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Abstract
Objectives To determine sample sizes in studies on
diagnostic accuracy and the proportion of studies that
report calculations of sample size.
Design Literature survey.
Data sources All issues of eight leading journals
published in 2002.
Methods Sample sizes, number of subgroup analyses,
and how often studies reported calculations of sample
size were extracted.
Results 43 of 8999 articles were non-screening
studies on diagnostic accuracy. The median sample
size was 118 (interquartile range 71-350) and the
median prevalence of the target condition was 43%
(27-61%). The median number of patients with the
target condition—needed to calculate a test’s
sensitivity—was 49 (28-91). The median number of
patients without the target condition—needed to
determine a test’s specificity—was 76 (27-209). Two of
the 43 studies (5%) reported a priori calculations of
sample size. Twenty articles (47%) reported results for
patient subgroups. The number of subgroups ranged
from two to 19 (median four). No studies reported
that sample size was calculated on the basis of
preplanned analyses of subgroups.
Conclusion Few studies on diagnostic accuracy
report considerations of sample size. The number of
participants in most studies on diagnostic accuracy is
probably too small to analyse variability of measures
of accuracy across patient subgroups.

Introduction
Estimates of sensitivity and specificity in small studies
on diagnostic accuracy are usually imprecise, with wide
confidence intervals. This makes it difficult to assess
just how informative a test may be. Subgroup analysis
is often needed because sensitivity and specificity may
vary across patient subgroups, yet estimates are even
less precise when subgroups are considered.1 Investiga-
tors should calculate the sample size needed for
sufficiently narrow confidence intervals at the planning
stages of a study, as is common practice for
randomised trials.2 3 For example, if a diagnostic test
requires a sensitivity of at least 90% for adequate deci-
sion making, the lower boundary of the 95%
confidence interval should be at least 90%.

We hypothesised that studies of diagnostic accuracy
rarely report considerations of sample size and tend to
be small. We assumed that authors would state calcula-
tions of sample size if they had been performed. We
investigated study sizes, the number of subgroup
analyses, and how often studies on diagnostic accuracy
reported calculations of sample sizes.

Methods
Two reviewers independently screened all issues of the
BMJ, Lancet, New England Journal of Medicine, and JAMA

as well as four specialist journals (Thorax, Gastroenterol-
ogy, American Journal of Obstetrics and Gynecology, and
European Journal of Pediatrics) published in 2002 for
studies on the accuracy of tests. From each full report
we extracted data on the type of test(s) studied (table),
study sizes, the number of subgroup analyses, and how
often the studies reported calculations of sample size.
We calculated 95% confidence intervals, medians, and
interquartile ranges.

Results
Fifty seven of 8999 articles reported test accuracy.
Fourteen studies focused on a screening test and were
excluded, which left 43 clinical studies for analysis. The
median sample size was 118 (interquartile range
71-350) and the median prevalence was 43% (27-61%).
The median number of patients with the target
condition—needed to calculate a test’s sensitivity—was
49 (28-91). The median number of patients without the
target condition—needed to determine a test’s
specificity—was 76 (27-209).

Two of 43 studies (5%; 95% confidence interval
1.3% to 15.5%) reported a priori calculations of sample
size, but no study reported that the sample size had
been calculated on the basis of preplanned analyses of
subgroups. Twenty articles (47%) reported results for
subgroups of patients. The number of subgroups
ranged from two to 19 (median four). Four studies used
multivariable regression, but none used interaction
terms.

Discussion
In this survey of studies on diagnostic accuracy in eight
major journals, only 4.7% of the studies reported that
they considered sample size. Analysing small numbers
of participants with and without the target condition
usually yields imprecise estimates of overall diagnostic
accuracy, and even less precise estimates of subgroups.
For example, when the number of patients with the
target condition is 49 the two sided 95% confidence
interval of a sensitivity of 81% (40 true positives) is 68%
to 91%.4 5

To ensure reasonably precise estimates of sensitiv-
ity and specificity investigators should consider sample
sizes during the planning stages of the study. Investiga-
tors should calculate how precise the estimates of test
accuracy should be for a particular diagnostic situation
and report these calculations with confidence intervals.
Arguably, sample size calculations are not important
once data collection has been completed.2 All that mat-
ters is the width of the confidence intervals. However,
besides determining the minimum study size needed,
calculations of sample size have another useful feature
that remains important after the study has finished.
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These calculations require authors to think about the
minimum precision needed for a test to be clinically
meaningful. It is easier for readers to interpret
reported confidence intervals if they have access to
these data.

In conclusion, few studies on diagnostic accuracy
report calculations of sample size. The number of
participants in most studies on diagnostic accuracy is
probably too small to analyse the variability of
measures of accuracy across subgroups of patients.

Key features of 57 studies on accuracy of diagnostic tests published in eight major medical journals in 2002

First author Type of test
Prevalence

(%)
Sample

size Screening
Subgroup
analysis

Multivariable
analysis

Stratified
reporting

Number of
subgroups

Schneider Imaging 2 8640 Yes No No No –

Pilcher Laboratory tests 0.5 8194 Yes No No No –

Bahado-singh (1) Laboratory tests 2 5641 Yes Yes Yes No 2

Kulasingam Laboratory tests 3 4075 Yes Yes No Yes 2

Lu Physical examination 1 3710 Yes No No No –

Vintzileos Imaging 2 3291 Yes No No No –

Vasan Laboratory tests 6 3177 Yes Yes Yes Yes 4

Bahado-singh (2) Imaging 3 3003 No Yes Yes No 5

Selvachandran History 4 2268 No Yes Yes Yes 2

Maisel Laboratory tests 47 1586 No No No No –

Lenders Laboratory tests 25 858 No Yes No Yes 2

Tibble Laboratory tests 44 602 No Yes No Yes 2

Bahado-singh (3) Laboratory tests 3 568 Yes Yes Yes No –

Azuma Laboratory tests 6 561 Yes Yes No Yes 3

Ikeda Physical examination 59 529 No No No No –

Laing History 21 458 Yes No No No –

Schutter Laboratory tests 55 412 No No No No –

Wang Laboratory tests 50 394 No Yes No Yes 2

Muensterer Imaging 6 386 No No No No –

Chavarria Laboratory tests 7 378 No No No No –

Rettenbacher Imaging 17 350 No Yes No Yes 3

Rubin Laboratory tests 39 342 No No No No –

Luck History 4 341 Yes No No No –

Ghezzi Laboratory tests 3 306 No No No No –

Riordan History 73 278 No Yes Yes No 19

Kim Laboratory tests 36 251 No Yes No Yes 2

Vayssiere History 5 242 Yes Yes Yes No 2

Virkki Laboratory tests 85 215 No Yes Yes No 7

Remes History 16 212 No No No No –

Hughes Laboratory tests 4 208 No Yes No Yes 2

Bouin Other 43 199 No No No No –

Ribeiro Laboratory tests 85 177 No Yes No Yes 2

Riskin-Mashiah Imaging 6 166 Yes No No No –

Selan Laboratory tests 27 139 No No No No –

Oudkerk Imaging 30 118 No No No No –

Mihm Laboratory tests 58 113 No No No No –

McManus Other 64 110 Yes No No No –

McMahon Physical examination 12 109 No No No No –

Stiller Other 6.5 107 No No No No –

Dueholm Imaging 69 106 No No No No –

Andrews Imaging 53 100 No No No No –

Joossens Laboratory tests 32 97 No Yes No Yes 4

DeRoche Laboratory tests 84 90 No No No No –

Narang Laboratory tests 39 80 No No No No –

Harewood Imaging 61 80 No No No No –

Larsen Other 75 79 No Yes No Yes 2

Warke Laboratory tests 41 71 No No No No –

Hara Imaging 66 60 No No No No –

Gerber Laboratory tests 34 53 No No No No –

Chmait Imaging 85 53 No No No No –

Georgakoudi Laboratory tests 64 44 No No No No –

Ragette Other 79 42 No Yes No Yes 3

Parker Imaging * 33 No No No No –

Odunsi Laboratory tests 39 33 No No No No –

Cosmi Imaging 53 32 No No No No –

Broth Other 41 29 No No No No –

Satoh Laboratory tests 61 23 No No No No –

This table provides information for both screening (excluded) and non-screening studies.
*Could not be determined.
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Commentary: Improving the quality and clinical relevance of
diagnostic studies
Frans H Rutten, Karel G M Moons, Arno W Hoes

Bachmann and colleagues show that few studies on
diagnostic accuracy include calculations of sample size.
Most such studies are too small to provide precise esti-
mates of the overall sensitivity and specificity of a test,
let alone for subgroups,1 and few studies have
investigated this issue. We support the authors’ recom-
mendation that all diagnostic studies should calculate
sample size at the planning phase, especially as
straightforward methods are available for assessing
simple proportions, such as sensitivity and specificity.
However, they used the specificity and sensitivity of
single tests to calculate sample size (understandable
given the predominance of these tests in research) and
did not consider the increasing number of clinically
relevant studies that measure the accuracy of several
tests in combination.2

If you were testing the accuracy of B-type
natriuretic peptide (BNP) for excluding heart failure in
primary care, for example, precise estimation of the
sensitivity and specificity of the test might seem impor-
tant. Such tests, however, have limited value in clinical
practice. Firstly, in daily practice positive and negative
values merely help doctors to estimate the probability
of disease.3 Secondly, a diagnosis in practice is seldom
based on one test. Doctors would probably use the
BNP test only if it provided extra diagnostic
information to other measures such as signs and
symptoms, which have already been assessed. To
improve clinical practice, it would be better to measure
the diagnostic accuracy of combinations of readily
available tests (applying multivariable regression
analysis with receiver operating characteristic curves)
and then assess whether the addition of BNP improves
accuracy.4 The BNP test should not be used when the
patient’s history and physical examination would
provide equivalent diagnostic information.

We know even less about determinations of sample
size for multivariable diagnostic studies. The number
of tests studied is usually limited to allow for adequate
data analysis. An often used rule is that at least 10
patients with the disease should be tested for each
diagnostic test evaluated.5 Such ways of determining
sample size are not ideal. If the method suggested by
Bachmann and colleagues is used to determine sample
size in evaluations of multiple tests, many assumptions
must be made to achieve acceptable proportions of
false negative and false positive diagnoses when a cut-
off value is introduced.

Methodological improvements are needed to guide
considerations of sample size in diagnostic research.
Lack of consensus on some of these issues is no excuse
for “complete” lack of prior calculations of sample size in
diagnostic studies. Bachmann and colleagues showed
that a lack of such calculations is common. We hope that
authors of studies on diagnostic tests will soon adopt
more rigorous guidelines based on the standards for
reporting of diagnostic accuracy (STARD initiative;
www.consort-statement.org/Initiatives/newstard.htm).

Contributors: FHR, KGMM, and AWH critically discussed the
structure of this article. FHR wrote the first draft and KGMM
and AWH critically revised the manuscript.
Competing interests: None declared.

1 Bachmann LM, Puhan MA, ter Riet G, Bossuyt PM. Sample sizes of stud-
ies on diagnostic accuracy: literature survey. BMJ 2006;332:1127-9.

2 Moons KG, Biesheuvel CJ, Grobbee DE. Test research versus diagnostic
research. Clin Chem 2004;50:473-6.

3 Moons KG, Harrell FE. Sensitivity and specificity should be
deemphasized in diagnostic accuracy studies. Acad Radiol 2003;10:670-2.

4 Rutten FH, Moons KGM, Cramer MJM, Grobbee DE, Zuithoff NPA,
Lammers JWJ, et al. Recognising heart failure in elderly patients with
stable chronic obstructive pulmonary disease in primary care: a
cross-sectional diagnostic study. BMJ 2005;331:1379-85.

5 Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation
study of the number of events per variable in logistic regression analysis.
J Clin Epidemiol 1996;49:1373-9.

What is already known on this topic

To assess the minimum size needed for sufficiently
narrow confidence intervals of sensitivity and
specificity in study groups as a whole and in
clinically relevant subgroups in particular, sample
sizes should be considered at the planning stage of
studies on test accuracy

What this study adds

Few studies on test accuracy report calculations of
sample size

Overall size and subgroup size tend to be small in
these studies, which leads to imprecise estimates of
sensitivity and specificity
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