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ABSTRACT

Purpose: The present study was set out to investigate the effect of test repetition within the biological variation 
perspective by addressing reanalyzing an individual sample on total variation. This study also demonstrated to what 
extent a laboratory result of an individual reflects a homeostatic set-point.

Methods: The total variation values were determined for different coefficients of analytical variation (CVA) corresponding 
optimum (CVA = 0.25 x CVI), desirable (CVA = 0.5 x CVI), and minimum (CVA = 0.75 x CVI) limits of performance 
specifications for imprecision. The effect of a number of analytical measurements on the total variation for a single sample 
was simulated. Furthermore, the percentage of closeness to the true homeostatic setting point (D) was determined for 
commonly used 27 analytes.

Results: This study showed that the total variation reduction with reanalysis of an individual sample was lower than 
19%, 10%, and 3% for the tests meeting the minimum, desirable and optimum level of specification limits, respectively. 
Furthermore, the reduction was only 9.4%, 5.1%, and 1.5% for duplicate analysis of an individual sample at the 
abovementioned limits.

Conclusion: This study demonstrated that test repetition has a negligible effect on the total variation, especially when 
analytical performance meets optimum and desirable performance specifications. D values reported in this study can 
guide laboratory professionals and clinicians about to what extent a result of an individual reflects homeostatic set-point.
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Biyolojik Varyasyon Açısından Test Tekrarı

ÖZET

Amaç: Bu çalışma, tek bir örneğin yeniden analiz edilmesini ele alarak biyolojik varyasyon perspektifinde test tekrarının 
toplam varyasyon üzerindeki etkisini araştırmak için düzenlenmiştir. Bu çalışma aynı zamanda bir bireyin laboratuvar 
sonucunun ne ölçüde bir homeostatik ayar noktasını yansıttığını da göstermiştir.

Yöntemler: İmpresizyon için performans spesifikasyonlarının optimum (CVA = 0.25 x CVI), istenen (CVA = 0.5 x CVI) 
ve minimum (CVA = 0.75 x CVI) sınırlarına karşılık gelen farklı analitik varyasyon katsayıları (CVA) için toplam varyasyon 
değerleri belirlendi. Toplam varyasyona tek bir numunenin analitik ölçüm sayısının etkisi simüle edildi. Ayrıca, yaygın 
olarak kullanılan 27 analit için gerçek homeostatik ayar noktasına (D) yakınlık yüzdesi belirlendi.

Sonuçlar: Bu çalışma, tek bir numunenin yeniden analizi ile toplam varyasyondaki azalmanın, minimum, istenen ve 
optimum spesifikasyon limitlerini karşılayan testler için sırasıyla %19, %10 ve %3’ten düşük olduğunu göstermiştir. 
Ayrıca, yukarıda belirtilen limitlerde tek bir numunenin çift analizi için azalma sadece %9,4, %5,1 ve %1,5 olmuştur.

Sonuç: Bu çalışma, özellikle analitik performansın optimum ve istenen performans özelliklerini karşıladığı durumlarda, 
test tekrarının toplam varyasyon üzerinde ihmal edilebilir bir etkiye sahip olduğunu göstermiştir. Bu çalışmada rapor 
edilen D değerleri, bir bireyin sonucunun homeostatik ayar noktasını ne ölçüde yansıttığı konusunda laboratuvar 
uzmanlarına ve klinisyenlere rehberlik edebilir.

Anahtar Kelimeler: Klinik Laboratuvar Bilimi, Birey İçi Biyolojik Varyasyon, Kalite İyileştirme
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Variations determine to what extent a laboratory 
test result represents the real value of an analyte 
(1). Some sources of laboratory errors like the pre-

paration of a patient, collection, transportation, and sto-
rage of samples constitute challenging but preventable 
causes of variations (2, 3).

Apart from the aforementioned pre-analytical issues, 
analytical variation and inherent biological variation cons-
titute two critical components of variation (1). Analytical 
variation is assessed by some specification limits to keep 
it to be as good as needed to be fit for the purpose. One 
of the widely used specification limits is derived from the 
biological variation databases. Random analytical error, 
bias, and total error of clinical laboratories can easily be 
compared with these goals to ensure laboratories’ compa-
tibility (4). Random analytical error designated as impreci-
sion defines the closeness of measured values obtained 
by repetitive measurements under specified conditions. 
Standard deviation and analytical coefficient of variation 
(CVA) are utilized to express imprecision (1). Furthermore, 
the analytical coefficient of variation gains various areas 
of usage in the clinical laboratory as calculating referen-
ce change value (RCV) (5) and measurement uncertainty 
(MU).

Daily, monthly and seasonal changes occur in the levels of 
some analytes of an individual. In addition to these chan-
ges, there is inherent random fluctuation around the ins-
tantaneous homeostatic setpoint, called within-subject 
biological variation (6). 

A practical formula suggested previously is utilized to de-
termine total short-term variation by taking into conside-
ration the analytical variation and within-subject biologi-
cal variation (1):

CVT=√(CVA
2 / n1 + CVI

2 / n2) (Formula I)

CVT: total variation

CVA: analytical variation

CVI: within-subject biological variation

n1: total number of analytical measurements 

n2: number of samples taken from the individual

Test repetition, including reanalyzing an individual samp-
le and resampling, can be considered when an erroneo-
us result is suspected. These two approaches can be re-
garded within the biological variation perspective. The 
present study was set out to investigate the effect of test 
repetition within the biological variation perspective by 
addressing reanalyzing an individual sample on total va-
riation. This study also demonstrated to what extent a 
laboratory result of an individual reflects a homeostatic 
set-point.

MATERIAL AND METHODS
The total variation values were determined for different 
CVAs corresponding optimum (CVA = 0.25 x CVI), desirab-
le (CVA = 0.5 x CVI), and minimum (CVA = 0.75 x CVI) limits 
of performance specifications for imprecision according 
to Formula I (1) given below:

CVT=√(CVA
2 / n1 + CVI

2 / n2)

CVT: total variation

CVA: analytical variation

CVI: within-subject biological variation

n1: total number of analytical measurements 

n2: number of samples taken from the individual

The effect of a number of analytical measurements (n1) 
on the total variation for a single sample (n2 = 1) was si-
mulated using Formula I.

The number of samples (n) needed to get defined close-
ness (D) to the true homeostatic setting point assuming 
single analysis were calculated for 27 analytes including, 
alanine aminotransferase (ALT), aspartate aminotransfe-
rase (AST), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), lactate dehydrogenase (LDH), cre-
atinine kinase (CK), amylase (AMY), pancreatic amylase 
(PAMY), lipase (LIP), sodium (Na), potassium (K), chloride 
(Cl), magnesium (Mg), inorganic phosphorus (IP), total 
cholesterol, high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL), non-high-
density lipoprotein cholesterol (non-HDL), triglycerides, 
glucose, urea, uric acid, total protein, total bilirubin, direct 
bilirubin, and hemoglobin A1c (HbA1c) using the follo-
wing Formula II (1):
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n=(Z x √[CVA
2 + CVI

2] / D)2

CVA and CVI: as in formula I

D: The percentage of closeness to the true homeostatic 
setting point.

Z: Coverage factor set to 1.96 corresponding to a 5% false 
rejection rate

The Formula II was inversely modified to yield D as a func-
tion of n in the Formula III: 

D=(1.96 x √[CVA
2 + CVI

2]) / √n

The number 1.96 is the above-mentioned Z-score. 

When there is no test repetition with an additional samp-
le, n equals 1.

The percentage of closeness to the true homeostatic set-
ting point (D) was determined for 27 analytes mentioned 
above.

Micorsoft Excel version 16.54 was used for reanalysis 
simulation.

RESULTS
Figure 1 shows simulation outcomes related to the effect 
of reanalyzing an individual sample on total variation. 
Reanalyzing an individual sample reduced the contributi-
on of analytical variation to the total variation and eventu-
ally decreased overall total variation. The reduction in the 
total variation reached a steady-state level by the increa-
sing number of reanalysis. 

Figure 1: Relationship between number of reanalysis and total variation for different thresholds of CVA, A: The change of total variation with 
increasing number of reanalysis, B: Reduction percentage of total variation with increasing number of reanalysis.

The variation reduction was ~3 % for CVA = 0.25 x CVI, ~10 
% for CVA = 0.5 x CVI, and ~19 % for CVA = 0.75 x CVI at 
steady-state levels.

The number of samples needed to get defined closeness 
(D) to the true homeostatic setting point is given for 27
analytes in Table 1. While one sample is sufficient to achie-
ve 10 % closeness to the homeostatic setting point for Na, 
K, Cl, Ca, Mg, IP, total cholesterol, glucose, total protein,
ALP, LDH, and Hba1c, other analytes require more than
one sample to achieve 10 % closeness. An analytical mea-
surement of a sample results in different D values for each 
analyte. Interestingly, the D value is over 40 % for triglyce-
rides, total, and direct bilirubin tests for a single measure-
ment of a single sample (Table 1).

DISCUSSION
The effect of reanalysis on total variation was mainly de-
pendent on imprecision. The reduction in the variation 
was lower for lower CVA (Figure 1). The true value of a me-
asurand should be within “the analysis result ± D” when 
pre-analytical variation is reduced to an insignificant level. 
The present study deduced D values for 27 analytes.

The effects of test repetition on total variation were inves-
tigated in two studies. Firstly, Peterson showed that repe-
ating tests with high individuality indexes can decrease 
false-positive test results (7). Then, Fraser elucidated this 
issue by proposing the aforementioned useful formula 
(Formula I). This formula has shown that reanalyzing an 
individual sample and resampling decrease contributions 
of analytical variation and intraindividual biological vari-
ation (1). 
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A desirable analytical variation should be lower than half 
of the within-subject biological variation (4). When the 
test performance complies with these specification limits, 
the contribution of analytical variation to total variation 
will be significantly lower than within-subject biological 
variation (1). In the same way, the present study sho-
wed that the total variation reduction with reanalysis of 
an individual sample was lower than 19%, 10%, and 3% 
for the tests meeting the minimum, desirable and op-
timum level of specification limits, respectively (Figure 
1). Furthermore, the reduction was only 9.4%, 5.1%, and 
1.5% for duplicate analysis of an individual sample at the 
abovementioned limits. These findings have shown that 
reanalyzing an individual sample does not substantially 
reduce the total variation, especially for the tests meeting 
desirable and optimum specification limits.

Table 1: Number of Samples Required to Reach D% Closeness to Homeostatic Set-point (n)

Analytes % CVI % Desirable Imprecision n (D = 10%) %D (n=1)

ALT 9.3 4.7 4 20.4

AST 9.5 4.8 4 20.8

GGT 8.9 4.5 4 19.5

ALP 5.3 2.7 1 11.6

LDH 5.2 2.6 1 11.4

CK 14.5 7.3 10 31.8

AMY 6.8 3.4 2 14.9

PAMY 6.3 3.2 2 13.8

LIP 7.7 3.9 3 16.9

Na 0.53 0.3 1 1.2

K 3.92 2.0 1 8.6

Cl 0.98 0.5 1 2.2

Ca 1.81 0.9 1 3.9

Mg 2.88 1.4 1 6.3

IP 7.67 3.8 3 16.8

Total Cholesterol 5.18 2.6 1 11.4

HDL 5.67 2.8 2 12.4

LDL 8.46 4.2 3 18.5

non-HDL 6.88 3.4 2 15.1

Triglycerides 19.8 9.9 19 43.4

Glucose 4.7 2.4 1 10.3

Urea 14.1 7.1 10 30.9

Uric acid 8.32 4.2 3 18.2

Total protein 2.6 1.3 1 5.7

Total bilirubin 20.9 10.5 21 45.8

Direct bilirubin 20.9 10.5 21 45.8

Hba1c 1.2 0.6 1 2.6

Biological variation data of ALT,AST, GGT, ALP, LDH, CK, AMY, PAMY (pancreatic amylase),and LIP was taken from (8), Na, K, Cl, Mg, IP (inorganic phosphorus), total 
cholesterol, HDL, LDL, non-HDL, triglycerides, glucose, urea, uric acid, total protein, total bilirubin,and direct blirubin from (9), HbA1c from (10)
CVI : intra-individual biological variation data

In terms of resampling, Formula II could be considered (1) 
for calculating the number of samples (n) needed to get 
defined closeness (D) to the true homeostatic set-point 
assuming a single analysis conducted. Fraser questioned 
resampling numbers proposed by some guidelines in 
2004 (1).  However, biological variation data have been 
updated since 2004. Moreover, within-subject biological 
variation values were reduced to some degree. Therefore, 
n has also been reduced. A novel example of the number 
of samples to reach 10% closeness to the true homeos-
tatic set-point by using biological variation data  (8-10),  
has been given in Table 1. It was postulated that test CVAs 
were at the desirable specification limits. This study sho-
wed that only one sample with a single analysis is suffici-
ent for Na, K, Cl, Ca, Mg, IP, total cholesterol, glucose, total 
protein, ALP, LDH, and Hba1c to reach 10% closeness to 
the true homeostatic set-point (Table 1).
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Inversely, Formula II was used to yield D as a function of n 
in the novel Formula III. Formula III can be used to interp-
ret results near reference interval limits. The true value of 
a measurand should be within “the analysis result ± D” (for 
only one sample, the formula III becomes 1.96 x √(CVA

2 + 
CVI

2)) when pre-analytical variation is reduced to an insig-
nificant level. Therefore, if a result ± D involves a reference 
limit, test repetition with an additional sample may chan-
ge analyte level status. On the other hand, if the analysis 
result ± D does not include a reference limit, test repetiti-
on will not change analyte level status when there is no 
laboratory error. The laboratorians and clinicians should 
regard the aforementioned “grey zones” in this aspect.

The percentage of closeness (%D) to the true homeostatic 
set-point of a result achieved by only one sample with a 
single analysis is given in Table 1. This table can guide la-
boratorians and clinicians about to what extent a result of 
an individual reflects homeostatic set-point. 

The present study is limited by representing the calculati-
ons (D and n values) reflecting the homeostatic set-point 
in only healthy individuals. Biological variation data can 
be affected by health status. Therefore, the n and D values 
should be interpreted with this caution.

CONCLUSION
This study demonstrated that test repetition has a negli-
gible effect on the total variation, especially when analy-
tical performance meets optimum and desirable perfor-
mance specifications. Therefore, reanalyzing an individual 
sample should preferably be performed in case of analyti-
cal error and resampling when a pre-analytical error exists.
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