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Abstract

Objective: In epidemiological research, stratification factors may influence the relationship between
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study factors and outcome variables. Therefore, heterogeneity testing is crucial for analyzing the
association between exposure and outcomes to ensure the scientific validity of research findings.
Common heterogeneity test methods include the Breslow-Day test, Tarone’s test, and Logistic re-
gression analysis, but their performance in terms of Type I error control and test power varies un-
der different stratified data conditions. This study aims to evaluate the performance of the Breslow-
Day test, Tarone’s test, and Logistic regression method under varying sample sizes and stratifica-
tion factors through Monte Carlo simulation experiments, to identify the most robust statistical
method for stratified heterogeneity testing, and provide references for epidemiological research.
Methods: Simulated data were generated using R software under single-stratification (gender) and
double-stratification (gender and age) conditions. Multiple datasets with varying sample sizes were
simulated to evaluate the performance of each method in terms of Type I error control and test
power. Results: Under single-stratification, the Breslow-Day and Tarone tests showed weak Type I
error control for small samples but stabilized as the sample size increased. The Logistic regression
method demonstrated better robustness and control in small sample conditions. Under double-
stratification, the Breslow-Day and Tarone tests became inapplicable, while the Logistic regression
method, after adjustment, effectively controlled Type I errors. Conclusion: This study highlights the
applicability and performance differences of various heterogeneity testing methods, providing
data-driven support for practice in epidemiology and stratified analysis. The Breslow-Day and Ta-
rone tests are suitable for simple stratification and small sample conditions, whereas the Logistic
regression method performs better in large samples and multi-stratification conditions, with nec-
essary adjustments to control errors. These findings offer a scientific basis for selecting heteroge-
neity testing methods in future studies and applications.
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Logistic [7] 588 [F] I 12 1] 22 MR A I Z AN 73 2 KR A 5E 0, HAE T a2 5] NS BT, AT R
HuPFAG AN R R 3R 2 1) A S A% OB . AH EE T TR1 A 73 2 0 AT, Logistic [B1H SR VFAE —/MEAL b EEE B AT .
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Table 1. Parameter design for gender stratification

= 1 4357 RIS AR

B3 H, H,
Gender Male : Female =1:1 Male: Female =1:1
Smoking Smoking, . : Smoking, . =0.3:0.3 Smoking, . :Smoking, . =0.5:0.1
Cancer Cancer, ., : Cancer,, . in, =0.3:0.03 Cancet,, ., : Cancer,, . oin, =0.3:0.03

TEVE AU G BA eI T A7 A BSOS it a4 RS 5] R IR RS AT 43 2« FERRIR
B, FATRYE FR S8 B A A A LR AR S, 0 A C SRR 5 L. AR T AN
AR A B0 AT 30 T VAR IS, AR SEIIEFEA R 4051 ¥ 500, 1000, 2000, 3000 4000 F1 5000

XFTRMREAE, FRATAE RS AP S AR S T 0 e 5, st 4t 10000 YRREALL, SRASTEA
B TR G &, FEVPAh SR8 7721 1 28 R R AL B0 R e -
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Table 2. Parameter design for gender and age stratification

= 2. MR SER S BRS BN

3 H, H,
Age Groupl : Gropu2 : Gropu3 =1:1:1 Groupl : Gropu2 : Gropu3 =1:1:1
Male Malel : Male2:Male3=1:1:1 Malel : Male2:Male3=1:1:1
Female Femalel : Female2 : Female3 =1:1:1 Femalel : Female2 : Female3 =1:1:1
Smoking, ., : Smoking, ., : Smoking . Smoking, ., : Smoking, ..., : Smoking,
Smokingy, =0.3:03:03 =0.3:0.25:0.2
Smoking .. : Smoking. .. : Smoking, .3 Smoking ... : Smoking, . :Smoking, ...3
SMOKINg . =0.3:0.3:0.3 =0.6:0.5:0.1
Cancer Cancer,, i, - Cancer,, . oine =0.3:0.03 Cancer,, gy, : Cancer,, . oine = 0.3:0.03

FEBEE S8 FA T8 L 5070 A A2 BB 5 e s 42 IEAN [ A 42 ) R 2 e o R RR 25 24T 2
JZo AERRRBAU, FATIRYE L3RS 8o B2 A R R R 2L ) 5 PR AN Lo PR R A KA, 70 ol SRR A i
FiRE I 0 o BEA 9 T IR [ R A B A 30 7 1 R BRI S, AR IR SEIGRE RE A B 2393 1N 5004 1000+
2000~ 3000, 4000 F1 5000,

X RERREACE,  FRATIAR AN IR 3 ATRARIR S TR B0 S Kot G 3L 10,000 OB, SRASAEA
RIS T IR GEih &, JFPPAE SR IR TTVEAR T REHR SRR 50 U RE «
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PR 2R Ay JE I =R S T VR I — SRR LS SR AN 3 PR, BEFEAR 2B AR IS Gl 1
I~ o MR 48 A m] DUE 4 FEAS & /N Breslow-Day #6556 F11 Tarone #6556 7572%, R BEFEH(T —R4HR,
Rt o A B P 3 KL — SR B IR BRI IR I AE E 1 0.05 P, 1% T Logistic [R1JA42 il — 4812 1)
RE 1L, IF HH— B RS LE 0.05 FfiT.

KB R RE RS U2 4 Fron, BEFEAREIG MRS S 2 fs, B A RIS R4 T Breslow-
Day &5 Tarone fr 38 7E/INEA I AS IR LA A, Logistic [FIHTE/NEAR RIS RER 2, T4 FEA S IY
KI Breslow-Day 745, Tarone £ s 46 R e LB, FEMEA B IS B — @ WA 30 B RERE IS 1A ) 1.

Table 3. Type I error simulation results for gender stratification

= 3. MRl B —FERIR LR

Sample
Test
500 1000 2000 3000 4000 5000
Breslow-Day 0.0549 0.0510 0.0495 0.0489 0.0506 0.0497
Tarone 0.0547 0.0507 0.0493 0.0488 0.0503 0.0496
Logistic 0.0359 0.0455 0.0479 0.0479 0.0496 0.0489
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Figure 1. Type I error for gender stratification
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Table 4. Simulation results of test power for gender stratification

4. A BRI RERRBILE R

Sample
Test
500 1000 2000 3000 4000 5000
Breslow-Day 0.6838 0.9440 0.9986 1.0000 1.0000 1.0000
Tarone 0.6544 0.9343 0.9984 1.0000 1.0000 1.0000
Logistic 0.1918 0.6829 0.9521 0.9903 0.9980 0.9995
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Figure 2. Test power for gender stratification
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T T+ Logistic [R1AZEARE AR B 1Y Ty Aor 3 R4 RE 3G N1, ZEAF AN BB R Iy AR 3 2 et BB B i PR K-
YAEEPIAN Y IZ I, X T Breslow-Day %6 A & Tarone f38 3EANIE A, AR SR IE Logistic
[ A 7 VA B — R R A I AL RE . RUONAEAE 2 B LA, I FRAT15I N Bonferroni 2 IEF1 Benjamini-
Hochberg(BH)R IE I /7 V482 1E P AE, SR 5 K A IR A0 PR AR 1 7 ¥ ) — S R A 56 A R AT LA
—RENRIBGE Ran e 5 fror, BB S AN E 3 Brox . MRS SR ] DUE % T R 2 1R (1 1
B, —REEFHIEK, X TRIEERSE, Bonferroni M5 A B E /NS H 2 UL — B8R R 7 101
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B, BB RS B A1 0 L SRR RE S B 50T 0.05, X T Benjamini-Hochberg £% [E [ 45 58, 2844
I T 0.05.

Table 5. Type I error simulation results for gender and age stratification

F 5. A EFR D ER—LKIERBIULER

Sample
Correction
500 1000 2000 3000 4000 5000
Original 0.250 0.271 0.261 0.252 0.278 0.263
Bonferroni 0.036 0.039 0.036 0.044 0.037 0.045
BH 0.038 0.040 0.044 0.047 0.040 0.046
o
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d o - . e o
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] . — — Bonferroni
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Figure 3. Type I error for gender and age stratification
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Table 6. Simulation results of test power for gender and age stratification

= 6. A SEFR DRI REEMER

Sample
Correction
500 1000 2000 3000 4000 5000
Original 0.984 1.000 1.000 1.000 1.000 1.000
Bonferroni 0.983 1.000 1.000 1.000 1.000 1.000
BH 0.983 1.000 1.000 1.000 1.000 1.000
4. B4
4.1. &5
AT 5 I I SRR R VS B AN S B0AE, RGPl T Breslow-Day £i3%. Tarone f4a 1 Logistic [7])H
SINTELE S R IS DRI, AR 7 HAE — KRR S IR 30 S Re 7 T 1 22 o W45 SRR,
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Figure 4. Test power for gender and age stratification
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TR Z R ITESE T, Breslow-Day 65 Al Tarone A 360 7E /INFEA 254 T 19— 1R 45 11 BE )1 5% 55
A BE VLA AR HIAE 0.05 BT, RILHE —E M IRTYE. BEEREAERIEIN, XPIRITIER — R R
BEETRE, KR RethbE 2 385 . SAT Logistic [ A 73T 7E/MEEA S5 N RILE AR, AMU—4
RS RE IR, AR I R R B R A R I B R . BRIk, TR ERER KM, Logistic B
VA2 I AF S B DDA (A AT &E

EZ 5 ZRZERITER T, Breslow-Day 1 Tarone o %6 PR 15 BR i) T JoiA AR AF MG FH o ASHI 0 4% 1X
—IEHXS Logistic [FIHHTVEHEAT TIRA 04T, H454 Bonferroni A1 Benjamini-Hochberg % IE#EAT T L
AR IR, R IEW Logistic [FIHVETEZ 70 21555 T ol g S EL— KB R EIK /12 1E 77759, Bonferroni
RIEAE/NFEAR AT T R BRI RS, RE W LA BasH]— 4%, (BfER R B R, 1M
Benjamini-Hochberg £ 1A — R F i 4% il ARG 56 R0 RE 2 (8] 2 I HE SR P AR 35, JCHAE SRR AR 2 %
DL 26 R RCR BE A

NF LR ER A FEBEREEATEER JLS, H—, Breslow-Day #4510 Tarone #4803 FR 41l &
I T o> A B 5, AR BEAEIEAR AT T TCIEAR I LB SE 20 A, AT AT B8 5 30— 2R R m IR B 56
Rre T FE. T Logistic [R1UH 43 Hridki 2k T+ [al VA AL 0] 0 R 4500 2 b AT B B0, AR T 4iit &2
(R I 53 A o 38 I ZEU T H B BAE X 1], Logistic [71VH e % 5E R H S it 73 J2 25048 Hh 2008 (1) 38 35 Vo [RIIN
Logistic [] U5 (1) e RALSRA TH I R AL FEAS S84 AT DS A 0t A SR B R e, R T A — SR R4 | AN AR
SEMETT I RA BERS . H =, Logistic [ 1) RIE MEAT L REW B AR HAN N 7 ZAR 28] (1538 FLAN, A
MAEZ 73 = 564 S R AR .

Z% LTk, Breslow-Day 1 Tarone 56 7 8] H 7y )= R 3 FVNREA B 2641 N A — € R ME, A
TEZ 0 2B R B 2% F T, Logistic [m1 =32 R BT AL I — R4 R AR 40 2cRe, RIH W05
4.2. Wig

W25 R B, Logistic [B1EVETE R 0 A 30 A 2R 30 H B 5m IR A 1, el e PR AR 5 A PR BT 95 1)
RO ZRIIE LT, BENs A E s ] — SRR I IR A IR R R . AR, FESKPRMH Y, AR E R
A SRR S, SRR AR T AR N A LA, EaEREREET I, 5
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