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[Introduction] Interaction assessment is an important step in epidemiological analysis. When
etiological study is carried out, the logarithmic models such as logistic model or Cox proportional
hazard model are commonly used to estimate the independent effects of the risk factors. However,
estimating interaction between risk factors by the regression coefficient of the product term is on
multiplicative scale, and for public-health purposes, it is supposed to be on additive scale or departure
from additivity. This paper illustrates with a example of cohort study by fitting Cox proportional
hazard model to estimate three measures for additive interaction which presented by Rothman.
Adopting the S-Plus application with a built-in Bootstrap function, it is convenient to estimate the
confidence interval for additive interaction. Furthermore, this method can avoid the exaggerated
estimation by using ORs in a cohort study to gain better precision. When using the complex
combination models between additive interaction and multiplicative interaction, it is reasonable to
choose the former one when the result is inconsistent.

[Key words) Bootstrap; Additive interaction; Cohort study

ZHAERMASTAEE LRIAF I HEZE
B BN R SR R B RURE A R] T HC B AR FRAG TS
WM, BARRAER B R F A R A B R
EARETEfIRMIERR IR, WARHEE
FIEALEAEM . SRR, G L X AR WAL
WA EFMEE R AT RERI B, BB AR
KALE B 2B ARSI, BAT, BEHER
i logistic [E1IHEY Cox He Bl XU AERIE |12 i F F 9w

DOI: 10.3760/cma.j.issn.0254-6450.2010.07.020

EEMH : BRHHEKLT(20092X10004-901)

FEE H01:310058 HiMl, T REE LR AL DAY RATREE
SR

Bf51E# Bfi, Email: CK@zju.edu.cn

RS, B —MA NP R R AR, ]
Fe BT AR LAY B E T B, W
AEEE BB AW B RF AR,
Rothman %' #§ i , A3 PA: 2B AER 247 B
ETF s 8 50 = A VE RN 54 R s
BHARTZEMNAY, 23 —-ENRERS, XE
e b7 th BE A 33 118 logistic [B] 1348 &Y BR, Cox H. 1 XL
AT EAESY, BT, X EERNSGH#E
W FERBEEAEXRMEHTER, AT EESRY
U (HEIEE R R, Bootstrap Y G5 R E 7]
B, SCHRIRIEF, logistic [EITHEAIN FHE N¥ {8
Zou™ A ¥ , 51 F Rothman 3£ H A2 B AE B M AT 4545
Bt AR ERE (RR)THEE ), 3HEA 4T RR



P FTRREE 201047 B 3144 7%  Chin J Epidemiol, July 2010, Vol.31, No.7 <809

BIBABIBF T BER, fn A LA logistic BlIRE B HLIE EL
(OR)RREHE, & B MM EIERKRNE,
J AT I E T 1A Cox HuB MBS LR, i RR1E
HEFEREWOHENXEERAEE,FERE
Bootstrap Ly B 89 S-Plus 3K 4 P L B E #1153
Bootstrap Bt HHHI AT {5 X 8] , @ & F OR{EITE R
AMmE MR E R T AT,

EXxRE

BABIBF ST SR FE BT R H R A B, BT TR
TWAXB, Kk MEHZ B CHE A Cox H.H MUK
R ) XU R A, T R

A2:A,B,C) = A (1) éh AR B AxBL DL 7,6,

UEBREAE NIRRT RS, BUEN 1 TBRZK
HEFE 0 RRZERRFE. WmFRABERAH
FERT BRI ERBE ; Mo RN LA FHE BAFEFERT B
PRGBS s Ao RN ARFFEE (U BAFTER R IR FE
B 0 RN A B RIBT R TERT KRR AR BE . LA
R ERRAFRZRBHE THRR,N

_Au _ Ao(t)e"!“’zs*'ﬂz“"*'zf.lr,ﬁ

= it
Ao Ao (D)eDi=1%C

RR]]

RRu = bt DENTEG
Ao Ao (t)eZ,-:lr,‘Ck

I IR
RR01=M=A°(0"}2 - x’“:eﬁz
Ao (DeXi=1nG

1R #% Rothman £t ) = ME ML B AERITE PR AP
32 5.4 B A8 % 48 B £ B (relative excess risk due
to Interaction, RERI) . J3 5 32 H./E A H (attributable
proportion due to interaction, AP) F 3¢ K #§ &
(synergy index,S) AR, 53 BIH LA Cox Hof XU 2
BB B RRERANEE
RERI =RRy;y —RRiwy —RRp +1="%"% —A — +1

Ap — RERI _ &% — o4 —ch 41
RR., EE

— RRn _1 — 8"1+ﬂ2+‘3 '_1
(RRoy—D+(RRy—1 (A —1D+(k—1)

SR FIWiET, & RERI AP X B & 0,S
A EREEE 1, AR EEMMZEEM, &
E Z e i) B IR (i

Bootstrap AL T, SE MR GHEA R A IUE
[R5 A ER 45 B A1 % 41 AL “Bootstrap FE A", 3E LA
FEABIELE Cox LLHIXBARRL, B RIE N REH
i, AN EAERER AT BB B MK
i, ERWfTHRE MERIHTEIE HED—R
Flrs b Ah 1A , B AR YR IR RE B W 5 BE 8 <E AL B 0 20

S

ALBELE A FE K E A L T RE, I 95%CIXRLK)
£2.5%F97.5% 85 5l

S-Plus #K{4-4E i, T #1148 Cox B XU AL R 2 7
1 Bootstrap BRI R, EiR B RAISERBRIER T
RWEEH EHHIT, ES-Plus 62K PREh, %
“Statitics/Resample/Bootstrap” , # i “Bootstrap
Inference” ¥HEHE , 7 Model T ) “Data Set” 1% JR
bk BE A ¥ 48 FE ; #F Option W T #Y “Number of
Resamples”#E 1 A B B 2 YK 3K ; 7E Results T
11 /5) 1% “Summary Statistics” #1“BCa Percentiles” , 7E
“Percentile Level #E #1 A BRI S 8, FHoAhik
WREEERE, N0 7 Plot WX E & B 4t &
AHE.QQE%E., M &7 Model W i K
“Expression”}E F 4§ AIEFKIRIAK, UTFTAXE
YERMEN R RER N EENEA

8 RERI AR .

exp (coef(fit<—coxph (formula=Surv(Time, Outcome) ~
A X B, method="breslow” ) ) [1] + fit Scoef [2] + fit Scoef
[3])—exp(fit$coefl 1]) —exp(fitScoef[2]1) +1

HHEAPHRER:

(exp (coef (fit<—coxph (formula=Surv (Time,
Outcome) ~ AX B, method=“breslow” ) ) [ 1]+ fit$coef[ 2] +fit
Scoef[S])—e)gp(ﬁtscoef[l])—exp(ﬁt$coef[2])+1)/exp(ﬁt
$coefl 1]+fitScoef[ 2] +fitScoef(3])

HESHRARK:

(exp (coef (fit<—coxph (formul =Surv (Time , Qutcome) ~
A X B, method="breslow” ) ) [1] + fit $coef [2] -+ fit $coef
[31)—1)/(exp(fit$coefl 1]) —1+exp(fitScoef{2]) —1)

A H, Outcome HEERER , Time BT,
ABRIM A EAERAMA MR E R, ERRIAR
P HEEHNEENER, R EEHAE R
B, A E“AXB" G AN AR, (B AT B T X
FHB T RBUE (B] coef JG 1 165 WEF ) #E4T 1A
#, Bk S-Plus 23 80 EH BN S5 I0F 4
Bft1E . BG4 F #H & & K A “BCa (bias-
corrected and accelerated) Percentiles” , B 2 18 #&
Bootstrap HEA BB 5 R EH ARG EMZ I KA TR
A HTE IR R LR R,

LB

LA Knol % ji; A logistic [B1 545 84 f& H48 032

HERK R A, BER 9 H PG 2 Utrecht Health

Project (UHP) ™' — IR BAS B FE 248 , RiTH 6
HRESRERMDENRR. o5 UER =405 K



-810- pERATRE 2 20104E 7 AE 31 B%E 78 ChinJ Epidemiol, July 2010, Vol.31,No.7

BMIZ2SfE R R BEEW 2 HIF%E, LI DBP=>
90 mm Hg (1 mm Hg=0.133 kPa) fE W & R T &
R AR L BB B ir A (R 1) .

ABIBAEILE Cox HLHI XS RIS B4 =40
# 5B ERFTM RRIE ] 0.733, H 95%CI:0.514 ~
1.04, HFAEX A E 1, AREINNER SHBEE

B R RES R RS E VR R (R2).
IR RS F#2 UHPYEHH Cox LBINBAE RIS R
FR>40% aE 2 & 8 B P{E RR1{HE (95%CI)
£ 2 278 743 £ =404 4) 1.213 <0.001 3.364(2.505 ~ 4.52)
2 % 100 581 HE(B) 0.929 <0.001 2.531(1.929 ~3.32)
® £ 153 1232 AXB -0.311 0.086 0.733(0.514 ~ 1.04)
®/ & 79 1731

1 F Bootstrap I R RE B R TE & & B P
7, FRBIREN IR RANRICFER. #
A Cox H i XU Ba A58 RY B 318 75 48 in — 5] A= 77 if [ 38
B BARERN L RRREN N2, BEBFBMER
¥k 5000, 7 S-Plus 6.2 B TR B &R

RERI:
Summary Statistics :
Observed Bias Mean SE
1.343 -0.0003327 1.342 0.504 3
BCa Percentiles:
2.5% 50% 97.5%
0415797 4 1.344 929 2.398 845

AP:
Summary Statistics :
Observed Bias Mean SE
0.2152 ~0.001 623 0.2136 0.073 63
BCa Percentiles:
2.5% 50% 97.5%
0.061 603 03 02155281 0.3483845

S:
Summary Statistics:
Observed Bias Mean SE
1.345 0.015 34 1.36 0.166 8
BCa Percentiles:
2.5% 50% 97.5%
1.077 966 1.343 748 1.732 604

“Observed” XN T 45 th TR R AR A48
P A AE RS BB, “Mean” XERL B F B A —F 51
Bootstrap 48 Hi AR FE PR A AR IIEL , “Bias” B
HZE,25%"M“97.5%" T F BN AR5 “BCa
Percentiles 95%CI" T FH LR, EHIYEHHEHAY
RERI=1.343 (95% CI: 0.416 ~2.399) . AP=0.2152
(95% CI: 0.062 ~ 0.348) . S=1.078 (95% CI: 1.078 ~
1.733) ,RERIFIAP 1 95%CI>0,S 8 95%CI>1, 7] LA
INAERABES®MOERRFEMMZEER,
FEREMNZ LA BNEHRAT EREN

1.343, B LI & 55 A B T R& T EAE R B HB R
21.52%,

¥ Bootstrap 7% 5 Delta 3% %t MOVER ™
MM EAE AR AE KR i, RESRE
FIARR, =M gt B—Bi. HHZTF,
Bootstrap ¥ 7] {5 [X [A] 345 , MOVER S B 58, & 9
AME X EALMETHE AL E B XTFR, T Delta 5564
A {5 X ER UM THE PO R R . BT
EHEFENARR, B8 Cox H AR R 5% 4 X
25 R E BT BB RERI 5 AP(MOVER i)

B X EHLA Z R (F£3),

£3 AR AN TV FTEPR95%CI

Pk RERI AP s
Bootstrap 0.416~2.399  0.062~0.348 1.078~1.733
Delta 0275~2410 0.057~0374 1.044~1.731
MOVERI* 0.201~2496  0.037 -~ 0.357 -
MOVER? 0.312~2371  0.056~0.346 -

A Cox BRI RN Hea X 2 FIIRR B AAG
b B -4

Bootstrap i & — it BRI %, @l £ R
YRR A B S 5 AR 4 — £ 51 “Bootstrap
BAR” HEERMENNETE’ 6, EN—FES
i1 )58 , Bootstrap ¥ ) B E M S B-AZSHAE
AR AT RAERE, AITEEEEERTFHM
F¥k. RN E Bootstrap ¥ #9 S-Plus 514, TFE
BE 2012 Fr B v LB BA S B B BRI 32 B AR A
A5 X [a] §9 i 11-, 8% % s A logistic [B] I 45 R B £ {E
22, B LB 547 R 8, Bootstrap Al B9 AT {5
XiE A R,

Zou™ F1 Assmann HF MBI E R EH, A
Bootstrap B:fh B AHINZ EAE AP E R M ERTFH
58, A& XE A SR E K RTE B Z AR,
37 F X & T 5w A0 6 b 4 A6 394, IngE
95%CI = . F RS BIHHEIE 2.5%, SRREZE
WAL, M EAERER B E RS,
H I BT K BB LA IES 26 N
BB RAG THE X FREY Delta I E IS8



PR fTRG 22+ 20104E7 A %3155 78 Chin J Epidemiol, July 2010, Vol.31, No.7 ) -811-

ZHAERFAERRTRFEEITHEER
o RothmanZ " HTiA Ry, HIBTAFE TA 5 KD
HR IR RIRFIBAE A, A DA TE B RERR
HE R B A ER BT B xR A AR HE N
e (T AR B0 , BT A AR RIS A VP AE
EREERM, X—HRS5EHANRRAAREE
& X, T HE &R B (attributable risk, AR) , ifR 2
(rate difference, RD) B #5515 K & (excess risk ) &
BRI TDA¥HE AL, M Rothman F52¢ £
TR A A AR R B E S R C R B F T IR
H, YA R R A IEM M EAE A, — 5T
T ARETESEAREEABPHLIHERE
AKTFHARNGRERZBARPLE, XLEE
fENBEN FFRAE T WA IKIEZ —

FAFIH T HF AL EAEH & FhA]
BB A B (BREIE) ., wEEREEIRERE
FH(BIRR I RR. B> 1, IR EEE ARPEE, W
BES5EKHERTEMARMRSGEFEHRRE>
LS EMBE LRI, WFSH1.2/7.8
B R L BHERR , T3 ~ 6 AR O AR,
47, AT 3E H A F A B E (BT, ki Rl 3y
HIFEEXEER(ERX3.9) , ERX TR
B AT, Fe gk A A by ) &b AT BE 7 7E (R
4~6); RZ AHMAZ EAER AT A ER , EFe Al
BB HIRAFE R TR (KR 4.5), N EME
F R IEAE R, 5 T 455 R 1 b W0 4% P BT REAE I R £E
(R 3.6.9), B2, FAHEMZHEERANASK
AHBEERE FEELBFENEEXR, BTRE
fER TR TR A5, B R & BT R B v
BB (BN TS FMNA, M TR R
U877)/1673: Kl = 8

£4 FEECEAERTENHASER

B RR.  RRn ’ K HAERMTGR
BB R
1 3 1 3 0 0
2 3 0.5 L5 0 -
3 3 3 9 0 +
4 3 3 5 - 0
5 3 3 4 - -
6 3 3 7 - +
7 3 1 4 + 0
8 3 0.5 2 + -
9 3 3 10 + +

- RABE BRI, R LT R A& R4
+FREAEX A, - BB AR EEN, 0 RA AR I

SN ZEEFAXEARARRNZER, RIEE
BT, ITERRSERANEERZDRMTE

AREBRMIERM2~4 45", Richardson F
Kaufman''#§ i , KBEA BB, SR 7 M THE R
HOBE T , T 45 B B 4% R W /D4 4iE (sparse
data) B}, Bootstrap ¥ /& i1 B 45 R LA AR , 278
TSLBRE AR S, BET, BT 2R i E A K
W.mEdE, BUGERAS RS RN
MOVER ¥,

$ £ X K

[1] Rothman KJ, Greenland S, Walker AM. Concepts of interaction.
Am J Epidemiol, 1980, 112(4) : 467-470.

[2] Rothman KJ, Greenland S, Lash TL. Modern epidemiology. 3rd
ed. Philadelphia: Lippincott Williams and Wilkins, 2007.

[3] QiuH, YuIT,Wang XR,et al. Study on the interaction under
logistic regression modeling. Chin J Epidemiol, 2008, 29 (9) :
934~937. (in Chinese)

R, AR, ERE%, % Logistic FlIIM R h X B S
WA, PERITRSSE,2008,29(9):934-937.

[4] Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiologic
Research. Belmont: Lifetime Learning Publication, 1982.

[5] Knot MJ, van Der Tweel I, Grobbee DE, et al. Estimating
interaction on an additive scale between continuous determinants
in a logistic regression model. Int J Epidemiol, 2007, 36 (5) :
1111-1118.

{6] Li R,Chambless L. Test for additive interaction in proportional
hazards models. Ann Epidemiol ,2007,17(3):227-236.

[7] Hosmer DW, Lemeshow S. Confidence interval estimation of
interaction. Epidemiology, 1992,3(5):452-456.

[8] Zou GY. On the estimation of additive interaction by use of the
four-by-two tabie and beyond. Am J Epidemiol, 2008, 168(2) :
212-224.

[9] Richardson DB, Kaufman JS. Estimation of the relative excess
risk due to interaction and associated confidence bounds. Am J
Epidemiol, 2009, 169(6) : 756-760.

[10] Walker AM. Proportion of disease attributable to the combined
effect of two factors. Int J Epidemiol, 1981,10(1):81-85.

[11] Assmann SF, Hosmer DW, Lemeshow S, et al. Confidence
intervals for measures of interaction. Epidemiology, 1996,7(3):
286-290.

[12] Efron B, Tibshirani RJ. An introduction to the bootstrap. New
York : Chapman & Halt, 1993.

[13] Grobbee DE, Hoes AW, Verheij TJ, et al. The Utrecht Health
Project: optimization of routine healthcare data for research. Eur
J Epidemiol , 2005,20(3) : 285~287.

[14] Gu DF. Researches on genetics and genetic epidemiology of
common complex diseases: challenge and strategies. ACTA
Academiae Medicinae Sinicae , 2006 ,28(2) : 115-118. (in Chinese)
BN, B B R G R MATR AR . AR
SR, PEBEFPERER,2006,28(2):115-118.

[15] Smith PG, Day NE. The design of case-control studies: the
influence of confounding and interaction effects. Int J Epidemiol,
1984,13(3):356-365.

(1ci% B $8.:2009-12-17)
(AL KAR)



