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Biological Variation (BV) of quantities examined in laboratory 
medicine can be described as of three types, namely; variation over the 
span of life, predictable cyclical variation that can be daily, monthly or 
seasonal in nature, and random variation [1]. Random variations of 
analytes which consist of random fluctuation around the setting point 
of each individual is known as the intra-individual biological variation. 
Additionally, each person’s setting point may be different from 
another’s, and the overall variation resulting from this difference is 
known as inter-individual biological variation. In mathematical terms, 
these are usually expressed as Coefficients Of Variation (CV) and 
termed as CVw for intra-individual BV and CVg for inter-individual 
BV [2].

In laboratory medicine, it is essential to take the BV concept into 
consideration to provide reliable results. Thus, clinical laboratories 
should minimize all the sources of variations related laboratory 
processes, estimate the components of BV and appropriately manage 
them during the entire process leading to the laboratory report. A 
comprehensive database constituted from BV data of nearly 320 
analytes which is updated every 2 years serves as a useful reference for 
many clinical laboratories [3,4]. Nonetheless, there are still hundreds 
of constituents for which BV has not yet been estimated. Future work 
should focus on these specific tests.

Clinicians use several approaches in the interpretation of routine 
laboratory tests of the patients. These include comparison with 
predetermined cut-off values or reference values, or a comparison 
between two sequential results for a specific analyte [5]. Comparison 
between two sequential results is not as straightforward as it seems. It 
should be remembered that each result has its own inherent random 
variation associated with laboratory activity (analytical variation, CVa) 
and Biological Variation (BV) [6]. 

It has become clear that conventional population based reference 
values do have serious intrinsic problems and thus, there is a need 
for revisiting practical applications of conventional population based 
reference values for getting more useful laboratory data [7]. A major 
problem with reference values is that biological quantities are not 
constants that can be measured once in one reference sample group to 
provide reference values that are applicable in all situations. Knowledge 
of the underlying BV of analytes examined in laboratories is vital to 
understanding the proper generation and application of traditional 
population based reference values. Using the BV data is the best way to 
detect changes in a patient’s health status through a comparison between 
serial analytical results rather than comparison with population based 
reference values. This is because of the marked individuality of the 
majority of analytes. Hence, values obtained in consecutive analyses of 
samples from a patient may fall within the reference range, but show 
a considerable difference. When the difference exceeds a certain value, 
known as the Reference Change Value (RCV), a change in the patient’s 
condition is indicated [7,8]. 

The usefulness of reference intervals has been addressed by the 
concept of biological individuality also referred to as the “index of 
individuality” (II) which is a ratio of CVw to CVg. When the index 

is lower than 1, which is usual for the majority of analytes compiled 
up-to-date, two consecutive results from a subject may be outside the 
RCV but well within the population-based reference interval. As a new 
concept, comparison of the result of a single test with the population-
based reference interval is a satisfactory practice only for analytes with 
the index of individuality higher than 1 [8,9]. 

The RCV, defined as the critical difference that must be exceeded 
between two sequential results for a significant (or true) change to 
occur incorporates the total variation associated with both results and 
is demonstrated by an equation [RCV = 21/2 * Z *(CVa2 + CVw2)1/2]. This 
equation is based on the the random variations associated with a result 
follows a Gaussian distribution [2]. Important factors of the equation to 
consider are the Z-score (i.e. the desired level of statistical significance; 
Z=1.96 for 95% significance when evaluating a bidirectional change), 
the analytical variation (CVa) (usually, 5% for automated tests) [10] and 
the intra-individual BV (CVw) which is often the largest contributor to 
the variation [7]. By this RCV concept clinicians could be alerted to 
these possible intrinsic variations that may influence the magnitude of 
the difference between serial results [11]. 

Collaboration between clinical laboratories and clinicians is 
becoming more necessary as the complexity of the diagnostic processes 
is growing up. It has become more common to use RCVs estimated 
from BV data of healthy subjects to detect significant changes in the 
status of patient. Additionally it has been proposed previously that 
RCV can be used for delta checking and autoverification: Laboratory 
information managment systems (LIMS) can be adapted to do this, as 
has been demonstrated [12]. Using of RCV model could be valuable 
for follow up results and does not include extra cost for the clinical 
laboratory. It only requires a LIMS in which a reliable algorithm can 
be programmed to relate the diagnosis, patient’s prior results and the 
present values. When the assigned percentages (RCVs) for analytes 
exceeded simultaneously, a warning message should be created by the 
LIMS to inform the clinician that the clinical status of patients may be 
undergoing towards an unfavorable change. Laboratories should better 
use this model as a routine aplication for improving the interpretation 
of laboratory reports.
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