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Quantitative data on the components of biological variation (BV) are used for
several purposes, including calculating the reference change value (RCV) required
for the assessment of the significance of changes in serial results in an individual.
Pathology may modify the set point in diseased patients and, more importantly, the
variation around that set-point. Our aim was to collate all published BV data in
situations other than health. We report the within-subject coefficient of variation
(CVI) for 66 quantities in 34 disease states. We compared the results with the CVI

determined in healthy individuals and examined whether the data derived in specific
diseases could be useful for clinical applications. For the majority of quantities
studied, CVI values are of the same order in disease and health: thus the use of
RCV derived from healthy subjects for monitoring patients would be reasonable.
However, for a small number of quantities considered to be disease specific
markers, the CVI differed from those in health. This could mean that RCV derived
from healthy CVI may be inappropriate for monitoring patients in certain diseases.
Hence, disease-specific RCVs may be clinically useful.
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Introduction

The biological variation (BV) of quantities examined in
laboratory medicine can be described as of three types,
namely, variation over the span of life, predictable cycli-
cal variation that can be daily, monthly or seasonal in
nature, and random variation.1 Most quantities have
random biological variation.

Within-subject or intra-individual biological varia-
tion is the average random £uctuation around the
homeostatic set point of individuals. Between-subject
or inter-individual biological variation is de¢ned as
the di¡erence between the set-points of individuals. In
mathematical terms, these are usually expressed as
coe⁄cients of variation (CV) and termed CVI and CVG,
respectively.2 The method for estimating the compo-
nents of BV, based on nested analysis of variance
(ANOVA), has been fully described.1,2 Brie£y, a number

of samples are obtained from each of several subjects
strictly following a predetermined protocol. The most
important conditions that are required include the
following:

� the health status of the subjects must be known;
� pre-de¢ned exclusion criteria must be applied;
� the pre-examination phase of the process should be

standardized with regard to the subject prepara-
tion, sample collection and storage until examina-
tion procedures are performed;

� analytical variability during the testing process
should be minimized; and

� the data obtained should be statistically dissected
into analytical, within-subject and between-sub-
ject components using ANOVA following exclusion
of outliers through appropriate statistical metho-
dology.1,2
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Quantitative data on the components of BVare used
for several purposes, including setting analytical qual-
ity speci¢cations,3 determining the number of samples
required to establish an estimate of the homeostatic
setting point of an individual,4 assessing the utility of
population-based reference intervals5 and calculating
the reference change value (RCV) required for the
assessment of the signi¢cance of changes in serial
results in an individual.6--8

It has become common practice to use RCVs esti-
mated from healthy subjects to detect signi¢cant
changes in the status of patients. However, the under-
lying pathology may modify the set-point in diseased
patients and, more importantly, the variation around
that set-point. If this is true, the use of RCVs from
healthy subjects may not be the most appropriate strat-
egy for this task. CVI estimated from individuals with a
speci¢c disease may be more suitable for calculation of
RCV that would be of value in interpretation of serial
results in patients with that particular disease. Some
preliminary work examining this hypothesis has been
done in patients who have undergone renal replace-
ment therapy with the aim of early detection of rejec-
tion and other crises,9 and in patients with chronic
liver disease with the aim of detection of early hepato-
cellular carcinoma.10 These studies, the ¢rst to apply
BV data derived from patients with chronic stable dis-
ease in monitoring, have shown that this approach
allows the detection of changes in the clinical condi-
tion of patients before they manifest clinically.

Many authors have published collated data on the
components of BV. Several years ago we compiled data
derived from healthy subjects in a database that
includes the BV components for numerous quantities
in healthy subjects. Several versions of this information
for healthy subjects, including the most recent update,
are available in publications and on the Internet.11--14

BV in diseased subjects has been the subject of var-
ious studies in recent years. Although the available
information is still limited, as can be seen by the rela-
tively small number of studies dedicated to this subject
and compiled in the database appended to this work,
we considered it su⁄cient to perform a preliminary
analysis to assess whether our hypothesis, that disease
speci¢c RCVs would be useful, was tenable. Our aim in
this review was to collate published BV data in situa-
tions other than health.We report the CVI strati¢ed by
disease and compare the results with the CVI deter-
mined in healthy individuals and examine whether
the data derived in speci¢c diseases might be useful for
clinical applications.

Material and methods

The data collected were retrieved from articles in the
literature that had the speci¢c stated aim of determin-

ing the components of BV.The systemused to select the
papers and to determine the reliability of the informa-
tion retrieved in the overall assessment of BV compo-
nents in health and disease has already been
described in detail.11--14 In summary, each source was
read independently by two of the authors of the present
study to determine its suitability for inclusion. The cri-
teria for rejection of a paper were as follows:

� the components of BV were obtained indirectly,
that is, the study was not speci¢cally designed to
estimate these; and

� the mathematical model used to estimate the com-
ponents of BVwas not based on ANOVA and there-
fore not considered robust.

For each quantity in each disease situation the
following datawere collated:

� the components of BV, particularly CVI;
� the matrix studied;
� the number of subjects studied;
� the duration of the study, expressed in days;
� the number of samples collected from each subject;
� the disease; and
� the mean value and the units used in expression of

the data.

All papers compiled deal with patients in a stable
clinical situation, except those relating to acute myo-
cardial infarction.

To facilitate examination, the quantities studied in
the various diseases were ¢rst listed in alphabetical
order. Then, for each quantity, the literature CVI values
were classi¢ed in ascending order. These values were
then compared to those from healthy subjects. When
numerical di¡erences were observed, we reassessed
the literature to investigate if such di¡erences could be
attributed to any other factors recorded, such as the
number of subjects studied, time period covered or
number of samples collected per subject. In addition,
we notedwhether the diseases were in acute or chronic
phases.

To illustrate this procedure, the data for alkaline
phosphatase (ALP) provide an example. This quantity
was studied in three diseases. In two of them, the CVI

values were of the same order as the median found in
the many studies on healthy subjects, whereas in the
third, it was two-fold higher. Inspection of the other
data recorded disclosed the following:

(1) the number of subjects studied were similar
in the disease with ALP activities similar to
the conventional population-based reference
interval compared to that with activities two-fold
higher;
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(2) the lengths of study were similar in diseases with
very dissimilar CVI, the number of samples stu-
died were similar in all three diseases;

(3) the disease states were all chronic rather than
acute.

Hence, in£uences of these factors on the di¡erences
observed were ruled out and it was considered that the
di¡erences were real.

Results

The database contained information from 66 quanti-
ties estimated in 34 diseases, obtained from 45 papers
published in15 scienti¢c journals. The subjects studied
were from several countries and continents. The biolo-
gical matrices analyzed were mainly serum, and less
often urine and sweat. Thirty-nine quantities were
each examined in a single study, and 27 appeared in
more than one study. Serum potassium and sodium,
the most frequently studied quantities, were each
examined in eight articles.

The results obtained in each paper, organized by
quantity and disease, are shown in Appendix1.

Discussion

In laboratory practice, the data derived from compo-
nents of BV in healthy individuals have been used as
guides for medical decision-making in disease. How-
ever, prior to the present study there was no collated
information to clarify whether BV data in health and
disease were similar.

We found that CVI in disease were, in the majority of
cases, of the same order as those in healthy individuals.
These data could not be submitted to rigid statistical
comparison to determine signi¢cant di¡erences
because of the small number of measurements avail-
able for each quantity and the heterogeneity of the
study designs and methods compiled.

For quantities not considered to be biochemical mar-
kers for the speci¢c disease studied, the distribution of
data was within the distribution of healthy CVI values.
For example, serum sodium, one of the quantities for
which the largest number of studies was available,
showed CVI values between 0.6% and1.5%with a med-
ian of 0.8% in disease (healthy distribution: 0.3% to
2.0%, median 0.7%). Since such small di¡erences
would have no e¡ect on clinical applications, it would
not be necessary to calculate disease speci¢c RCV in
most clinical situations. This is an important ¢nding
because it means that much larger amount of data on
the components of BV documented for healthy indivi-
duals can generally be used, as advocated previously,2

in chronic stable disease states.

Nevertheless, some CVI values were found to be high-
er, but markedly so in only seven organ speci¢c dis-
eases, namely:

� a-fetoprotein, for which the CVI in hepatic diseases
was higher than that of healthy subjects; neverthe-
less it was identical to the usual in colon cancer;

� ALP, for which the CVIwas higher in Paget’s disease
although in chronic renal failure and chronic liver
disease it was almost identical to the CVI in health;

� CA 125, for which the CVI was higher in ovarian
cancer (speci¢c marker for this disease);

� CA 15.3, for which the CVI for this typical breast
cancer marker was higher in patients with this dis-
ease than in healthy subjects;

� carcinoembryonic antigen, for which the CVI was
higher in most studies of patients with colorectal
cancer;

� creatinine, for which the CVI was higher in kidney
disease and post-transplantation than in healthy
subjects; and

� haemoglobin A1c, lipoprotein (a) and ¢rst morning
urine albumin showed higher CVI in patients
a¡ected by diabetes mellitus than in healthy sub-
jects.

In these few cases, it might be that the use of a RCV
calculated from the healthy state might be lower than
appropriate for the speci¢c clinical situation and this
could result in ‘false positive’signals for a patient being
monitored. This could lead to an inappropriate medical
decision, such as an unnecessary increase in the treat-
ment dose, with consequent risk of toxicity or unneces-
sary invasive testing, as well as the negative
psychological impact of a positive result on the patient.

The ¢ndings from this preliminary overview of the
current situation regarding the CVI in disease and the
limited clinical applicationof the RCVconcept in labora-
tory medicine lead us to suggest that estimation of dis-
ease-speci¢c RCVs should be further investigated for key
quantities used in patient monitoring in well de¢ned
conditions with established clinical follow-up protocols.
Initial e¡orts in studies by Biosca et al.9 in renal post
transplantation and TrapeŁ et al.

10 in hepatocellular car-
cinoma have shownpromise in the detection of changes
in the disease status before clinical manifestations are
evident. In addition, a recent paper from SoleŁ tormos
et al.15 provides an excellent example of the use of BV
concepts in interpreting serial total prostate speci¢c
antigen concentrations in prostate cancer.

Conclusions

CVI values in a number of disease states are provided in
this collation of the available data. For the majority of

Ann Clin Biochem 2007; 44: 343–352

Within-subject biological variation in disease 345



quantities studied, CVI values are of the same order in
disease and health: thus the use of RCVs derived from
healthy subjects for monitoring patients would be rea-
sonable. However, for a small number of quantities con-
sidered to be disease speci¢c markers, the CVI di¡ered
from those in health.This could mean that, rarely, RCVs
derived from healthy CVI may not be appropriate for
monitoring patients in certain diseases. Hence, disease
speci¢c RCVs may be clinically useful. Further studies
focused on speci¢c, well documented disease states
could be warranted in the light of this study.

Acknowledgements
We thank Professor Callum G Fraser for his helpful
comments and Celine Cavallo for assistance with the
writing of this paper.

References

1 Fraser CG, Harris EK. Generation and application of data on
biological variation in clinical chemistry. Crit Rev Clin Lab Sci
1989; 27: 409–37

2 Fraser CG. Biological Variation: From Principles to Practice.
Washington DC: AACC Press, 2001

3 Kenny D, Fraser CG, Hyltoft Petersen P, Kallner A. Consensus
Agreement. In: Hyltoft Petersen P, Fraser CG, Kallner A, Kenny D
eds. Strategies to set global analytical quality specifications in
laboratory medicine. Scand J Clin Lab Invest 1999; 59: 585

4 Fraser CG. Are ‘scientific statements’ the scientific truth?. http://
www.westgard.com/guest23/htm (accessed 05 November 2006)

5 Fraser CG. Inherent biological variation and reference values. Clin
Chem Lab Med 2004; 42: 758–64

6 Ricós C, Cava F, Garcı́a-Lario JV, et al. The reference change
value: a proposal to interpret laboratory reports in serial testing
based on biological variation. Scand J Clin Lab Invest 2004; 64:
175–84

7 Iglesias N, Hyltoft Petersen P, Jensen E, Ricós C, Joergensen P.
Reference change values and power functions. Clin Chem Lab
Med 2004; 42: 415–22

8 Biosca C, Ricós C, Lauzurica R, Galimany R. Reference change
value concept combining two delta values to predict crises in renal
posttransplantation. Clin Chem 2001; 47: 2146–8

9 Biosca C, Ricós C, Lauzurica R, Hyltoft Petersen P. Biological
variation at long-term renal post-transplantation. Clin Chim Acta
2006; 368: 188–91
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18 Biosca C, Ricós C, Jiménez CV, Lauzurica R, Galimany R. Are
equally spaced specimens collection necessary to assess
biological variation? Evidence from renal transplant recipients.
Clin Chim Acta 2000; 301: 79–85

19 Browning MCK, Bennet WM, Kirkcaldy AJ, Jung RT. Intra-
individual variation of thyroxin, triiodothyronine and thyrotropin in
treated hypothyroid patients: implications for monitoring replace-
ment therapy. Clin Chem 1988; 34: 696–9
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variation of Lipoprotein(a) in a diabetic population. Analysis of the
causes and clinical implications. Clin Chem Lab Med 2003; 41:
1075–80

27 Hölzel WGE. Intra-individual variation of some analytes in serum
of patients with insulin-dependent Diabetes Mellitus. Clin Chem
1987; 33: 57–61

28 Hölzel WGE. Intra-individual variation of some analytes in serum
of patients with chronic renal failure. Clin Chem 1987; 33: 670–3

29 Hölzel WGE. Intra-individual variation of analytes in serum
from patients with chronic liver diseases. Clin Chem 1987; 33:
1133–6

Ann Clin Biochem 2007; 44: 343–352

346 Ricós et al.



30 Hölzel WGE. Influence of hypertension and antihypertensive drugs
on the biological intra-individual variation of electrolytes and lipids
in serum. Clin Chem 1988; 34: 1485–8

31 Hölzel WG, Deschner W. Intra-individual variation of serum
thyroxin and triiodothyronine in pregnancy. Clin Chem 1988; 34:
2063–5

32 Hölzel WG, Beer R, Deschner W, Griesmacher A, Muller MM.
Individual reference ranges of CA 15-3, MCA and CEA in
recurrence of breast cancer. Scand J Clin Lab Invest Suppl 1995;
221: 93–101

33 Howey JE, Browning MC, Fraser CG. Selecting the optimum
specimen for assessing slight albuminuria, and a strategy for
clinical investigation: novel uses of data on biological variation.
Clin Chem 1987; 33: 2034–8

34 Jorde R, Sundsfjordt J. Intra-individual variability and longitudinal
changes in glycUmic control in patients with Type 1 diabetes
mellitus. Diabetic Med 2000; 17: 451–6

35 Mora Brugués J. Variabilitat intraindividual dels marcadors
tumorals. Doctoral Thesis. Barcelona: Universitat de Barcelona,
1993

36 Kafonek SD, Derby CA, Bachorik PS. Biological variability of
lipoproteins and apolipoproteins in patients referred to a lipid clinic.
Clin Chem 1992; 38: 864–72

37 Muusze RG. Intra-individual-variability and retest-reliability of
lipoproteins in serum of coronary artery disease patients. Ann
Clin Biochem 1987; 24(Suppl. 2): 136

38 Panteghini M, Pagani F, Bonora R. Pre-analytical and biological
variability of prostatic acid phosphatase and prostate-specific

antigen in serum from patients with prostatic pathology. Eur J Clin
Chem Biochem 1992; 30: 135–9
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