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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
(CV)) for 66 quantities in 34 disease states. We compared the results with the CV,
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, CV, 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 CV, differed from those in health. This could mean that RCV derived
from healthy CV, 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." Most quantities have
random biological variation.

Within-subject or intra-individual biological varia-
tion is the average random fluctuation around the
homeostatic set point of individuals. Between-subject
or inter-individual biological variation is defined as
the difference between the set-points of individuals. In
mathematical terms, these are usually expressed as
coefficients of variation (CV) and termed CV; and CVg,
respectively.” The method for estimating the compo-
nents of BV, based on nested analysis of variance
(ANOVA), has been fully described.” Briefly, a number
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of samples are obtained from each of several subjects
strictly following a predetermined protocol. The most
important conditions that are required include the
following:

e the health status of the subjects must be known;

e pre-defined exclusion criteria must be applied;

e 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,;

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

e 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."?
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Quantitative data on the components of BV are used
for several purposes, including setting analytical qual-
ity specifications,’ determining the number of samples
required to establish an estimate of the homeostatic
setting point of an individual,* assessing the utility of
population-based reference intervals® and calculating
the reference change value (RCV) required for the
assessment of the significance of changes in serial
results in an individual.®*~®

It has become common practice to use RCVs esti-
mated from healthy subjects to detect significant
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. CV; estimated from individuals with a
specific 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,” and in patients with chronic
liver disease with the aim of detection of early hepato-
cellular carcinoma.! These studies, the first 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."'~1*

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 sufficient to perform a preliminary
analysis to assess whether our hypothesis, that disease
specific 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 CV; stratified by
disease and compare the results with the CV; deter-
mined in healthy individuals and examine whether
the data derived in specific diseases might be useful for
clinical applications.

Material and methods

The data collected were retrieved from articles in the
literature that had the specific stated aim of determin-
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ing the components of BV. The system used 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."'™'* 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:

e the components of BV were obtained indirectly,
that is, the study was not specifically designed to
estimate these; and

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

For each quantity in each disease situation the
following data were collated:

the components of BV, particularly CVy;

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 first listed in alphabetical
order. Then, for each quantity, the literature CV; values
were classified in ascending order. These values were
then compared to those from healthy subjects. When
numerical differences were observed, we reassessed
the literature to investigate if such differences 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 noted whether 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 CV;
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:

(I) 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;



(2) thelengths of study were similar in diseases with
very dissimilar CV}, the number of samples stu-
died were similar in all three diseases;

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

Hence, influences of these factors on the differences
observed were ruled out and it was considered that the
differences were real.

Results

The database contained information from 66 quanti-
ties estimated in 34 diseases, obtained from 45 papers
published in 15 scientific 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 Appendix 1.

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 CVy 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 significant differences
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 specific disease studied, the distribution of
data was within the distribution of healthy CV; values.
For example, serum sodium, one of the quantities for
which the largest number of studies was available,
showed CV;values between 0.6% and 1.5% with a med-
ian of 0.8% in disease (healthy distribution: 0.3% to
2.0%, median 0.7%). Since such small differences
would have no effect on clinical applications, it would
not be necessary to calculate disease specific RCV in
most clinical situations. This is an important finding
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,
in chronic stable disease states.
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Nevertheless, some CV;values were found to be high-
er, but markedly so in only seven organ specific dis-
eases, namely:

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

e ALP for which the CV;was higher in Paget's disease
although in chronic renal failure and chronic liver
disease it was almost identical to the CVyin health;

e CA 125, for which the CV; was higher in ovarian
cancer (specific marker for this disease);

e CA 153, for which the CV; for this typical breast
cancer marker was higher in patients with this dis-
ease than in healthy subjects;

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

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

e haemoglobin Alc, lipoprotein (a) and first morning
urine albumin showed higher CV; in patients
affected 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 specific 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 findings from this preliminary overview of the
current situation regarding the CV; in disease and the
limited clinical application of the RCVconcept in labora-
tory medicine lead us to suggest that estimation of dis-
ease-specific RCVs should be further investigated for key
quantities used in patient monitoring in well defined
conditions with established clinical follow-up protocols.
Initial efforts in studies by Biosca et al.” in renal post
transplantation and Trapé et al.'’ in hepatocellular car-
cinoma have shown promise in the detection of changes
in the disease status before clinical manifestations are
evident. In addition, a recent paper from Solétormos
et al®® provides an excellent example of the use of BV
concepts in interpreting serial total prostate specific
antigen concentrations in prostate cancer.

Conclusions

CV;values in a number of disease states are provided in
this collation of the available data. For the majority of
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quantities studied, CV; 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 specific markers, the CV; differed
from those in health. This could mean that, rarely, RCVs
derived from healthy CV; may not be appropriate for
monitoring patients in certain diseases. Hence, disease
specific RCVs may be clinically useful. Further studies
focused on specific, well documented disease states
could be warranted in the light of this study.
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Within-subject biological variation in disease
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