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Most tests performed in laboratories rely on comparison of 
a test result, typically a patient sample, against a range of 
values defined for normal healthy individuals, the concept 
being that any result that lies outside this range thereby 
defines a (potentially) ‘abnormal’ test result. Indeed, it is 
difficult to otherwise conceptualize an alternative approach 
in laboratory diagnostics so far. This process comprises an 
established standard also within hemostasis testing, and can 
therefore be defined as ‘necessary’ to establish a deviation 
from the norm. However, the limitations imposed by this 
practice are often under-recognized.

First, the reference range, sometimes called a reference 
interval, is often based on use of a so-called “reference 
population”, which presumes that the reference subjects 
utilized in the process are all “ostensibly healthy”. This 
will inevitably lead to collection of inaccurate data, since 
there is no way to accurately identify the true health of 
these subjects. This is something that we briefly touched 
on in a recent article (1). Health status is commonly 
inferred, for example after collection of medical history 
and/or physical examination, which thereby fails to show 
‘abnormalities’, but which will never be able to fully exclude 
‘silent pathologies’, sometimes present and potentially 
contributing to bias in the calculated range. Sometimes, 
subjects are laboratory colleagues and, here, even ‘known 
pathologies’ may not be divulged for reasons of privacy. It is 
obviously infeasible to perform extensive health evaluation 
of otherwise ‘ostensibly healthy’ subjects, simply to define a 
reference range.

Although outliers are often excluded in such processes 
(i.e., cutting the tails of the value distribution and 
conventionally including only the 95% confidence interval 
of the entire population, as for current indications of 

some international organizations such as the International 
Federation of Clinical Chemistry or the Clinical and 
Laboratory Standards Institute) (2), this does not ensure 
reliability. Indeed, this actually introduces another problem, 
since in such a process, the normal range will essentially 
only capture ~95% of the normal population, and by 
definition some 5% of test results performed on patients 
will be ‘false positives’, either falling above or below the 
normal reference range.

In a normally distributed normal range, around 2.5% will 
be false low and around 2.5% will be false high, whereas 
proportions will differ for non-normally distributed data. 
Irrespective, this can lead to potential for false diagnosis of 
disease where such disease does not exist. As an example, 
a commonly applied normal reference range for von 
Willebrand factor (VWF) is 50–200 U/dL, with a median 
value close to 100 U/dL (thus defining a non-normally 
distributed normal range). Deficiency of VWF can define 
von Willebrand disease (VWD), which is a bleeding 
disorder (3). However, the reference range of 50–200 U/dL 
is a partially ‘artificial construct’ and has limited utility in 
terms of diagnosing VWD. Most simply, a patient with a 
‘normal level’ of 51 U/dL cannot necessarily be diagnosed 
as not having VWD, and another patient with an ‘abnormal 
level’ of 49 U/dL cannot necessarily be diagnosed as having 
VWD. Indeed, given the imprecision inherent in laboratory 
tests, including those for VWF, and the inter-individual 
variability in VWF levels, the same patient can easily give 
the ‘different’ results (49 and 51 U/dL) in the same assay 
run using the same sample. Moreover, as suggested above, 
around 1/20 test results for any individual assay based on 
95% confidence intervals will reflect a false ‘positive’. Thus, 
diagnosis of disease requires much more than simple clinical 
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evaluation of test numbers. For VWD, this would mean 
test results from a panel on VWF tests, perhaps well 
below the normal reference range normal cut off (e.g., 
below 30 U/dL), repeated at least once for confirmation, 
together with clinical and family history of mucocutaneous 

bleeding (3,4).
Moreover, in the real world of laboratory testing, an 

analysis of normal individuals is never as ‘perfect’ as actually 
enabling the generation of such a rounded normal reference 
range of ‘50–200 U/dL’, given as the above example. In the 
Westmead laboratory, for example, we have established 
normal reference ranges for many VWF tests. One historical 
example [for VWF antigen tested by enzyme-linked 
immunosorbent assay (ELISA)] is shown in Figure 1. Here, 
analysis of almost 400 normal individual samples yielded the 
data shown, which after log transformation to approximate 
a normal distribution, yielded a calculated normal reference 
range of 47.8–200 U/dL (5), close to but not exactly the 
same as 50–200 U/dL. Similar data for VWF collagen 
binding yielded a calculated normal reference range 
of 52.0–231.1 U/dL. When faced with such ‘minor’ 
variance from a ‘commonly’ employed (‘harmonious’) range 
approximating 50–200 U/dL, laboratories will often opt for 
a ‘rounding’ to effectively avoid clinicians having to deal with 
different and ‘difficult to recall’ ranges for different tests that 
measure several analytes associated to a single disease (VWD 
in this example). This rounding assists clinicians by providing 
a simplified schema, but it is imperfect because it reduces the 
accuracy of disease diagnosis. 

Naturally, the larger the number of normal individuals 
used in a normal range assessment process, the more 
accurate the normal range, and conversely, the smaller the 
number, the less accurate the normal range. Too small a 
number produces very inaccurate normal ranges. Given 
the difficulty for most laboratories to test large numbers 
of normal individuals, either because of unavailability or 
excessive cost, there is a balance created between these. 
It is then of little surprise that some variation is observed 
for normal ranges identified by different laboratories 
for the same analytes. In such cases, there is benefit to 
harmonization of test practice, and establishment of ‘generic’ 
normal ranges, such as 150×106–450×106/L for platelet 
count, even though a true normal range evaluation will 
never yield that ‘perfect range’ in every laboratory.

Just as 1/20 test results may reflect a false ‘positive’, this 
then means that the more tests performed on any given 
individual, the more likely the risk of a false positive in 
any individual patient. Essentially, if a patient has 20 tests 
performed, then by chance one of those tests will likely be a 
false positive (above or below the reference interval) for that 
patient. In total, this risk actually increases linearly with 
the number of test requested, as shown in Figure 2, thus 
exceeding 95% probability of one false positive test result 

Figure 1 Distribution of VWF antigen results in a sampling of 
nearly 400 normal individuals (5). The distribution is non-normal, 
although log transformation yields a near normal distribution to 
then enable calculation of a 95% confidence interval for normal 
range estimation. For this sample set, the resulting normal range 
would be defined as 47.8–200.0, although this has been ‘rounded’ 
to 50–200 in the Westmead laboratory to enable a more simplified 
range for clinical use, especially considering additional minor 
variation for other VWF assays. Irrespective, there are results below 
48 U/dL (n=9; ~2.3%) and below 50 U/dL (n=13; ~3.3%); thus, 
around 2–3% of normal individuals tested in this assay will yield 
results below the normal reference range (false positive). VWF, 
von Willebrand factor. 

Figure 2 Probability of obtaining at least one false positive test 
results according to the number of tests ordered.
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when the number of tests ordered is 19 or more. 
For some test systems, for example antiphospholipid 

antibodies  for identi f icat ion of  antiphospholipid 
syndrome (6),  other limits are used for calculating 
reference ranges, such as 99th percentile. The advantage of 
such a process is reduced risk of false positive. Nevertheless, 
the downside may be reduced sensitivity and higher risk of 
false negative (i.e., patient is positive, but missed by testing 
which gives a result in the normal range).

The take-home message for this article is that not all 
abnormal test results reflect disease or abnormality, and 
a normal test result does not always exclude a disease. 
Sometimes, this just represents ‘noise’ around the normal-
abnormal cut-off values. Sometimes, such outcomes are 
due to analytical error, although these are minimized 
in modern laboratories due to stringent quality control 
procedures. Sometimes abnormal test results reflect pre-
analytical issues, rather than patient status, because of a 
compromised test sample quality, including that this has 
potentially been collected and processed appropriately 
(7,8). Another take home message here for clinicians is 
to avoid ‘fishing expeditions’, and ordering ‘all’ tests ‘just 
in case’—which on occasion may occur to avoid future 
medico-legal issues related to a ‘failure to test’ for (and 
thus identify) a certain disease condition (9). One other 
recommendation is to repeat any test that does not seem to 
match the clinical condition, using a fresh sample collected 
on another occasion, and perhaps even using a different 
test methodology. For example, heterophile antibodies can 
yield false normal results in severely VWF deficient patients 
using some test methodologies (such as latex agglutination), 
whereas a different test process (e.g., ELISA) may yield the 
correct result (10).
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