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An Application of Statistical Methods to Medical Science
(Part 1) on Fourfold Tables

Kazuo ENDOH

Department of Hygiene and Preventive Medicine,
Niigata University School of Medicine
(Director: Prof. Masaharu YAMAMOTO)

The importance of statistical methods has been gradually recognized in the field of
medical science. Though it becomes easier to use a statistical packages owing to the
development of hardwares and softwares of personal computers, the author would like
to lay stress on the correct use of statistical methods.

Results obtained from the basis of incomplete data are not reliable, even if they
are analyzed by the use of complicated statistical methods, such as multiple variance
analyses'’?. As to the registry of diseases, McMahon & Pugh® pointed out, “A small
number of well-run registries in carefully selected areas is much to be preferred to
numerous registries of mediocre quality”. On the other hand, if both of quality and
quantity of data are nearly perfect, it is not so rare to make a mistake by applying
an inappropriate method.

In the present paper, the author describes how to apply the statistical methods to
the problems in medical science. This article is chiefly stressed on the analysis of
data presented as fourfold tables with some examples.

Key words: y2%-test, Fisher’ s exact probability test, McNemar’s test,
Mantel-Haenszel procedure, Rigit analysis.
WA ZHRRGE, 74 v Ve —OEBERRE, w20 — v - OBEE,
U F e N o i, U Uy R

Reprint requests to: Kazuo Endoh, BIRES R Fo51 FriB iRy @ — T
Department of Hygiene and Preventive FEA B I A
Medicine, Niigata University School WS

of Medicine, Niigata City, 951, JAPAN.



148 FriEpEEaMEE F102% B3E WHNesT 3 A

& L & (

Mo, BRI R T S EENE AR« RS
n, BGHEIRAL Y- CTE L. BA¥ESIHETIE
FTAB LA GLMAEE] SvHEBIOL, AR
Bl bb-~THBEIZ (p <0.01) &\l v FEM
FHEHGRD R T 5.

P S~ VP e AV L = 2D —= FROY 7 D
FE LD, #E S U RFIRTRE TR
TRIEE S o = TRt ED, 1o d b Ticfiz
Lol TEl LnLichh, #EtFPHFEEOIL
FLRCELEBE R L, F—2DHETHL BRLT
BTV ) RS THERA L.

Tt F— 2SR O, Al XETRMITEYD
DL DI E AT TR AR L LS & 4,
ErHIhERLe EBRTE . FOROEREIE
oo MacMahon and Pugh® (3, THEOS - ¥
o hAGEREHEVEO LD, BRI
S EET L HAEETH D | T ERBNTL A,
Fle T, T 20K - RS LICEBIGEV ST
BT, FLUBEETRHEEDOEYRECEADIL,
B lMEEY VLD CEOREEBTLEY S L
B LT LD & Tkl

IR R, s BEERIC B TEHAED
MEAEY LT E LB, BHEE, DO DM
b CE . F— 2 OHEMMBEZGSAELTL, &
A ARFID LD EBEOENRD LR - B ED
3, BoBEERIEALTOAEELECEDLR
Joo AT, AENL2 x 2F AL E LEBRER O
T, LR A ARG R R L CET OB R In .
HEWEEONED B L hiFFELTHB.

1. hAZFE&EE (Chi-square method)

4 SEREEOS L, 2x 2% (WY HE) TS
AWM OME (test of independence) (T, WELE
OB TIEHER A E 2L EREE o, TRCHY
BRDIEN DT, EpEelicdd il
KEV) BREEE LTHLATLA.

[E11) ARBOA & BRI0OA DA LT, R UM
MR RT, B PoRBRAER Lol 2 A, TEHE
VLAK0%, BRMOYTH 1. BEDH A ARE
s EN?

FEREBILAKION, BEAOATHELHE, 5 -mnd
LEFI-1DOLHP>EE T2 X 2ERF-TLED.
THECHEBREYRLTE WA, F1-1TAEESE

-1 o2 X2k

A FE 10 50 60
B ¥ 40 100 140
it 50 150 200
o (110-100—40 - 50 | —100)*- 200
Xy 60 - 140 - 50 - 150
=2 571< ¥} (0.05) ==3.841
;|12 FlLw2xX2k
THtE 5 B 1
A % 10 40 50 (20%)
Fe 40 60 100 (40%)
it 50 100 150 (33.3%)
o (110-60—40-40| —75)° - 150
v 50 - 100 - 50 - 100
=5.134< ¥' (0.05)=3.841
Do OBAR RO ZEORIEL
SO T aEIE =L o
150 3
g 10,2041 — 3 (o tuds)
VEO—%) &+ 1)
—2.266<Z(-20%) =196

I, Zi=5.135T& % A, IERELC

HEAT 2L AZ() =xi(a) &% B,

+1-3 2 X 2FEN—HEHF

(1ad—bel—H°N

2
xXy=
m, m, Ny ny

(+) (=) it
A e a b m,
B i c d m,
it n, n, N
WIS L O
X(,:: (ad“f:bC)“N
m, mp Ny 1y
Yates O #§ 1R
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#l, FLULEI-2TRHEEESLD &, £ BOKH
il -TLED. BEERLEIVRELLRTVWEHE
w, BI-1OL5HBEORLT ZENENAS L.
FHEATLECEZBORROEVREERY ¥R
i, COBOKBTALLLABERETHAS. x? HITIER
B[O LEO2T/THD, BEELLILELBUTHS .
(COFHERBCHELLY.) BARKE, 1 F
BEEOHNERESI S TER LBV L2 E LD,
i, Do TEELI-IOLE BT SFhbh N2
#31< Yates OFIERD AV M2 TRT LI
COFMERITHD, 1t HHOBESEYEICHET S
BHRTLEGALWEELZLRL. 20BN EILT,
BEREPACEZERHEELLL.
2. Fisher OEEEEL

LRET2 x 2REAVGDEE, WRHEI 5 LT O
ML Fisher s exact probability method® % i
WAL EHHEX TS, L, BREORDITHE
I CEBIN TV L. B2-1LIRTLoK, M
OEB REXBEIMEOEx [ ZTHIEE, B/FHOD
P Oif OMIEE By i, BOEE O mi RO
DOEE O nj OB NTE - TRDLND.
[#12] A, B2REEOHEC >V THERBEIT -7
L AHEZ-2DL 5 EREBL. HRECENSD L
BLALEAH MY

i EIz A, BELL, SEREDISALSLIDLD
TR H LT, Fisher OERERENERINL.
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DF2-20 L5, MEUBOFHPH»ETR, &b
DOEBEN 0 L7 5 F TR - e RO T Ot
BINLSHARLROR-TM (00H5) ¥ TORH
BEFELTEMTL. @FH LEERIIRFMAOT,
2% L b DR RO LEERRTHS.
COBEVES DT, Yates OWIERY 23
NETHLN, WEAL T RERTH &, AEEFR

F2-1 kX 1 FICET D MFE

I R TI T ToToosop o e ;g
1 m
2 mg
i O mi
k mk
g FSTIR P RRRARRCERTEE TR nj .............. ni N

BEEOj I T A MFHAEj & T 5 &,

N
ER A SHOT N
4 0iimEii)?
%=L w(_.ilﬂjﬁ.kﬁ_
A= (k—1) - (I—1)

2.2 Fisher O EEMERENE

WA EX &t i > 7
A ® 1 19 20 EE 0 20
b 6 14 20 7 13
st 7 33 40 ;
A, BEGD RA O MHEFE
7-20
o =3:5<5
2012017 133! 20120171331
P T TI9T 6 114! Po TG T 0 1201 7 131
2012017 1!33! 1 1
Zpi=pytp= 401 Sere1mar T
=0, 045738
RHE 5 DT, p=2X Lpi=0.091476

YHBIE S LT,

¥o=4.3290 (p=0.037468)

Yates DHIER T, x3=2.7706 (p==0.096012)
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DEBTHELTLES D kA, $1-, Yates
DFER AV x 2 AT OMERE p =0.096012
T&U,FEMr@@M@%$2xszﬁwmﬂiéﬂ

FRER T 5 7m0, Fisher O E BERESR A HE
Xéh BY, Yates OWERIT L - TREDOHE S >
JAZENTELEDT, WL Yates OFEXS AT
HNERTH L.

ek, B Y 7 b odicit, Fisher OB MR
PHAAENR T b, BEECOND L EHE
AL THLOLBL0T, FHNCFIEEI R

3. HEOHD 2x23 (McNemar %)

P ERIERE Y o FXRT, 1 1OREDH D
BB (casecontrol study)? 4T - 734,
D ¢ 2 BT <, McNemar % L5
ha.

3] B HREFE A1y, B L RESOH I >
WA E O A, HABRICOLTEE « WIEE L4

(+) (X158, BEOL (+) (X128, HEFEOL (+)
ESH, ML () TISHTH - Fo. B L N
DORECHEEDIHBERDEIED LN LIS 507

BEFBUELYHEMLCoRE, £3-12FL 2
SWEHETHAHS. 2L, ¥ROh 1 ZFEHEONY
HALWAHDIEOTHEL. FI-1LOTHOLELELSIL,
matched pair 22U Tk, McNemar OBEED % )

LI LR ST D I ER G LTI L. 2Ok
B dBELL () R () 13 BULaAEDH LA
i lobel T, FHERDHRICA T 2 EHEE
T@HhH. WHlD g MEXT O L & CHOBRYBTL
£5.

[#14] BEXMBEPETI0HEDVTHESN, ThE
NOEENEI-1OETHINE, BI-2015K, 4
EHENLYRDS

ETAN, BELHBERATY THLEIIREN
T, FREFRIOOAT > THALELTLEHS>ROE L
CRpFA. 2FD, I-ZOKFTHZ EFRIHE
B LI, FI-ZEF-THRELTLESZ DA S.

1 10T %o Rl THAERE &L, #1
DAEBEOISCEVIETI LTV ALIEELLR
P, BETHE LTRONETHL. ZOLHIEH
Dt & MBEDEHE L B8, matched pair? i -
TDHD T EEE - ThRAL LR BETHS

4. fERIEHEeTME SADERE?

FARFNTROWENARZ-2OHBEE-TED

WREDITAES Y, BEINY FHBEHABIIXR2-2 &

#£3-1 HiEnbs2xX2®

A 0 K]
it
o (+) (—)
#(+) 15 12 27
Ho () 5 18 23
at 20 30 50
o (12=51-1)°
XY™ 12-+5
=2 118< y} (0.05) =3.841
McNemar D#ERNTIE, 2E - HHBET
BOORS g (H)Y o158, (—)
(—) OISR 2N B2 T ET S,
BoTEBOY MEELHOLES
yio (11518125 ]-25)° - 50
v 27+ 2320 30
=4.593 (p<0.05)
F3-2 FI-1DEOHE
FFHE 5 14
it
won (+) (=)
# | B 30 24 54
& () 10 36 46
&t 40 60 100
2 (i24f*101 “1)___,,
" 24+10
==4.971 (p<0.05)
§33 *‘j‘rbé’%%ﬁétf’%u
4 A _
it
(+) (—)
4 & 54 46 100
xR & 40 60 100
it 94 106 200
o (154-60—46 - 40 | —100)* - 200
Xy 100 - 100 - 94 - 106
=3.392 (N.S.)
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4 E2-20HOPK

A b 5 4 it

A o 2 38 40
& 12 28 40

it 14 66 80

X5==8.658
x5==7.013<x} (0.01) =6.635

BUTHsE. SETHEEICTRL5ABLTED
B BERFZHCTEEENRD LN S
IIOTH () ROoWTELTALE, BHRHE
F12h-Th, beib&id, 2EEOT—-20LKD
UoToAZ ERBUHLTW IR E 0. BORES
FRUGRIC 2 2EEOT - 20 58NS, L
DT BUI0% &V - Th, 1/10£10/100 & Tl E
DEFENRL TV D, GTROVTR, RRHE
FBRFCL-TEHT2EELH L. BT, Bk & HE
ENLHBFN T AL S, BE T +1/10=20 (%)
EleHORN LT, #HFTIRI0H/100=11 (%) &
L. BUI0% CHLEEDOFMETM, EEMOD L I &
b,
FI-1ERI-2TLRUOHDETINHEOXES
BELST. LA TP TEEEDES LR
Do loBs, B L TS HRELBELYRT AnE
SIhOHEICED T LB L.

=R e ATRBLN, KOOI ELH
LBEIAS. ()2 EM2.706L DK 2L (p<0.1)
BT, GRS L CHEN TS (RERBCLED
BExi#ldT4). FRI-Z0L>CHEBERFAFR
FUT SEASER-EBEAEREL Ty EYHE
LT, FESENEDOLRL AN EMLTHE. 1
L, F=a%EMTAHI LWL TN T A pig
Ulen L9, T hEENLETHD.

5. LWL DD 2x2FDEE (Mantel-Haenszel

*)

[#5) A, B2fEEOFEC VT, FEE T OBRESD
%, FEENOBENGICOLT I EEHRRBR AT 1 &
Zh, ‘ES-LRURS-2DL 5 InkRAeB. BN
R EBEEEZEDLN EE 1RO 2 &8 TEHET R
i, MEOHBIENDL L2 DA T
BHENT I 512 X 2RI FRFRAT L
Td. RE-IDILIHC L ERDEFHTIONRBEDT

BHL. FORHREOOBGIIERE T, FEIS $60.0%
EECHELV L L, AKEBEOE Y - AR
BT HEBI &L Ttk - TV 21 d b bY, Bk
DHCLBFMEAFEREIN T AL B 722 x 23
HELOTEER LIS, FRCEIT L DM, £
—4 /R L1z Mantel-Haenszel 310 Th 4. XD FH
KoR Lok dic, R5-3OMIFELOBL LD 22 {#
MRE T 5,

COBE M, B TEH LA Be R B BN
L0 LT, Mantel-Haenszel # I A B2EME | -7

F+51 fFE OE 1
sh #
At
(+) (—)
A e 13 7 20
E: 17 13 30
at 30 20 50
x5 =0.347
X% =0.087 (N. S.)
#:°5-2 4 I I
h ®
(+) (—)
A B 29 8 30
## 8 12 20
=t 30 20 50
x'f) =5,556
x%=14.253 (p<0.05)
#5-3 EET 41
i g )
it
(+) (—)
A E'3 35 15 50
B g 25 25 50
it 60 40 100
2 "
Xi=4.167

¥2=3.375(N. S.)
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#®5-4 Mantel-Haenszel D3

GE Em02% B3

IHFI635F 3 A

F6-1  BHEEILER L 0K

(+) () it 658EL) b | 65aE A it
A B ai bi ei X % b 181 319 500
fiid cl di fi o L3 8,000 17,000 25,000
at gi hi Ni it 8,181 17,319 25,500
Mopiy? — (Zai=ZE(@i)® X5 ==3.968
Lg(aﬂ x5=3.778 (N.S.)
£EL. E)="E-
2
V (ai) =— LB ®6-2 MOTMED & DI
NE(Ni—1)

Mantel-HaenszeliE 12 & 2 # &
Y ai=13+22=35

SE(ay) =230 3030 _g
50 50

. 20-30-30-20 30-20-30-20
LV ="mm 17 T 50060 1)

=5 878

5 (35 ....... 30)7
M-HY =22 =4.253(p<0.05)

AZEABAE, L AMTADIL, BacHARCH

BOEREDLNLL b LY, FFEH LEET
HEMADE L, ROBLH2CFHELITH>HTH S
BENT - 2 %G LI T, FHliA D IO
FoEE IR,

6. BEMERSOHE

[# 6] FRAOLFRICH T 5 ARBEREETIE, 65
WL LD ED LEEIRYTH . T OE, XRET
L4 ABZEES0AFISIA (36.2%) HESHELLETH o
1o XRBROE5ELL FOEISRFRESFCHETEY
EFEZAIEAHM?

KI-1OLH» BV ELT, Fl8HECL-TE6-1
WD L, MERNOBAEE TR -TLED. C
o0, XRBRIIERR AL AR & B 2 RO REERD
12ThHYD, FEREACEINLOT, MIEORTE
BT LHDITBOTHS.

FIT, F6-2D L O, XHEBEUADOEFHELOF
R Ty BEYTLEVHELH L & HEVTH
LERELIL. Linl, TRTLHRREeE L OLE
1l Tl S W ORI TRETH LD

He oL, BEMBERS EETLIES, F6-3
DFHAUZAE R A. 2L, WAE (np) &

655 1 658 A it
X % B 181 319 500
fhoREbEDE 7,819 16,681 24,500
- 8,000 17,000 25,000
X =4.136

x5==3.941 (P<0.05)

#6-3 EBLTEE A7 i

BHEMES 2 p, A0 OBAREH IS
GAMBEHAE LTS,

np>5 O, ROEBRUEEAE 5,
| r—npl|—0.5
Z R e ‘N O 1
G “/np—(*—"—j-— ( )

IO, 2BEO6SEL o En AEIAE,
8,000
25,000

np==500 - 0.32==160>5T& % O T,

;11811601 -0.5 | 181160 1—0.5

o V160 (1—0.32)

=], 965>Z(0 205

==0.32

)=1.96

S LHEVCHENPLETSH S Kﬁﬁ@ﬁSU\TUD
B, Poisson A0 R FHEY RHAGLRLM, K
BrgBINiL. i, SEAREN rrhhf%@@iﬂ
BESNbh - TO 58S, HHO7 — 2RO —I -
BEVEBE T, BARL L L CIESEERE L
VRS I ANS

7. YT W (Rigit Analysis)

2 x| RIFEROEBRDEY 2460 L THHET S0
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HGBRS., BHBER (—1) 2x] EEOBFEY
BpLTh, x? EEER L.

LrAWM, BUL2XIEDIHZRZTEL, ®1-1
TEOEAD, H, +, +, —D XSS LR,
1P O—HRERRNT, VU RN G5
DEDMHEI ATV A.

[#7)] T TEHHOMON T ABLFEOKE L
T, 50T oD BE L E D YT CIHE A 1T - fos
R oW, [EZ ), TR, TA% ), TE]

®1-1 ook s 2 X1 &
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DAEETE k-l MEORBRELADLEETZLA
A2

RT-1DIH>KEHD x P METEHEOELED
s Efe, BI-2TIER + Y & TTE]
+ [BAL) O2HETHELTL, HEATHEDE
B ERD T

U2y NEFOFIRL, RT-3RTEOSCERE
WERPEMICE LS. HBREOY Y MEREIIO0.5
THD, BT TCRABOEREDL. ZOLHREFID

(#) () (£ (=) R1-2 Flhl2xX2k
H L fsh L AE | B at LT TAE T "
= pe s S () i
SRS (ASE) 5 10 30 5 50 U % AL
EERRE (XIE) 10 15 20 5 50 AR (AE) 15 35 50
At 15 25 50 10 100 EEREF (XH) 25 25 50
it 40 60 100
df=(2—1) - (4—1)=3
s (0ij—Eij* (==4.167
TR g
i ¥i=3.375(N. S.)
=4,667<x3(0.05) =7 .815
®7-3 ) v o b WO
(1) (2) (3 (4) (550 ¥k (6) (7)
oLick s 1/ 2 2O (2)4+13) | aANDE | HERRE (5)%(6)
# b 5 2.5 0 2.5 0.05 10 0.5
a5 % 10 5 5 10 0.2 15 3.0
ZA N 30 15 15 30 0.6 20 12.0
B oL 5 2.5 45 47.5 0.95 5 4.75
af 50 50 50 20.25
*BRIZIITHEOOE L, AFIIH&ELT &0

MEEEED ) 2y P ERAEE 1ZRA=0.500
EERBED ) ¥y MiERsIL6), O A S
20,25

Ria——To-::O.405
- . . 1
BHEIAE S LR PINIT, Se= W
Zu"t“&é%lig"l—:m!(lﬁ*l%a!
Lid- T,
Z,=v12-50 1 0.5—0.405 |
:2.327>Z(Q:05>:1.96

2
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BHBE, BCESRESE TR Yy MRIIIIERCE
BHEATELE2LATHAH. T, BE—BPET
B GBEE S B 512k, Mantel-extension'™ A0
LRTLA.

¥ » U

BTk, ELCRBT 288N ERESER
TR OIS 52 T h A A, ELvBekd A
Wigld, X HOBREBLZLLEL (.

FrERES KL HDIE, HLETLELTHD,
Hosy fe R T v, B % TIR20[EN 1 EfEhEL 2R
THREMEA D D, F 15 B ETE, MoERs AT
Ex L E T EBELH L. FETAE ORI
LOTRAL, HLFTHLHHO—BTHD 2 LR EH
LT, ELWIREE LT .

g2 £ X B

1) HFEE, SREH: SL R BURADK
it 2, SEEIE GERD, 1977

2 mrh 8, |k#HZ, BEME, & v v
Aty R 7w 2 0, 2R, S kR (B0,
1984,

3) MacMahon, B. and Pugh, T.F.: Epidemiology,
Principals and Methods, p.93, Little, Brown
& Company (Boston), 1970.

H102% 35 MWeE3A

4) bR HE BB, SOKE GERD, 1979.

5) Yates, F.: tables
small numbers and the x? test, J. R. Stat.
Soe, 1: 217~235, 1934.

6) Fisher, R.A.: Statistical Methods for
Research Workers, 5th ed., Oliver & Boyd
(Edinburgh), 1934.

T BRGRE, BIR: B BRE RO oo B
HaREgE, v 7 b4 xR gk (EED), 1985.

8) McNemar, Q.:
difference between correlated

Contingency involving

Not on sample error of the

proportions

or percentages, Phychometrika, 12: 153~
157, 1947.

9) AR, EBENE, iR H¥EFR b, B2
e, PRATEIE CHED, 1986

10) Mantel, N.: Chi-square tests with one-degree

Mantel -
Haenszel procedure, J. Amer. Stat. Assoc.,
58: 690~700, 1963.

1) #hl ¥, & E¥esaTor, mlrE D,
1985.

12) Bross, 1.D.J.: How to use rigit analysis,
Biometrika, 14: 18~38, 1958.

13) PR K ~O ¥, pp. 137~142, 88
L (HED, 1985.

of freedom: Extensions of the




