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Abstract
Background The intra-individual reference range is generally narrower than the commonly used reference
range. Consequently, close monitoring of changes in the laboratory test results of individuals based on
the inter-individual reference range remains challenging.
Methods We examined the determination of individual reference ranges using four indicators of
nutritional conditions: transferrin (TRF), albumin (ALB), retinol-binding protein (RBP), and transthyretin
(TTR). The subjects comprised 20 healthy individuals and blood samples were collected and tested ve
times at 2-week intervals. We used the measurement results for the four indicators and examined
individual reference ranges using four methods, including calculation methods based on the reference
change value and Bayesian inference.
Results The resulting intra-individual reference ranges were narrower than the currently used interindividual reference range for all measurements using four methods. Furthermore, the intra-individual
coe cient of variation [CV (intra)] was smaller than the inter-individual coe cient of variation [CV (inter)]
for TRF, RBP, and TTR for all subjects. The means CV (intra) for the four indicators were also lower than
the corresponding CV (inter).
Conclusions The intra-individual reference range can be used to validate the standard deviation and
coe cient of variation for currently used indicators. Moreover, Bayesian methods are speculated to be the
most versatile.

Background
The interpretation of laboratory results generally uses the 95% con dence interval of the distribution of
test results obtained from reference individuals selected under certain conditions. However, this reference
range is interpreted as a combination of inter-individual and intra-individual variations; consequently, the
reference range of an individual is often narrower than the combination reference range. In addition, close
monitoring of variations in the clinical laboratory results of an individual is di cult and can lead to
unnecessary secondary examinations if the values obtained exceed the general reference range [1–8]. For
example, serum enzymes, such as γ-glutamyl transpeptidase and alkaline phosphatase, in addition to
uric acid, total cholesterol, and albumin (ALB), have narrower intra-individual variations than interindividual variations; thus, the reference range is consistent with inter-individual variations. Therefore,
although there are signi cant changes in the values for an individual, such changes will not be detected
as long as each is within the reference range, which is the reason for the low sensitivity of these reference
ranges [4, 9].
Patients suffering from malnutrition tend to suffer for an extended period of time during which their
condition typically worsens [10, 11]. Nutritional state management is a factor associated with metabolic
disorders and slow healing of wounds, resulting in prolonged hospital stays [12]. Therefore, objective
nutritional evaluation (objective data assessment: ODA) is essential for patients requiring close
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monitoring of their nutritional state. This study examined the determination of individual reference ranges
for four nutritional indicators: transferrin (TRF), ALB, retinol-binding protein (RBP), and transthyretin (TTR)
[13, 14]. These indicators are also biomarkers with different half-lives. Each indicator can be determined
using four methods. In Method (I), the standard deviations obtained from multiple measurements are
considered as the standard deviation of the indicator, and the reference range is calculated as the mean ±
1.96 standard deviation measured for an individual. Method (II) uses the reference change value (RCV),
which is calculated from the mean and the coe cient of variation (CV) of measurements obtained from
an individual over time, i.e., the standard deviation (RCV) = RCV × mean × 1/100 is calculated and then
used in the reference range = mean ± standard deviation (RCV). In Method (III), assuming that the
individual reference range has a normal distribution, we de ne the range that includes 95% of the healthy
measurement results as µ ± 2σ, estimated as mean ± 2S, and consider mean X − Cn (Cn = tn−1(0.025)√(n +
1)/n, tn−1(0.025): the top 2.5% of 5 distributions for freedom n − 1) < mean X < mean X + Cn as the
reference range. Method (IV) is a reference range model in which variables are converted to present the
measured values in a normal distribution. We rst estimate inter-individual variations, intra-individual
variations, and time effects in a mixed-effect model that uses measured values as the response variables,
the individual as the random effects, and the point-in-time as xed effects (or random effects). Next, the
distributions of the measured values for an individual observed during medical examinations are
estimated on the basis of Bayesian inference posterior distribution with inter-individual variations, intraindividual variations, and overall mean as prior distributions [15–18].

Methods

Devices and reagents
ALB was measured with a BM8060 automated biochemical analytical device (JEOL Ltd., Tokyo, Japan)
using pure-auto S ALB reagent (KAINOS Laboratories, Inc., Tokyo Japan). TRF, RBP, and TTR were also
measured with the same device using N-assay TIA Tf-H NITTOBO, N-assay LA RBP NITTOBO, and Nassay TIA prealbumin NITTOBO B-type R-1/R-2 (NITTOBO MEDICAL Co., Ltd., Tokyo, Japan) as reagents.

Subjects
Analysis of the individual reference ranges were conducted using data measured from 20 staff members
of the SRL Diagnostics Pathology Laboratory (Tokyo, Japan). These volunteers [age: 45.2 ± 8.0 years
(mean ± standard deviation)] presented no abnormal ndings in in-house examinations, during interviews
with an industrial physician, and had normal chest X-rays. The volunteers comprised 11 men (age: 46.4 ±
8.1 years), of which two were in their 30 s, ve in their 40 s, and four in their 50 s, and nine women (age:
43.7 ± 8.0 years), of which three were in their 30 s, three in their 40 s, and three in their 50 s. These
subjects were healthy adults and their dietary and exercise habits were not regulated [2]. All laboratory
results were anonymous but linkable.
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This study was conducted with strict adherence to the ethical policy on medical research involving
humans, with approval from the SRL ethics review committee (approval no. 12 − 06).

Measurement Period
We followed instructions from each diagnostic kit company when measuring the corresponding test
indicator. Fasting blood samples were obtained at 8:30 − 9:30 AM on ve separate days at 2-week
intervals (December 13 and 27, 2012; January 10 and 24, 2013; and February 4, 2013), and tests were
performed on the centrifuged serum samples on the sampling day.

Statistical analysis
The four test indicators were measured ve times for 20 subjects. We obtained the mean, standard
deviation, inter-individual coe cient of variation [CV (inter)], and intra-individual coe cient of variation
[CV (intra)] of the measurements from each individual over time. Using the mean of ve measurements
obtained for each subject, we calculated the mean and standard deviation for all 20 subjects and then
examined the difference among the means of the subjects with the overall mean using the F-test and ttest.

Determining The Individual Reference Range
Method (I): This calculation method uses the mean ± 1.96 standard deviation based on multiple
measurements and the standard deviation from each individual
We obtained the mean, standard deviation, and CV for each set of measurement results (measurements 1
and 2, 1–3, 1–4, and 1–5). We considered the standard deviation obtained for measurements 1 to 5 as
the standard deviation of the test indicators, and calculated the reference range for each individual as the
mean ± 1.96 standard deviation.
Method (II): This calculation method uses CV and RCV
We calculated the mean and CV of measurements from each individual obtained over time. RCV was
calculated as follows: RCV = 2^(1/2)*Z*((CVa^2)+(CVi^2))^(1/2)) [19, 20], where Z = 1.96 (95%) or 2.58
(99%), Cva = measurement error, and Cvi = intra-individual variations. In this manner, we obtained the
mean after the second measurement. We calculated the standard deviation (RCV) = RCV × mean × 1/100
and used the reference range = mean ± standard deviation (RCV).
Method (III): This calculation method uses measurement results of past normal time under the normal
distributional assumption
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Assuming that the individual reference range has a normal distribution, we de ned the range in which
95% of the measurement results from healthy subjects fall within µ ± 2σ and estimate the error as the
mean ± 2S. The smaller the number of measurements, the larger the estimation error. We determined the
range in which the present measurement result X can be determined to be within or beyond the reference
range based on previous measurements from healthy individuals (X1, X2, …, Xn). The present
measurement results X are samples from the normal distribution population N (µ, σ^2) (µ and σ are
unknown), which is equivalent to previous measurement results from healthy subjects (X1, X2, …, Xn).
This is a test of the null hypothesis, and the same concept as the t-test for the difference between two
groups can be applied.
The T-distribution becomes T = X-mean (n)/S^((1 (1^n)). If the top 2.5% of the t-distribution with freedom
n − 1 t(n − 1)(0.0025) is used, when |T|>t(n-I) (0.025), the null hypothesis is rejected with a signi cance
level of 5%, and it can be assumed that the physiological state changed due to a certain factor. In other
words, we can consider the range in which the present data have a 5% false-positive rate, and the null
hypothesis cannot be rejected (mean X–Cn < X < X mean X + Cn), as the reference range [21]. In this study,
Cn = t(n 1) (0.025) ^((n + 1)/n). Using the value of 3.041 when n = 5 as the signi cance level α = 0.05 [21].
Method (IV): This calculation method uses Bayesian inference
We assumed that the individual reference ranges obtained using Methods (I)–(III) have a normal
distribution of individual measurement results near the intra-individual reference range. However, the
measurement results of an individual after an in nite number of measurements will be closer to the interindividual mean than each individual measurement. As measurement values for an individual
accumulate, the individual reference range calculated for each new measurement approaches the mean
of measurement values for the individual. If we consider a value that falls outside the 95% con dence
interval of the reference range obtained in this manner as abnormal, an abnormal nding for an
individual can be detected earlier. A low or high baseline (the mean of measurements taken at each
sampling) for an individual will not be considered abnormal, allowing false-positives to be eliminated.
The individual reference range was thus obtained with the following procedures [15–18]:
(I)
Variables were converted so that the measured values had a normal distribution.
(II)
A mixed effects model that used measured values as the response variables, the individual as random
effects, and the point-in-time as xed effects (or random effects), allowed estimation of inter-individual
variations, intra-individual variations, and time effects.
(III)
Using these inter-individual variations, intra-individual variations, and overall mean as prior distributions,
we examined a reference range model that estimates the distribution of measured values for an
individual by observation based on the posterior distribution of Bayesian inference.
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We assume that the mean µ0 and standard deviation σ0 of the test value X for data from a healthy
subject have a normal distribution.
The test value of an individual i at time j, Xij, is expressed with the following equation:

where µi is the mean of the test result X for individual i through the time j = 1, n, where tij is the temporal
variation of intra-individual test values and eij are measurement errors.
Let us assume that tij and eij have the same dispersions τ2 and σε2 regardless of the time and subject,
and τ and ε are independent.
Then, the test value Xij follows a normal distribution N (µi, τ2 + ε2).
Both τ2 and σε2 are known and assumed to be σ2 = τ2 + ε2.
The population mean µ0 and standard deviation σ0 are predicted ahead of time, and with this prior
distribution, the mean for N observations, and assuming a dispersion of σ2, follows a normal distribution
of N (µn, σn) using Bayesian interference.
If

then individual reference values are assumed to have a distribution of µn estimate errors, temporal
variations, and measurement errors of intra-individual examinations around the individual mean µn.
Assuming that these errors have a normal distribution and are independent of each other, the lower and
upper limits of individual reference values with n measurements are expressed as follows:

If there is no observation, the reference value for the test is the individual reference value.

Analytical Accuracy
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We obtained acceptable accuracy for the four target indicators with the mean X-Rs-R method with two
kinds of reference sera during the measurement period (December 2012, January 2013, and February
2013). The reference sera were L-Consela 1EX (Lot No. 079207) and L-Consela 2EX (Lot. No. 142207) for
ALB and TRF, and Immunoquest L-1 (Lot No. A243A) and Immunoquest L-II (Lot No. K251A) for RBP and
TTR. We obtained the mean total variations for the total variations in each reference serum in monthly
sets collected over a 2 month period.

Results

Analytical accuracy
The mean total variations during the measurement period were TRF = 2.87, ALB = 0.12, RBP = 0.05, and
TTR = 0.54, whereas the CVs were TRF = 1.07%, ALB = 2.88%, RBP = 1.38%, and TTR = 1.83% (Table 1).
Table 1
Total variation of 4 items during measurement period
Item abbreviation
(Unit)

Control Sample

Total Variation

TRF (mg/dL)

L-Consera1EX/2EX

SD

2.87

CV(%)

1.07

SD

0.12

CV(%)

2.88

SD

0.05

CV(%)

1.38

SD

0.54

CV(%)

1.83

ALB (g/dL)

RBP (mg/dL)

TTR (mg/dL)

L-Consera1EX/2EX

Immuno-Quest L- /

Immuno-Quest L- /

Determining The Reference Range By Each Statistical
Analysis Method
We obtained the maximum, minimum, mean, and standard deviation for the four indicators measured in
20 subjects based on ve measurements per subject. Figure 1 compares the results for each test
indicator for the 20 subjects and the results of the ve measurements for each subject. The data were
statistically analyzed using the four methods described above and the following results were obtained:
Method (I), mean ± 1.96 standard deviation; Method (II), mean ± standard deviation (RCV); and Method
(III), mean ± 3.041 standard deviation (mean ± 2S) (Table 2). The RCV obtained from the results of ve
measurements for each test indicator were as follows: TRF = 11.64%, ALB = 12.68%, RBP = 20.54%, and
TTR = 15.89% (Table 2). We also performed a statistical analysis with Bayesian inference [14–17]
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[Method (IV)] (Table 3). Reference ranges for each test indicator shown in Table 3 were as follows: TRF =
190–340 mg/dL (men: 190–300 mg/dL, women: 200–340 mg/dL) [22], ALB = 3.8–5.2 g/dL [25], RBP =
2.7–6.0 mg/dL (men: 2.7–6.0 mg/dL, women 1.9–4.6 mg/dL) [24], and TTR = 22.0–44.0 mg/dL [21].
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Table 2
Comparison of current reference range and reference range calculated by three methods
Method
(I)
Ite
m
ab
br
ev
iat
io
n
(U
nit
)

Results of statistical data
analysis of ve measurements
of 20 subjects to be veri ed
within this time range
M
ax
.

Mi
n.

T
R
F
(
m
g/
dL
)

33
6

A
L
B

5.
1

RC
V(
%)

Xbar±1.9
6SD
(Results
of this
study)

Method
(II)
Th
e
dif
fer
en
ce
be
tw
ee
n
th
e
up
pe
r
li
mi
t
an
d
th
e
lo
we
r
li
mi
t

Xbar±SD
(RCV)
(Results
of this
study)

Method
(III)
Th
e
dif
fer
en
ce
be
tw
ee
n
th
e
up
pe
r
li
mi
t
an
d
th
e
lo
we
r
li
mi
t

Xbar±3.0
41SD
(Results
of this
study)

Th
e
dif
fer
en
ce
be
tw
ee
n
th
e
up
pe
r
li
mi
t
an
d
th
e
lo
we
r
li
mi
t

Be
tw
ee
n
th
e
m
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u
m
va
lu
e
an
d
th
e
mi
ni
m
u
m
va
lu
e
dif
fer
en
ce

Av
er
ag
e

st
an
da
rd
de
vi
ati
on

C
V

23
9

97

28
0

28
.3

10
.1

11
.6
4

22
5

33
6

11
1

24
8

31
2

64

23
1

32
9

98

4.
2

0.
9

4.
7

0.
23

4.
9

12
.6
8

4.
3

5.
2

0.
9

4.
2

5.
3

1.
1

4.
3

5.
2

0.
9

(%
)

(g
/d
L)
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R
B
P
(
m
g/
dL
)

5.
3

1.
5

3.
8

3.
5

1.
08

30
.9

20
.5
4

1.
4

5.
6

4.
2

2.
7

4.
3

1.
6

3.
1

4.
0

0.
9

T
T
R
(
m
g/
dL
)

41
.1

17
.5

23
.6

29
.8

6.
93

23
.2

15
.8
9

16
.2

43
.4

27
.2

25
.0

34
.7

9.
7

27
.2

32
.0

4.
8
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Table 3
Estimation of interindividual variability and intraindividual variation using mixed effects model
Item
abbreviat
ion (Unit)

TRF(
mg/dL)

Dispersio
n

Standard
Deviation

Total

Reference Range used by current
routine assay

standard
deviation

SEX

lower
limit

Upper
limit

30.61

Male

190

300

Female

200

340

Interindiv
idual
variation

770.96

27.77

Individua
l internal
transition
and
measure
ment
error
variation

165.95

12.88

ALB
(g/dL)

Interindiv
idual
variation

0.05

0.22

0.28

Total

3.8

5.2

RBP
(mg/dL)

Interindiv
idual
variation

1.13

1.06

1.11

Male

2.7

6.0

Individua
l internal
transition
and
measure
ment
error
variation

0.10

0.32

Female

1.9

4.6

Interindiv
idual
variation

47.29

6.88

Total

22.0

40.0

TTR
(mg/dL)

7.14

Comparison Of Inter-individual Cv And Intra-individual Cv
Next, we compared CV (inter) and CV (intra) calculated using the ve measurement results for the 20
subjects (Fig. 2). For TTF, RBP, and TTR, the CV (intra) was smaller than the CV (inter) for all 20 cases. For
ALB, the CV (intra) was smaller than the CV (inter) in 18 of the 20 cases (Fig. 2). The mean CV (intra) of
the 20 subjects was lower than CV (inter) for TRF, RBP, ALB, and TTR (Fig. 2).

Temporal Variations In Reference Range Estimates
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Using the ve measurements from the 20 subjects for the four test indicators (Supplemental Fig. 1), we
examined variations in the four types of reference range estimates. The results for two of the 20 subjects
(Sample No. 5 and Sample No. 17) are shown in Fig. 3. The rst measurement was determined by
comparing mean X–Cn < mean X < mean X + Cn and the reference ranges reported in previous studies
[21–23]. For reference ranges estimated using Methods [(I)–(III)], the approximation tendency could be
con rmed from the third measurement. In contrast, the reference range obtained with Method (IV) was
much wider than those obtained with Methods (I) and (II), whereas it was narrower than that obtained
with Method (III) (Fig. 3). Intra-individual reference ranges examined with the four methods in the present
study were also narrower than inter-individual reference ranges currently being used after ve
measurements (Fig. 3).

Discussion
The typical procedure to determine a reference range is as follows [25–29]:
(1) Reference individuals are selected from healthy individuals. A population of reference individuals
selected for each sex and age group comprises at least 120 individuals.
(2) Statistical analysis: mean ± 2 standard deviation (more accurately, 95% of the normal distribution is
equivalent to mean ± 1.96 standard deviation, and mean ± 2 standard deviation is the range that includes
95.45% of the normal distribution).
(3) The above selection conditions for reference individuals, measurement conditions, and statistical
analysis must be clearly stated.
In other words, the reference range of test values is expressed as a 95% con dence interval of interindividual variations, including measurement errors. Medical examination data are repeatedly measured
for each individual, and as new information is added to the data longitudinally (inter-individually),
distributions can be analytically divided into inter-individual variations and other errors, i.e., intraindividual variations. The most natural interpretation of inter-individual variations is a variable model in
which individuals have normal distribution around the inter-individual mean [15–18]. In contrast, a
previous study on triglyceride determined the reference range for an individual using between 25 to 7,055
cases and found Cvi values ranging from 2.3–31.9% for the shortest measurement interval of several
times a day to once every 2.5 months [30]. Earlier studies on high-density lipoprotein (HDL) cholesterol
showed that a population ranging from 25 to 1,058 cases provided Cvi values of 4.8–10.0% [1, 2, 22–24,
31, 32]. The RCV for ALB was reported to be 14.5% [33], similar to the RCV value of 12.7% obtained in this
study.
Three factors can cause variations in measured values: disease, physiology, and measurement technique
[1, 2, 23, 24, 34]. Physiological variations may include the age, sex (including pregnancy and menstrual
period), and dietary factors (such as meals, drinking, smoking, and stress) of an individual, interindividual variations affected by genetic factors, and intra-individual variations such as the condition of
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the individual prior to the examination (such as position, long- or short-term exercise), and conditions
associated with blood sampling, such as the time of day [35]. In contrast, in terms of the limit of
permissible errors for measurement methods, Tonks [36] divided ¼ of the reference range by the median
of the reference range as the reference to evaluate the performance of the control survey for serological
components; as a result, the maximum was set at 10%. Kitamura [9] and Cotlove et al. [37] focused on a
component with intra-individual variations much narrower than the range of variations for the population
by studying the physiological variations in an individual. They proposed the limit of permissible error
(CV%) = ½ × (standard deviation for physiological intra-individual variations)/(mean of reference range) ×
100. CV is expressed as CV% = standard deviation × 100/mean (%), which leads to total CV (CVt: total) =
measured CV (CVa: analysis) + pre-measurement CV (CVp: pre-analysis) + inter-individual CV (Cvi:
individual), which are indicators of intra-individual and inter-individual variations [38].
The concept of individual reference was proposed by Williams [39] in 1967, and a long-term evaluation of
health conditions of individuals was considered to lead to the early discovery of chronic diseases. In
many tests, variations caused by physiological factors were larger for inter-individual than for intraindividual assessments, which led to the acknowledgment of the importance of intra-individual variations
[40]. In the current study, we examined individual reference ranges for Methods (I)–(III) and compared
these with the commonly used reference range (inter-individual reference range). We found that the
individual reference ranges calculated using the three methods were narrower, closely capturing
physiological variations in each individual. Furthermore, we examined Method (IV) as a new model to
calculate reference ranges. Method (IV) is a mixed model of inter-individual reference range and intraindividual reference range, which allows calculation of a reference range for each individual while using
the inter-individual reference range routinely used in clinical settings. Consequently, Method (IV) would be
easily accepted in routine clinical settings.
The present study examined 20 cases and we obtained good results in determining the individual
reference range. Currently, the commonly used inter-individual reference range is the mean ± 1.96
standard deviation of the reference individual. With Method (III), initially proposed by Tango [21], we
found that the range of upper and lower limits is wider for indicators where CV (inter) > CV (intra) and CV
(inter) < CV (intra) of the 20 subjects are similar. The present study demonstrated that a small number of
measurements leads to a high estimation error when setting the individual reference range, and that
calculating standard deviation from the RCV using the method proposed by Fraser [41] [Method (II)] is
useful. In contrast, using Fraser’s method, the RCV must be obtained for each item ahead of time. The
method proposed by Tango [21] is more versatile and the RCV converges after three measurements.
Therefore, evaluating these methods with health examination and clinical data from actual subjects may
provide information more useful in clinical settings. Nevertheless, these evaluations have taken the
evaluation of the rst measurement and the total uctuation into consideration and thus, in terms of
applicability, it is di cult to apply on new patients and experiment subjects.
On the other hand, since Bayesian inference can estimate individual referential area from the second
measurement of new patients and subjects, its medical information is, all in all, more e cient and
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appropriate than the ones from conventional ways. In other words, clinical physicians might judge within
daily criteria (among individuals) by using the initial values and install Bayesian inference in the system
for the second time onward. By using the initial values then the measured ones since the second time
onward, an integrated individual criteria area can be estimated without choosing smaller items. This
Bayesian inference is a mixed model of the collective criteria area among individuals (in the initial check)
and individualized criteria area (the second time onward). In the initial check, no subject has previous
values so the normal criteria area in daily check is used. Then, a shift to Bayesian inference from the
second time can increase the applicability. Hence, if we could install and utilize LIS (Laboratory
information System) in the medical check systems in hospitals, useful information could be attained
without placing extra burden on clinical physicians. Furthermore, when the individualized referential area
is narrower than the collective one, changes and development of the diseases of the patients or subjects
might be spotted earlier for appropriate treatments. Moreover, when the individualized referential area is
wider than the collective one, unnecessary treatments might be avoided.

Conclusion
In the present examination, TRF, RBP, and TTR had lower CV (intra) than CV (inter) in all 20 subjects, and
the mean CV (intra) was lower than the mean CV (inter) for TRF, RBP, and TTR. These results indicate that
the intra-individual reference value is useful for close monitoring of the variations in each individual
caused by physiological factors and disease. In contrast, CV (intra) was higher than CV (inter) for ALB in
two of the 20 cases although mean CV (intra) for ALB was lower than that of CV (inter), suggesting that
there may be cases where the intra-individual reference value is not appropriately understood.
Nevertheless, the preferred method for determining the individual reference range should allow close
observation of temporal changes in test indicators with large inter-individual differences. Such methods
will play an important role in the development of new biomarkers and in routine diagnosis. For nutrition
support team (NST)-related test indicators in particular, the results obtained using the chosen method
should closely re ect, for example, the postoperative nutritional state, allowing management of central
venous nutrition and the reduction of complications (infections), thereby closely capturing the nutritional
state of an individual [14, 15]. Furthermore, such methods could be widely applied to test indicators such
as those related to pre- and post-dialysis tests and glucose tolerance tests.
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Nutrition support team; CV:Coe cient of variation; RCV:Reference change value; TRF:Transferrin;
ALB:Albumin; RBP:Retinol-binding protein; TTR:Transthyretin.

Declarations
Author’s contributions
Page 14/24

YH and YT conceived the study design and performed the research. YH conducted all data analyses. YH
and TS led the drafting of the manuscript, with signi cant contributions from YT, HO, and TK. All authors
read and approved the nal version of the submitted manuscript.
Acknowledgments
The authors thank Mitsuharu Itabashi (SRL.Inc. Tokyo, Japan) for actual testing, Hirokazu Nishijima
(SRL.Inc. Tokyo, Japan) for coordination of tests, Toshihito Furukawa (Biostatistical Research Co. Ltd.
Tokyo, Japan) for advice about statistical analyses, and Yasushi Kasahara (Fujirebio Inc. Tokyo, Japan)
for advice about the paper preparation.
Funding
Not applicable.
Availability of data and materials
The dataset used and analyzed during the current study is available from the corresponding author on
reasonable request.
Ethics approval and consent to participate
This study was conducted with strict adherence to the ethical policy on medical research involving
humans, with approval from the SRL ethics review committee (approval no. 12-06). All participants
provided written informed consent prior to participating in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

References
1. Hosogaya S, Ozaki Y. Quality assurance of analytical methods to guarantee the reliability of medical
decision levels for interpretation of clinical laboratory data. The Jpn J Clin Pathol. 2004;52:548–51.
2. Barnett RN. Medical signi cance of laboratory results. Am J Clin Pathol. 1968;50(6):671–6.ã ã ã .
3. Cresswell M. How useful is the clinical chemistry laboratory? Kent: Lab-lore,Well-come reagents Ltd.;
1975. p. 353 – 56.
4. Kiyomi F, Nishikawa M, Yoshida Y, Noda K. Comparison of intra-individual coe cients of variation on
the paired sampling data when inter-individual variations are different between measures. BMC Res
Notes. 2016;19:9:115.
Page 15/24

5. Kawaguchi K, Ichihara K. Physiological variation of clinical examination items. Jpn J Med Tech.
2015;64:143–54.
6. McWhirter JP, Pennington CR. Incidence and recognition of malnutrition in Hospital. B MJ.
1994;308(6934):945–8.
7. Shinohara K, Hamasaki N, Takagi Y, Yatomi Y, Kikuchi H, Hosogaya S, Kawai Y, Miyachi H, Kaneko K,
Miyajima Y, Matsumoto H, Yamamoto Y, Iwagami M, Osawa S, Umeda M, Koide H, Yoshimura D, Kato
H. Japanese Committee for Clinical Laboratory Standards and the Japanese Association of Medical
Technologists: Multianalyte Conventional Reference Material (MacRM): A Useful Tool for Nationwide
Standardization of Laboratory Measurements for Medical Care-A Model Study in Japan. Clin Chem.
2016;62(2):392–406.
8. Omar F. Essential laboratory knowledge for the clinician Laboratory testing forms an integral part of
patient management. Continuing Medical Education. 2012;30:244–8.
9. Kitamura M. Historical aspects of cholesterol value by various analytical methods. The Jpn J Clin
Pathol. 1991;39:495–500.
10. Blackburn GL, Bistrian BR, Maini BS, Schlamm HT, Smith MF. Nutrition and metabolic assessment of
hospital patient. JPEN J Parenter Enteral Nutr. 1977;1(1):11–22.
11. Ritchie RF1, Palomaki GE, Neveux LM, Navolotskaia O, Ledue TB, Craig WY. Reference distributions
for the negative acute phase serum proteins, albumin, transferrin and transthyretin: A practical,
simple and clinically relevant approach in a large cohort. J Clin Lab Anal. 1999;13(6):273–9.
12. Robinson G, Goldstein M, Levine GM. Impact of nutrition status on DRG length of stay. JPEN J
Parenter Enter Nutr. 1987;11(1):49–51.
13. Kameko M, Ota H, Ishii K, Nakayama J, Katsuyama T, Kanai M, Tsutsumi Y. Distribution of retinolbinding protein in the human digestive tract. Virchows Arch B Cell Pathol Incl Mol Pathol.
1992;61(5):315–22.
14. Takagi Y. Nutritional assessment protein. The Jpn J Clin Pathol. 2004;52:361–6.
15. Spiegelhalter DJ, Myles JP, Jones DR, Abrams KR. Bayesian methods in health technology
assessment: a review. Health Technol Assess. 2000;4(38):1–130.
16. Spiegelhalter DJ, Abrams KR, Myles JP. Bayesian Approaches to Clinical Trials and Health-Care
Evaluation. New York: John Wiley & Sons Ltd.; 2004.
17. Spiegelhalter DJ, Myles JP, Rones DR, Abrams KR. Methods in health service research. An
introduction to bayesian methods in health technology assessment. BMJ. 1999;319(7208):508–12.
18. Raiffa H, Schlaifer R. Applied Statistical Decision Theory. Boston: Graduate School of Business
Administration, Harvard University;; 1961.
19. Erden G, Tezcan G, Soydas ÖA, Yildirimkaya M. Biological variation and reference change value
(RCV) of prostate speci c antigen (PSA) levels in the serum of healthy young individuals. Gazi Med
J. 2009;20:152–6.

Page 16/24

20. Bugdayci G, Oguzman H, Arattan HY, Sasmaz G. The use of reference change values in clinical
laboratories. Clin Lab. 2015;61(3–4):251–7.
21. Tango T. An interpretation of normal ranges based on individual difference quotient: extension to
multivariate case. Med Informatics. 1982;7:119–26.
22. Ichikawa K, Kawai T. Determination of reference intervals for 13 plasma proteins based on IFCC
international reference preparation (CRM470) and NCCLS proposed guideline (C28-P, 1992): a
strategy for partitioning reference individuals with validation based on multivariate analysis.
Establishment of reference intervals and physiological parameters for 13 serum proteins in healthy
Japanese adults. J Clin Lab Anal. 1997;11:117–24.
23. Watanabe N, Fujita T, Syono K, Nagamine Y, Doi T. Comparative study of various serum albumin
measuring reagents. J Clin Lab Inst Reagents. 2005;58:53–8.
24. Miura N, Kitamura H, Kameko M. Evaluation of the reference range of retinol-binding protein (RBP)
levels by the latex turbidimetric immunoassay. Jpn J Clin Pathol. 2009;57:195–9.
25. Ichihara K, Yomamoto Y, Hotta T, Hosogaya S, Miyachi H, Itoh Y, Ishibashi M, Kang D. Collaborative,
derivation of reference intervals for major clinical laboratory tests in Japan. Ann Clin Biochem.
2016;53(Pt 3):347–56.
26. Ichihara K. International trend on setting reference range. J of Analytical Bio-Science. 2011;34:211–
7.
27. Kinoshita S, Toyofuku M, Iida H, Wakiyama M, Kurihara M, Nakahara M, Nakata M, Nakashima K,
Seo S, Hosaka N, Yano J, Misumoto T, Ishihara H, Ikeda K, Tsuchihashi M, Kawashima H, Imoto Y,
Imamura K, Urabe Y, Shinohara K, Ooishi K, Abe T, Jinnouchi J, Hyoudou K, Kondo S, Kobayashi T,
Ono J, Hamasaki N. Standardization of laboratory data and establishment of reference intervals in
the Fukuoka Prefecture: a Japanese perspective. Clin Chem Lab Med. 2001;39(3):256–62.
28. ISO 11843-1. Capability of detection –Part 1: Terms and de nitions. Genova 1997.
29. Ichihara K, Boyd JC. IFCC Committee on Reference Intervals and Decision Limits (C-RIDL). An
appraisal of statistical procedures used in derivation of reference intervals. Clin Chem Lab Med.
2010;48(11):1537–51.
30. Marcovina SM, Gaur VP, Albers JJ. Biological variation of colesterol, triglyceride, low- and highdensity lipoprotein cholesterol, Lipoprotein(a), and apolipoproteins A- and B. Clin Chem.
1994;40(4):574–8.
31. Ichihara K, Ozarda Y, Barth JH, Klee G, Qiu L, Erasmus R, Borai A, Evgina S, Ashavaid T, Khan D,
Schreier L, Rolle R, Shimizu Y, Kimura S, Kawano R, Armbruster D, Mori K, Yadav BK. A global
multicenter study on reference values: 1. Assessment of methods for derivation and comparison of
reference intervals. Clin Chim Acta. 2017;467:70–82.
32. Japan Clinical Sanitation Association Technical Association. Precision and accuracy assessment
method for quantitative test in clinical chemistry guidelines. Jpn Lab Std Council J. 1999;14:3–25.
33. Petersen PH, Fraser CG, Lund F, Sölétormos G. Con rmation of analytical performance
characteristics required for the reference change value applied in patient monitoring. Scand J Clin
Page 17/24

Lab Invest. 2015;75(7):628–30.
34. Hosogaya S, Ozaki Y. Domestic and international trends concerning allowable limits of error in
external quality assessment scheme. Jpn J Clin Pathol. 2005;53:547–53.
35. Miyake N. Reference value for metabolic syndrome checkup and some problems Concept of
individual reference range. Jpn J Clin Pathol. 2009;57:217–33.
36. Tonks DB. A study of accuracy and precision of clinical chemistry determinations in 170 Canadian
Laboratories. Clin Chem. 1963;9:217–33.
37. Cotlove E, Harris EK, Williams GZ. Biologocal and analytic components of variation in long–term
studies of serum constituents in normal subjects: â ¢. Physiological and medical implications. Clin
Chem. 1970;16:1028–32.
38. Fraser CG. The application of theoretical goals based upon biological variation in pro ciency testing.
Arch Pathol Lab Med. 1988;112(4):404–15.
39. Williams GZ. Individuality of clinical biochemical patterns in preventive health maintenance. J Occup
Med. 1967;9:567–70.
40. Eugene EK. Effects of intra and interindividual variation on the appropriate use of normal ranges.
Clin Chem. 1974;20:1535–42.
41. Fraser CG. Biological variation: from principles to practice. Washington, DC: AACC Press; 2001.

Figures

Page 18/24

Page 19/24

Figure 1
Mean and standard deviation for measurements of four test indicators for each subject. The mean and
standard deviation for ve measurements of transferrin, albumin, retinol-binding protein, and
transthyretin for each of the 20 subjects, along with the mean and standard deviation for all 20 cases. *p
< 0.05 vs. average.
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Figure 2
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Comparison of inter-individual and intra-individual CVs. CV (inter) and CV (intra) calculated for each
measured indicator using ve measurements from the 20 cases, along with the mean and standard
deviation of CV (intra) for the 20 cases.
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Figure 3
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Temporal changes in measured values for the four test indicators. Temporal changes in ve
measurements of transferrin, albumin, retinol-binding protein, and transthyretin for subjects No. 5 (man)
and No. 17 (woman).
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