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Sample size and Power calculations

The essential question in any trial/analysis:

"How many patients/persons/observations do | need?”
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Sample size (an example)

"Twenty patients (10 in Arm A and 10 in Arm B) will be
included initially as a "run in phase” of the study for the
initial evaluation of feasibility and safety... The median
survival in patients who are given (...) is taken to be 6.5
months. To detect an increase of at least 3 months in
survival among patients given (...) (ie. to 9.5 months),
the trial would need to recruit 50 patients; this with
70% power and a level of significance of 5% (two-
sided)
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Sample size and Power calculations

The essential question in any trial/analysis:
"How many patients/persons/observations do | need?”

a. Did we get an answer to our question?
b. Are we satisfied with the answer?
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Sample size (an example)

hoa

"Twenty patients (10 in Arm A and 10 in Arm B) will be
included initially as a "run in phase” of the study for the
initial evaluation of feasibility and safety... The median
survival in patients who are given (...) is taken to be 6.5
months. To detect an increase of at least 3 months in
survival among patients given (...) (ie. to 9.5 months),
the trial would need to recruit 50 patients; this with
70% power and a level of significance of 5% (two-
sided)
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Expect three questions in return (1)

* How frequent is the condition you are
interested in?

v" Which relates to your knowledge about the
incidence and prevalence of the disease
under study (or any other relevant
outcome measure)
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Expect three questions in return (I1)

 What is the size of the difference you would
like to observe?

v Which relates to the magnitude of the effect
you aim to uncover, - from your clinical og
biological point of view

v In other words: What is the minimum
difference that is of clinical importance
(significance) to you?
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Expect three questions in return (lll)
 How sure do you want to be (ie. once you
draw your conclusion)?
v" That your observed difference is a "true” one

v' That the difference you look for, is not
overlooked
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Sample size (an example)

"Twenty patients (10 in Arm A and 10 in Arm B) will be
included initially as a "run in phase” of the study for the
initial evaluation of feasibility and safety... The median
survival in patients who are given (...) is taken to be 6.5
months. To detect an increase of at least 3 months in
survival among patients given (...) (ie. to 9.5 months),
the trial would need to recruit 50 patients; this with
70% power and a level of significance of 5% (two-
sided)
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During this lecture we shall touch upon

e One sample test
e Two sample test

e One sided test
e Two sided test

e Continous variables
¢ Proportions
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Two quotations worth noticing:

"An hypothesis is a statement whose incorrect
rejection one tries to avoid”

#

» "Hypotheses can only be tested, - but never
proven”
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Testing of hypothesis requires that you consider:
The Null vis a vis The Alternative hypothesis

#

Hoon=uo vs. Hiipu=yy




(1 E
[

Medical statistics, Part 1
Faculty of medicine, NTNU 2009

For instance: A randomised controlled trial

le. A comparison between Trt. Avs Trt. B

Ho: la =g VS. Hilpa# g
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Given that H, = True

Our conclusion
Yes = True No = False

"The Yes = True ok Type | error
ABSOLUTE (o)
Truth” No = False Type Il error ok

(B)
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Significance (statistical):

The probability to reject H, when Hj is true.
Expressed as our choice of the level of a

(= "Our willingness to commit a Type | error”)
Power:

The ability of our study to reject H, nar H,
false. Expressed as our choice of the level
of B (orreally 1 — )

(= "Our willingness to commit a Type Il error”)
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Power calculations - Practical

Suppose that a case-control study is planned for assessing the
relationship between smoking in pregnancy and low birth weight in
the offspring. Cases would be women giving birth to babies
weighing 2500 grams or below, and controls would be women
giving birth to babies over 2500 grams. Because only a small
minority of the population falls into the case group, the overall
prevalence of smoking in the general population of pregnant
women serves quite well as an estimate of p,, which in a case-
control study denotes the proportion of controls who have the
exposure (in this case 25%). Suppose that an odds ratio of 1,8 is
regarded as important to detect, that 175 cases are available for
study, and that a case-to-control ratio (r) is planned.

What power has the study to detect an odds ratio = 1,8?
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Table 10-11. Definitions of symbols used in equations for calculating power and required

sample size

Symbol Definition

dx Nonnull value of the difference in proportions or means (i.e., the
magnitude of difference one wishes to detect)

n In a cohort or cross-sectional study, the number of exposed individuals

studied; in a case-control study, the number of cases

r In a cohort or cross-sectional study, the ratio of the number of
unexposed individuals studied to the number of exposed individuals
studied; in a case-control study, the ratio of the number of controls
studied to the number of cases studied

4 Standard deviation in the population for a continuously distributed
variable
b In a cohort study (or a cross-sectional study), the proportion of

exposed individuals who develop (or have) the disease; in a case-
control study, the proportion of cases who are exposed

po In a cohort study (or a cross-sectional study), the proportion of
unexposed individuals who develop (or have) the disease; in a case-
control study, the proportion of controls who are exposed
? P+ hy
+r

1 = weighted average of p, and p,
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Table 10-12. Formulas for use in calculating the power of a study to detect an association

a* nr
Z; for difference in means: — r+ 1 — Zop

n(d)r }'“
—_— | —Z.,
o+ Dp(l — p)

Value of p; in terms of p, and a specified odds ratio (OR): p, =

Z; for difference in proportions:
pOR

1+ p(OR — 1)
Value of p, in terms of p, and a specified risk ratio (RR) (for use in cohort or
cross-sectional studies only): p, = p,RR
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Table 10-15. Formulas for use in calculations of required sample size
Difference in means:
2 9
_CptZyort])
(@
Difference in proportions:
- -
_CptZ)pd = pr+ 1)
(@'
Table 10-14. Conversion of Z, to the percentage corresponding to the power for detecting
an association
Zs 0.00 0.01 0.02 003 0.04 0.05 006 007 008 0.09
—1.3 9.7 9.5 9.3 9.2 9.0 8.9 8.7 8.5 8.4 8.2
—-1.2 1 1.3 11.1 109 10.7 10.6 10.4 10.2  10.0 9.9
—1.1 13.6 13.3  13.1 129 12,7 125 123 121 11.9 117
NTNU —1.0 15.9 15.6 15.4 15.2 149 14.7 14.5 14.2 14.0 18.8
—0.9 184  18.1 179 17.6  17.4  17.1 169 16.6 16.4  16.1
= —0.8 21.2 209 206 203 200 198 195 19.2 189  18.7
L —0.7 242 239 236 233 230 227 224 221 218 215 -
—0.6 274 271 268 264 261 258 255 251 248 245
—0.5 309 30.5 302 29.8 295 29.1 288 284 281 278
—0.4 345 341 337 334 330 326 323 319 31.6 312
—0.3 382 378 374 387.1 867 363 359 356 352 348
—0.2 421 417 41.3 40.9 405 40.1 39.7 394 390 386
—0.1 46.0 456 452 44.8 444 440 436 433 429 425
—0.0 50.0 496 49.2 488 484 48.0 47.6 47.2 46.8  46.4
0.0 500 50.4 508 51.2 51.6 520 524 528 532 536
0.1 540 544 548 552 556 56.0 56.4 567 57.1 575
0.2 579 583 587 59.1 595 599 60.3 60.6 61.0 61.4
03 61.8 622 626 629 633 637 641 644 648 652
0.4 655 659 66.3 66.6 67.0 67.4 67.7 68.1 684 68.8
05 69.1 695 69.8 70.2 705 709 71.2 71.6 71.9 722
06 726 729 732 73.6 739 742 745 749 752 755
0.7 758 761  76.4 767 77.0 773 77.6 77.9 782 785
08 788 791 79.4 79.7 80.0 80.2 80.5 80.8 81.1 81.3
09 81.6 819 821 824 826 829 83.1 834 836 839
1.0 841 844 846 848 851 853 855 858 86.0 86.2
1.1 864 867 869 871 873 87.5 877 879 881 883
1.2 885 887 88 89.1 89.3 89.4 89.6 89.8 90.0 90.1
1.3 903 905 90.7 90.8 91.0 91.1 91.3 91.5 91.6 91.8
1.4 91.9 921 922 924 925 92.6 92.8 929 931 932
1.5 933 934 936 93.7 938 939 94.1 942 943  94.4
1.6 945 94.6 947 948 949 951 952 953 954 954
1.7 955 956 957 958 959 96.0 96.1 96.2 96.2  96.3
1.8 964 965 96.6 96.6 96.7 96.8 969 969 97.0  97.1
1.9 971 972 973 97.3 97.4 97.4 975 976 97.6  97.7
2.0 977 97.8 97.8 97.9 97.9 980 980 981 981 982
2.1 982 983 983 983 984 984 985 985 985 98.6
2.2 986 986 987 987 987 988 988 988 989 989
23 989 99.0 99.0 99.0 99.0 99.1 99.1  99.1  99.1  99.2
24 99.2 99.2 99.2 99.2 99.3 993 993 99.3 99.3  99.4

Note: For values of Zg less than — 1.39, the power is less than 8.2%; for values of Zg greater than 2.49, the power is greater
than 99.4%.
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Power calculations - Practical

Suppose that a case-control study is planned for assessing the

Wh

relationship between smoking in pregnancy and low birth weight in
the offspring. Cases would be women giving birth to babies
weighing 2500 grams or below, and controls would be women
giving birth to babies over 2500 grams. Because only a small
minority of the population falls into the case group, the overall
prevalence of smoking in the general population of pregnant
women serves quite well as an estimate of p,, which in a case-
control study denotes the proportion of controls who have the
exposure (in this case 25%). Suppose that an odds ratio of 1,8 is
regarded as important to detect, that 175 cases are available for
study, and that a case-to-control ratio (r) is planned.

at power has the study to detect an odds ratio = 1,8?
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Power Calculation: Practical

Proportion of exposed controls I
OR of importance to identify = 1.8

Number ¢ available for study: n = 175
Control - to - case ratio = 2

1
o
w
\]
ol

= p; -py =0.375-0.250 =0.125
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Factors affecting the power (1 —B)

¢ If the significance level is made smaller (a
decreases), z, decreases and hence the power decreases

o |f the alternative mean is shifted further away from the
null mean (Ju, - pol increases), then the power
increases

e If the standard deviation of the distribution of
individual observations increases (o increases),
then the power decreases

¢ If the sample size increases (n increases), then
the power increases

NTNU

Medical statistics, Part 1
Faculty of medicine, NTNU 2009

Factors affecting the sample size (n)

e The sample size increases as G2

e The sample size increasesas the significance
level is made smaller (a decreases)

e The sample size increases as the required
power increases (1 — 3 increases)

e The sample size decreases as the absolute
value of the distance between the null and
alternative means (|i, - p,|) increases
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What you need to know and decide
1. aleveland Z,,
2. Bleveland Zg

3. 0 level = difference (in prevalence, incidence, or
any outcome variable) between the groups you
want to observe

Then — and only then — can you calculate the
number needed in your study (ie. n in each arm)




