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ABSTRACT

Background: Sample size estimation is one of the key components in the initial stage of any health
research. The validity of an observational study in estimating prevalence of an outcome of interest is
primarily determined by the precision of the estimate. This is generally motivated by the method of
sample size estimation. The choice of incorporating absolute precision or relative precision in
estimating the sample size of proportions has been a grey area for many years. The objectives of the
study were to investigate the role of relative and absolute precision in sample size estimation of
proportion and also to provide an easy guide for estimation of sample size using relative and absolute
precision using real life examples.

Materials and Methods: Sample sizes for different proportions using varying levels of relative and
absolute precision were estimated and the variations in the sample size using both methods were
graphically plotted.

Results: Sample size decreases exponentially with increase in anticipated prevalence in the case of
relative precision whereas for absolute precision, it follows a bell-shaped curve.

Conclusions: The current study provides scenarios where and how absolute and relative precision can

be used. Also, the relation between absolute and relative precision is provided.
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INTRODUCTION

In health research, statistical inference is
made about the outcome variable of interest,
by estimating the population parameter with
a degree of certainty. There are a few
important considerations while making such
an inference. One of the most important
considerations is the statistical precision with
which the estimation has been carried out.
The statistical precision of sample statistic is
the closeness with which it can be expected
to approximate the relevant population
value.r When we consider the sampling
distribution of a sample statistic, the standard
error of the statistic determines the statistical
precision. At a fixed level of significance and

a constant variability in the data, the only
way of increasing the statistical precision is
by inflating the sample size.

In both observational and interventional
studies, based on the research question, study
design and analysis plan, the required
minimum sample size is estimated. For
descriptive studies with an intention of
estimating the population parameter, the
major components which determines the
sample size are level of significance,
standard deviation and margin of error. For
analytical studies, with a test of hypothesis as
a part of the study, power of the test is an
additional component that is required to
estimate the sample size. In this study, our
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main aim is to consider the estimation of
sample  size  for  estimating  the
prevalence/proportion of a population
parameter.

MATERIALS & METHODS
Requirements and formulas for sample size
estimation of single proportion

The components required to calculate this
sample size in this scenario are, level of
significance (o), anticipated prevalence/
proportion (p) and precision (d). For a given
level of significance and proportion,
precision can be of two types, absolute
precision and relative precision.

Absolute precision is the total percentage
units that is permitted on either side of the
estimate.? It gives us the margin of error in
absolute units of the estimated proportion.
For example, estimating the prevalence of
gestational Diabetes mellitus amongst
pregnant women in South India, the estimate
was found to be 16.2%?2 with 10% absolute
precision. This means that the confidence
interval of the point estimate can vary
between 6.2% - 26.2% for the predetermined
‘<’ level of significance. The determination
of sample size for estimating proportion with
absolute precision is given by:

, P(1 - P)

n=27 1-9/, T
where,

Z is the standard normal variate for a two
tailed test at a level of significance,

P is the anticipated proportion and

d is the absolute precision

For example, the minimum sample size
required to estimate the prevalence of
gestational Diabetes mellitus amongst
pregnant woman in South India whose
anticipated prevalence is 16.2% at 5% level
of significance with an absolute precision of
10% comes out to be 53 subjects.

Relative precision is the percentage units of
the true value that is permitted on either side
of the estimate. It gives us a margin of error
in relative units to the estimated proportion
of the outcome variable. For example,
estimating the prevalence of obesity amongst
adolescents in India, the estimate was found

to be 2.2%* with 25% precision relative to
the estimate. This means that the confidence
interval of the point estimate can vary
between 1.1% to 3.3% for the predetermined
‘<’ level of significance. The determination
of sample size for estimating proportion with
relative precision is given by:

(1-P)

(Pd)?

> 2
n Z 1_05/2

where,

Z is the standard normal variate for a two
tailed test at a level of significance,

P is the anticipated proportion and

Pd is the relative precision.

For example, the minimum sample size
required to estimate the prevalence of cancer
in South India whose anticipated prevalence
is 2.2% at 5% level of significance with a
relative precision of 25% of anticipated
prevalence comes out to be 2,733 subjects.

Relationship between sample sizes by
relative and absolute precision

The relationship between the sample sizes
calculated using relative and absolute
precision can be established by comparing
the formulae. The relationship is given by:

n, = P%n,

Here “n,” is the sample size estimated by
using relative precision, “n,” is the sample
size estimated by using absolute precision
and “P” is the anticipated prevalence of the
condition of interest. As “P” tends towards
1, the sample size nearly coincides for both
absolute and relative precision.

2

Finite population correction

Finite population correction (FPC) is a factor
considered in the estimation of required
sample size for the study when the sampling
fraction from a population is high. FPC is
given by the formula,

N-—n

N-1
Sampling techniques are carried out with an
assumption that our population of interest is
very large (infinite). But when the population

of interest is small, and sampling fraction of
sample size and population size is large, the

FPC =
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standard error of the sample mean is
overestimated as central limit theorem does
not hold in these conditions’. When the
sampling fraction is small, FPC ~1 and
therefore FPC can be ignored. When the
sampling fraction goes beyond 5-10%, it is
important to consider FPC in estimation of
sample size.

Adjusting for design effect
In a cross-sectional study, the variance of the
sample proportion is estimated with an
assumption that the samples were chosen
with simple random sampling (SRS) method.
In a situation where cluster sampling method
is used instead, the strength of association
between the clusters, also called as intra-
class correlation (ICC) must be considered
for estimation of sample size. This effect of
sampling method used for estimation of
sample size is called as design effect®. Design
effect is given by,

Designeffect =1+ p(n—1)
where p is the ICC.
The variance of sample proportion in cluster
sampling is given by,

A pq
Vcluster(p) = m [1 +p(m — 1)]

RESULT

Sample size for absolute and relative
precision

The estimation of sample size gives different
values for different anticipated prevalence
and margin of error. It is illustrated with the
worked-out estimation of sample size for
different values of proportion and margin of
error as given in Table 1.

We can observe that the sample size varies
significantly between that estimated from
absolute precision and relative precision for
a smaller anticipated prevalence. But as this
value of “P” keeps on increasing, the two
sample sizes tends to get closer to each other.
Therefore, our rules to apply the type of
precision for different situation are consistent
with this observation. To visualize how the
sample size varies with the increase in the
anticipated prevalence for relative and
precision refer Figure 1.

We observe that the sample size decreases
exponentially with increase in anticipated
prevalence in the case of relative precision.
The sample size calculated from absolute
precision, on the contrary follows a bell-
shaped curve.

Table 1: The estimated sample size tables for varying levels of relative and absolute precision in a study for estimation of single

proportion
Proportion | d=0.01 d=0.05 d=0.10
Relative | Absolute | Relative | Absolute | Relative | Absolute
precision | precision | precision | precision | precision | precision

0.05 729904 1825 29196 73 7299 18
0.1 345744 3457 13830 139 3457 35
0.15 217691 4898 8708 196 2177 49
0.2 153664 6147 6147 246 1537 61
0.25 115248 7203 4610 289 1152 72
0.3 89637 8067 3586 323 896 81
0.35 71344 8740 2854 350 713 87
0.4 57624 9220 2305 369 576 92
0.45 46953 9508 1879 381 470 95
0.5 38416 9604 1537 385 384 96
0.55 31431 9508 1258 381 314 95
0.6 25611 9220 1025 369 256 92
0.65 20686 8740 828 350 207 87
0.7 16464 8067 659 323 165 81
0.75 12805 7203 513 289 128 72
0.8 9604 6147 385 246 96 61
0.85 6779 4898 272 196 68 49
0.9 4268 3457 171 139 43 35
0.95 2022 1825 81 73 20 18
1 0 0 0 0 0 0
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Figure 1: Graphs depicting the change in sample size for varying levels of anticipated prevalence with relative and absolute

precision
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DISCUSSION

An exponential decrease in sample size was
observed with an increase in anticipated
prevalence for relative precision. The reason
for this is because sample size in relative
precision is proportional exponentially on the
prevalence of the condition of interest. As the
anticipated prevalence increases, the sample
size from relative precision nearly coincides
with that of absolute precision. Also, for an

increase in absolute precision, sample size
followed a bell-shaped inverted curve. The
reason is due to the inherent structure of the
sampling distribution of the sample statistic.
We observe that the sample size depends
heavily on the variance of the statistic, which
is maximum when the anticipated prevalence
is 50%.

Although relative precision accounts for a
smaller margin of error, it inflates the sample
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size which may not be feasible at all times.
There are determinantal rule for the use of
one of them in estimating the sample size but,
the following three simple rules can be
followed to make the choice between them:
When the disease condition is very rare,
anticipated prevalence of the condition of
interest is small and therefore opting relative
precision is a better option. When the
anticipated prevalence is small (say <10%),
we need a large sample to get enough people
with the condition of interest in the study.
Considering relative precision gives us a
larger sample size with a smaller margin of
error, it is a better choice. Also, for a small
prevalence, the lower limit of the confidence
interval may go to an irrelevant negative
lower-bound value which is logically flawed
for practical application.®

When the anticipated prevalence of the
condition of interest is moderate, opting
absolute precision is a better option. For a
moderate prevalence (say between 10% to
90%), the sample size estimated from
absolute precision will be sufficient to get the
required estimate. In terms of the feasibility
of sample size also absolute precision will
give a better prospect.

When the disease condition is very common
(say >90%), anticipated prevalence of the
condition of interest is high and therefore
opting absolute or relative precision does not
make much difference. But researchers must
opt for a smaller margin of error as sample
size will not inflate much with higher
anticipated prevalence. Also, choosing a
smaller margin of error will make sure the
upper limit of confidence interval will not go
beyond 1 which is logically flawed for
practical applications.

CONCLUSION

This easy guide will help the budding
researchers and clinicians for the estimation
of sample size for proportions.
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