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An expert panel has recommended that in individuals 
with, or at risk for, musculoskeletal health problems, 
cardiovascular disease, autoimmune disease, and cancer, 
adequate levels of 25-hydroxyvitamin D (25-HD) should be 
maintained. Periodic monitoring of vitamin D in patients 
taking supplements is suggested.1 Population-based 

reference intervals for serum 25-HD may not be helpful in 
assessing the adequacy of dietary intake of this vitamin.

Biological variability complicates the interpretation of 
reference intervals. Reliable data on intra- and interindividual 
variability requires many samples collected from individuals 
that represent a legitimate reference population.2,3

Harris introduced the index of individuality (II), the 
ratio of intraindividual biological variability (CVI: the 
random fluctuation of values around the homeostatic 
point) to interindividual variation (CVG: the variation of 
different homeostatic points in subjects of the same 
population) of an assay.4 The index is based on whether 
reference values calculated in the healthy population are 
appropriate. If the II for the analyte in question is greater 
than 1.4—that is, if CVI is a lot bigger than CVG—the 
result can be compared with the reference range in the 
healthy population. However, if the II is less than 0.6—that 
is, if CVI is much smaller than CVG—it suggests that the 
analyte level has high individuality; hence, comparison 
with the reference range may be misleading.4 The 
difference between serial results is significant and could 
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be biologically relevant (ie, showing a change in health 
status) if it is greater than the sum of the analytical and 
normal human biological variation. This difference is 
called the critical difference or the reference change  
value RCV.5

The formula for calculating the RCV was proposed by 
Fraser.3 It includes, among the causes of the variability 
of results in a single individual, intraindividual biological 
variability and intralaboratory analytical variability.5

A database of biological variation exists for many analytes 
and is a useful reference.6 However, we are aware of only 
one report7 in which serial samples were selected from 
individuals to assess biological variations of 25-HD. The 
present work aims to assess the biological variability of 
25-HD and other serum biomarkers of bone metabolism, 
calcium (Ca), phosphorus (P), and parathyroid hormone 
(PTH) in healthy subjects.

Materials and Methods

Study Subjects

Blood samples were collected from 11 healthy subjects 
(6 females and 5 males; mean [SD] age, 46 [5.1] years; 
range, 39-55 years). None of the subjects were taking any 
prescription medication, had had any illness in the previous 
3 months (or during the study) that required them to seek 
medical help, or had any history of renal or bone disease. 
None were addicted to drugs or alcohol. All subjects were 
physically active but were asked to refrain from strenuous 
physical exercise.

Sample Collection and Storage

Blood samples were collected once per week for 8 
consecutive weeks between January and March 2011. All 
the blood samples were collected between 8:30 and 9:30 
am. Venous blood was collected in sterile evacuated tubes 
that included a gel separator. After withdrawal, all blood 
samples were transported on ice. The filled collection 
tubes were centrifuged at 8°C for 10 minutes at 3700 
rpm; the serum was removed and frozen at -20°C until 
testing. Samples were thawed at room temperature before 
analysis. All samples were suitable for analysis based on 
indices of hemolysis, lipemia, and icterus.

Analytical Methods
25-HD, PTH, Ca, and P were measured in a single batch, 
in duplicate, on all samples. 25-HD and i-PTH (intact) were 
measured using the DiaSorin LIAISON chemiluminescence 
immunoassay (DiaSorin, Saluggia, Italy), which has a 
linear range of 4.0 to 150 ng/mL, and the LIAISON® 
N-tactTM PTH immunoassay (DiaSorin), with a linear range 
of 1 to 2000 pg/mL. Ca and P were measured on the 
Dimension®RxL chemistry analyzer (Siemens, Munich, 
Germany).

Quality Assessment
The performance of all the analytes included in the study 
was monitored with multilevel chartered quality institute 
(IQC) and external quality assessment (EQA) programs 
(Vitamin D External Quality Assessment Scheme [DEQAS]). 
The Clinical Pathology I Laboratory of Bari Polyclinic has a 
certified quality control management system, UNI EN ISO 
9001-2008.

Statistical Analysis
Descriptive statistics of the concentrations of 25-HD, PTH, 
Ca, and P in the 11 study subjects included the overall 
means and distribution intervals (ie, range and SD). The 
Kurtosi test was used to verify gaussian distribution of the 
data. The analytical variability of 25-HD, PTH, Ca, and P 
assays were determined by calculating the intra-assay and 
interassay imprecision, in accordance with the procedure 
described in Clinical and Laboratory Standards Institute 
(CLSI) document EP15-A2. The analysis of variance 
(ANOVA) test was used to calculate intra and interindividual 
variance; variance and overall mean were used to calculate 
the total intra- and interindividual variability (CVT). CVI and 
CVG, were calculated as described by Harrisand Yasaka4:

CVI = (CVTI2 - CVA2)1/2

CVG= (CVTG2 - CVA2)1/2

The individuality index (II) was calculated with the following 
formula:

II = CVI / CVG

and the RCV, the clinically significant variation between 2 
results in a series in the same individual, was evaluated 
with the formula:

RCV = 2½Z (CVA2+CVI2)½ 
 

The Z score of 1.96 was regarded as significant for 2-way 
variation with a 95% confidence interval. The MedCalc 
software program, version 11.6.1.0 (MedCalc Software, 
Mariakerke, Belgium) was used for statistical analyses.
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Results
Table 1 lists the concentrations of 25-HD, PTH, Ca, and 
P obtained in the 11 subjects. The distribution of each of 
these analytes was gaussian, as verified by the Kurtosi 
test. Figure 1, Figure 2, Figure 3, and Figure 4 show 
the mean and range of values obtained for the analytes in 
each subject. The central box in the diagram represents 
the lower and upper quartiles (25th-75th percentile), so the 
box contains 50% of the values. The analytical imprecision 
(CVA) we observed compared favorably with target values 
obtained experimentally or from the literature (Table 2). 
The target control concentrations of 25-HD, PTH, Ca, and 

Table 1. Descriptive Statistics of 25-Hydroxy- 
vitamin D, PTH, Ca, P, and Results of Kurtosi Test

 25-hydroxy- PTH Ca P 
 vitamin D ng/mL pg/mL mg/dL mg/dL

Number of samples 88 88 88 88
Minimum Value 15.6 14.8 8.6 2.8
25th Percentile 19.8 23.3 9.0 3.3
Median 23.9 25.7 9.3 3.7
75th Percentile 28.5 28.9 9.5 4.1
Maximum Value 35.2 36.3 11.8 4.8
Mean 24.3 25.9 9.3 3.7
SD 5.5 4.3 0.4 0.4
Normal distribution Yes Yes Yes Yes 
 (P=0.05)
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Figure 1

Concentrations of 25-hydroxyvitamin D in the study population. 

The mean concentrations and absolute intervals are shown for 

each subject.

Figure 2

Concentrations of parathormone in the study population. The mean 

concentrations and absolute intervals are shown for each subject.

Figure 3

Concentrations of calcium in the study population. The mean 

concentrations and absolute intervals are shown for each subject.

Figure 4

Concentrations of phosphate in the study population. The mean 

concentrations and absolute intervals are shown for each subject.
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P were 20.1 ng/mL, 29.7 pg/mL, 8.7 mg/dL, and 4.9 mg/dL, 
respectively.

The biological variability used to calculate the II for each 
analyte are shown in Table 2, as well as the analytical 
imprecision of the methods and the biological variability 
used to calculate the RCV. Table 3 compares the 
biological variability determined in this study is compared 
with that which has been reported in the literature.6-8

Discussion
Vitamin D is produced by the skin when it is exposed to 
sunlight or absorbed from the intestine after dietary intake. 
The vitamin is then hydroxylated in the liver to 25-HD, its 
most abundant circulating metabolic form. In the kidneys 
a second hydroxylation occurs, to 1,25-hydroxyvitamin 
D, which is the most active metabolite. Hydroxylation is 
regulated mainly by PTH, phosphate, and Ca.9

Experimental and epidemiologic data on the relationship 
of 25-HD with many diseases are available. A low level 

of serum 25-HD may be a risk factor for cardiovascular 
events.10 Several studies11-14 suggest that low serum 25-HD 
is associated with risk for many types of cancer. Vitamin 
D supplementation has been suggested to prevent certain 
autoimmune disorders.15 25-HD affects bone density and 
quality and increases muscle strength, thereby reducing 
the risk of falling and fractures in older individuals.1

In the laboratory, the data on biological variability have 
various important implications because they define specific 
analytical quality and they allow us to assess the utility 
of reference values and to determine the significance of 
differences in serial measurements (ie, the RCV, or critical 
difference).17,18

To our knowledge, only Viljoen et al7 had previously 
determined the biological variability of 25-HD. Their study 
was conducted using a protocol similar to ours, but they 
did not concurrently investigate other markers of bone 
metabolism.

We report the intra- and interindividual biological 
variability of 25-HD in healthy subjects with no metabolic 
disturbances and normal dietary habits and lifestyle. 

Table 2. The Overall Mean, Analytical Imprecision (CVA Data), Biological Variability (CVI and CVG) 
Components, Individuality Index (II), and Reference Change Value (RCV)

  Analytical Overall CVA Intra- CVA Inter- CVA 
Analytes Unit Method Mmean series % series %  Desirable %  CVI % CVG % II RCV %

25-hydroxy- ng/mL LIAISON (DiaSorin) 24.3 4.4 5.6 5.5a 4.7 64.3 0.07 18.0 
 vitamin D  
PTH pg/mL LIAISON (DiaSorin) 25.9 3.9 6.4 5.3a 14.8 22.4 0.66 42.6
Ca mg/dL Dimension (Siemens) 9.3 1.3 2.5 1.0 b 3.1 5.0 0.61 9.4
P mg/dL Dimension (Siemens) 3.7 2.6 2.9 4.3 b 10.1 26.2 0.39 29.0

aImprecision target, experimentally obtained.
bDesirable imprecision specification, see Westgard: www.westgard.com/biodatabase1.htm.

Table 3. Biological Variability – Experimental Data Obtained, and Data in Literature

    Our Experience       Literature

Analytes CVI % CVG % II CVI % CVG % II

25-hydroxyvitamin D 4.7 64.3 0.07 12.0a 43.0a 0.27a

PTH 14.8 22.4 0.66 25.3b 43.4b 0.58b

Ca 3.1 5.0 0.61 1.9c 2.8c 0.68c

P 10.1 26.2 0.38 8.5c 9.4c 0.90c

aAdie Viljoen et al. JCLA 2011 (7).
bAdie Viljoen et al. Clin Chem Lab Med 2008 (8).
cWestgard (6).
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Serial blood samples were assayed during the winter at 
regular time intervals. Our results revealed that serum 
concentrations of 25-D varied no more than 5% in each 
individual during the course of our study. In contrast, 
the mean 25-HD levels varied by 60% or more from one 
subject to another.

The mean [SD] concentration of 25-HD in all subjects 
and all specimens was 24.3 [5.5] ng/mL, similar to the 
mean [SD] concentration of 24 [not reported] ng/mL 
obtained in the National Health and Nutrition Examination 
Survey (NHANES) 2001/2004 study conducted in a large 
population.19-21

Souberbille et al1 recommended using a 25-HD reference 
range based on an apparently healthy population. Our 
findings suggest that the reference range should take 
into account the RCV. In combination with the II, this 
approach provides the health care professional a useful 
tool to assess the significance of variations in serial 
measurements. During the 3-month observation period, we 
noted no significant intraindividual variations in the 25-HD 
concentrations that would prompt clinical follow up.

Conclusion
We measured and calculated the intra- and interindividual 
biological variation of 25-HD in 11 healthy subjects over 
a 3-month period. These data were useful for interpreting 
changes in 25-HD, based on reference intervals and 
expected biological variation. Conventional reference 
intervals for 25-HD may be insensitive to significant 
changes in 25-HD status, since the interindividual variability 
far exceeds the intraindividual variability for this analyte. LM
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