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Stat-e102: Introduction to Biostatistics

Sample Size and Power 
Considerations

“Clinical trial  should have sufficient statistical 
power to detect difference between groups 
considered to be of clinical interest. Therefore 
calculations of the needed sample size with 
provision for adequate levels of significance and 
power is an essential part of planning”
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• A scientist is setting up a study of the 
effect of combination therapies for 
controlling hypertension in middle-aged 
moderate hypertensives that have 
subnormal activity levels.  How many 
people does he/she need?”
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• A pharmaceutical company claims:
“We believe we have found a cure for the 
common cold.  How many patients does 
it need to study to get it’s drug approved 
by the FDA?”
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Where do we begin?

N = (Total Budget / Cost per patient)?

Hopefully not!
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Issues to consider

• Knowledge of the application and the problem.  
e.g., learn the disease, the medicine, etc.  
Understand the question.

• Choose a statistical method of 
analysis Analysis determines sample size.
– Example:

• 1-sample t-test or 2-group independent samples t-test?  
Something else?

• 1-sample vs. 2-sample problem?
• 1-sided vs. 2-sided test?
• Independent or paired?
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Issues to consider (cont.)

• Formulate a PRIMARY question or 
hypothesis to test (or determine what you 
are estimating).  Write down H0 and HA.

• Determine the endpoint.  Choose an 
outcome measure.  How do we “measure”
or “quantify” the responses?
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Issues to consider (cont.)
• Choose simple designs and analyses if 

possible.
• Stress the use of randomization, which 

can validate statistical testing in the 
analyses.

• Example:  2-sample t-test (independent 
groups)
– What is needed in order to determine 

the sample size?
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Steps to determine the sample-size

• Alpha level of the test: α
– Up to the investigator (often = 0.05)
– How much type I error can you afford?

• Desired power: 1-β
– Up to the investigator (often 80%-90%)
– How much type II error (β) can you 

afford?
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Steps to determine the sample-size(cont.)

• Some notes on choosing αand β:
– Weigh the cost of a Type I error versus a Type II error.  

• In early phase clinical trials, we often do not want 
to “miss” a significant result and thus often 
consider designing a study for higher power 
(perhaps 90%) and may consider relaxing the 
αerror (perhaps 0.10).  

• In order to approve a new drug, the FDA requires 
significance in two Phase III trials strictly designed 
with  α error no greater than 0.05 (Power = 1-β is 
often set to 80% but the FDA does not have a rule 
about power).
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Steps to determine the sample-size (cont.)

• The idea is to choose a sample size such 
that both of the following conditions hold:

1. If the null hypothesis is true, then the 
probability of incorrectly rejecting is 
(no more than) :  P(reject Ho|Ho)≤α

2. If the alternative hypothesis is true, 
then the probability of correctly 
rejecting is (at least) 

P(reject Ho|HA)≥ 1-β=power
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Steps to Determine the Sample-Size

• Specify the “minimum difference (between 
groups) that is clinically relevant or 
meaningful”.
– Requires clinical input 
– Equivalently, choose the mean for both 

groups (or the null and alternative differences)
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Steps to Determine the Sample-Size

• Estimates of variability (Standard 
Deviation -SD)
– Often obtained from prior studies
– Consider a pilot study for this
– SD for each group

• Explore the literature and data from ongoing 
studies for estimates needed in calculations

– Get SD for placebo group and treatment group

– May need to validate this estimate later
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Steps to determine the sample-size

• In summary: 
1. Determine the critical value, c, for 
rejecting the null HO, when it is true
2.  Calculate the probability of rejecting the 
null when the alternative is true, 
substituting c from 1.

3.  Rewrite the expression in terms of the 
sample size for a given power
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Sample size calculations
• HO: μ1=μo vs. HA: δ=μ1-μo 
• With α=0.05
• Power=1-β=0.95
• Under  Ho: (assume n1=n0=n/2)

• So                              
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• Under HA

So 
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• Substitute c from page 14 and we 
have,
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Further Considerations

• Provide numbers for a range of scenarios 
and various combinations of parameters 
(e.g., for various values of the difference 
between groups, combinations of αand β, 
etc.
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Further Considerations (cont.)

• Expect things to go wrong and plan for this 
BEFORE the study begins (and in sample-
size calculations).

• Think about the challenges of reality and 
the things that they don’t normally teach 
you about in the classroom.

• Sample size estimates need to incorporate 
adjustments for real problems that occur 
but are not often a part of the standard 
formulas.   
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Things that affect sample size

• Missing data (imputation?)
• Noncompliance
• Multiple testing 
• Unequal group sizes
• Use of nonparametric testing (vs. 

parametric)
• Inadvertent enrollment of ineligible 

subjects
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Adjustment for Lost-to-Follow-up

• Calculate sample size N.
• Let x=proportion expected to be lost-to-follow-up.
• Nadj=N/(1-x)
• One still needs to consider the potential bias of 

examining only subjects with non-missing data. 
• Note:  no adjustment is necessary if you plan to 

impute missing values.  If you use imputation, an 
adjustment for dilution effect may be warranted 
(for example when treating anyone with missing 
data as a “failure” or a “non-responder”).
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Adjustment for Dilution Effect

• Adjustment for dilution effect due to non-
compliance or inclusion (perhaps 
inadvertently) of subjects that cannot 
respond:
– Calculate sample size N.
– Let x=proportion expected to be non-

compliant.
– Nadj=N/(1-x)2
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Adjustment for Unequal Allocation

• Adjustment for unequal allocation in two 
groups:
– Let QE and QC be the sample fractions such 

that QE+QC=1.
– Calculate sample size Nbal for equal sample 

sizes (i.e., QE=QC=0.5)
– Nunbal=Nbal ((QE

-1 +QC
-1)/4)

– Note power is optimized when QE=QC=0.5
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Adjustment for Nonparametric Testing

• Most sample-size calculations are performed 
using parametric methods

• Adjustment for use of nonparametric test instead 
of a parametric test (Pitman Efficiency) in case 
parametric assumptions do not hold (Note: 
applicable for 1 and 2 sample t-tests):
– Calculate sample size Npar for 1 or 2 sample t-test.
– Nnonpar = Npar /(0.864)
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More Adjustments?

• Additional adjustments may be needed for 
stratification, blocking, and matching.
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Example 1: ACTG A5090

• A Phase II, Placebo-Controlled, Double-Blind 
Study Of The Selegiline Transdermal System 
(STS) In The Treatment Of HIV-Associated 
Cognitive Impairment

• Three treatment arms:  
• 0.5 mg x20 cm2 patch
• 1.0 mg x20 cm2 patch
• 2.0 placebo patch
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Example 1: ACTG A5090 (cont.)

• Primary Endpoint: Change in 
neuropsychological function as measured 
by a composite z-score on a battery of 
tests (including auditory verbal learning, 
grooved pegboard, and CalCAP).  (a 
continuous outcome)

• Compare: 0.5 mg x20 cm2 patch vs
placebo and 1.0 mg x20 cm2 patch vs
placebo
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Example 1: ACTG A5090 (cont.)
• Consider doing a t-test for each comparison.  

Since we would like the overall (experiment wise) 
Type I error rate to be 0.05, then we perform 
individual each test at 0.025.

• Two-sample
• Two-sided
• Desire 80% power
• Assume that you wish to detect a 0.75SD 

difference between the means.
• Equal allocation between arms.
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Example 1: ACTG A5090 (cont.)
• In Stata:
• . sampsi 0 .75, sd(1) p(.8) a(.025)

• Estimated sample size for two-sample comparison of means

• Test Ho: m1 = m2, where m1 is the mean in population 1
• and m2 is the mean in population 2
• Assumptions:
• alpha =   0.0250  (two-sided)
• power =   0.8000
• m1 =        0
• m2 =      .75
• sd1 =        1
• sd2 =        1
• n2/n1 =     1.00
• Estimated required sample sizes:
• n1 =       34
• n2 =       34
• So n3=        34
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• Assume 10% drop out rate:
• Nadj1 = 102/(1-0.1) = 113.333 round up to 114
• Assume 10% noncompliance rate:
• Nadj2 = 113.33/((1-0.1)2) = 139.92 140
• Assume that we cannot do t-test (data is not 

normal) and must do nonparametric test: 
(Pitman efficiency)

• Nadj3 = 139.92/(0.864) = 161.94 162
• Thus need 54 subjects per group.
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Example 2: Clinical trial for treating 
metastatic colorectal adenocarcinoma.

• Subjects are randomized to two 
treatments: MTX-FU or MOF-Strep.  

• Objective:  to show that MOF-Strep is 
better than MTX-FU.  

• It is desirable to detect a difference in 
response rates if the true difference was 
as large as 20%.  (Note: proportions, 
binary data)
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Example 2 (cont.)

• α=0.05
• β = 0.20 (i.e., Power=80%)
• One-sided
• Estimated response rate for MTX-FU = 

15%
• Estimated response rate for MOF-Strep = 

35%
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• STATA command:
• sampsi .15 .35, a(0.05) p(0.80) onesided
• Estimated sample size for two-sample comparison of proportions

• Test Ho: p1 = p2, where p1 is the proportion in population 1
• and p2 is the proportion in population 2
• Assumptions:

• alpha =   0.0500  (one-sided)
• power =   0.8000
• p1 =   0.1500
• p2 =   0.3500
• n2/n1 =   1.00

• Estimated required sample sizes:

• n1 =       67
• n2 =       67
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Example 2 (cont.)
• N = 134
• Assume 20% loss-to-follow-up rate.
• Thus N= 134/0.80 = 168 (always round up). 

• NOTE:  STATA uses a “continuity correction” to 
compensate for the fact that the discrete 
binomial distribution is being approximated by 
the (continuous) normal distribution.  Some 
software packages do this by default; others will 
not.  Use it if you have it, but this is a very minor 
worry when sample sizes are large.
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Example 3:  A study of weight loss 
in obese adults at 18 centers. 

• Subjects are randomized to one of two treatment 
groups: (1) Orlistat (an inhibitor of fat absorption) 
and diet or (2) placebo and diet.  The change in 
weight is recorded after two years of treatment.  
It is desired to be able to detect a difference 
(high power) in the treatments if the true 
difference is 3 Kg.

• Continuous outcome variable:  Change in weight 
(Kg)
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• α=0.05
• β = 0.10 (i.e., Power=90%)
• One-sided
• Standard Deviation of change in both 

groups is 8.
• Estimated mean change for Orlistat group 

= 9
• Estimated mean change for placebo = 6
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• STATA:
• sampsi 6 9, sd(8) a(0.05) p(0.90) onesided
• N = 244
• It is further desired to have 75% of the patients in the 

Orlistat group.  Thus the revised sample size is 
• N= 244((1.333+4)/4)) = 325
• Adjust in case you need nonparametric testing:
• N= 325/(0.864)= 376.2
• Assume 20% loss-to-follow-up rate.
• N= (376.2/ 0.8) = 470.25
• Need to round up to 472 (since it must be divisible by 4).


