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       Editorial   

  Biological variation and reference change values: 
an essential piece of the puzzle of laboratory testing  

    Mario   Plebani        and      Giuseppe   Lippi              

   

  The biological variability of analytes assessed in clinical 
laboratories is pivotal to understand several issues related to 
the quality of laboratory information throughout all steps of 
the testing process (Figure  1  ). In the pre-analytical phase, the 
knowledge of predictable biological cyclical biorhythms is 
required for appropriate collection of specimens at times per-
tinent to the clinical questions. Daily, monthly and seasonal 
rhythms have been broadly described and all play a critical 
role for addressing proper sample collection but also for inter-
preting test results  (1, 2) . This is the typical case of serum 
cortisol in Cushing’s disease, as it is widely recognized that 
the 24 h cortisol secretory pattern is characterized by a lack of 
normal circadian variation  (3) . 

 In the analytical phase, appreciation of biological variation 
represents precious information for setting reliable quality 
specifi cations  (4, 5) . This principle, originally proposed by 
Cotlove et al.  (6) , has been thoroughly investigated by Fraser 
and Harris  (7)  and fi nally endorsed by the 1999 International 
Federation of Clinical Chemistry and Laboratory Medicine 
(IFCC), the International Union of Pure and Applied 
Chemistry (IUPAC) and the World Health Organization 
(WHO)  “  Stockholm Conference Hierarchy  ”   (8) . Although 
quality specifi cations based on how analytical quality affects 
medical decision-making are at the top of the hierarchy, this 
approach is diffi cult to apply because few tests are used in 
single, well-defi ned clinical situations and with standardized 
medical strategies that are directly related to the test results. 
Conversely, data on biological variation and related analytical 
quality specifi cations are available for a large number of labo-
ratory tests  (9) . Finally, in the post-analytical phase, knowledge 
of underlying biological variation of quantities examined in 
medical laboratories plays a central role in understanding the 
proper generation and application of traditional population-
based reference values  (10) . In a seminal article published in 
2004 in this  Journal , Fraser  (11)  emphasized how the aware-
ness of the biological changes that occur over the life span 
is a necessary prerequisite for deciding whether stratifi cation 
of reference values according to age, gender, race and other 
demographical variables is likely to be necessary. Moreover, 
studies carried out over the last three decades on inherent ran-
dom biological variation have provided signifi cant insights 
into serious intrinsic problems associated with conventional 
population-based reference values, thus supporting the need 
for revising the concept of reference values  (12) . 

 Quantitative data on within- and between-subject com-
ponents of biological variation have revealed that most 
quantities of interest in laboratory medicine are character-
ized by a marked individuality and a quantitative measure is 
the index of individuality (II), originally proposed by Harris 
 (13)  in 1981. Individuality provides an indisputable argu-
ment for the more appropriate use of individual-specifi c ref-
erence values, especially when monitoring individuals over 
time. The acknowledgment that changes in serial results of 
an individual may originate from clinical improvement or 
deterioration of health status, but might also be due to the 
three inherent sources of variation (pre-analytical, analyti-
cal and within-subject biological variation), led Harris and 
Yasaka  (14)  to develop and introduce the concept of refer-
ence change values (RCV). In this issue, we are delighted 
to publish an article on reference change values, written by 
the most widely recognized expert in this fi eld, Callum G. 
Fraser  (15) . 

 Although the concept of RCV is simple and its calcula-
tion extremely straightforward because clinical laboratories 
are aware of their analytical coeffi cient of variation (CVA) 
and within-subject biological variation (CVI) estimates 
are available for a large number of analytes, some draw-
backs and problems have been raised by Cooper et al.  (4)  to 
explain the unwarranted delay in its application in clinical 
laboratory practice. The great value of this paper, along with 
an outstanding ability to summarize and ease the compre-
hension of the body of knowledge gathered so far on this 
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 Figure 1    Biological variation, RCV and total testing process.    
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topic, is to provide new insights on a variety of interesting 
means of improvement of the RCV calculation, such as the 
use of log-normal transformation to obtain relevant unidi-
rectional RCV as well as the increasing need to measure 
it as contained in recent clinical practice guidelines for a 
large number of pathologies. Some recent applications of 
the RCV further highlight the importance of closing the 
gap between the theoretical basis and the application of this 
concept in practice. The fi rst paradigmatic example is the 
use of RCV for interpreting results of high-sensitive cardiac 
troponin (hs-cTn) results, particularly in patients in whom 
hs-cTn values increase from low concentrations  (16) . Other 
important examples include the use of RCV in athletes for 
establishing reliable thresholds in the never-ending fi ght 
against doping  (17) , for assessing the metabolic response 
to the therapy in diabetics  (18)  or for defi ning pharmaco-
kinetic, pharmacogenetic and pharmacodynamic individual 
properties in therapeutic drug monitoring  (19) . 

 The renewed focus on RCV and biological variation still 
represents a crucial issue for improving the effectiveness of 
laboratory information, the clinical decision-making process 
and, ultimately, the clinical outcomes. In particular, the RCV 
can thus be considered an objective tool for evaluating the 
clinical signifi cance of differences in serial results from an 
individual. It does not represent, however, the fi nal curtain, 
but just an essential piece of the challenging puzzle that is 
laboratory diagnostics.  
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