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Summary

Sample-size determination is often an important
step in planning an epidemiological study. There are
several approaches to determining sample size. It depends on
the type of the study. Descriptive, observational and randomized
controlled studies have different formulas to calculate sample
size. In this article, we discuss the formulas that can help to
estimate sample size in an epidemiological trial. We present a
few examples from clinical practice, which may contribute to
the understanding of this problem.
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Determining an appropriate sample size for a clinical
trial is an essential step in the statistical design of the pro-
ject. An adequate sample size helps ensure that the stu-
dy will yield reliable information, regardless of whether
the ultimate data suggest a clinically important difference
between the treatments being studied, or the study is in-
tended to measure the accuracy of a diagnostic test or the
incidence of a disease. Unfortunately, many studies pub-
lished in medical literature are conducted with inadequate
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sample sizes, making the interpretation of negative results
difficult. Conducting a study with an inadequate sample
size is not only futile, it is also unethical. Exposing pa-
tients to the risks inherent in a research is justifiable on-
ly if there is a realistic possibility that the results will be-
nefit those subjects, future subjects, or lead to substantial
scientific progress.

How many individuals will I need to study? This ques-
tion is commonly asked by a clinical investigator and ex-
poses one of many issues that are best to be settled before
actually carrying out a study. Consultation with a statisti-
cian is worthwhile in addressing many issues of study de-
sign, but a statisticianis not always readily available.

Sample Size (n) is the number of individuals in a
group under study. The larger the sample size, the grea-
ter the precision and, thus, power for a given study de-
sign to detect an effect of a given size. For statisticians,
an n > 30 is usually sufficient for the Central Limit Theo-
rem to hold so that normal theory approximations can be
used for measures such as the standard error of the mean.
However, this sample size (n = 30) is unrelated to the cli-
nicians’ objective of detecting biologically significant ef-
fects, which determines the specific sample size needed
for a specific study [1].
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Descriptive studies

Descriptive epidemiologic studies examine differen-
ces in disease rates among populations in relation to age,
gender, race, marital status, occupation and differences in
temporal or environmental conditions. In general, these
studies can only identify patterns or trends in disease oc-
currence over time or in different geographical locations,
but cannot ascertain the causal agent or degree of expo-
sure. These studies are often very useful for generating
hypotheses for further research. Common descriptive de-
signs include case studies, which may be used to describe
a disease in an individual patient; case series, which may
describe a disease in a group of patients; surveys, which
may be used to describe the proportion of a single popu-
lation that has a condition; and descriptive ecologic stu-
dies, which may be used to compare rates of a condition
in several populations. Three important uses of descrip-
tive studies include trend analysis, health-care planning,
and hypothesis generation. A frequent error in reports of
descriptive studies is overstepping the data: studies wit-
hout a comparison group allow no inferences to be drawn
about associations, causal or otherwise. Hypotheses about
causation from descriptive studies are often tested in rigo-
rous analytical studies.

Sample size calculation in descriptive study

To calculate the required sample size in a descriptive
study, we need to know the level of precision, level of con-
fidence or risk and degree of variability [2, 3].

The level of precision, sometimes called sampling er-
ror, is the range in which the true value of the population
is estimated to be. This range is often expressed in percen-
tage points, (e.g., £5 percent). The confidence or risk level
is based on ideas encompassed under the Central Limit
Theorem. The key idea encompassed in the Central Limit
Theorem is that when a population is repeatedly sampled,
the average value of the attribute obtained by those sam-
ples is equal to the true population value. Furthermore, the
values obtained by these samples are distributed normally
about the true value, with some samples having a higher
value and some obtaining a lower score than the true po-
pulation value. In a normal distribution, approximately
95% of the sample values are within two standard devia-
tions of the true population value (e.g., mean).

The third criterion, the degree of variability in the at-
tributes being measured, refers to the distribution of attri-
butes in the population. The more heterogeneous a popula-
tion, the larger the sample size required to obtain a given
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level of precision. The more homogeneous a population,
the smaller sample size required. Note that a proportion
of 50% indicates a greater level of variability than either
20% or 80%. This is because 20% and 80% indicate that
a large majority do not or do, respectively, have the attri-
bute of interest. Proportion of .5 indicates the maximum
variability in a population, and it is often used in determi-
ning a more conservative sample size, that is, the sample
size may be larger than if the true variability of the popu-
lation attribute were used (2—6].

There are several approaches to determining the sam-
ple size. These include imitating a sample size of similar
studies, using published tables, and applying formulas to
calculate a sample size. Effortless approach is to use the
same sample size as those of studies similar to the one
you plan. Without reviewing the procedures employed
in these studies you may run the risk of repeating errors
that were made in determining the sample size for anot-
her study. Although tables can provide a useful guide for
determining the sample size, you may need to calculate
the necessary sample size for a different combination of
levels of precision, confidence, and variability. The best
approach to determining sample size is the application of
one of several formulas. For populations that are large,
Cochran developed the formula to yield a representative
sample for proportions [2]:

n=7> pd-p)
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which is valid where 7 is the sample size, Z* is the abscis-
sa of the normal curve that cuts off an area at the tails (1
— equals the desired confidence level, e.g., 95%), e is the
desired level of precision, p is the estimated proportion
of an attribute that is present in the population. The value
for Z is found in statistical tables which contain the area
under the normal curve; e is level of precision.

Finite Population Correction factor
When population sizes are less than 10 times the
estimated sample size, it is possible to use a finite
population correction factor (fpc) [6]. The finite
population correction factor measures how much
extra precision we achieve when the sample size
becomes close to the population size. The formula
for fpc is

N-—n
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where N is the size of the population and # is the size of
the sample. If fpc is close to 1, then there is almost no ef-
fect. When fpc is much smaller than 1, then sampling a
large fraction of the population is indeed having an effect
on precision.

When the sample size is 50, it does not matter much
whether the population is 10 thousand or 10 million.
When the sample size is four thousand, then we
have about 23% more precision with a population of
ten thousand than we would for a population of ten
million.

It is possible to calculate sample size directly, without
the fpc calculation:

Researchers must be cautious when using the fpc.
Frequently we want to generalize results to a larger popu-
lation. We may have restricted the population for conve-
nience, but we are interested in more than just a convenient
population. This extrapolation will add to the uncertainty
of our estimates, so the last thing we would want to do is
to use the fpc to make your confidence intervals narrower.
The finite population correction factor really applies only
to “warehouse” type studies, where we are trying to cha-
racterize all the data in a single physical or conceptual lo-
cation. Warehouse studies are quite common in accounting,
but they are unusual in medical research. In a descriptive
study we also need to know the likely response rate. For
example, if our calculations indicate that we need a mini-
mum sample size of 384, but we only expect a 80% res-
ponse rate, then we will need a minimum sample size of
480 to allow for a possible non-response [4].

There are two methods to determine sample size for
variables that are polytomous or continuous. One method
is to combine responses into two categories and then use a
sample size based on proportion. The second method is to
use the formula for the sample size for the mean. Yamane
(1967) provides a simplified formula to calculate sample
sizes for proportions [2]:

N

n=———
1+ Ne* >

where N is the size of the population and # is the size of
the sample, e is the level of precision.
The formula of the sample size for the mean is similar
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to that of the proportion, except for the measure of variabi-
lity. The formula for the mean is shown in the equation.
76’
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n,

Where n, is the sample size, z is the abscissa of the
normal curve that cuts off an area at the tails, e is the de-
sired level of precision (in the same unit of measure as
the variance), and o2 is the variance of an attribute in the
population.

Case-control studies

In a case-control study, patients who have developed
a disease are identified and their past exposure to suspec-
ted etiological factors is compared with that of controls
or referents who do not have the disease. This permits
estimation of odds ratios (but not of attributable risks).
Allowance is made for potential confounding factors by
measuring them and making appropriate adjustments in
the analysis. This statistical adjustment may be rendered
more efficiently by matching cases and controls for ex-
posure to confounders, either on an individual basis (for
example, by pairing each case with a control of the same
age and sex) or in groups (for example, choosing a con-
trol group with an overall age and sex distribution similar
to that of the cases). Unlike in a cohort study, however,
matching, on its own, does not eliminate confounding.
Statistical adjustment is still required.

Sample size for independent case-control studies
The estimated sample size n for independent case-con-
trol study is calculated as
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where o = alpha, = 1 —power, y = odds ratio (odds ratio
of exposures between cases and controls), m — number of
control subjects per case subject, p, — probability of expo-
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sure in controls. p, can be estimated as the population pre-
valence of exposure, 7_ is the continuity corrected sample
size and Zp is the standard normal deviate for probability
p. If possible, choose a range of odds ratios that you want
to detect the statistical power.

The formulas give the minimum number of case sub-
jects required to detect a real odds ratio or case exposure
rate with power and two-sided type I error probability a.
This sample size is also given as a continuity-corrected
value intended for the use with corrected chi-square and
Fisher's exact tests [7, 8, 10].

Sample size for matched case-control studies
The estimated sample size n for matched case-control
study is calculated as
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where a = alpha, B = 1 — power, y = odds ratio, » — cor-
relation coefficient for exposure between matched cases
and controls, p, — probability of exposure in the control
group, m — number of control subjects matched to each
case subject. When r is not known from previous studies,
some authors state that it is better to use a small arbitrary
value for , e. g., 0.2, than it is to assume independence
(a value of 0) [9]. P, can be estimated as the population
prevalence of exposure. Note, however, that due to mat-
ching, the control sample is not a random sample from the
population; therefore, population prevalence of exposu-
re can be a poor estimate of p, (especially if confounders
are strongly associated with exposure (9). If possible,
choose a range of odds ratios that you want to detect the
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statistical power. If you are using more than one control
per case, then this function also provides the education in
sample size relative to a paired study that you can obtain
using your number of controls per case [9].

Cohort studies

The starting point of a cohort study is the recording of
healthy subjects with and without exposure to the puta-
tive agent or the characteristic being studied. Individuals
exposed to the agent under study (index subjects) are fol-
lowed over time and their health status is observed and
recorded during the course of the study. In order to com-
pare the occurrence of disease in exposed subjects with
its occurrence in non-exposed subjects, the health status
of a group of individuals not exposed to the agent under
study (control subjects) is followed in the same way as
that of the group of index subjects.

Sample size for independent cohort studies
The estimated sample size n for independent cohort
studies is calculated as

w5 + 2, (p - m m 2l ]
(7o — Pl)1

This formula gives the minimum number of case sub-

jects required to detect a true relative risk or experimen-
tal event rate with power and two-sided type I error pro-
bability o (alpha). 5% is the usual choice for a. Usual
values for power (probability of detecting a real effect)
are 80%, 85% and 90%. B = 1 — power, nc is the conti-
nuity corrected sample size, m is the number of control
subjects per experimental subject, p,, is the probability of
event in controls, p, is the probability of event in expe-
rimental subjects, and Zp is the standard normal deviate
for the probability p.
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p, (probability of event in controls) can be estimated as the
population prevalence of the event under investigation. If
possible, choose a range of relative risks that you want to
detect the statistical power. This sample size is also given
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as a continuity-corrected value intended for use with cor-
rected chi-square and Fisher’s exact tests [7—10].

Sample size for paired cohort studies
The estimated sample size n for paired cohort studies
is calculated as

2
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where o = alpha, B = 1 — power, » — correlation coeffi-
cient for failure between paired subjects, p,—event rate in
the control group, p, — event rate in experimental group.
p, can be estimated as the population event rate. Note,
however, that due to matching, the control sample is not
a random sample from the population; therefore, popula-
tion event rate can be a poor estimate of p, (especially if
confounders are strongly associated with the event). » can
be estimated from previous studies; note that » is the phi
(correlation) coefficient given for a two by two table by
the chi-square function. When 7 is not known from pre-
vious studies, some authors state that it is better to use a
small arbitrary value for r, e. g., 0.2, than to assume inde-
pendence (a value of 0). This formula gives you the mi-
nimum number of subject pairs required to detect a true
relative risk [7, 8, 11].

Randomized controlled study

Randomized Controlled Clinical Trial (RCT): a pro-
spective, analytical, experimental study using primary data
generated in the clinical environment. Individuals similar
at the beginning are randomly allocated to two or more
treatment groups and the outcomes of the groups, are com-
pared after a sufficient follow-up time. Traditionally, the
control in randomized controlled trials refers to studying
a group of treated patients not in isolation but in compari-
son to other groups of patients, the control groups, who by

not receiving the treatment under study give investigators
important clues to the effectiveness of the treatment, its si-
de effects, and the parameters that modify these effects. In
the hierarchy of research designs, the results of randomi-
zed, controlled trials are considered to be evidence of the
highest grade, whereas observational studies are viewed
as having less validity because they reportedly overesti-
mate treatment effects [16, 17].

Sample size calculations in randomized trials

For scientific and ethical reasons, the sample size for
a trial needs to be planned carefully, with a balance be-
tween clinical and statistical considerations. Ideally, a stu-
dy should be large enough to have a high probability (po-
wer) of detecting, as statistically significant, a clinically
important difference of a given size if such a difference
exists. The size of an effect considered to be important is
inversely related to the sample size necessary to detect it;
that is, large samples are necessary to detect small diffe-
rences. Elements of the sample size calculation are [13]:
1. the estimated outcomes (P, and P,) in each group

(which implies the clinically important target differen-

ce between the intervention groups),

2. the alpha (Type 1) error level,

3. the statistical power (or the beta (Type II) error level),
and

4. for continuous outcomes, the standard deviation of the

measurements [14, 15].

The errors are of two types: type-1 error (alpha) and
type-2 (beta) error. Type-1 error is the false positive rate or
probability of declaring a treatment difference where no-
ne exists, also known as the significance level or a-level,
usually, fixed at o = 5% (two-sided) by regulatory agen-
cies. Type-2 error (f) is a false negative rate or probabili-
ty of failing to detect a treatment difference that actually
exists. It is also called the f-error, and 1 — £ is known as
the power of the study [14-18].

Unlike the statistical power and the level of significan-
ce, which are generally chosen by convention, the under-
lying expected event rate (P,) (in the standard or control
group) must be established by other means, usually from
previous studies including observational cohorts. These
often provide the best information available but may ove-
restimate event rates, as they can be from a different time
or place and thus subject to the changing and differing
background practices. Additionally, trial participants are
often “healthy volunteers”, or at least people with stable
conditions without other comorbidities which may further
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erode the study event rate compared with observed rates
in the population.

The effect of the treatment (P,) in a trial can be expres-
sed as an absolute difference, 1. e. the difference between
the rate of the event in the control group and the rate in
the intervention group, or as a relative reduction, i. e. the
proportional change in the event rate with the treatment.
If the rate in the control group is 6.3% and the rate in the
intervention arm is 4.2%, the absolute difference is 2.1%;
the relative reduction with intervention is 2.1% / 6.3%, or
33%. Investigators should take into consideration any cost
or logistical advantages or disadvantages of the interven-
tional treatment compared with a standard care.

The number required to participate in each group is
given in the equation below:

_ (P (-P)+P,(1-P))

(Pz _PI )2

*f(a,B)

The values of f(a., B) for various values of o and [ are
given in the table below.

Table of values of f(a., B)

POWER (1-Beta)

0.05 0.1 0.2 0.5
0.1 10.8222 8.5638 6.1826 2.7055
0.05 12.9947 10.5074 7.8489 3.8415
0.02 15.7704 13.0169  10.0360  5.4119

Alpha (2- sided)  0.01 17.8142 14.8794  11.6790  6.6349

Fleiss (12) suggests that the above formula may be
improved by making a continuity correction giving n' in
each group, where

Many adjustments have been made to improve the pro-
perties of power calculations for binary outcomes, and dif-
ferent packages may give slightly different results.

In the example discussed above, P, and P, represent
percentage successions in the two groups, where P, = 90%,
P,=95%, a.=0.05 (2-tail), B = 0.1

—— (0.90(0.10)+o.95(o.05))>,<(1.96+1'28)2

(0.95-0.90 ¥
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Hence, 578 patients would be required in each treat-
ment group.

Calculating the sample size for comparing a con-

tinuous outcome between two groups

The number required to participate in each group is
given in the equation below:

n = 2{—(2“”")5}2.

oo 2{f(a,l3)62}
82

We will power our trial for a 5% 2-sided test with 80%
power, i. €. z = 1.96 and zy = 0.84. Thus, the required
number per group is:

141.12  per group.

_ 2{(1.96+ 0.84 )3}2

1

In the reported trial, only 59/69 = 85.5% had data on
social functioning (though this probably refers to social
functioning at 18 months). So, anticipating 15% to drop
out gives 141.12/.85 = 166.02 per group, i.e. about 170
per group, i.e. 340 in total.

Conclusions

Epidemiologists Kenneth F Schulz and David A wrote
in “Lancet” one year ago that if the scientific world insis-
ted solely on large trials, many unanswered questions in
medicine would languish unanswered. Some shift of emp-
hasis from a fixation on sample size to a focus on metho-
dological quality would yield more trials with less bias.
Unbiased trials with imprecise results trump no results at
all [19]. We believe that our considerations will be inte-
resting for medical professionals.
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