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Sample Size Calculation Based on the Inference of Relative Risk and Odds Ratio

Seong Kyung Cho, Weechang KangT, Seong San Chae

Department of Business Information Statistics, Daejeon University

Abstract

Objectives: We suggested a method of calculating sample size to compare the relative risk or the
odds ratio, in which we used the asymptotic distribution of the logarithm of its estimator. The
empirical power of the proposed sample size was investigated through simulation studies.

Methods: The proposed formula of calculating sample size was derived based on the score test
statistic induced by the asymptotic distribution of the logarithm of the estimated relative risk or the
estimated odds ratio. Through some simulation studies the empirical power of the proposed sample
size was compared with that of the sample size formulated from the asymptotic distribution of the
difference between two estimated proportions.

Results: When true relative risks or odds ratios were greater than 1, the power of the proposed
sample size was more close to the intended power than that of the sample size obtained by the
commonly used formula in the comparison of two proportions.

Conclusions: When the comparison of two proportions should be carried out with the relative risk or
odds ratio, the proposed formulas gave us more valid sample size than the formula derived by the
test statistic of the difference between two proportions.
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Table 1. Sample sizes and its estimated powers in relative risks, when a=0.05, 3= 0.10(power =90%),

control: exposed = 1:1

ol
Ho
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28
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and

a=0.05,3=0.10 (power = 90%),

Control: exposed = 1:1

Relative risk

0.5 1.25 2.0 4.0
‘ Sample size Power (%) Sample size Power (%)  Sample size Power (%) Sample size Power (%)
€)) ®" 3  ® (3) ®) 3 & @ 3 & 3 & & ®
914" 889" 91.5 903 924 903 5282 93.0 91.4
0.0001 630585 611649 5 S 3783376 3770714 —————— 315268 305803 8376
91.3% 83.4° 91.3 90.1 91.9 90.2 0 925 91.0
913 89.0 91.6 90.3 92.5 90.3 1055 93.0 91.4
0.0005 126078 122295 756333 753806 —————— 63015 61126 11662
91.1 885 91.6 90.2 92.0 90.1 6 926 91.0
91.3 89.0 91.7 90.3 92.5 90.4 93.0 91.3
0.001 63015 61126 377953 376692 —  — 31483 30541 5823 5273
91.1 88.5 91.6 90.2 92.1 90.0 92.6 90.9
90.9 83.8 91.4 90.3 92.6 90.4 93.1 91.2
0.005 12564 12191 75249 75001 ——— 6257 6074 1152 1046
909 88.5 914 90.2 92.1 89.8 92.5 90.9
914 89.1 91.6 90.3 92.6 91.0 932 91.2
0.01 6257 6074 37411 37290 —— 3104 3015 568 518
90.9 88.8 91.5 90.3 92.1 89.9 91.2 92.7
91.3 89.1 91.6 90.3 92.5 91.3 929 91.2
0.05 1212 1180 7140 7121 ——— 582 568 101 95
90.7 88.9 91.6 90.3 91.9 904 92.5 90.3
916 89.3 91.3 90.2 919 904 924 913
0.10 582 568 3357 33499 —— 266 263 42 42
90.7 83.9 91.1 90.1 91.5 90.0 92.2 90.6
90.8 89.4 91.2 904 91.6 90.6 88.8 92.8
0.15 372 365 2095 2092 — 161 161 23 25
90.2 89.1 91.0 90.3 91.0 89.6 913 943

* The sample sizes from formula (3), 1: the sample sizes from formula (8).
* Estimated powers for test statistic (7) of the relative risk, §: estimated powers for test statistic (2) of the difference of the

proportions.
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Table 2. Sample sizes and its estimated powers in relative risks, when

control: exposed = 4:1
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and

a=0.05, 3= 0.10 (power = 90%), control: exposed

4:1

Relative risk

0.5 1.25 2.0 4.0
pc
Sample size  Power (%) Sample size Power (%) Sample size  Power (%) Sample size Power (%)
B ® 3 ® 0 ® B3 & O ® 3 ® & ©® & ©®©
944" 914 902 91.0 87.5 895 86.1 89.3
0.0001 406791 372898 ———————2329131 2393172 ——————— 186899 201371 32569 36230
89.5% 86.7° 912 924 90.9 94.0 922 946
944 91. 90.1 913 87.5 89.6 86.1 89.3
0.0005 81332 74558 465619 478424 —————— 37358 40253 6507 7241
89.5 86. 91.0 922 91.0 94.0 92.1 946
945 915 89.9 91.1 87.6 89.9 86.1 89.3
0.001 40650 37265 232680 239080 ————— 18665 20113 3249 3617
89.6 86. 91.1 923 91.0 94.0 92.1 946
946 914 90.0 90.8 87.5 90.4 85.5 89.3
0.005 8104 7431 ——————— 46329 47605 ——— 3711 4001 643 718
89.8 86.7 91.0 923 91.1 93.7 920 95.0
943 913 902 913 87.5 902 85.6 89.1
0.01 4035 3702 ———— 23035 23671 ——————— 1842 1987 318 356
90.0 86.4 914 923 915 93.8 920 955
945 91.7 902 90.8 87.1 90.1 852 89.8
005 781 719 —————— 4399 4523 ————— 346 376 57 66
89.8 86.8 914 925 91.1 939 927 953
943 914 90.0 912 86.7 88.8 825 91.1
0.10 374 346 ——— 2070 2130 ——— 159 174 24 30
89.7 86.7 90.9 925 918 929 926 959
944 917 89.9 91.0 86.2 89.2 785 93.1
015 238 221 —— 1294 1332 ———— 97 107 13 18
912 879 91.1 922 91.7 92.8 92.1 97.0

* The sample sizes from formula (3), T: the sample sizes from formula (8).
* Estimated powers for test statistic (7) of the relative risk, §: estimated powers for test statistic (2) of the difference of the

proportions.
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Table 3. Sample sizes and its estimated powers in odds ratios, when a=0.05, 3= 0.10 (power = 90%), and control:
exposed = 1:1

a=0.05, 3= 0.10 (power = 90%), Control: exposed = 1:1

Odds ratio
0.5 1.25 2.0 4.0
pc
Sample size ~ Power (%) Sample size Power (%)  Sample size ~ Power (%) Sample size Power (%)
3 1 3 a2 G 12 3 1 3 (12 ¢ 12y ¢ 12 3 12
914" 89.0" 914 903 924 903 930 91.4
0.0001 630659 611722 ———————3784269 3771607 —————— 315373 305907 —————— 58409 5285] ——————
91.3% 884 913 90.1 919 902 925 91.0
914 889 91.6 90.5 924 90.0 928 91.5
0.0005 126151 122368 —————— 757227 754698 —————— 63120 61230 —————— 11695 10586 —————
913 883 91.6 903 919 899 924 912
914 888 91.6 90.4 922 90.1 927 918
0.001 63088 61199 ——————— 378847 377585 ————— 31588 30645 —————— 5856 5303 ——————
913 883 91.6 90.1 91.7 899 923 912
913 88.8 91.6 90.5 92.5 90.0 925 914
0.005 12638 12264 ————— 76145 75896 ————— 6363 6178 ———— 1184 1077 —————
91.1 882 91.6 90.1 919 89.8 922 90.5
914 89.0 91.6 903 923 905 93.1 90.9
0.01 6331 6147 ————— 38309 38187 —————— 3210 3120 —————— 601 548 ————
91.1 884 914 902 922 905 92.8 90.1
91.0 892 914 903 925 90.4 93.5 90.9
0.05 1288 1255 ———————— 8059 8038 ———— 690 675 ———— 135 127 ————
90.8 88.9 91.4 90.1 91.6 90.1 92.8 90.0
912 892 913 905 92.0 90.9 92.7 90.8
0.10 659 645 —————— 4302 4294 ———— 379 33 ——— 77 75 ———
90.8 88.9 913 90.4 91.9 90.5 920 89.8
90.7 89.1 914 90.4 912 89.6 923 91.1
0.15 451 443 ——— 3072 3068 ———— 278 275 ——— 60 59 ——
90.4 889 914 902 91.0 893 91.7 90.1
90.5 89.0 914 903 90.9 89.5 922 91.0
02 348 343 —————— 2476 2474 ———— 230 229 ——— 52 52 ———
90.4 889 914 902 90.8 89.4 91.8 90.5
89.5 912 912 905 903 89.6 903 91.7
03 248 247 ——— 1930 1930 ———— 188 189 ——— 46 47 ———
89.1 90.8 912 90.4 903 89.6 902 91.7
89.0 90.7 91.1 903 89.8 912 91.1 91.2
04 203 203 ——— 1727 1728 —— 177 178 ——— 47 47 ——
89.0 90.7 91.0 90.1 89.8 912 90.9 91.1

* The sample sizes from formula (3), T: the sample sizes from formula (12).
* Estimated powers for test statistic (11) of the odds ratio, §: estimated powers for test statistic (2) of the difference of the
proportions.
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Table 4. Sample sizes and its estimated powers in odds ratios, when a=0.05, 3= 0.10 (power = 90%), and control:
exposed = 4:1

a=0.05, 3= 0.10 (power = 90%), Control : exposed = 4 : 1

Odds ratio
0.5 1.25 2.0 4.0
pc
Sample size  Power (%) Sample size Power (%)  Sample size  Power (%) Sample size Power (%)
G @@ 3 @ G 1 3 1@ @G 12 3 (1 3 1 6 12
942" 938 88.4 88.7 857 88.1 840 873
0.0001 406838 372945 — 2329685 2393727 — 186963 201435 — 36249 —
91.1% 88.9° 89.3 90.5 89.5 92.5 32588 91.8 93.6
942 93.8 88.3 88.6 85.6 88.1 84.0 873
0.0005 81379 74605 ———— 466173 478978 ————— 37422 40317 ——————— 6526 7260 ———————
9 88.8 89.5 90.6 894 925 91.9 93.6
942 93.8 88.4 88.5 85.7 88.1 84.0 87.4
0.001 40697 37312 ————— 233234  239635——— 18729 20177 ————— 3269 3636 ———————
912 888 89.6 90.2 89.5 924 920 93.5
943 934 88.2 88.8 86.0 88.5 83.9 877
0.005 8151 7478 ———— 46884 48161 ———— 3775 4065 ————— 662 738 —
912 889 89.5 90.4 90.3 924 92.1 939
94.1 93.7 88.5 88.9 86.0 88.5 84.1 873
0.01 4082 3749 ———— 23592 24228 ————— 1906 2051 ——— 337 375 —
913 892 89.4 90.6 90.1 922 920 94.6
942 935 88.3 88.5 86.3 883 84.3 862
005 829 766 ——— 4969 5093 ——— 412 442 —-—— 77 86 —
90.9 89.1 89.3 90.1 89.4 923 90.7 932
938 93.2 88.5 88.7 86.2 875 87.1 92.0
010 423 395 ——— 2658 2717 ———— 228 243 ———— 45 50 —
91.0 89.8 89.4 899 89.9 91.0 915 952
93.0 91.0 88.7 88.8 87.0 87.6 87.4 929
015 289 272 ——— 1901 1933 ———— 168 178 ——— 35 39 —
89.2 88.1 89.5 89.9 89.7 90.7 91.6 952
924 90.9 88.7 889 87.6 87.6 88.2 93.4
02 222 211 —— 1534 1560 ——— 140 147 ——— 31 34 ———
89.6 88.4 89.3 90.0 89.4 89.9 912 949
91.8 90.9 88.8 88.8 88.0 88.1 88.7 90.1
03 158 153 —— 1200 1213 ———— 116 120 ——— 28 30 ———
89.5 88.6 89.6 89.7 89.5 89.8 90.6 913
90.5 90.3 89.0 89.5 89.3 90.7 913 90.9
04 128 126 —— 1077 1083 —— 110 112 —— 29 30 ———
89.2 89.5 892 89.5 89.3 913 90.5 91.0

* The sample sizes from formula (3), T: the sample sizes from formula (12).
* Estimated powers for test statistic (11) of the odds ratio, §: estimated powers for test statistic (2) of the difference of the
proportions.
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