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Sample size determination in
clinical research: 2

Laofe Ogundipe

In the second of this two-part series, comparative study design is considered and, using
examples, power calculation is explained. The information required for calculating sample size
for comparative studies is highlighted.

SAMPLE SIZE FOR
COMPARATIVE STUDIES
Comparative studies are common clini-
cal studies and include case control
studies, cohort studies and clinical tri-
als. We may wish to compare two
groups on a binary outcome variable,
i.e. the outcome of interest has one of
two categories, e.g. improved/not
improved or relapsed/not relapsed. We
may also be interested in comparing
the values of a continuous variable in
two independent groups, e.g. the level
of thiamine in subjects with chronic
alcohol dependence vs non-alcohol
dependent subjects or the brain weight
of schizophrenics vs controls.

Comparing groups on a binary

outcome measure

Example 1: A new drug was discov-

ered recently and it was reported that it

will prolong abstinence in people with
alcohol dependence syndrome who
completed detoxification. We want to
do a randomized controlled trial of this
drug compared with placebo. How
many subjects do we need for the trial?

Step 1:

We need the following information:

1. What proportion of subjects in the
placebo group do we expect to
relapse? This is usually obtainable
from the literature. Let us assume
that our literature search shows that
68% of people with alcohol depen-
dence syndrome who recently com-
pleted detoxification relapse within
12 months. Therefore, relapse rate
in the placebo group = P1 = 0.68.
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2. What size of difference in relapse
rates between the two groups (clini-
cally important difference or relevant
effect size) do we consider clinically
significant? At 1 year follow-up for
example, what difference in the pro-
portions of the two groups who have
not relapsed do we consider clini-
cally significant? Because of the
high failure rate in alcoholism, if the
new drug can achieve a reduction in
relapse rate of 28% over placebo we
will take this as clinically significant.
Therefore, the proportion we expect
to relapse in the intervention group
is 40%. Relapse rate in intervention
group = P2 = 0.40.

3. What is the chance of a false posi-
tive error (a type 1 error) that we are
prepared to accept? A false positive
result occurs when we mistakenly
conclude that there is a difference
between the two groups when in
reality there is no difference. If we
do the same experiment 100 times,
we accept that such an error may be
made on five occasions, hence the
significance level (probability of a
type 1 error) will be 5% (P = 0.05).

4. What is the chance of a false nega-
tive error (a type 2 error) that we are
prepared to accept? A false negative
result occurs when we mistakenly
conclude that there is no difference
between the two groups when in
reality a difference exists. Again, we
are prepared to accept such an error
in no more than one in 20 occasions
so the probability (B), of making this

type of error will be 5%. The power
of the study is the probability of not
making a type 2 error. Power = 1-B
= 95%. Usually a power of 80% or
90% is used in clinical research.
Step 2: Calculate the ‘standardized dif-
ference’. This is the effect size (the
magnitude of the difference between the
two groups) divided by the standard
deviation. For a difference between pro-
portions, the formula for standardized
difference is calculated as in Figure 1.
Step 3: We now know the standardized
difference (0.56), we have decided on a
significance level of 0.05 and a power of
95%. Calculating sample size then
becomes very straightforward. We sim-
ply read the sample size on Altman’s
nomogram (Figure 2) by drawing a line
between the standardized difference of
0.56 and the power required of 0.95
(Altman, 1980). This gives a sample size
of 160 in each group. We may not be
able to recruit 320 people for the study,
therefore in our sensitivity analysis, we
may decide on a power of 80%. Using
Altman’s nomogram again, this gives a
sample size of about 90 in each group.

Comparing two independent groups
on a continuous outcome measure
Example 2: Suppose that we are plan-
ning a randomized controlled trial of
Pabrinex in alcohol-dependent people to
see if Pabrinex supplement will increase
thiamine levels in the experimental
compared with control groups after
2 weeks of treatment. How many people
do we need to recruit for the study?

gtﬁ:ndqrdized = P1-P2 = 0.68-0.40 = 028 = =0.56225
tierence [f1=5)  0.54x0.46 0.498

where P1=proportion who relapse in the first
group, p= the average of the two proportions

)

roup, P2=proportion who relapse in the second
0.68 + 0.4)/5

Figure 1. Calculating standardized difference for categorical variables as in example 1. From Altman (1982).
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Step 1:

1. What is the standard deviation of
thiamine in chronic alcoholics?
Instead of the proportions required
for binary outcome variables as in
example 1, we need the standard
deviation for a continuous outcome
variable. This is also usually obtain-
able from the literature. Herve et al
(1995) reported the mean thiamine
level in alcohol dependent people to
be 90.8 nmol/litre with a standard
deviation of 25.7 nmol/litre.

2. What effect size do we consider to
be clinically significant? We will
take an increase of 25% of the mean
level in the experimental group over
the placebo group to be clinically
significant. Therefore effect size =
0.25x90.8=22.7.

3. We will assume a probability of
false positive error of 5% and of
false negative error of 5% (giving a
power of 95%).

Step 2: Calculate the standardized dif-

ference from the formula in Figure 3.

Step 3: Using Altman’s nomogram, by

drawing a line between the standard-

ized difference of 0.88 and the required
power of 0.95, the sample size appro-
priate for the study will be 68 subjects
in each group. If a power of 80% is
required, draw a line between 0.88 and

0.8 on Altman’s nomogram and the

sample size will be 40 in each group.

01

Standardized difference

significance level 08

le size or

Figure 2. N
power. From Altman (1980).

)
gram for cale g

Standardized = effect size = 22.7 = 0.88

difference o E

Figure 3. Calculating standardized difference for
continuous variable as in example 2.

sd = standard deviation.

Once we know the standardized dif-
ference, we can always calculate the
sample size required using Altman’s
nomogram. There are various formulae
for calculating the sample size for com-
parative studies (Machin and Campbell,
1987). For simplicity, these are omitted
here but once you use Altman’s nomo-
gram, sample size calculation can be
very simple and graphical.

BASIC ASSUMPTIONS

For the above calculations it is
assumed that the continuous variable
has a normal distribution in the popu-
lation, the categorical variable has nor-
mal approximation to the binomial
distribution, and the two groups being
compared are of equal sizes. If unequal
sizes are desired, the calculated sample
size should be modified according to
the ratio of the two sample sizes.

DOES SIZE MATTER?

It is not always correct to reject a study,

as is often done in journal clubs,

because ‘it is not powerful, it has too

small a sample.”’ The power of a study is

not an all-or-none phenomenon in

which the study is of no use if the sam-

ple size is small. If a sample size is lim-

ited, the relevant questions to ask are:

1. Given the limited sample size, what
effect size could be detected?

2. Given the limited sample size, what
is the power of the study?

It is a good approach to consider the
three items together: the power, the
effect size and the sample size. It is
important to know what power could be
achieved with a given sample and using
a statistical package this is easy. For
example, a power of 80% requires only
60% of the sample size required by a
power of 95% (Figure 4). A power of
50% requires only 30% of the sample
size required by a power of 95%

Sample size required in

Power of  comparison with that required
study or a power of 95%

95% 100%

90% 81%

80% 60%

50% 30%

Figure 4. Different sample sizes for different

powers of study.

(MacRae, 1992). Similarly, a large effect
size, for example 40% response rate,
requires a smaller sample size than a
small effect size, a response rate of 15%.

CONCLUSION

In the era of evidence-based medicine,
sample size calculation is a skill that
many doctors would find useful. A pri-
ori determination of sample size is
important because with too small a
sample, a clinically significant differ-
ence may not be detected and it will be
impossible to make precise generaliza-
tion to the parent population. With too
large a sample, any difference, how-
ever small and clinically insignificant,
will become statistically significant.

‘Samples which are too small can

prove nothing; samples which are

large enough can prove anything’

(Sackett et al, 1991).

We need to strike a balance between
the cost and the usefulness of the sam-
ple. Sample size matters, but up to a cer-
tain point. Above a sample size of 200
for example, the sample size will need to
increase considerably to make an appre-
ciable difference to its usefulness. This
is because in order to double the useful-
ness of a study, we need to increase the
size fourfold. The usefulness of a study
relates to the square of the sample size,
not to the absolute sample size.

Whatever sample size is used, how-
ever, readers will want to understand
the conjecture and the rationale behind

the results of the study.
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