYIN DIININ LY : YTHI NI NYON NNMP T TINN .0NVIDN
.(5% Sw MV false positive N2 95% Hv

PN IWARY 95 1Y 100 -2 199N DDINY .INIPINDD OINN MIIND PINY XOD DPN WIT 112 NHNTY
£1920 NNIOD NN INND

PN OT MONN P2 IWPY NNYRI MTY 1890
112D IWPNA HRPIND MO0 YY NN'T 1920 MIva

World Health Organization’s International Agency for Research on Cancer 1974 nmwa
D172 DMIPN TRV DY ,MNPINDY IWPY (suggested association) Twn Yy w1 (VIARC»)
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sufficient MP>201 NPTY DWW TIY NYIN 1111 1982 MHIVA TNR NNPA NIPN IPND
JARC »1 by DTN )25 N8P 111 198V evidence

DTN 725 ©MIVIDNN OIMNN 5552 1320 NN [ARC 5551 1987 mywa po

Carl F. Cranor; David A. Eastmond., Law and Contemporary Problems, Autumn 2001 v64 i4
pS Scientific ignorance and reliable patterns of evidence in toxic tort causation: is there a need

for liability reform? Duke University, School of Law
Larry S. Andrews & Robert Snyder, Toxic Effects of Solvents and
Vapors, in: Casarett and doull's toxicology 681, 686 (Mary O. Amdur et al. eds., 4th ed. 1991);

H.G.S. van Raalte & P. Grasso, Hematological, Myelotoxic, Clastogenic, Carcinogenic, and

Leukemogenic Effects of Benzene, Regulatory Toxicol. Pharmacol. 1982:153, 153-76

Robert Snyder, The Benzene Problem in Historical Perspective, Appl. Toxicol. 692-99 (1984).
IARC website (visited Apr. 4, 2001)
http://193.51.164.11/htdocs/monographs/vol07/Benzene.html

IARC, World Health Organization (WHO), Benzene, Summary of Data

Reported and Evaluation (1982) (last modified Apr. 9, 1998), available at
http://193.51.164.11/htdocs/monographs/Vol29/Benzene.html

PN PIPWN NPT NONONN YD 13.9.2

MM 1153 NMNIA JOIDND TIYN IN,JOIDND 7T TIVN 1N DNIDN 35 DINY YIAPI TIWND D)
NI N NPVI) NDO ,NYY D) NINK SIWID NDD YA DXYO)) DIVIN 22D DN NI XY /71527
,DNUYN DY AN NYAWN DD NVNY DWNY 191 10NN DY MDA MNIN WX XD (PNYHD NINKN
.DMVYYN RO DY MNA NYaWN TN

STIN PNNON NN ONIN PNIPYN IMNNA 7990 20 X 1AWY UPN 7 IN PNPTH NONOND IPY XN M
NYANY NPHHNN M0 DI DN NN .Rothman Sv 151001 NPALNRN N2YON YV NNV
D) NI JVIDY DI IMNIIAA I DA JUYN DTRN ON ,DWNY T .N9NNN WM IN P .NYNNHN
N MOMI 1D MNIA
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MINK MNNY MNYN ,NIOD 1N MONNA DN DY NMAIN NN DXIDNNN MIN DT PIPYD INT
DNIDNNY MPATN MIVINDY NN DY TPINDINN NOIWNHN DN MELONHD NMNTIP Mmonn .Covidl9 -a
NI MYNN ROY DIVIN NMIYY INY DY) DN

NNXIVNN INY Y NN YN DA AN YOV DI : NN PINN 29D 20 D) 121D NIPYN
NN INY NNHN DRIDNNHD YYN IMMN

“Legally, the courts also need to recall that tort law protects even the most

sensitive and vulnerable persons by means of the 7eggshell skull” principle.”

WP. Keeton et al. in : Prosser and Keeton. On the law of torts 43, at 291-92 (5th ed. 1984).
Quoted by: Carl F. Cranor; David A. Eastmond. Law and Contemporary Problems, Autumn
2001 v64 i4 p5

Scientific ignorance and reliable patterns of evidence in toxic tort causation:

is there a need for liability reform? Duke University, School of Law
YPPYN NYIYN NNOD 220D 0272 0.05 DY NN12 8D 0.1 -2 wnnvn )X INRN EPA -hv ayp

“Thus, in its study of the effects of secondhand smoke, the Environmental Protection Agency
(EPA) used a.10 standard for significance testing.” Reference Manual on Scientific Evidence ,

Second Edition Federal Judicial Center 2000

YVPIAND POIND NLDYOLVLON MPNANIN 13.10

HEN YVIDND WD IDIND NIWYN P VP DY NPNDD NYIAPA N2 MDYN NPVLDYVLON MPNANY PR
0990 M) NN MDIVIIND DITHND POINA NYITI MVLDMVLLO MPNN .JVIVI NINY DTN

AMYTN NIYYN NPNIIN MYTN NIYOIN IN) BIYTH DIVION

.1ANT MDIVIIND DTN POINA DIPDIY NMPRY DIVNI NVDVVO MPNNT D5 MVYN PN

DXYTN NMDIVIIND IPNNN PIONY NIVNI,MIYYN (TYNRN IN IIW)) NIV YVDIVVLON POINN
AYTN NSNND IN YTIN WP NYIRIN NDID AN 12N TDDIZIIND NNNMINND

:NPPLOVOLD-112 XMIND) YO0 19D, Zar DV MO

“The primary objective of statistical analysis is to infer characteristics of a group of data by

analyzing the characteristics of a small sampling of the group”
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Zar JH. Biostatistical Analysis. Prentice Hall NJ (1984) p. 14

0NN DY 2AM5D TININ NVIDIDIIN TINYPHTANN MVDIVLD-PAN NNNNN PXIPNNI -Miettinen
1979 THM ,INY MYITI NPOIVIIND POINY DTNV NLDYVVDN MPNIINN NITYL YVVYVLON
PDLPYND

“It is customary to construct the statistical model on the presumption that the study base came
about as a simple random sample of the entirety of potential experience of its kind, that is, of
the corresponding “ superpopulation” experience” ....This information... constitutes the basis
for inference about the object of study. As notes, this use of the product of data analysis is

inherently subjective”
Miettinen O. S. Theoretical Epidemiology. 1985, Johm Willey & Sons, New York (p 108-109)

(M2NY PPDIVIIND IRIPN DXTHN) PVDMVVLD POIN P2 HTANN NN WHITH DM NVOINNN Feinstein O
IV POy

Feinstein AR. Clinical epidemiology. Saunders Company 1985 (p 404)

VDLV PO DY DIV NI ID PRI IMDNR NN OPRION) ST PO MITH VIAN TN ININD 19D
: DYNIPN DIPONNI MIANON YY DOIANNN PVNPNN

“In science, the hypothesis is usually a specific substantive idea, such as “DNA is structured as
a double helix™...... In statistical inference, however, the hypothesis are strictly mathematical,
and the conclusions refer not to anything substantive, but to the role of random-chance

probability in the numerical results”
: 2V 20N TO NN

"The scientific hypothesis may be brilliant or foolish, the data may be accurate or wildly
wrong, the comparison may be fair or grossly biased; But the statistical hypothesis does not

know or care about these distinctions as it does its purely mathematical job”.
Feinstein AR. Principles of medical statistics. Chapman& Hall/CRC 2002 (p. 188)
BRI

“Indeed, since hypothesis testing promotes so much misinterpretation, we recommend

avoiding it use in epidemiologic presentations and research reports. “



270

Rothman K. J., Greenland S. Modern Epidemiology (1998). Lippincott-Raven, Philadelphia
(p- 194)

NAINN D NMYOLY NYIND PN IRPIINN LVIVN N2 DY MNNN NMIYL 1INN AN Brannigan
D122 OMNY 1K ,)1INA IPIA MPNAY NMIND NPNww Bendectin popTa

Brannigan VM, Bier VM, Berg C. Risk, statistical inference and the law of evidence: the use of

epidemiological data in Toxic Tort cases. Risk Analysis 1992:12:343-351.

2y NN TR ONDPHTIN IPNNA NPVLDIVVLO MPNAN ITYN DY THINDN NY>IANN NN NNTY VAV N2
2 T8N VDXLV MAN ITYN DY MDYNN NV NMNNPN MNNDY DIV DYIANKNN .NNP T
JPVLDVLLON MPNNN NPITIL VINOPWN MIMNDNN NPN NIN NN PNY 920ND DO .LIYNN

MPNIN NNI2ONWI MIN MPrTa13.11

DN NTNN TNY PR TPHIIN DOIVININD MVP MOIIIND PO DYRY DNIPHTOR DMIPNNI
N2 v wn .Scheffe 1020 5¥ N1/ NI XS WIN Y NNV MAIN MRNYN DY NPIPNN NIYOLN
MDONN DYV ,)D) XY ,ANPN PN NPIVAR MWD DY 915925 N1 Hwa Scheffe Y post hoc
: MINAN

P2 IRNYN KDY MNP 1HI P2 DIXIDNN ONYY DY MXNYD D, M MRV ¥ IURd .1
PDIVOIND DXTHIN) PO DY NPXVLDIVLLDA DIDIPN (NNN NNNYN NXAPY IPNNN NXIP
WX .Scheffe ynan NN N 1NN .post hoc 11D ,7DOYNIMIN ARNYN INKOY” OININ (NINYN
P07 YW MMT MNT MYV N (ANOVA » Hy) Ny mxXNIvn S¥ Mmoo wa DXnmn 01»Nan
MMIMYAPNT IR ,DMNIWOWYN DY NPINIDD IND) MINNIDH MININ W ITNR MOIWY  D0INY .IINY
AIN POV WNRNYNY — DYV GN DT — 11D DT PR ,MNOPNN PN IDRD MIYWNN DX

DXNOVPHTAN DMIPNNI AN NANT TPDIVIIND DITHIN PPONY NDINN PVLDXVLD IPNNY TN .2
Y AURD D) MPNININ NN OIIWYY NPTSN PR MINNDN NPDIVIIN NXITNN 280 DINNNDN
MLYIW )Y oM Scheffe N2 23D D) NNNNX I2TH .DMNWN DPNX DINMN DY, M MINNIYD
> 5Y HHWN NPIDNNA YNV I MPNANIN NN DY MNPV XY .M MIRNYD DY NINN
: NPIDNNN DY MYIANHNN NMLVLIN NN N2 .DDY2IN DINHPH TN

"Should error rates or P-values be adjusted for multiple comparisons or repeated testing of

accumulating data?... If two experiments happen to collect exactly the same data, they should

have exactly the same amount of statistical evidence."

What your statistician never told you about p-values, Jeffrey B, Jeffrey FP. J] Am Assoc Gynecol
Laparosc 10(4):439-444, 2003
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ST MRNYD XYNY TNPHN IINRN2 2m5 Rothman
"A policy of not making adjustments for multiple comparisons is preferable"

No adjustment are needed for multiple comparisons" Epidemiology 1990;1:43-46

SV (NN 995 T972) MY IMmynvn (M1 MNXNYN DY) NVDYOLD MPND TIVN MHVPN .3
(I NON N2YNN MYLN NLVPN) MPNAIN NI (NINN) VPN DIYY JNIN NPIOVUN NPIYOLN
(1 »01n) PHOuUNn MYLH NOTHN NI
DOINY .ANIZNNA DY DIDYD 9N D) NNIDNNA NMDY MINID INY NYP MY 9270 NMIYHRYN
5Y Y NNIYNNA OY N DY NWpn TN Scheffe ynana wnnwnd nvbNN Ywnd 1o NV NN
,TPUNIVIN NPND NI KDY NYOIW-NPNIIN NVINN NN NIN ,NNXIVNNA MDY ITYN NT
MRNYN NYAVN 120 PVITND MYTN M) wann) Greenland am>d 791 .N2IWN-NVDVLLO
: Scheffe 5 MY YW D) YRNWNIY — Bonferroni 35 M52 PN MVLIVN DY (MAIN

"In particular, selection based on conventional multiple testing such as Bonferroni adjustment is
analogous to choosing a screening test for disease only to ensure a low frequency of false
positives (Type 1 errors) among the non-diseased (high specificity), without regard to false
negatives (Type II errors) or background prevalence (prior probability). It should be no surprise

that such a deficient criterion leads to poor selection performance".

Multiple comparisons and association selection in general epidemiology, Greenland S.

International Journal of Epidemiology 2008;37:430-434.
: NPPVLYVLLD-12 DY HNMDNDN 19D AND Zar D)
r..Scheffe test is more apt to have us commit type II errors”.
7(0IW NDN) NPLOY MINMY 1N Y25 NN NANY D10y Scheffe bv ynann’” amvo
Zar J. Biostatistical analyses, second addition Prentice Hall NJ 1984. p. 196.
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99010 TOYTN NPINN Y OX P .1PVDYOLON MPNANN NN (MMINDN) YIP (VIDY N)I)
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NYLY RIN I PMONRIN N DT 90N DX NMIVIND MXIAPN 190N YY DDIANNA NPAPNN
INNYYOH
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"It should again be emphasized that Neuman Keuls and Scheffe procedures and other multiple-
comparison methods are deliberately conservative in order to reduce the probability of too many
significant differences arising by chance in any one study. They are appropriate only when means
are being compared in an exploratory way to see what might "turn up". When comparisons are
made which flow naturally from the plan of the experiment or survey the usual t test is

appropriate".

Armitage P, Berry F. Statistical Methods in Medical Research. Blackwell Science 1971, 3™
edition. p. 228

VDLVLON MPNN XYL TY MNPNH

Barnett ML, Mathisen A. Tyranny of the p-value: the conflict between statistical significance

and common sense. Journal of Dental Research. 1997;76(1):534-536.
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Walter SD. Choice of effect measure for epidemiological data. Journal of Clinical

Epidemiology 2000;53:931-939



287

SN0 WP Ny ap .15
NTYN IN) NONNY 112X DN P2 OINDO WP NI MAIP OXNYY POW INIPHTAN IPNN
.LDMNYPHNTAN DY NYT MNIN DYDY NWATY ,NNIDNND YN220 DINT P WP DYPDIN DYVIVNI

SN0 WP NYIAPY MY NV VI T P93
NIDNND 991D 12D BN PAINDD WPY NN .1
NIYNNY,NDY0 DN A0 1PN KD 1D TY IWNX DI P2 WIN ONDD WP M) .2

: IV RYNI NIANOYW DMINNRN DY DOIANN PN

9TV ININNNMIYD YOIDN IIINT GUNIY NDIND DNYNNL YN WP NN .PY v .1
SNN2IIRIDOLY IIIND NOYNIY NNIIAPA INIDNN
.51-66 :41;2009 LAYNI NI

LIDN NONK NYMN PAD DNIVIDND DXTIVN DININD NWYN PAINDO WP NPA.PYOIY .2
NI .INIDNN GTIY 2D OMDPNTON DMIPO OININI ONM HILL YW NPMND MO0
10-27 :42; 2010 LOVN)

JPYTH NPNIYOY DMVDIVLVLD WP ITTHN .PYOY oV ONT .3
389-393:(6) 145 ;2015 NNIOIN

IN N30 DN YPI DY DXIVNN 1H2 P21 MYXAND NNOAN dXNPIDYNI YN0 DINdT NNIDDY MYTINN
DNY Y)N2>20N OININ YININ 1’2 ONXO WP OPP NN YAIND-NDIND WITI NON MYINI ONPIOYN
82PN 12NN TN DI YT ,0O0IN-DP¥N NXIAPA I21T0 IWND D) .NYN N2 NYNNN P ,qWN) XN
AIONINY DXAXNN MW SN VWP NY1IAPO MNVYN MWD NN .PON DN YNON IWPN NN NIOIND
DDIN N0 DINT DX NHNINY JOVID NONN XA PP MYPIAN ONDO WP NYIPD MINDNT NIN1N
MYNN5 DN D) DX, NPNIYON NNIIN IPN DINNA NT PIND TYNNIY MYAPM DTN 2D TN ININD
MINNR

NS NOWY (MINMN N 19) NP2 NN 15.1
:DOV0 ©YANNN MWD DRNNA YN WP NNDIND MY) PNV P2 PN

PP NYIANI YNV WP NNDINA HYWNY NN 191N 1DPD DN DY YN0 IWP 117122 1 TH IUND .1
PO DY THNONY TN PR ,NT NIPNI ORT JOTON IDINT NWNNI 1D INVIY 9N OP1) 1PH TN DTN DV
NPY90N NYWNN DXY NNDIN INDON IYPN DY ITTION IN NP NYIAPY YODVLVLD IN NIPITIN
P20 N ORT VIOV ININD NBWYN YOIV NONN P2 XN VP NYIP ONDON IWPN NYIPY



288

YR YTNN AIUNRD TNY PR IDIRIDNN 9T DY INYDI YOOV POINN NIONNN NN 50% SyNY
TN DIZN NN NONNPNT TN PR N ONDO

.qualitative (mIM2N XD J2) 1132 IR NNINN NVIY NV dNDXON IWPN NNIN NON DMIPN2

NVOY”A 917720 NN TIYY NN, DT DN YD IN OPNTI DN NYNND NIPON M) TWND .2

NDY N¥IAPY DONMNN TWUND P .0MY I 9N Hill > by wapiv onpa nonnvmnn 7namnd
DO WPN NN DIWPIN DN DXIPNI .NIMNI YN DIPN ¥ T INN NIPON DNN DX TNY
TYNNA MIDNY D1VDILVLD DXIVN DY NINNDNN NVIYA IV ,NIRIDNN GTIVY YT DY TPYTN INMN
.quantitative 115N NVLIWN DVA

PVDYOLO MPNN DY THNDND PR IVON MM dNYI

Greenlan B, Brumback S. Overview of relations among causal modeling methods.

International Journal of Epidemiology 2002;21:1030-1037

Cogliano VJ, Ban RA, Sraif K, Grosse Y, Secretan BM, Ghissassi FE, Kleihues P. The science
and practice of carcinogen identification and evaluation. Environmental Health Perspectives

2004:;112:1269-1274. http://ntp.niehs.nih.gov/; http://www.iarc.fr/

Clapp RW, Howe GK, Jacobs MM. Environmental and Occupational Causes of Cancer.
Lowell Center for Sustainable Production. University of Mass.

http://www.healthandenvironment.org/about/mission

NTY JOID DI NITHIN 15.2

YT DY NNDNOY POTN )23 DINRT D2IVIDH! MNOPWI DIDIN DIININND DN DPNTY YOIV DN
mno»an mwin ,World Health Organization (WHO)»m21yn mixX»20 PIIND DPNINDI OININ
NMYN MNAN NMWI IN International Agency for Research of Cancer (IARC) 0102 9pnnd
.National Toxicology Program (NTP)-y Environmental Protection Agency (EPA)-5 27n7xa

NYYPY INNDY ,0MIPNN HY 29 9901 DIDNN PPN N2 INND NPYYI NYN MNOWIL 9N NOYON
JTOYINN KX LD,V OV NN JOIDD DD DMIWIN DI NPT

0PN (DINN DININ OMON DINRY) DIRNKY 11D 137N DN NYN MDY DX9IDIN DIMIND

Y PAD PN, TOV NP IRT NI JVIDA INIVNN 12D NON DMININD NOYN 2 INAYDN VPN — 1VIOD
M0 ¥ ,JVID AYAY IV ININ .JVIDI MDNY TN M) NIV KRNI NON DXIMND QUMY M
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,MT XY TN THODMD HNIPHN NPTV ,DPRTIN DNVIDNN DININD MNIYIY 120NN 2T
1OID NINN PAD NON DXININD NVYNN PP ONAYDN IYWPN ITNHN ,27NIN HWNN DYLN DONIY
S IPYTO

“Known To Be Human Carcinogen:

There is sufficient evidence of carcinogenicity from studies in humans, which indicates a causal

relationship between exposure to the agent, substance, or mixture, and human cancer.”

YOIDN N DY NVINNN : WITIN DPNTI DNVLIDND D>IMIN MDY Iwpna TARC Sy nnTH Xiana
DI MMIPN NPV DY MYV YIWIN DMIPNNT NPITYN DI MITIV INNRY , JOIDN IMIND N
(D7NPDN ,00597Y) DXAIYNN

"Carcinogenicity in humans.The applicability of an evaluation of the carcinogenicity of a
mixture, process, occupation or industry on the basis of evidence from epidemiological studies
depends on the variability over time and place of the mixtures, processes, occupations and
industries.....The evidence relevant to carcinogenicity from studies in humans is classified into

one of the ...categories”

, EPA -1 12>2010 N9 TORPYINND NNIDIDN T HY DNVLIDN DXIMIN NY2P 21D 0) 1)

Environmental Protection Agency
"The EPA is prepared to classify substances as probable human carcinogenic
This is too reliably evidence for admissibility" (p.39)

Cranor CF, Eastmond DA. Scientific ignorance and reliable patterns of evidence in toxic tort
causation: is there a need for reliability reform? Law & Contemporary Problems 213 (Autumn

2001) www.law.duke.edu/journals/64LCPCarnor

DVIDN DXIN HY IRPIIIN XNNPN NI1TA O T

10" Report on Carcinogens, U.S. Department of Health and Human Services, Public Health
Service , National Toxicology Program (NTP)

7070901 DININY NYWNY 0 W DN 15.3
NYIWD 71992 NOWNY DD 1T .OMIWAN IN DPINTY D20901 DY99INT NAYYNY NINMN NP9 PN
2D .OMRTIN DNVIDNN DI 12D NYOY 21D D) T .JVIDY DINY NDIOYY ,NIDDN N VOIAIND
DNTY IVIDN IDIN DY NXINWOD Yan Do yannd vy Tomatis
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"The case of recognized chemical carcinogens is (or at least should be) clear, since everybody

agrees that human exposure to carcinogens must be avoided,"

Tomatis L. Identification of carcinogenic agents and primary prevention of cancer. Annals of
New York Academy of Science 2006;1076:1-14
90 NMIMNN NPNPIDYNN NMNIN ,ODINY .MYYNL NTIAYN NX202 MINNN OINT NN OINN WIAP)

NIV ,DYT2IVN 1N IWNNNI 7203 ©99101 APIDYN ININD 1ITNNY MNT DIN DINTN MNIN
SPNYA MONY NON HINKL 2AWNNN NMMDYY (DD NPWN KOY) MNIN P

NN SYSNNI YINIY I ,T252 PIND TIT NVND KD 7772 P PN MIYYNI MTIMND MNIN
NP IN NYN TIT NOWN DI 59 7972 . PPN PPN XOD NHOVND MM 1PN IIND NMNT .OMINNN
.N92 MIAYNNN NI NININ XD MIDIDN NOOWN 1IN DNVIDN DIMINYD

13325200 vITIN HWNd 1o

" Benzeneis a CARCINOGEN in humans.: There may be no safe level of exposure to a
carcinogen, so all contact should be reduced to the lowest possible level. The above exposure
limits are for air levels only. When skin contact also occurs, you may be overexposed, even

though air levels are less than the limits listed above. "

http://www.state.nj.us/health/eoh/rtkweb/0197.pdf

DN ,NMITL) DOPOPPT DNV, PRI, POPIN IPNN 992 ,DPNTP 22D D) DY NI T
.DMINX DNHVION

nnavnn ImN) Agent Orange >1° Yy DNIVNA D¥MNY NIV DIPIID DINVYPN DXVIWNNN THNI
IDPONRY PN (DNIVND NI DINY DY PYIND 1IN DY INPIIIND NANN YT HY DDV DIOPYTN
APPYTIN WRY NDN N1919D°D) NYNNY DY NN NDID NN DY INX AP

Ruger JR, Willig SH. A view from the courtroom (p.134) in: Pharmacoepidemiology (3™ Ed).
Willey & Sons NY 2001.

20 DY NYANN YOI IDIND NOWN YW XONWID DRIV YaP N2N9YPL LAYHNN N4 D)
“The California Supreme Court [67 Cal.Rptr.2d 16 (Cal. 1997)].

The Court’s opinion offered substantial relief to asbestos claims in particular. There would be
no need to ... demonstrate that fibers from the defendant’s particular product were the ones, or

among the ones, that actually produced the malignant growth....The analysis and reasoning of
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the California Supreme Court logically applies to cases involving carcinogens other than
asbestos, as well as other toxic injuries. ...a potentially carcinogenic exposure was a relatively
small but still a substantial factor in increasing only the risk of cancer, a requirement of
individual causation will be met[Contributed by Wayne Roth-Nelson, with credit to an article
in the Los Angeles Daily Journal, 1997 October 29,
http://www.riskworld.com/Profsoci/SRA/RiskScienceLawGroup/Casebook/cb05-2000x3.htm

NTY YVIDN DI HY MVIDNN NYIVNN NTMNIY MDWN PN )P0 NITYI NIPRY NOHOVYN NN PRY IO
: Rothman 9mx 797 .(112Y01 n719IND 90 PN)

...”for a given case of the disease, there is no such thing as a strong cause or weak cause. There

is only a distinction between factors that were causes and factors that were not causes”

Rothman KJ. Epidemiology, and introduction Oxford University Press 2002, p.11

T2 o7 5y DNA -n ¥ 5)195un TPONN2 NYI9NIY DN MDY DPNTP DY TN NI MNIY 925 NN
DR DYTHND NDID ,DODITH NP NPADN NNIYWID NN DN D) IWN genetic instability -5 0y0»
.DMINKN DNVIDN DININD XN DY MYNAN

"Cadmium...at extremely low doses was shown to be mutagenic without causing direct DNA
damage but by interfering with mismatch repair system of the DNA replication errors...thus
induce genomic instability...increase cellular susceptibility to other exogenous and

endogenous agents possibly contributing in this way to increasing the risk of cancer".

Tomatis L. Identification of carcinogenic agents and primary prevention of cancer. Annals of
New York Academy of Science 2006;1076:1-14:

MV NN L(NIN NI GUNIY) T2 DTN 22)D P NPDVPIDIIVI PI 1PNN 915210 ML G0 NYIAP
JOUYN PRI NVYIN MY TD DIV TNYI MYSWN 190 MON

:2000 Mwn NN Lutz 9N 70

"Because of genetic and lifestyle-dependent susceptibility differences, each animal or human
has his individual threshold dose. For a group, no single threshold dose can be defined,
irrespective of the mode of carcinogen action. Furthermore, in view of the stochastic elements
in the process of carcinogenesis, the exact threshold dose can only be defined after tumor

incidence and cannot be predicted."
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Lutz WK. A true threshold dose in chemical carcinogenesis cannot be defined for a population,

irrespective of the mode of action. Human Experimental Toxicology 2000; 19; 566

N NDON ORT JOTDN INDIN WAWN TIIN) MNNRY NBYNN (TYN IR) NID IR TIYNY 71T PR 9995
D>INX DNVIDN DININY ,DMVI) DD DY TIYIRN MMEPRIVIND DY ITIN G0 ¥ DTN DOV
PDITOIND MV G0 AP 11 XD T DIVN 1PN MDA PN qUN) DIION

NOVIN-MYY 2POY TINHDI NPDVLIVDINITN 1IN 127202 DNVIDN DMININD GO MV NYIAPY WHTY

9 HY 9NMINN OO NNNH TN NI MNIL 1PN DPNTY DNIVIDN DXININ DY NYOVN DI DIN)
NNIN PA NIV RN 0N (YPIPA IN D92 ,1INT) DXIMN DI DY 7PNV NYIAP .INVY NIPN
IMIN G0 YAPI YN HYNY 7D .0»WYN DD DIINXY (1DIDNN IDIND DY IDAN 11571 ,NWN ITYN)
NNXIVNN DY NINYIN NIRYD DI NNRY 1IN MYHDYNN OIXRTI JOVIDN 1IN )10 PIND NI DY

SV NYYYUN INND NNXIVNND NIDNY MIN NNINNY RONX .JOI0NN 10NN DY TIDN 11291 MId

130 -DYINY . JVIDNN IDIND NDYNN DY WD TUR DIXVYNI PP TINI NN NIDNI MNIA MDIVIIND
NYOYNTN NNDIN TYNRDI NI DMP (0PVPIDITVI) MNKD VN FNDON IWPN 1IN IV TUN DN
PN AWRD MDD NPNN JIYID MNI NNSYYID

1AM Glass namo 70

"We found an excess risk of leukemia associated with cumulative benzene exposures and
benzene exposure intensities that were considerably lower than reported in previous studies.

No evidence was found of a threshold cumulative exposure below which there was no risk.

Glass DC, Gray CN, Jolley DJ, Gibbons C, Sim MR, Fritschi L, Adams GG, Bisby JA,
Manuell R. Leukemia Risk Associated With Low-Level Benzene Exposure. Epidemiology
2003;14: 569577

VY %3 115 wana Nyap Environmental Protection Agency N2°2010 NNNY TIRPIINND MWD
DTN DMIPIND TAX 2MD 271 .0N)VIDN DIMND NPY1N GO NMNI NIAPY NYYND I ROW DNV
: 1979 Mva O 1IN DININPN TARD YNNIV MR DY 7HnoNna 'am Richard Clapp ,xwna

"More than 25 years ago, under the Carter Administration, an Interagency Regulatory Liaison
Group, directed by Eula Bingham of the Occupational Health and Safety Administration
(OSHA), produced a report entitled, "Scientific Bases for Identification of Potential
Carcinogens and Estimation of Risks." They concluded that because of the variable
susceptibility of individuals and their unknown, life-long, background exposures to

carcinogens: "Even if thresholds for carcinogens could be demonstrated for certain individuals
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or for a defined population, no reliable method is known for establishing a threshold that could

apply to the total human population".

Clapp RW Environmental and Occupational Causes of Cancer Re-visited, Journal of Public

Health Policy (2006) 27, 61-76.

:1980 MV 921D NP IINNI NIAND NP NNIN

"...because no threshold level for exposure to a carcinogen can presently be reliably
determined for a population, a contributory risk level from any exposure level, however

small, must be assumed."

Interagency Regulatory Liaison Group, Work Group on Risk Assessment. Scientific bases for
identification of potential carcinogens and estimation of risks. Annual Review of Public

Health. 1980.1:345-393.
Eeaton 2m5 ,n2>302 05101 DXXIN YW1 PRI MLINT Y90 MON NN

"...in the case of chemical carcinogens, particularly those that increase risk of cancer by
causing direct damage to DNA in cells, many regulatory agencies assume that there are no
“thresholds,” and that risk is proportionate to dose at all levels of exposure—e.g., as the dose
of carcinogen increases, the probability of developing cancer increases in a proportionate,

“linear” fashion."
Eeaton DL. Scientific judgment and toxic torts—a primer in toxicology for

judges and lawyers. Journal of Law and Policy 2.23.2004

TPNPIOYN MINIINYN NTNDN VT TIRIPR NTHRX MDY ,Collegium Ramazzini
PR PINNN TWUR XINYWI DA NI MNN NN 1PN 15V 112 DY 9NN GONY NN NINOPIOPIVI
(LDAON 2D DI TIY) 112 DY NONYID NN NVN NIVARNDT NITWID NITY PRY NYIITM 1320 MDD

http: //7www.collegiumramazzini.orgzdownload/3 ThirdCR Statement(1993).pdf

D”VIDND DTN DMIIIN DY any exposure XINYII ¥ MYIND PRY ¥R INNPRND TiPn D)
(N>WUN 0 HYY MIYAN NN I191DD)

European Code Against Cancer and Scientific Justification.

http: ~/www.cancercode.org/code_07.htm
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MONY DXWIN 95D DI NI IDIND AN 21T NYN TYN IN JOIDN IDIN DY AN M) NIV
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PN YN 922 NOOYNN TYN IN 11270 ,NIION P — ORTIN JOIDNN 1IN 12Y2 NNV

(MIMN ,XY 19) MIan NV Rothman Sv 51N : 01N YN NPNDO NP 15.4
M0 YW 70 MN N0 >3 John Stuart Mill y191 H¥ DNYDD9N Y5r T TNX YL 1843 MW 11D
.Y9IND DYPYADN DININ DIV PTNY TYUN NIDON

,ND 19) P2 RIDN NYAPI ,DOV1T N0 71710 NOWN DY IDNY DI TN HEN JOIDY NPNDON NYIP
.Rothman 5 ( "n1PN2>0 NVPNY”) MIOPIPN NPDN N0 PNIPY DY NDDIND ,NMIMNID NI (NIMDN

S NPSN NON ,NNN N2D0ND NPNTIND NN ,MINKN MPNHN 0N JVID MPNN D510 MONHNN 21
TIND N TN OO ( DINKI YN0 DI D) ,9IMOHN )WY ,1PVI) MV 1IND) P10 D) 190N
NN NPODN NAXD NN DD JOID MNID DTN INMN QYN TWUNROY ToH DTNN NN DN
N9NNN MINIANN IWANIN DINN MIN GONN JOLIDHNN DINY NYNN .DMDN DTN IMN HIN YOIV

HEN 170 DNYIVDY ,NTNNN NYDINY ONNN HNAYD N1 899 997 (DPYHN IN B©519Y) 019NN NN Y
9NNN NYANY NPADN NAYD NIYY NN (BN IN) NN

T 952 0PN NP1 Y1PnN N Rothman’s sufficient-component model -n ,Rothman S 51nn
DTN HEN NINHD NPNDOY NYPN INIPITON

“The causal pies presented by Rothman in 1976 provide perhaps the most comprehend

approach to conceptualizing causality...Each of these pies describes a minimal set of exposure
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that work together on the same pathway to cause the disease....once every pie is complete,

disease is by definition inevitable”

e Adami HO, Hunter D, Trichopoulos D. Textbook of cancer epidemiology Oxford
University Press 2002 (p. 88)
e Rothman KJ. Causes. American Journal of Public Health 1976;104:587-592,

e Rothman KJ. Modern Epidemiology. Boston Little Brown and Company 1988,

e Rothman KJ. Inferring causal connections-habit, faith or logic. In Rothman KJ, Causal

Inferences, Chestnut Hill Mass Epidemiological Resources. 1988

e Rothman K. Causes. American Journal of Public Health 1976;104:587-592, Rothman
K. Modern Epidemiology. Boston Little Brown and Company 1988

e Rothman KJ and Greenland S, Causation and causal inference. Oxford Textbook of
Public Health. Ed: Detels R, McEwen J, Beaglehole B, Tanaka H. 4th Edition, 2002.
Oxford University Press.

712 QTR ¥R 72MN2 NPODA 71290 DYDY 0°2171 11270 AT DW NN20RNAT NOMWAT VDWW 19207 D710
70 AWR ORI 0RW DW NI20EA 7917 R0 79127 11PN QOWIR 17227 190w HwnY T3 99700
AWM TR0 KR 390 nvoiTh npoon

“Causal pathways: In the absence of details biological model we assume that each risk factor is

individually sufficient, but not necessary for causation of the outcome”

McElduff P, Attia J, Ewald B, Cockburn J, Heller R. Estimating the contribution of individual
risk factors to disease in a person with more than one risk factor. Journal of Clinical

Epidemiology 2002:55:588-592

NNN NYNNY NI1ON M2 NN 20N HTINN

"Because more than one set of components may be sufficient for the same effect, a disease may

have multiple causes"

Parascandola M. Weed DL. Causation in epidemiology. J Epidemiol Community Health
2001;55:905-912
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Rothman 57w Sw o omo»a10n 15.4.2
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“Others are or will become “primed” by unknown circumstances and need only to add
cigarettes smoke to nearly sufficient constellation of causes to initiate lung cancer” Rothman
KJ, Greenland S. Basic concepts. Causation and causal inference.. In: Ahrens W, Pigeot 1.

Handbook of Epidemiology. Springer 2005, Berlin. p. 47
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https: //medicalxpress.com/news/2020-11-dose-coronavirus-infection.html

Jones TC et al. Estimating infectiousness throughout SARS-CoV-2 infection course. Science
(2021). doi:10.1126/science.abi5273

Lancet Infect Dis 2020 Published Online March 27, 2020
https://doi.org/10.1016/ S1473-3099(20)30237-1
https://doi.org/10.1016/ S1473-3099(20)30200-0
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"Acting in concert does not necessarily imply that factors must act at the same time" Rothman
KJ, Greenland S. Causation and causal inference in epidemiology. American Journal of Public

Health 2005;96:s1 S145

D9 P2 XPRIVINY MNP 92000 NVYNIYN DTN 15.4.6

TAN 99 DNIND NYIYN YW NYAN IN MIINN NN NIIT NYIYND NINIIN DN P INPRIVIN
NPV ST NN NN Y 810 Rothman |, Interaction between causes 11902 TN»1 P92 .7INY
.DMIVAN 11270 20713 1?2 TPNPRIVIN DNTNY YTD NNON

"One can view each causal pie as a set of interacting causal components. This model provides a
biological basis for the concept of interaction" Rothman KJ, Greenland S. Causation and causal

inference in Epidemiology. American Journal of Public Health 2005;96:s1 S145.
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“Anderson et al.(1996) reported that nickel refinery workers ...had a significant excess risk for
lung cancer and that smoking and nickel exposure have a multiplicative effect. An excess risk

of nasal cancer was also observed in workers exposed to nickel compounds

http://ntp.niehs.nih.gov/ntp/r oc/eleventh/profiles/s118nick.pdf

20 DN MNNN,NEIYY PINY YNTND 2IWN : NYOIYN DY DX NPNY NDID TPIPRIVIND , IMON P2
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Synergistic Health Effects of Cigarette Smoking and Chemical Exposures. When workers
smoke and are exposed to other toxic substances on the job, they can experience far greater
health damage than what might be expected from simply adding together the damage each
contributing factor is capable of causing".

http://www.lungusa.or g/occupational/smoking workplace.html; Why Does Smoking

Cause Harmful Health Effects In The Workplace?

YVDIPNIVT DTIND NIDN1NN NPOONN NON DTN 15.4.7

20 NI¥N OX OVDMNIVT NN Rothman Sv Y1NnY D3» 80, 0NN (2001) 'aM Parascandola
DYOUNY NYIDY INTY YOIV DIND W YOIDN IIINT NDYN .NDNNN YN , DTN DXN TPYDIIN NPIDN
NON NN NN (NYIY 1D, NPNIID IX NPVI ,NPNYIIN) YOIDY MYD DNNNPN DIINK )NIPD 7D
.ONNN NYNNY NPONN

"Thus, all events are wholly "deterministic" because their occurrence or non-occurrence is
completely determined by the existing circumstances." ..."Sufficient cause guarantees that its
effect will occur; when the cause is present, the effect must occur. A sufficient-component
cause is made up of a number of components, no one of which is sufficient on its own but

which taken together make up a sufficient cause.

Parascandola M. Weed DL. Causation in epidemiology. J Epidemiol Community Health
2001;55:905-912

0°5011 DIV X 01 N

* "These risks are either one or zero, according to whether the individual will or will not

get lung cancer."

Rothman K, Greenland S. Modern Epidemiology., 2nd ed. Philadelphia: Lippincott Williams
and Wilkins, 1998 (page 9)

e The component-cause model is based on the premise of a sufficient cause that, all else

being equal, will invariably lead to disease in individuals.”

Tam CC, Lopman BA. Causation in epidemiology. Determinism versus stochasticism:

in support of long coffee breaks.

J Epidemiol Community Health 2003;57:477—8
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e Olsen J. What characterises a useful concept of causation in epidemiology?

Journal of Epidemiology and Community Health 2003;57:86-88
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97NN INNNI

r{lack of definitive evidence of causation} ‘does not confer upon us a freedom to ignore the knowledge
that we already have, or to postpone the action it appears to demand at a given time" "Hill's
Considerations for Causal Inference." Encyclopedia of Epidemiology. 2007. SAGE Publications..

http://www.sageereference.com/epidemiology/Article n211.html
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Rothman 5715 9apn »oawn S 1mn 15.4.8
INUS m27 %1 nnx :m1"n959 XY N0 15.4.8.1

Insufficient necessary component of an Unnecessary Sufficient Complex
YNNY NPADN N0 NNOY YT PTN> DAY D1 DMPNIIN KD DMNDO DN NND ,Mackie »a)
YN MR MNY MPPODN MDD NN DPNYD DR DY DNV DX15772 1IN DAY 1N NI
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(Mackie 1974).p335 (manomn

Mackie, John L. “The cement of the universe.” London: Oxford University (1974)
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TINN DN IN
‘the so-called cause is, and is known to be, an insufficient but necessary part of a condition

which is itself unnecessary but sufficient for the result.’

component-cause model -5 ,M>5NN NYAND M0 NVWANNN MINIPNTANI DI H2IPN STINN

Olsen J. What characterises a useful concept of causation in epidemiology.
J Epidemiol Community Health2003;57:86—8.29

Tam CC, Lopman BA. Determinism versus stochasticism: in support of longcoffee breaks.J
Epidemiol Community Health2003;57:477-8.30

Parascandola M. Epidemiology: second-rate science?Public Health Rep1998;113:312—
20.31Gordis L. From association to causation: deriving inferences from epidemiologic studies.
In:Epidemiology. Philadelphia: W B Saunders, 2000:184-203.32

Vetter N, Matthews I. Causation. In:Epidemiology and public health medicine. Edinburgh:
Churchill Livingstone, 1999:23-30.33

Susser M.Causal thinking in the health sciences. Concepts and strategies of epidemiology. New
York: Oxford University Press, 1973.34

Rothman KJ. Causes. Am J Epidemiol1976;104:587-92.35
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https://www3.epa.gov/caddis/si_concepts.html#counter 1/12
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. Mill
Mill John Stuart. A System of Logic Ratiocinative and Inductive (1843)

https://science.jrank.org/pages/8541/Causality-Mill.html#ixzz7X3qzdaWR

NESS 571w 15.4.8.2
TN RN WX Wright Y inw) pRPINRND VIVNI NONPN NYNIS ©XNN Rothman Hw S1inn
.Necessary element of sufficient set , NESS - nyain nH o3p2a0nn 03NN

Richard W. Wright, Actual Causation vs. Probabilistic Linkage: The Bane of Economic Analysis,
14 J. Legal studies. 435 (1985);

Richard W. Wright, Causation, Responsibility, Risk, Probability, Naked Statistics, and Proof:
Pruning the Bramble Bush by Clarifying the Concepts, 73 Iowa L. Rev. 1001 (1988)

Stephen R. Perry, The Impossibility of General Strict Liability, 1 Can. J.L. & Juris. 147, 157
(1988) ("[T]he most sophisticated theoretical account of causation in tort law of which I am aware

[is] the analysis recently advanced by Richard Wright.").

“In Donaldson, the Fifth District Appellate Court held that a cause and effect relationship need
not be clearly established by animal or epidemiological studies in order to admit expert testimony
that a causal relationship exists. The court initially noted that in Illinois, an expert does not need
to quantify the specific level of exposure to a chemical agent to testify to causation; he must
simply be able to point to some evidence of exposure. The court went on to suggest that plaintiff
need not establish causality by statistical analysis or sophisticated study; the plaintiff’s case
possibly being the first of its kind, caught by an expert alert enough to recognize causation” /46/
2000 I11.App. (May 10, 2000)., /47/ slip decision at page 16 of 23, /48/ Lexis slip opinion at page
15 of 23, 1999 US Dist. 14903
http://www.hinshawculbertson.com/knowledge/publication_detail.aspx?id=2007 &type=5274

Honoeé T. Necessary and sufficient conditions in tort law. In: Philosophical Foundations of Tort

Law, edited by DG Owen. Oxford University Press, 1995, 363—-385.
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e Causation in Tort Law. Wright RW. California Law Review, Vol. 73, No. 6. (Dec., 1985), pp.
1735-1828.
http://links.jstor.org/sici?sici=00081221%28198512%2973%3A6%3C1735%3ACITL%3E2.0.CO
%3B2-4

http://plato.stanford.edu/entries/causation-law/

e Richard Fumerton and Ken Kress. Causation and the law: preemption, lawful sufficiency, and

causal sufficiency. Law & Contemp. Probs. 83 (Autumn 2001)

.Ozonoff »71° Yy VMY NN NPANDIDATY NMIVND DINNN HTINN

“Rothman and Greenland go on to point out, however, that these simplified idealizations of
causation have to be modified when there are additional factors involved. For example,
flipping the light switch might not turn on the lights if the bulb is burned out. We are thus led
to a multi-causal picture. Interestingly, it is close in spirit and even in letter to a venerable
legal definition of a "cause-in-fact" as a "but-for" criterion; for example, "but-for" the
exposure, the plaintiff would not have contracted cancer. Rothman and Greenland’s extended
version also can be found in the literature of jurisprudence (the philosophy of legal concepts),
where it is known as a NESS condition, that is, a Necessary Element of a Sufficient Set.”

Epistemology in the Courtroom: A Little "Knowledge" Is a Dangerous Thing.

Ozonoff D. American Journal of Public Health 2005;95:S1, S13-S15
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Goldsmith JR. Asbestos as a systemic carcinogen: The evidence from eleven cohorts.

American Journal of Industrial Medicine 3:341-348 (1982)
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Does the association exhibit specificity? ...As mentioned above, epidemiologists no longer require that

the effect of exposure to an agent be specific for a single disease. "

Bailey LA, Gordis L, Green M. Reference Guide on Epidemiology,
http://www.fjc.gov/public/pdf.nst/lookup/sciman06.pdf/$file/sciman06.pdf

YOIDN DN INDY NOVONNN : DPNTY DNVIDND OIIN MDY WP TARC Hw mnyTd X121H2 919N TN
DTNRY Y995 YVIDN IIND TN

"For complex exposures, including occupational and industrial exposures, the chemical composition and the
potential contribution of carcinogens known to be present are considered by the Working Group in its

overall evaluation of human carcinogenicity"
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(HaN> NDY) in humans DTNY 921NN YW MIVIDHNN NIDIN NYAPI DTN 22D VIO

http: //www-cie.iarc.fr/monoevalseval.html
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nCancer Hazard : Arsenic Bromide is a CARCINOGEN in humans. It has been shown to
cause lung, skin and liver cancer. Many scientists believe there is no safe level of exposure to a

carcinogen."
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“...purpose of the study is to advance basic scientific knowledge regarding the presence of an

etiologic relationship between exposure and disease...”

"..there is already extensive knowledge about the effects of lead exposure on child
development ....determine the origins of the problem and responsibility for the contamination ,
take action to prevent future episodes, and provide screening, counseling, and assistance to

those who are rightly concerned about their child’s well-being. “
(MPYPRRA AT TR, P NVR ONPNRT pmei

"Rather than conducting a lengthy new epidemiologic study that is likely to be of limited
quality, public health might be better served by promptly providing clear information to those
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affected by the exposure on what we do know and access to health services, and as appropriate,
holding those responsible fully accountable."
NINYII IPNNA THINRD PN IWAR OX MIVP PN NRIDNN 112N DY 0217 DMIPNI NPDIVNINNY HD)2

TIVND NYP MM DYND .OMINK DI DY D722 IDRI NPDIVIIN IPIND DY NPYINI0N NYOIVNN
SY DYPNID DXPINI DY INRTIN YITN PNIO0N 0N DY NOND1AN NYOYNN DY MSPRIVIND

INMPNPIID 2NN IN D% HUNY 10D DMIMNDN DIVIN IN MOIDIIN

“While it could be argued that unique attributes of this population make application of the
standard risk estimates questionable, it is very unlikely that a study with sufficient precision
can be done in the affected population to demonstrate such effect modification.”... “In contrast
to protracted, expensive, and disappointing etiologic research, ....a quick and dirty estimate
of health consequences of this nature is likely to have a more favorable cost-benefit balance

than a more ambitious, often futile, new epidemiologic study”

David A. Savitz, Epidemiology 2016;27(6): 919-920
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Steve Gold, Causation in Toxic Torts: Burdens of Proof, Standards of Persuasion, and
Statistical Evidence, 96 YALE L.J. 376 (1986-1987) .
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The risk of cancer might be lower than we think. Alternatives to lifetime risk estimates. Grunau
LG, Gueron S, Pornov B, Linn S. Rambam Maimonides Medical Journal. 2018:1
29;9:¢0002. doi: 10.5041/RMMJ.10321.
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Hill AB.The environment and disease: association or causation?

Proc Royal Soc Medicine 1965;58:295-300).
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I argue that the heuristic value of Hill's considerations converges to zero as
the complexity of a causal system and the uncertainty about the true causal

system increase."

Hofler M. The Bradford Hill considerations on causality: a counterfactual perspective.

Emerging Themesin Epidemiology 2005, 2:11 doi:10.1186/1742-7622-2-11
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Causality in epidemiology health policy and law. Cole P. Causality in epidemiology.
Environmental Law Reporter 1979;1007(27):10279-10285
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"None of my nine viewpoints can bring indisputable evidence for or against
the cause-and-effect hypothesis. and none can be required as a Sine qua

non’.."
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Kundi M, Causality and interpretation of epidemiological evidence. Environmental Health

Perspectives. 2006; 114:969-974
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“While strength of association is a quantitative criterion, its application requires judgment”.

Susser M. Judgment and causal inference: Criteria in epidemiological studies. American

Journal of Epidemiology 1977;105:1-15
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1N OR ,RR »2)Y 0) oX1902 00N 0270 79 N TN ,SMR-Y 19717 NN D308 mouws owh
LDMIINN WP TN

n"ol721xa (E) 19x¥n 0'71nn 1o0n7? (O) noxIn 071NN 1901 |2 on'n no 72y awinn SMR-n
SMR = Observed 7 Expected=0O/E

N9VUNN NODIVIIND NMNN X IRIVNN GTIY PN SMR=1-N IUNI e

DI987ND NNINN IN INIDNN NP ¥ SMR>1-N IWUND

DANTN NN IN INIDNN MND ¥ SMR<I-N TWUNRD o
NI MNYOWD SMR-N ST DN AN PIN SNDON WP NHT N 1T SMR X RR onnw Y55
NYYNY GPUN PR XIN, T 120PY 9D DDIN ONDY0 WP INY NN M0 DY WIANM MWD Hya
.D»NIOY DMDPI DIONN

AYNNA DIPIYN HNN NN DXAVYNN DINTPHITAN .INXIZNN 9TV 50% I8N 2 YW SMR-vw 9D 1 N
TPIVARD DTN NPV NN XM DT T .09 IMNRD DIIYNN 2993 119200 0N NYYNN NN
12200 DINT NDYN NYINY 1PN 1DDN DIND NNWN NNMNY NMDIIIND DIWTNN DMIPNRN 190N
DM HYA NONNN DX NI NPDN DINY PIVNN VIFY MIANDNN NN IXMN TTHN : MINK DD’NA
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VIO NNXINNY NIDDA DTN :HYND) POX NYN NPND PPD DN N0 N7 DINN PN, NDON
2090 7 9192 YMDXUN) TTHN 1IN VI INT (YWD PPD DN TN NN

£ TTR2 DX9TN MNY NN DINMP NPOINI
Attributable fraction in the exposed (AF.), Attributable Risk Percent (ARP), Etiologic Fraction

(EF), Probabilistic Causality (PC).
: OMVNNHN OXNNNI

°,
AFe=SMR 1:E :O—E
=Y, [SIR)
E
NN ,SMR=2 9wND
2-1

AFe=——=50%
2

) NONNNVY (50% Y¥N MDD ,TOND TWUNND IN) NMA) M0 Y Wasn 2 Hyn SMR Y555y
2aM Adami ©¥am> .)12Y0N DNY NOWYNNN

“When the relative risk is higher than 2, a particular individual who has been
exposed and has developed the disease under consideration is more likely [than

not] to have developed the disease because of the exposure”

Adami HO, Hunter D, Trichopoulos D. Textbook of cancer epidemiology Oxford
University Press 2002 (p. 35)

DM 12 9320 WP GPWN 1N SMR : 2-n 5170 SMR 591 9vpn pHin Dy Monnond m>oaxn ¥ 09N
DIDIIND YNINNNN DMV NN DI DTR IMN MNMY DIVH 0291 DTN IINX 1NN N0
D>INNK 112D 7N AWNNNA OTRY OTRN NN NPNY N9 (causal factor) ¥N2>0 11270 DN NYawN
N9PWUN 71722 ,5WN5 . JOIDN NYNNY NPIDN N2XD NXOY YT YNIIN NI DINY DM M0 W DN D)
YOOI NP0 DN DN OTRINMN DY NPIVNM NYLY DIV PNIVNI XXAND W NN JOIOY DIND HPND
N

: Rothman 7N 79

...“for a given case of the disease, there is no such thing as a strong cause or weak
cause. There is only a distinction between factors that were causes and factors that

were not causes... The strength of a cause....necessarily depends on the prevalence of
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other causal factors that produce the disease. As a result, the concept of a strong or

weak cause cannot be a universally accurate description of any cause”
: (IN INNY) MMVIDNT XIN YNDYON IWPN N0 NINPA NN, Rothman »95

“...what we mean by the strength of effect is not a biologically stable characteristic of a factor.
From a biological perspective, the causal role of a factor in producing disease is neither strong
nor weak: the biology of causation corresponds simply to the identity of the component cause
in a causal mechanism” the strength of a cause does not equate with the biology of

causation..."(p.11)...
Rothman KJ. Epidemiology, an introduction Oxford University Press 2002, p.11,13)

INIYNN 9TV AN (1-D D71 IN) 2=1 0P SMR 0

ANYTO .ANINN 9TIYD YTy 03N 2-n £2VP RR i SMR o)yw Sander Greenland yap ,nnnxo

NN TNHTIND MYV NN 2-N DY) SMR Sy mydonnon

Greenland S. Relation of probability of causation to relative risk and doubling dose: a
methodological error that has become a social problem. American Journal of Public Health

1999;89:1166-1169

: DYNN2 T30 OPININ

YOION PR ,NITINA,,NYYNDY ,DININ DY DRIDNNN NNOY 12D NOHDIN NOOIVIINIV ON» e
NI NOODIVIIND 95 HWNI) NRNYNN NMDIDIIND DD93) 125¥ NPND 91D OMDN IPNNI
(0 P 595 5wnd) P o5 oY i
(HEINNN DY ANIYNN HY MNIA) MNIY X¥D ARNYNN KDNDD)

IM1DI) YDIN NIN NIPON GTIY NIDOON N1OIIINIY XN SMR-1N 21w7N2 nvo0an NNINN

DNYYN Yy ©0anNa SMR D¥avnn AWRD P 59 NN NPRY NN T TN ( SMR=1
DYNPINN NPNDO NNINY NNIVNN DY NN NN NYYND DMWY NN ,NHHIN MHODIVOINI
YN20N DI P2 PN NTITHD 123N TINN T RN 11> SMR-N 77y .pT72310 N300
NONND
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P390 9N (21991 NP 973D IN) NNINNNI IRITNND NINN °

DY2IN DYIN PN NINNY NIOR DN IDAN DITIIVN DY IRIDNNN NXRND D) OINTNY 1N

SN0 DIPIA DINN PRI OV MO NO TN WX SMR-N . Jv70a

: DNVIDN DMIIIND NDYNY DNANN 297 DIVIN MND NYIYY P PNIND TWON

NNNMY TN SMR-N DI (" Type 0 7) NONND NN NY DISNY NIND .1
15

01PN TN ,JOIDN ININD NAVYN NXID D) NONNIDNY WD OIPHN .2
ININN WA NONNN NYNMN DY NENRND NNMN ONIAY DIPN NON : INY
("Type 17) YO0 IIND I NN XY NONNN TN ,JOIONN

(" Type 27) YOI0NN IDINN_IHIA YN NYNNN DOSNY MON .3

.3-12 N0 P2 PNANd D912 0PN SMR-N v29wnY 11D NN 2955 DV P’ SMR-N>2IVWN
“...because many of the exposures in toxic tort cases do not double the risk of disease, the
formula tends to work systematically against plaintiffs.......In fact, it can play no rolein
assessing the plaintiff's argument because there is no necessary relationship between the

degree of relativerisk and strength of evidence’.

Parascandola M. What wrong with the probability of causation?. Jurimetrics Journal 39:

Fall 1998

599N NMDIVIINI DINND PI*ON 99 DI DY NYONS MNava NYynd MoN SMR-NOT) e
AN NWP TP, NDIVIIND NINIAP YN NYOY )1DPDN DI DX .NYINM NXIAPN TSN
D)) MY ININD MIVYN MIDIVOIND 99 DN DYND T NN N8P NNXIDNN 9Ty MXIND
IN NINT YO0 DY NIDPD DI RN XD NYOY ,(NMID5ON NMDIDIIND DN NPT NODIVIINI
SMR ) SMR-n 71> 5y NN XY (NLOYN) NIP0N DI DY NINDPIN MDWNN .20 NONN
NNIVD NPTAN NMODIVIINI INIDNN GTIY PRY R8N 91520 90D ,1 717> 1D NIpNna
NONNS NYIY P2 DPPY ONDPIAN YNDYON IWPN IR MIXIND NOYNI XDY NIO5IN NMDIDIIND
.HooN

TDIVIIND TN NNIY NYNNRN DN : IHDIIN NMODIVIIND NONNPN MNDYAMON SMR-NOTHN e

NN DONAN TV Rothman .nyaon N3Iapa NXIDNN §TIY NININD INY NWR 71,1550
NNV NONNNY DIVN Won XN 19’95 25 nYNna ANIDNND YOV P WP : INAN NPT
PYOY NXT NNV .NDNHNY INTI NP0 DI XIN NYIYY PAD Y PN OIIN .1PHDON NHDIYOINI
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DIVOINI NPON NPT NONNNY DIVN NN JOID MYINTIY INY PIN WP VP NYD)
Y9ON

Rothman KJ, Greenland S.. Causation and causal inference. In: Oxford Textbook of Public
Health Detels R, McEwen J, Beaglehole R, Tanaka H. Oxford University Press 4th Edition
(2002)

N9 DIN WON YNDD WP 19N : NDN DI NYOVN DY HOrond PN »on SMR-N51n e
NN YNNI INY ,OTHNN NYNNKI MPATND WON DN NIN NPY DYINP, DVND .Nonnn nyyny
MPATNO NYIND YPYIN MNP N2 ONDO WP ¥ IR, DIPNN XY DXOMWN THN
VIDOYWOIN GUND 1NV ,NNNPN NINNI MPATND WON DN 1NN MODNI NI XD vindw ,nmiTa
.ONNA NMPATNY MODNA YINOWN NN YN P2 N2 ONDO WP ¥ IR YD1 MdDoNa

L(FPIMDON,ND §9) 7202 NN NYIAPN TN IDINY AP A9 DITNINY D210 SMRHO 1N e
NPYNYN HTIHN”7) DINN 112D 2270991 VIV MIND NPIDN ND NP DY THNDNI
DTN N PNDON D) MRYDN - NIMDN NI WP 0 H8N (Rothman Sv "nynaon

:NV91D Berger 'OY19

“An epidemiological study reaches conclusions about a population and expresses an average.
The particular plaintiff's risk may be higher or lower than this average because of personal

factors, such as family history or exposures to other toxic substances”.

“Even when epidemiological evidence exists, some courts have adopted a rule of law that a
plaintiff's epidemiological evidence must be rejected if the plaintiff's expert relies on a study
that has a relative risk of less than 2.0.... Courts that make this argument fail to understand that
reaching this conclusion about attributable risk depends on a number of assumptions that do
not necessarily hold true in all cases and that cannot be verified given our present state of

knowledge."

Berger MA. “Upsetting the balance between adverse interests: the impact of the Supreme
Court's trilogy on expert testimony in toxic tort litigation” : 64 Law & Contemp. Probs. 289
(Spring/Summer 2001) http://www.law.duke.edu/journals/64LCPBerger

TOPNNAYN PNVDIN PID DMOYIN DTN H9XA ,TONY GUNI TN ,2-10 MNS X SMR-1 0)nXw yon» 75
AN M2 TR DN YDI0IN NDDN DY QDN NN1P0N ,NYOYI DTN IN/
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“In such cases, when the relative risk is greater than 1.0 but less than 2.0 -- suggesting that
some relationship exists between exposure and disease -- the plaintiff should have an

opportunity to show that his or her particular risk is higher than the relative risk."
AUPN YN NN YR 1M N0 NN e

PMONON N2 NP2 YIPI SMR-N N OR-1, RR-N %5 000 790 5710 9o [ 9vpn pin
Risk ) RD-n 5 Y120 >715 17°Nan NN NONN DX TTHN TNNA NN . TTHN N0 NN DIYN

DXNN NRYNN DY DN NYIVNY N2 HWND .oN> 190 NNV D720 770 wav osyn (difference
PYSAYI) DN TTHA TTH» OX NIV 7PN ,00V 10 DY wIaN ,NmTY 27 D9 wI9NA YTONY
PN DX (1.1 9995 1107100 XN ©NYN 100 932 PYSN NNNIWD TN ,11 NI DN MY M3
NPNDO NION INMN IPIRY NI ,NTI WP T19) 12V TTHN NV HYMIPIY NN Wpn

Bat>Y il

0219997998 0YIWIN 1 by (Underestimation) navyn-nn e

TPYUYI 12Y) MNDPHTAN IPNN ¥ INDPHTAND DX DMIPIN NV DOYIP PPN NN
VM, NONNY 11270 D P2 WP DV PHNNN 1N NN P TIVND DI 0IMND WP NN
:DINKR 092D . NNNYOWI TPYTHN NIIYNN I INY DT PINY IWARY N 1M M0
1919 NN OND WP Y20 NIMND THINTPHTON NN Y 199 .NOIYN-NN DY WIANN Y100
.TD VP NONN TUND P NN N0 TUp 9w

“Compensation schemes and legal standards must recognize that an upper bound on the
probability of causation cannot be determined from epidemiological data alone” Greenland S,

Robins J. Jurimetrics 2000 (321-340)

NYYVUNN NINNN DY NPXTN NNPN 1NAY NPV 20 NONN IN JOID 1D, NP9 NIDNNI H21TH TIWUND
DINY TYY 191 : NI ¥)I12 DOWITN DINN) DY P THNDNN IPNNA NIIWN-NNY N2X0N NN ,NOIN
DX2IN 1923 12X .00 DN IVIN AIPNNN I9) INKD ,TNYAY ,DXDINNN PON DY P YTIN APNNN

LN MAXD T PN VNN NIPOM 1N [, IPNNA NYND

JNDY0N DINY NOWNN NYOVN NN NNOY WP IV ONDPHTAN IPNH D52 NIIYN-NNY NINN N
N2IN PN XDMNNY DTN DY NINIAN NNY 19010 N¥PYH DN NXIN D OINTY JOIDN IDIND ONd M)
.DNDN Y01 NI YNNIV NDD YPI DY NPNNIYN JOID MDND NAY DNDN DTRY NI 92T DY 19102
Yy NYOYNN NOIYN TN .AINNN NYNND TY DNIWN 19010 NX IXPD NI NNMN NIPON DI NN
PPN NYIY NYP YOVIDN IIIND NDYUNN DY — NONNN DY NN DTN IN — 11%aNH 1197 NOIPN
PN NOIVAD TN MIPN) (XD IN JI) (NMIMDN,ND 1) NP NN PN PHIN NIIWYN - D1D0Y
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(CONSISLENCY) DINYMNA NMPAPY — DINY DIIPNN DINT DINYNN DPP SYIHY NN 1P

2 ,5WNY SN WP DPPA DONMINN ,DINK DXIPNNA IN DINY JOID MNDL DINSNHNN MOPN
DYVRADINA NP P2 IWPN NP IX NYIPN DI MOMIND NITID MONNY NOWNY YOIV P2 WPN
NYNNOS NITAD MONN P2 WP DY DOWIANNN DINN DMIIPNNH T NNNNNA THN) ,)VIVL IXYNND
(PMNNNNI) JOID MONNY NP P2 IN JOVID

DY22PNNN DININ DIXRINDNI TN DIYIIUN , NNV NNONNA DIVYIN DMIPNNI DINN DIXRNNIN
DIPNNA DXNT DX2IYNNI DINIIN NNYT PVN IINNY NP OTIPN IPNNI TIT NNINI WY DIPNNN
N9YM DMOPN DIPNNT NN NIIYN TEINN 190N DMIPNNN DINSNN TIDY 59955 ,09IN .0 TN
D2 NMNMVYNY 1N DNN

NHNNN PNAD DIPN W, 0NN NN NONYN NPT 1AV IPNNI .IPNHN ININD D) 191N NPIAPY NP>Ta
N0 DI P2 WP OVP PITAD W D0 MNP NN MPTI IWNRD ,HWUNY INNY IPNNI DINRNNNN
120 MMDN %) MNP WP VTN WITH 120N W DN NIN 270 MNP 931 NONND

77 2UNNNY PN ONIN DIV ,DMDNIDN DININ X DIVPN P YN IRIVNNY TIND JON ,09IN)
NMYIAN TPINNY HVVIVLON MPHAINN 12 PRY NP, NVDIVLVLD MPNIN DIPMNNINY DIPNNI
NNI2D IN MNIID MIN MPNY (XD IN 19) (MIMIN XD 19) M2 NIIYN RION NN NPIAPY 937
.ODVLD

A9NNN 125 PPON DM P2 TYPY NI MDD Y29 NNINIP
plausibility, biological credibility biological

YR DMP DININ D NP DY DY ,NYNND NN N1DDN DN 1AW ONDIN 1ININN IND WY IWIN DN
225 AN HP O TO DIWNY MININ DY NYIYN MINN NPIND NYOYOY PID HWNd 75 .01 YN
VYD NN JOID P WP DY DIWIANNDN DININN

NN INNRY NON,)IWOYY 1NV DD JVID P2 ONDX0 WP DY NMIVAN DAPY INY NYP PP NINT IO
MNP DY NPIND 122579 DY PIVAN 2ININ NYIYN NYAVN NNMPNM 1Y (D1 YITN) 2912 PN
Y112 P2V 225590 NIPN INNKD 192PNI DNIN INNY JOIDD NYOY P2 WP DY NPYTY 1N . NWN 95
.OMVN 9IN

NYY YTNRN ITYN NV QUNDY N0 WP DY INPP MIVIR NX I9IW 1PN 0PI MY Y10 TN
YIPNY IWAN DXNYD ONDPHTAN IPNN INSDIY DU 1PIDW DN DINNIN INK VIDN I1NYD
YIYNY PINY DN DNINNN TV OIVAN YPNT TIND NYTN NYDIND DIVYT DPNTP DININNN
TOI0Y NPIND NPWIY A WP PRY YL Berkson -1 Fisher ,00wyn NXnn YNNI DIRPIVLDIVLON
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NN HYHOINTPAN PNININN I 7PN KD DI DMNIY NP ,TOY APNIPHTON NPYTY I NN
1PV NYNNNVY NYL BN .JOION

NNID MONNA DXPOIYN DMIPNN .NDYNN INND AT NNV NN DX NIPYY ¥ ONIAN 120NNN PoNd
19V VAN MDA 120NY DINNN NYNKBN NYNND TY NNMPNN NYNN TYN DN NIV DIPN ¥ VI
NN, T2 IN T2 .NWYNN INNY DNV P JVID NYNNY DININ D2 N0 M ¥ NNINI H1IPN
(TIMOMN XD 12) 1P NN HONDPIAN NINHNN NN DY MDWNN

NP8V HPVYMIN NN P

.N9NNN P25 NIPON D) P2 WP DMOPY A0 .DIVIN NXIAPA NNNDN NINND N NIPD DN IWND
NVY9IN NNMN L IPPNN NYA YOPMININ P DY DRITHNI NP0 INRY N/DITIDIA D92 10NN ,OWNnd
5551 DYV DNNY PMTYNT YIDOY PP ONDON IWPN NN MNTY HP MIN .NYTH ,MINID
YOV DY NMAN NPNIDN

MoNN2 NNPY NPX TN HNN NINNY 49N NP0 D) DY 77900 YNX0 WP NDNY NAIWN NPINID
POV NI MAT MHNNY DININN N0 NN IN (NI ,1VID 2D NYNN D) B39 B9 DY
SN0 WP HOW IR NPINAD TN 137 .(PNNX DIT,INYN ,D1MON

“Specificity of the observed association. As originally described, this refers to a single cause
associated with a single effect (Hill 1965). Current understanding is that many agents cause
cancer at multiple sites, and many cancers have multiple causes. Thus, although the presence of

specificity supports causality, its absence does not exclude it”

Cogliano VJ, Baan RA , Straif K, Grosse Y, Secretan YM, Ghissassi FE, and Kleihues P. The
Science and Practice of Carcinogen Identification and Evaluation Environ Health Perspect.

2004 September; 112(13): 1269-1274.
AYOM TIY YON TTH NN NPNIDV 1M TV Rothman

“Unfortunately, the criterion is invalid as a general rule. Causes of a given effect cannot be
expected to lack all other effects. In fact, everyday experience teaches us repeatedly that single
events or conditions may have many effects. Smoking is an excellent example; it leads to many
effects in the smoker, in part because smoking involves exposure to a wide range of agents. The
existence of one effect of an exposure does not detract from the possibility that another effect

exists”

Rothman KJ , Greenland S “Causation and Causal Inference in Epidemiology. American

Journal of Public Health. 2005;95:S144-S150
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99199) NN HNI3 NN DIVIDN DXININD NOOYNN DY MPNIDN NNYID DXIPNN 2112 YD NMINY 2D
920,02V DOXN N0 MIPY N1D RNN NN ITD NPINID NYNAY 1D (NN 199890 INWOD 1NINNI
DMV DN JVID NYNINL NV ITY NI NYNND YV IPOPN NDNINY

D»N2X20 NP0 3370 T DY MNINN DIMNY DX1ANI MZNN 90D ,1INI DN MIDNID XD YOV
ININD .O2IYY D229 D9ANA JVIDY N1IPD DN KIN NYIYY NN M0 NNMP : NNTY .20 MIDMN
DY2°9NN DY NYIY NYAVN 1) XN NN NN NYIYN DY MPNADN NYIONY IRTID 1PV

.DTN 79521 252 191 NHPIWIN NN NN YN YIT MNIN DINPT D) (NN D»DOPI

Y9 INND YNINND (MINN NINID MYNND DIDINN D1V D) TIH) VD MPYY NNIND 2D
N9DY 92N PPV DN , DNA-1 My 195 MXINIYY 0951 DXIN0INN DY 10T TIRD N1I08N
NN 005120 NNNN NN DY NPINN

JOID MNDY NP0 BN TN IMNY 228 PYN TH WP PTN PO 2170 NYTA YaPd 72 ,19N)
NN DN JOIOY NID D) NIN,DIPNDN

DTTAY 7N NIPNI (XD IN 1D (NMIMDN,NXD 19) 1P NN NPIIRIDN NIIWNY 1112 DIPN YoN

LAYAPA NNIVNNN MYV 192D PIYDN DN NYYNN NTN 192 YD :OYIY NN P
Nann-mmn Hv wp —dose response N biological gradient

T2 ¥ 122010 DN HY ANV MM NOWN NINTIY 1IDVYMY MXIAP 1IN M) DRIDNNN NPV IUND
NONNN NYMNA NMYY DY NN IPNI I .NDNNN NYNND NIYON DN P2 XNDYO WP TIIND > 71D
121 .0 NV WP DMP DINN D PYNY NYY NIDN DIND NWYNN NN MDY DY NNIMINI N

NYAYN N2 TIXD DNVIDNI DITIVNN DINNTN DY NMNY NMINID DIWIN NYND DD TIT2 IWIN INY

MY DIPT MINIY XD NIPNIDVNIY DIVIN DY NPINND DD 7172 O NN 9 DY ,00)0I00N
INYANY NPNVIY NPON TY MIVIND NN DI1DWH PR ,NANN—NOYN TND NPITY NN TUND D) ,00IN)
DYDY DM20N WAV JONMY NN SNDXD WP Y9IV 1IN NANN-NIND DN TN NN DY .Iy9InD
D NYINN VTYND

.2NNN P22 NX0N DI P2 IWPD NITY DI YN KD NMIYND TYY (threshold effect) 90 NN @

TPNN DX D) NNIIN IN NINNN MNIY NMHYI MAXY DI XD MDYV (saturation) YPNI NN e
AN NMAY N2 NVN

DY OINRDD WP MININD D21 KO IPNNRM PIN1D) 9 IPN NYNNY DI P2 IWPHY TIND 1PN e
NN Y NMNND IMOON NN P2 AWPY HWNY 75 .99 00200 WP WO HY GN NANN—N
MMNI NN NP DIMDIN DY NI NDMINA NTIVY NN : 71PDY TD INNY NI T MIND
NP MY
LDMINMDN DNV NION 1919 NANN—NIN NN
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0997 ©297N1Y NINYIN YAV NN P

YT DY NHNINN NYTN NYNND DNODN IDIN NDIY DY DIOWT DN DNNNND WIPND TWON DINYD
DN YW MM MNT HYI MNP DY MMNDIND .DNTP2 DMMIN DY MIWIN JPHTH NN 90N
Rothman 1»sw >95 09I .N¥12PA YVIDN MYNKN NYNNY DINTN P2 PNV TP NIMIN D1NDID
IN Y20 OTIP DPHY 1AVN KD TUR DPNDPA DXIWP DY MIYAN DY RNT YN INDIN TN, TIONIN
INO WP TN DY N1DN2 DN INONY TIVARD TINDIND MNTD YT 29010 Y1 ITYN YY wasn
ANNYA DTN I IORY NMIN PNPIVIP NN PIVIPN

002 ©X9PNNN NITY 210V ANIN P

2TPANN MDPHTAR IPNN DY DIINNDN NN I DY .OTN 32 AP NN IPNN YN YNNI NYP
DINMINN BN ,NDNNY DIDNDN DXININ PAINDO WP TYNN NN PIND DMIYY NN DD ,DINNY
PN YR NPND DIDY DTN )25 NN OMDNN POINN ,DMNY NPNY ONDY NN DPNOPIAN

TN IOR XN (KD IN D) (MIMDN XD 12) 1132 HHD 7772 NWY) MD POdIN .NPIvNna

(Coherence) na 7y nYNNN HY WY NPNND YN NN P

NP0 2NN DY IN,NNIPIND IN NMNIWA DY DY NO9NN ,NDNNN DY WITD DIDINRNNN DINNNN
NYYTYN D051 HWND 15 .NYNNN PV DNDN NIPO 0N P2 XN IWPY NITYD DAPNNY DMWY ,DMINK
¥ YIOWN NN JOIDY NYOY PIAY TYPY ¥aNI DINDPNTANR) DMNIPIOPIV DXIPNI ,N1PNA DIPNNNI

NN-TINDY 2273120 PNINNT OVID NN PAIITNI DOYTY NN DX D) NN JVIDY DI DINN NYOY

P25 20N DN P2 ONDXD WP HOIW NN NI YD ITIPNY 121 OIVIDN NN WAPY ¥TI H9INNNY
T DTTA0 NN MR (XD IN 1) (MINIDN,ND 1) 72, PDVPMNI0 NYIAPI NHRNNN .INITNNN
5o

(reversible association reversibility) m2%90 : »9°Wy NN I

DT 9N — N2V DINN DMPY HYA IN N2IYNN NOION HWA — NDY0N 0N NIDN INKY DX
DXNYY DIIN AT DINY PNX0 WP DY YIANND YT T ¥ MWD MDY A8NN YD NYNNKN MNOWA
mMINY ,5UNY 120N M0N0 DINYP DIRY DIDONN DY NONNN NYNN MNYYI DMNDY DDV NUp
PNV PN PYTY,NOR MONNT NIPD MM NO MYNNNI 27 MONND NYNINZ MIANT MAIWYNN MY

NON NNYNNN NYIN ,22IYNN DYV 29 MYNKDH NNINNI MNINKRN DIV NANIN DTN ¥ NN
DTN NION DI MNNPNNI MAWNNIN
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NNNPN NN YW NIIWM NV OONPN DTN .16
AMLYINT NPT MINH VNY OIORNNN D11 NN DOWNNYN NINNPN NN DY TINID) NVNY

.DOWXT NN XD LV .www.health.gov.il MIN2N TIVN INNI DXVNN D TTHN

: PPN DINNA N 27 VN

"NYTNY NN

https://www.midaat.org.il/articles/diseases/covid19/r0-reproduction-number/

NOTIT PIIN T Y MAN TNV NNN

https://davidson.weizmann.ac.il/

R 21¢on HSv mNoIan Tavn DY D55 IND

https://www.gov.il/BlobFolder/reports/contagion-coefficient/he/daily-report contagion-

coefficient-faq.pdf

NPATIN DTPN DIWNY MLDIVLLON NVIYN 12XD NINIAN TIVN DY NINN

https://www.gov.il/BlobFolder/reports/contagion-coefficient/he/daily-report contagion-

coefficient-explanation.pdf

https://www.gov.il/BlobFolder/reports/contagion-coefficient/he/daily-eport contagion-

coefficient-method-database-limitations.pdf

NVYP 2802 DRAVIND) DITOVIND ,DXNNIND DY THNDNA R 21¥N 2205 MINIAN TIVN DY NINN

https://docs.google.com/document/d/1cgmazakZppqgeRtizUP9DXcltwLvD9yK51a79JNsgx3w/e

dit
NN TIVN YT DY NON NPT R P2 WP IRN

https://docs.google.com/document/d/1SILpXSkLvtxPVL-
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