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Abstract

This narrative review aimed to highlight the importance of each phase of a laboratory test in interpreting quantitative results. In the post-analytical phase,
test result interpretation is achieved through comparisons with reference intervals derived from healthy populations, with these comparisons being
either cross-sectional or longitudinal. Longitudinal comparisons, which contrast recent results with previous ones from the same patient, are essential for
monitoring health progression, and the introduction of individualized reference concepts enhances the precision of this assessment. Physiological rhythms,
such as ultradian and circadian rhythms, influence laboratory results, necessitating standardization in the pre-analytical process. Additionally, biological
variation, classified as within-subject and between-subject, is crucial for understanding fluctuations in results. The index of individuality (Il) is another relevant
factor, as it determines the usefulness of population-based reference intervals, which may be unsuitable for parameters with high individuality. Lastly, the
concept of "reference change value" (RCV) and a practical example are presented as important tools to assess the significance of changes in laboratory
results, particularly in sequential tests. The RCV is defined as the statistically significant difference between two results from the same individual, taking
measurement error into account. This difference is referred to as the critical difference. Available formulas for calculating the RCV are presented, emphasizing
the knowledge of analytical imprecision, obtained through the coefficient of variation from internal quality control results. The review also highlights the
limitations and challenges in applying RCV, suggesting the adoption of personalized reference intervals for enhanced accuracy in result interpretation.
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Resumo

O objetivo deste trabalho foi destacar a importancia de cada uma das fases de um exame laboratorial para a interpretacao dos resultados quantitativos.
Na fase pds-analitica, a interpretacao dos resultados dos exames é feita por comparacao com intervalos de referéncia obtidos de populagées saudaveis,
sendo essas comparagoes transversais ou longitudinais. As comparacdes longitudinais, que comparam resultados recentes com anteriores de um mesmo
paciente, sao fundamentais para monitorar a evolugao da saude, e a introducao do conceito de referéncia individualizada melhora a precisao dessa
avaliagao. Os ritmos fisiol6gicos, como ultradianos e circadianos, afetam os resultados laboratoriais, exigindo padronizagao no processo pré-analitico. Além
disso, a variacdo bioldgica, classificada em intrapessoal e interindividual, é crucial para entender as oscilagdes nos resultados. O indice de individualidade
(I) é outro fator relevante, pois determina a utilidade dos intervalos de referéncia populacionais, que podem ser inadequados para parametros com
alta individualidade. Por fim, o conceito de "reference change value" (RCV) e um exemplo pratico sao apresentados como uma ferramenta importante
para avaliar a significancia de mudancas nos resultados laboratoriais, especialmente em exames consecutivos. O RCV é definido como a diferenca
estatisticamente significativa existente entre dois resultados do mesmo individuo, levando em consideracao o erro de medida. Essa diferenca é chamada
de diferenca critica. Sao apresentadas as formulas disponiveis para calculo do RCV, com o destaque para o conhecimento da imprecisao analitica, obtido
pelo coeficiente de variacdo dos resultados de controle interno da qualidade. A revisao também destaca as limitacdes e desafios na aplicacdo do RCV,
sugerindo a adog¢ao de intervalos de referéncia personalizados para maior precisao na interpretagao dos resultados.
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INTRODUCTION

The stages of a laboratory examination are grouped
into phases, as shown in Figure 1, in the following order:
Pre-pre-analytical phase, which involves the examination
request, patient guidance, and preparation, occurring
outside the laboratory; Pre-analytical phase, which includes
patient reception and identification, sample collection,
storage, transport, and preparation; Analytical phase, which
encompasses the examination process along with quality
control; Post-analytical phase, which involves preparing the
report with any necessary interpretative comments, releasing

the result, and communicating critical values; and the Post-
post-analytical phase, which entails interpreting the result
and making decisions based on it."?

Quantitative laboratory test results are interpreted by
comparison with reference values or intervals obtained from a
population with a known health status. These comparisons may
be cross-sectional or longitudinal. Cross-sectional comparison
involves comparing a patient's analyte result with the range
of values for that analyte obtained from a group of apparently
healthy individuals. This type is known as "population-based"
referenceintervals and is used for disease diagnosis or screening.
Figure 2 illustrates the process of obtaining reference intervals.
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Conventional population-based reference intervals,
whether generated by an individual laboratory or harmonized,
are of very limited utility in evaluating an individual's results
for screening or diagnosis, as many individuals will have
values that are highly atypical for them but still fall within
the reference intervals.®

Longitudinal comparisons involve comparing a patient's
recent value with previous values for the same analyte. This
comparison can help detect a change in health status and is
therefore used for patient monitoring. Figure 3 illustrates, in
both listand graph form, a patient's past results for analyte X.

Including previous patient results directly in the report
enhances quality in the post-analytical phase, as it allows both
healthcare professionals and patients to recall prior results and
understand the progression of the laboratory marker. In this
way, the laboratory treats the patient as their own reference
rather than as part of a reference population. Ideally, a patient's
test results should be compared to their own individualized
reference values—a personalized reference value.”
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In this context, several factors may influence variations
between sequential results for an individual. A result differing
from the previous one can stem from pre-analytical, analytical,
or biological variation.® These three types of variation must
be considered to determine whether a change in a result
relative to a prior one is significant.®)

Depending on the study design, biological variation can be
classified as intrapersonal biological variation, when studying
the variation of an analyte's results in a single individual
under a homeostatic equilibrium condition; within-subject
biological variation, when studying within-subject variation
of an analyte's results across multiple individuals under
homeostatic equilibrium conditions; and between-subject
biological variation, or biological variation of a group, when
studying the variation of an analyte's results among multiple
individuals under homeostatic equilibrium conditions.®

Intrapersonal biological variation, or within-subject
variation, is the variation of an analyte around the individual's
homeostatic set point. Also referred to as random biological
variation, it cannot be predicted but can be estimated with
appropriate statistical methods.® The difference between
intrapersonal and within-subject biological variation lies
in the data sources used to calculate these parameters.
Within-subject biological variation is calculated using
intrapersonal variations across a group (population), so it is
not specific to an individual, while intrapersonal biological
variation is obtained from repeated measurements of the
same individual and is thus specific to that individual.®’ In
recent years, significant progress has been made in deriving,
calculating, estimating, and reporting biological variation
data and derived parameters.©

Random within-subject biological variation of analytes
is not synonymous with physiological rhythm. Physiological
rhythms are systematic, partially predictable variations and
can be classified, based on frequency, as ultradian (<24
hours), circadian (approximately 24 hours), and infradian
(>24 hours).®

Due to the ultradian rhythms of analytes, the comparison
of a current laboratory test result cannot be made against
a previous result obtained from a sample collected at a
different time of day; for example, if the previous sample
was collected in the afternoon and the current one in the

morning. For reliable comparisons, the pre-analytical phase
must be standardized, meaning it should be very similar,
considering factors such as collection time, fasting duration,
preparation for collection, collection procedure, lifestyle,
and other pre-analytical variables that may affect the test
result. Additionally, in some cases, sampling at the same
time on consecutive days may not be sufficient to eliminate
infradian variations, such as those related to lipids, vitamin D,
calcium, etc,, especially if the interval between consecutive
measurements approaches the infradian periods of the
analyte being tested.®

Figure 4 illustrates intrapersonal, within-subject and
between-subject biological variation of a biochemical analyte.

The European Federation of Laboratory Medicine (EFLM)
provides data on biological variation (%) in healthy individuals,
following an assessment of study quality, free of charge for
users worldwide.®

Additionally, there are studies that report the biological
variation (%) of certain analytes in individuals with specific
disease states. However, for a range of analytes, data is either
unavailable or limited.®®

Information on interindividual biological variation is
indirectly used to interpret laboratory test results, as it is
employed to calculate the individuality index of an analyte.
The ratio between within-subject biological variation (CVI)
and between-subject biological variation (CVG) is known the
individuality index (I1).© For most individuals, the fluctuation
in analyte concentration over time is less than the dispersion
of the reference interval; that is, intraindividual biological
variation is generally lower than interindividual biological
variation, resulting in an Il of less than one (1.0).19

If the Il is below 0.6, the analyte exhibits high
individuality, which means that the variation between the
individual's results is small relative to the reference interval
range, rendering the latter less useful for interpreting the
results, as the individual variation is not visible within the
population reference interval. In such cases, there is a risk of
considering the individual's result as a normal physiological
variation when the analyte values are significantly far from
their homeostatic set point but still fall within the reference
interval.12 Conversely, if the Il is above 1.4, the analyte
shows low individuality, and the value dispersion in each
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individual covers most of the dispersion among individuals
represented by the reference interval, making it a useful
tool for test interpretation. Generally speaking, the utility
of the population reference interval for monitoring patients
is limited when the Il is below 0.6 and acceptable when
the Il is above 1.4. For an analyte with an Il between 0.6
and 1.4, the use of population reference intervals is at the
clinician's discretion.™

For example, glycated hemoglobin is an analyte
that exhibits high individuality (Il = 0.16), meaning that
the reference interval (RI) is of limited usefulness, as the
individual's variation is not visible within the Rlrange. On the
other hand, blood pH is a parameter with low individuality
(1.75), indicating that the reference interval (Rl) is quite useful,
aseven a small variation in the individual becomes apparent
within the Rl range.
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Finally, the analytical variation of the method chosen for
measuring the analyte is another variable that can influence
theinterpretation of consecutive laboratory results, and this
information is available only to the laboratory. Analytical
variation, also known as analytical precision, represents the
dispersion of results from the control sample in the internal
quality control of the laboratory test. The precision of the
method is calculated using the standard deviation of the
mean of the results and is expressed as a percentage in terms
of the coefficient of variation (CV) of the mean.

Considering thatinformation on the analytical performance
of methods (precision) is proprietary to laboratories, laboratory
professionals can actively engage in strategies to enhance
the patient experience in healthcare by developing and
contributing high-quality data to facilitate timely and
meaningful communication and interpretation of test results."”
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Components of the biological variation of an analyte: intrapersonal, within-subject and between-subject biological variation.

Legend: CVlp: Intrapersonal biological variation coefficient. CVI: within-subject biological variation. CVG: between-subject biological variation.

Source: Adapted from Johnson, 2020.”
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RCV - REFERENCE CHANGE VALUE

When using traditional reference intervals, an individual's
analyte results may shift from within the interval to outside it
(and vice versa) without clinical significance, likely prompting
unnecessary clinical actions, such as repeat test requests.

A much better way to monitor individuals is by using the
RCV, or reference change value, translated into Portuguese
as "diferenca critica,""
"valor de referéncia mudanca."®The RCV was introduced by
Harris and Yasaka"®in 1983 and is defined as the statistically

valor de referéncia para alteracao," or

significant difference between two results from the same
individual, taking measurement error into account. Thus,
the RCV serves as a tool for evaluating the significance of
differences in serial results for an individual."®To conclude that
the difference between two consecutive results is significant
and may be biologically relevant (indicating a change in
health status), the difference must exceed the RCV, hence
its designation as the critical difference"”

The formula for defining the RCV of each analyte, which
depends on the analytical variation of the laboratory method

used and the CVI, according to Fraser and Harris (1 989)"7 js:
RCV =2"2x Z x (CVA? + CVI?)'"?

where CVA is the analytical variation coefficient of the
measurement method for the specific analyte, CVI is the
within-subject biological variation coefficient, and Z = 1.65
for p <0.1,1.96 for p < 0.05, or 2.33 for p < 0.01.

Considering that the calculation of the RCV was initially
proposed for measurements with a symmetrical or Gaussian
(also known as normal) distribution, over the years, other
authors have advocated that the approach of converting the
RCV to a natural logarithm (In-RCV) should be primarily used
when measured values are considered normally distributed
after In transformation. Consequently, other methods for
calculating the RCV have emerged for asymmetrically
distributed measurements. ""1¥

With the asymmetrical approach, the deviation (o) of
the log-normal distribution of the total variation coefficient
(CVT) is calculated using the formula:

o = [In((CVT/100)* + 1)]'2
where CVT=[(CVI* + CVA?)]'?

This approach results in asymmetrical RCV limits. The
asymmetrical critical difference limit for an increase (positive

RCV) and for a decrease (negative RCV) in laboratory results
is determined by the following formulas, respectively:

RCV pos = [exp(1.96 x 22 x 6) — 1] x 100
RCV neg = [exp(-1.96 x 2"2x o) - 1] x 100

In practice, the difference is that the symmetrical RCV
yields a single value as the critical difference, whereas the
asymmetrical RCV yields two: one to be exceeded when there
is an increase in the result and another for a decrease in the
patient's result. When the CVT is < 5-10%, the symmetrical and
asymmetrical formulas will yield similar results, as illustrated
in the practical example below.

Regardless of the chosen formula, the within-subject
biological variation coefficient from the EFLM database
(https://biologicalvariation.eu/) is used when the intrapersonal
biological variation coefficient is unknown.

The EFLM database itself operates by initially requiring
a search for the analyte (which must be entered in English).
Next, the biological variation data for the analyte is displayed,
along with an option to select the RCV calculation (Figure 5).
For the calculation, you must enter the analyte's CVA from
your laboratory, and the asymmetrical RCV will automatically
be presented.

Additionally, itis important to note that, although the CVI
can be assumed constant as it does not frequently change,
the CVA (analytical imprecision) varies across laboratories and
methods. Table 1 shows that the RCV depends on the CVA
and that this relationship is non-linear, using an example for
capillary glucose with a hypothetical CVI of 3.8% and a 95%
confidence interval (z=1.65).

Additionally, some studies present the RCV used in the
laboratory as a critical difference for the automatic release of
patient results based on previous results, also referred to as
a delta-check."*?However, it is important to note that each
laboratory has its specific RCV for each analyte, as it depends
on the laboratory's analytical variation. As anillustration, the
influence of analytical variation is shown in Table 2,"?which
presents the probability of a 15% change in total cholesterol
results (CVI6%) relative to a previous result being significant,
depending on the CVA.

In practice, there are often more than two sequential
results available for an individual, allowing for the calculation of
the significance of changes between each pair of consecutive

measurements.?”
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Source: https://biologicalvariation.eu/search?query=glucose

RCV for capillary glucose, considering a hypothetical within-subject biological
variation coefficient (CVI) of 3.8% at different levels of analytical imprecision

(p<0.05).
Imprecision (CVA, %) RCV (%)
1.0 9.2
2.0 10.0
3.0 13
4.0 12.9
5.0 14.7
6.0 16.6

Probability of a 15% change in total cholesterol results being significant at different
levels of analytical imprecision.

Imprecision (CVA, %) Probability of Significant Change(%)
2.0 95
4,0 93
6.0 90
8.0 86
10 82

CVA: analytical coefficient of variation. Source: Fraser, 201 2.0
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PRACTICAL EXAMPLE

Considering a hypothetical CVA for glucose analysis of
4% and a hypothetical CVI for capillary glucose of 3.8%, the
symmetrical RCV would be calculated as follows:

Critical difference with 90% confidence:

RCV =2"2x Z x (CVA? + CVI?)"2
RCV =1.414x 1.65 x (4% + 3.8%)"
RCV =12.9%

Critical difference with 95% confidence:
RCV = 2"2x Z x (CVA? + CVI?)"?
RCV=1.414x1.96 x (4> + 3.8%)"2
RCV=15.3%

Critical difference with 99% confidence:
RCV =2"2x Z x (CVA? + CVI?)"?
RCV=1.414x2.58 x (42 + 3.82)"?
RCV =20.1%

The different probabilities (Z) in the confidence of
the critical difference mean that the more the healthcare
professional wants to trust the RCV, the greater it will be.

To calculate the asymmetrical RCV, the total coefficient
of variation (CVT) must be calculated in decimal values:
CVT=[(CVI? + CVA%)]'2
CVT=[(3.82 + 4%)]"?
CVT=[(14.44 + 16)]'?
CVT=[30.44]""
CVT=5.517%

And the standard deviation of the CVT must be
calculated as:
o =[In((CVT/100)% + 1)]'2
0 =[In(0.0552%+ 1)]'?
0 =[In(0.05522 + 1)]'2
o0 =[In(0.003 + 1)]'"?

= [In(1.003)]"2
=[0.00299]"
0 =0.0547

a QG

The asymmetric RCV, or the difference considered critical
for an increase in the result, should be calculated as:
RCV pos = [exp(1.96 x 2'2x 0) — 1] x 100
RCV pos = [exp(1.96 x 1.414 x 0,0547) - 1] x 100
RCV pos = [exp(0.1516) — 11 x 100

RCV pos =[1.1636 - 11 x 100
RCV pos =[0.1636] x 100
RCV pos = 16.36%

And the difference considered critical for a decrease in
the result as:
RCV neg = [exp(-1.96 x v2 x 0) - 11 x 100
RCV neg = [exp(-1.96 x 1.414 x 0.0547) — 1] x 100
RCV neg = [exp(-0.1516) — 1] x 100
RCV neg =[0.8593 - 1] x 100
RCV neg =[-0.1406] x 100
RCV neg =-14.06%

In a hypothetical situation where a patient, who had
a blood glucose level of 152 mg/dL three months ago,
started oral hypoglycemic treatment with a daily dose of
2.5 mg of glibenclamide and subsequently returned for a
follow-up test showing a result of 133 mg/dL (a reduction
of 12.5%), the question arises: is this reduction significant?
Considering both symmetric and asymmetric calculated
RCV, the reduction is not significant, as the difference should
exceed 15.3% or 14.06%.Thus, it is first necessary to assess the
patient’s adherence to the medication regimen. If adherence is
confirmed, the treatment should be complemented with non-
pharmacological approaches, such as introducing physical
activity and/or dietary modifications, or adjusting the daily
medication dose.

This approach enables a personalized interpretation
of the patient's results, based on within-subject biological
variation data and laboratory information, including the
previous result and the analytical coefficient of variation.

PERSPECTIVES

The reference interval based on the homeostatic model
can be calculated using an individual’s previous test results
obtained under a clinical steady-state condition, that is,
by understanding the individual’s intrapersonal biological
variation. With advancements in information technology,
laboratories now have data from millions of patients, enabling
the implementation of personalized laboratory diagnostics.”
Applications for calculating individualized reference intervals,
based on an individual’s previous results, are already being
developed by some research groups.®The use of personalized
reference intervals for calculating customized RCV can be
considered a fundamental element of predictive, preventive,
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and particularly personalized laboratory medicine. With the
dissemination of this knowledge, laboratories may be able
to present personalized RCV in patient reports.

LIMITATIONS

Fraser (2012)"? reports several disadvantages in the
use of RCV, including the possibility that a) statistical
information may overwhelm professionals, b) the use of
the Z-score could obscure clinical judgment, ¢) RCV may
depend on test frequency, d) some biological variation might
depend on health status, e) proper application requires a
sophisticated laboratory information management system,
f) laboratory staff and clinicians need further education, and
g) terminology can be confusing.

Other authors indicate that caution is necessary when
using RCV for tumor markers to guide medical decisions.
922 Rossum and colleagues (2022)?* argue that studies on
biological variation are conducted in healthy volunteers,
typically only in adulthood, and even those conducted in
disease states, such as cancer cases, are affected by the
dynamics of the tumor marker, which is highly dependent
on the tumor type, stage, treatment used, biomarker half-life,
etc. Furthermore, another limitation of using RCV for tumor
markers is that the significant change, based on statistical
probability (Z), is not necessarily of interest to the clinician,
who needs medical decision levels based on the probability
of a patient responding to treatment, the likelihood of cancer
recurrence after curative treatment, or the probability of
resistance to treatment after an initial response. ??

FINAL CONSIDERATIONS

In this review, we summarize the application of biological
variation in using RCV and the role of RCV in supporting
the interpretation of consecutive laboratory results. Each
individual has a“personal”range of values that encompasses
only a portion of the common reference interval. Consequently,
individuals may experience significant changesin their results
that go unnoticed, as these changes are considered normal
when evaluated against the common reference interval.
Knowledge and use of RCV assist in addressing this issue.
However, biological variation data have limitations based on
the characteristics of the studied population, which suggests
the approach of a personalized reference interval.

The use of RCV should be as prevalent as population-
based reference intervals in clinical laboratories. RCV should
be available as a tool for clinical decision-making, especially
in the monitoring of individual patients.
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