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Abstract
The reference intervals (RIs) given in laboratory reports
have an important role in aiding clinicians in interpreting
test results in reference to values of healthy populations. In
this report, we present a proposed protocol and standard
operating procedures (SOPs) for common use in conducting multicenter RI studies on a national or international
scale. The protocols and consensus on their contents were
refined through discussions in recent C-RIDL meetings.
The protocol describes in detail (1) the scheme and organization of the study, (2) the target population, inclusion/
exclusion criteria, ethnicity, and sample size, (3) health
status questionnaire, (4) target analytes, (5) blood collection, (6) sample processing and storage, (7) assays, (8)
cross-check testing, (9) ethics, (10) data analyses, and (11)
reporting of results. In addition, the protocol proposes the
common measurement of a panel of sera when no standard materials exist for harmonization of test results. It
also describes the requirements of the central laboratory,
including the method of cross-check testing between the
central laboratory of each country and local laboratories.
This protocol and the SOPs remain largely exploratory
and may require a reevaluation from the practical point of
view after their implementation in the ongoing worldwide
study. The paper is mainly intended to be a basis for discussion in the scientific community.
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1 Introduction
The interpretation of data in laboratory medicine is a comparative decision-making process, and reference intervals
(RIs) given in laboratory reports have an important role
in aiding the clinician in interpreting test results in reference to values for healthy populations. Careful determination and/or validation of RIs by the laboratory for use in
the patient population it serves is therefore important to
ensure their proper utility. About 30 years ago, the International Federation of Clinical Chemistry (IFCC) recommended that each laboratory produce its own reference
values and estimate the corresponding RIs according to
defined procedures [1–6]. The selection and recruitment
of a sufficient number of reference subjects is difficult,
time-consuming, and costly. Furthermore, the continued
evolution of assay procedures and platforms requires
that this process be repeated frequently. The requirement
that each clinical laboratory produce its own RIs is practically impossible for most of the clinical laboratories.
Thus, although some laboratories have performed local
studies for their own use, there have also been multicenter studies performed with recruitment of appreciable
numbers of subjects to establish useful RIs by laboratories
in the Nordic countries [7], Spain [8], Australia [9], and
Asia [10, 11]. Recently, on behalf of the IFCC Committee on
Reference Intervals and Decision Limits (C-RIDL), a few
multicenter studies have been conducted to obtain welldefined “common” RIs for enzymes such as AST, ALT, and
GGT [12]. In addition, the third multicenter Asian study on
reference values conducted in 2009 had the following features [13, 14]: (a) a sufficient number of subjects (n = 3540)
recruited using well-defined criteria, (b) a total of 72 analytes assayed, (c) centralized measurement used to eliminate method-related variations, (d) calibration of RIs for
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standardized analytes using certified reference materials
(CRMs) or value-assigned sera to ensure traceability to
the reference measuring procedure (RMP), (e) cross-check
testing between the central laboratory and participating
laboratories using a part of sera freshly collected.
Using these same principles, C-RIDL is currently coordinating a multicountry/multicenter RI study with recruitment
of a sufficient number of individuals to ensure traceability
and harmonization of the test results. C-RIDL expects that
the combined results of the studies will reveal a comprehensive picture of reference values and their sources of variations. We may identify regional, ethnic, and lifestyle-related
variations in test results after adjusting for assay-platformdependent factors. However, although we have set clear
inclusion criteria, these criteria are essentially pragmatic
and there may be subtle differences in interpretation of
what constitutes healthiness by different cultures and investigators. We are aware that this may inhibit the derivation
of globally applicable common RIs even when we do not
observe any region- or ethnicity-related differences.
In any case, the resulting information will contribute to
the globalization of medical practice. To achieve the above
objectives, it is necessary to prepare well-defined, commonly applicable protocol and standard operating procedures (SOPs), that cover all important aspects, to be used in
the multicenter RI studies. The CSLI/IFCC Document C28-A3
contains most of the necessary information related to RI:
the selection of reference individuals, preanalytical and
analytical conditions, analysis of reference values, transference, RI validation, and medical decision limits, etc. [15].
There are also some proposed guidelines that originated
from regional studies [16, 17]. However, these guidelines
and the section of Document C28-A3 (Part 6.2) dealing with
multicenter studies do not sufficiently cover all the necessary aspects of multicenter studies on reference values.
This proposed protocol was created, and consensus on the contents built through discussions in recent
C-RIDL meetings in Anaheim (July 2010), Munich (December 2010), Berlin (May 2011), and Atlanta (July 2011). The
protocol covers the following in detail: (1) the scheme and
organization of the study, (2) the target population, inclusion/exclusion criteria, ethnicity, and sample size, (3)
health status questionnaire, (4) target analytes, (5) blood
collection, (6) sample processing, storage, and transportation, (7) assays, (8) cross-check testing, (9) ethics, (10)
data analysis, and (11) reporting of results. Three SOPs
(SOP 1, SOP 2, and SOP 3) were developed for implementing the study in accordance with the protocol. SOP 1 covers
the procedures for recruitment of reference subjects,
SOP 2 details the procedures for analysis, and SOP 3
describes data analysis and data reporting.

In the protocol, requirements for conducting the
study, phase by phase, are described. Overall, the procedure for standardization of test results is of the utmost
importance, and all centers need to comply with it in
dealing with standardized analytes. In addition, the protocol proposes the common measurement of a panel of
sera in cases where no standardized materials exist for
harmonization of test results. It also describes the requirements of the central laboratory, including the method of
cross-check testing between the central laboratory of each
country and local laboratories [14, 18].
This paper is intended mainly to provide a basis for
discussion in the scientific community.

2 Protocol
2.1 The scheme and organization of the multicenter RI study
1.

Laboratories of each country will conduct their own
multicenter study to derive country-specific RIs and
to explore sources of variation for test results relevant
to that country. Additional target analytes and
questionnaire items can be added according to local
needs.
2. Collaborating laboratories in each country should
recruit appropriate healthy volunteers, draw blood,
and process the specimens observing the common
protocol.
3. The centralized assay scheme should be used in each
country to eliminate variations due to analytical
methods. One or two laboratories may act as central
laboratories in each country, receiving specimens
from local laboratories. Each central laboratory can
use any assay platform for measurement.
4. RIs should be made traceable to the RMPs for
standardized analytes through the measurement of
standard reference materials (SRMs) or value-assigned
sera in collaboration with the Joint Committee for
Traceability in Laboratory Medicine (JCTLM).
5. For the nonstandardized analytes, centrally
determined RIs should be converted to those of each
participating laboratory through cross-checking
results with those of the central laboratory using
statistical approach such as linear regression [14].
6. In an attempt to compare test results across multiple
countries after adjusting for various factors, an
approach using a panel of sera (freshly prepared from
reference individuals by C-RIDL for the purpose) was
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7.

adopted. Using this approach, every participating
laboratory would be expected to analyze this panel
of sera along with the locally-acquired specimens
in order to make the results comparable across the
countries [18].
A portion of all specimens can be saved for new
analytes to be assayed in the future.

9.
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participants at risk because of participation in the
study or may influence the results of the study.
Participation in another research study involving an
investigational product in the past 12 weeks.

2.2.3 Ethnicity

2.2 Target population, inclusion/exclusion
criteria, ethnicity, and sample size

Information on ethnicity can be collected from the volunteers, if relevant, using the classification shown in
Appendix A.

The following inclusion and exclusion criteria are to be
observed in recruiting volunteers.

2.2.4 Sample size

2.2.1 Inclusion criteria
1.
2.

3.

The participants should be feeling subjectively well.
The participants should be older than 18 years of age.
At least 80% of subjects should be 18–65 years, with
equal gender mix and age distributions, except for
individuals over 65 years of age.
The participants ideally should not be taking any
medication. Any subject taking medications or vitamin
supplements should have them recorded (name, dose,
and frequency) so that secondary exclusion after
measurement can be done as required. The following
medications are permitted but should be recorded:
contraceptive pills or estrogens and thyroxine, if the
subject is well replaced (i.e., TSH is lower than the
upper reference limit), are permitted, but they should
be recorded.

The practically attainable target sample size from each
country is set at a minimum of 500 (male and female:
250 × 2) or more, which is greater than twice the minimum
number recommended by C28-A3 [120 × 2 (men and
women)], so that country-specific RIs can be obtained in
a more reproducible manner. This number is adequate for
making between-country comparisons of test results with
a power of detecting a difference of two means equivalent
to 0.25 times SD comprising the RI (SDRI), which corresponds to a bias of 0.25 times between-individual variation, allowing errors of α < 0.05 and β < 0.2 in the statistical
hypothesis testing done separately for each gender. If
there is an interest in exploring regional within-country variations, it is recommended to obtain at least 120
(men and women, 60 × 2) samples from each local area
to acquire adequate power to test for a difference of two
means equivalent to 0.5 × SDRI by the above specification.

2.3 Questionnaire
2.2.2 Exclusion criteria
The participant may not enter the study if any of the following applies:
1. Known diabetes on oral therapy or insulin (diet alone
is acceptable).
2. History of chronic liver or kidney disease.
3. Blood test results that clearly point to a severe disease.
4. History of being a hospital in-patient or otherwise
seriously ill during the previous 4 weeks.
5. Blood donation in the previous 3 months.
6. Known carrier state for HBV, HCV, or HIV.
7. Female participants who are pregnant, breastfeeding,
or within 1 year after childbirth.
8. Any other significant disease or disorder that, in
the opinion of the investigator, may either put the

A sample health status questionnaire is shown in Appendix B. It can be customized to local needs by adding and
removing query items. The essential items required for the
worldwide comparison are BMI, special diet, records of
medicines and/or supplements regularly taken, status of
menstruation, habits of smoking, alcohol consumption per
week (roughly expressed grams of ethanol), and frequency
and strength of physical exercise. The information will be
used for analyzing sources of variation in test results and
for judging the necessity of a secondary exclusion.

2.4 Target analytes
These are listed in Appendix C.
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2.5 Blood collection

2.7.2 Quality control

The healthy volunteers are strictly requested to avoid
excessive physical exertion/exercise for 3 days before
sampling. Participants should avoid excessive eating and
drinking the night before and should fast overnight for at
least 10 h. Sampling should be postponed when subjects
are in a state of unusual stress or in the morning immediately after a night shift.
Because the most commonly measured analytes are
not influenced by the tube type [19–21], the type, either
plain or gel-separator, can be determined by each laboratory. The type of tube and venipuncture equipment
used must be recorded.
The amount of blood to be drawn can be determined in each country according to the analytes being
tested locally. The time of sampling should be set at 7 to
10 AM. The blood should be drawn after the participant
has sat quietly at least for 30 min to avoid variation due
to postural influence and physical stress. The waiting
time period can be used to fill in and check the health
questionnaire.

Each central laboratory should prepare commutable
specimens for QC monitoring as described in SOP 2.4.
The appropriate batch size of the assay should be decided
according to local requirements.

2.6 Sample processing, storage, and
transportation
The blood should be stirred well within the collection
tube for balanced clotting. It should be left at room
temperature before centrifugation, which should be
performed within 1 h. After separation of the serum,
the specimen should be promptly divided into aliquots
of 1–2 mL using well-sealed freezing containers and be
immediately stored at −80°C. All aliquots that have not
been taken for local use will be shipped on dry ice to the
central laboratory for collective measurement (see the
section on SOP 1 below).
The aliquots must be kept at each laboratory to use for
cross-check testing to be done at the time of the assays by
the central laboratory.

2.7 The centralized measurements
2.7.1 Requirements for the central laboratories
One or two laboratories in each country should be chosen
as central laboratories, which will provide collective
measurements. Requirements for a central laboratory are
listed in SOP 1.

2.7.3 Standardization of the assay
For the standardized analytes, internationally qualified
standards or CRMs should be measured to ensure traceability of test results.

2.7.4 Cross-comparison of values
A panel of sera prepared from healthy individuals should
be used for cross comparison of values among the central
labs based on linear regression analysis (reduced major
major-axis regression). The magnitude of error in converting any RI from one assay platform to another can be estimated either by CV of slope, CV(b), or by SDR [the ratio
of the standard error of the converted lower and upper
limits, SE(LL) and SE(UL), relative to the SD comprising
the converted RI, equal to SDRLL and SDRUL]. The optimal
limit for CV(b) is 5.5% and that for SDR is 0.125 [18].

2.8 Cross-check testing between the central
laboratory and each participating
laboratory
To share the RIs derived for nonstandardized (non-harmonized) analytes such as hormones and tumor markers,
cross-check testing should be conducted by asking each
participating laboratory to retain one or two aliquots of
serum from each volunteer and to measure them at the
time of the centralized measurements. The number of
samples required for the cross-check depends on the accuracy specification set by each laboratory. The error of conversion depends upon the correlation coefficient r and the
data size n. From our previous studies, n ≥ 20 allows conversion within a desirable level of error [14, 18] for the majority
of the commonly measured analytes. The samples should
be divided into multiple parts (at least four) and measured
on different days to reduce the effect of between-day variation on the conversion. The linear structural relationship
(reduced major axis regression) will be used to convert RIs
established by the centralized assay to the values of each

Brought to you by | Yamaguchi U.Lib.
Authenticated
Download Date | 3/26/15 2:28 AM

Ozarda et al.: Protocol for worldwide study on reference values

participating laboratory [14, 18]. The required amount of
additional blood depends upon the number of analytes
each laboratory needs to measure locally for acquiring RIs
through conversion based on the cross-check results.

2.9 Ethics
2.9.1 Declaration of Helsinki
The investigator should ensure that this study is conducted in full conformity with the current revision of the
Declaration of Helsinki.
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2.10.2 Analyses of source of variation of test results
Multiple regression analysis (MRA) should be performed
analyte by analyte to identify factors related to variation
of the test results [22]. The factors to be included in MRA
are gender, age, BMI, smoking status, level of alcohol consumption, frequency and strength of physical exercise,
dietary status, and, if available, ethnic group, the ABO
blood group.
In the analysis, after combining all data across countries, dummy variables for the country or ethnic groups
should be introduced to reveal regionality/ethnicity
dependency. The dummy variables are also important to
conduct regionality/ethnicity-adjusted analysis of sources
of variation for the test results.

2.9.2 Ethics committee approval
The protocol, informed consent form, participant information sheet (questionnaire), and any proposed advertising
material should be submitted to the ethics committee of each
collaborator’s institution for written approval. The investigator should also submit and obtain approval for all substantial amendments to the original approved documents.

2.9.3 Informed consent
See SOP 1.

2.9.4 Participant confidentiality
The investigating team should ensure that the participants’ anonymity is maintained. The participants must be
identified only by initials and an ID number on any electronic database sent outside the collecting institution. All
documents should be stored securely and only accessible
to the investigating team. The study should comply with
the Data Protection Act, which requires data to be made
anonymous as soon as is practical.

2.10 Data analysis and reports of the results
Data analysis should be performed according to SOP 3.

2.10.1 Validation of data
Those volunteers with overtly abnormal results should be
secondarily excluded (e.g., hepatic or renal disease).

2.10.3 Partitioning criteria
The components of SD, i.e., between-country SD
(SDcntr), between-sex SD (SDsex), between-age SD
(SDage), and net between-individual SD (SDind) with
removal of the component of within-individual variation, will be computed by 3-level nested ANOVA. The
presence of significant regionality in the test results
can be determined by taking a ratio (SDR) of SDcntr
over SDindiv; an SDR > 0.3 signifies the evidence of
significant regionality in the test results [22 ]. However,
its validity must be confirmed after adjusting for other
possible confounding factors using MRA or similar procedures. SDR can be also computed for between-sex SD
and between-age SD. The cut-off value of SDR = 0.3 corresponds approximately to the midpoint of desirable and
minimal proportion of analytical bias to the betweenindividual SD of 0.25 and 0.375 times the between-individual SD [18]. However, it is only a guide to consider
whether to partition reference values according to that
factor. It can be modified according to local need and
policy in implementing the RIs. It is also necessary to
note that, in dealing with regionality, if there is an isolated difference between only one or two countries with
no differences among all other countries, ANOVA is
insensitive for detecting regional differences. Therefore,
it is recommended to apply an ad hoc analysis using the
Harris-Boyd method be performed to evaluate the magnitude of the difference between any two groups.
If there are no apparent regional differences in test
results, globally applicable common RIs may be derived
by specifying conditions used for the derivation. Otherwise, reference values should be partitioned to derive
region-, ethnicity-, or country-specific RIs.
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2.10.4 Derivation of RI
The parametric method will be used after normalizing
data based on a modified Box-Cox power transformation
method [22] for derivation of RIs. Secondary exclusion of
inappropriate subjects should be made to remove those
with abnormal results attributable to highly prevalent conditions such as the metabolic syndrome, alcohol-related
hepatic dysfunction, or diabetes mellitus. A multivariate
iterative method called latent abnormal value exclusion
(LAVE) [22] can be applied at the time for computing RIs
as a method for tertiary exclusion.
When an analyte is not considered well-standardized, the RI derived by the centralized measurement may
be converted to each laboratory’s value using the linear
regression parameters derived from the cross-check test
results if the scatter around the regression line is within
the allowable limit [CV(b) ≤ 11%] [18].

3 Standard operating procedures
3.1 SOPs for recruitment (SOP 1)
3.1.1 Invitation to the study
It is advised to advertise the study by posters displayed in
the wards and out-patient areas and by electronic invitations sent to staff members within the participating healthcare institution. It is also advisable to hold meetings to
explain the clinical and scientific implications of the study
and possible benefits for the laboratory and volunteers to
obtain cooperation.
Give each volunteer the following:
1. An invitation to the study.
2. An explanation of the study (including/exclusion
criteria).
3. A consent form (written in the local language, in
accordance with the guidelines of the local ethics
committee).
4. Procedures for participation.

3.1.2 Informed consent
During the introductory period, written and verbal information should be presented to the participants detailing
the exact nature of the study and any risks involved in
taking part. It should be clearly stated that the participant

is free to withdraw from the study at any time for any
reason with no obligation to give the reason for withdrawal. The participant must be allowed as much time
as desired to consider the information and allowed an
opportunity to question the investigator, their physicians
or other independent parties to help decide whether they
will participate in the study. Written informed consent
should then be obtained, including the personal signature and signature date for both the participant and
the person who presented and obtained the informed
consent. The original signed form should be retained by
the local representative.

3.1.3 Tabulation of volunteers by age and gender
In a practical flow of recruitment, one who agrees to participate in the study by reading the invitation is expected
to contact the local representative. A balanced distribution of gender and age should be ensured by tabulating
volunteers as shown below (Table 1). All participants must
be older that 18 years. The main target range of ages is
18 to 65 years, for which an even distribution of age and
gender is of the utmost importance to have comparability
of test results across regions.
Individuals older that 65 years are also sought, as
long as they match the inclusion criteria. Approximately
20% of the total number should be in this age group. The
primary objective of including this age range is to evaluate age-related changes in test results, and thus, there is
no need to balance the gender distribution of this group.

3.1.4 Appointment and preparation for blood sampling
It is advisable to make the appointment for the drawing
of blood after volunteers for most of the subgroups in
the above table have been recruited. Make appointments
between 7:00 and 10:00 AM with 30-min intervals (i.e.,
7:00, 7:30,…, 9:30, 10:00).

3.1.4.1 Sampling schedule
Prepare a sampling schedule as shown below, setting the
date and time of sampling together with the volunteer’s
name and ID number. The ID number will be generated
as AA-LL-###, with AA representing the country code;
LL, the laboratory code within the country; and ###, the
sequence number in the laboratory. The last 2 segments
correspond to the same as the codes in Table 1.
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Male

Female

1033

18–29 years

30–39 years

40–49 years

50–64 years

65–years

01 001–01 050
02 001–02 050
03 001–03 050
01 051–01 100
02 051–02 100
03 051–03 100

01 101–01 150
02 101–02 150
03 101–03 150
01 151–01 200
02 151–02 200
03 151–03 200

01 201–01 250
02 201–02 250
03 201–03 250
01 251–01 300
02 251–02 300
03 251–03 300

01 301–01 350
02 301–02 350
03 301–03 350
01 351–01 400
02 351–02 400
03 351–03 400

01 401–01 450
02 401–02 450
03 401–03 450
01 451–01 500
02 451–02 500
03 451–03 500

Table 1 Tabulation of volunteers by gender and age.
The numbers indicate the ID codes. ## ### (ID code) is shown as ## (laboratory code) + ### (donor code).

3.1.4.2 Reminders for volunteers in preparation for
sampling
1. Make an appointment for blood collection when the
volunteer agrees to participate.
2. Remind each volunteer of the following requirements
before sampling:
– Avoid unusual strenuous exercise for 3 days
before the sampling.
– Avoid sampling on the day after working a night
shift.
– Fast overnight (at least 10 h before the sampling).
– Avoid excessive eating and/or alcohol intake the
night before the sampling.
– Avoid smoking just before the blood collection.

3.1.5 Procedures on the day of blood collection
3.1.5.1 Collection of questionnaire
Give the questionnaire (Appendices A and B, with the
addition of any relevant local questions regarding demographic factors and lifestyle) at the time of phlebotomy.
Participants will have their height, weight, and abdominal circumference measured by the local coordinators
who also may help them complete the questionnaire. The
ID labels should be pasted on both the questionnaire and
consent forms. Make a photocopy of the questionnaire.
The participants’ consent form and the photocopy of the
questionnaire will be kept confidential by the local representative of the study.

most commonly measured analytes are not influenced
by the tube type, except for some drugs or hydrophobic
analytes [19–21]. However, it is recommended that each
central laboratory investigates the possible differences
in test results between the plain and gel-separator tubes
by comparative measurements of several specimens. The
type of tube being used must be recorded.
ID labels should be pasted onto vacuum blood collection tubes and storage containers. Make sure that the IDs
match with those on the corresponding questionnaire and
consent form for each participant.

3.1.6.2 Preparation of volunteers immediately before
sampling
Volunteers should rest in a sitting position at least for
30 min before drawing blood. Hasty sampling after a volunteer rushes in causes stress-induced (inorganic phosphate, glucose, etc.) and postural changes (almost all proteins) in test results.
Smoking cigarettes just before blood collection is not
allowed because smoking is known to affect the values for
some enzymes (LDH and amylase) and glucose [23].

3.1.7 Procedures for drawing blood
–

–
3.1.6 Procedures just before blood collection
3.1.6.1 Preparation of equipment for sampling and
storage
The type of blood collection tubes, either plain or
gel-separator tubes, must be determined in each country/
laboratory; it is preferable to use the same sampling
equipment as is used for routine testing. Assays for the

–
–

–

Apply the tourniquet 7–10 cm above the venipuncture
site. The pressure should be set below the diastolic
blood pressure for the smooth pooling of blood
in the periphery. Never leave the tourniquet on for
longer than 1 min.
Do not clench the fist while drawing blood; this
causes false elevation of serum potassium.
Draw the volume of blood required.
Invert each tube 180° (upside down) at least five times
(in the presence of a clot activator in the sampling
tubes).
If the blood draw is interrupted before a tube is completely filled, the remaining vacuum should be removed by
filling air to avoid vacuum-induced hemolysis [23].
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3.1.8 Preparation of the serum and its aliquots
–
–
–

Do not place the blood-filled tubes in direct sunlight
or in low temperatures.
At 30–60 min after sampling, centrifuge the specimen
at 1200 g for 10 min at room temperature.
Be sure the ID label on the blood collection tubes
matches the ID labels on the sample containers (2 mL
each). Transfer the serum into each of the containers.

3.1.9 Storage and shipment of the specimens
The containers with the serum aliquots (1–2 mL) should be
well sealed and stored at −80°C within 2 h. All aliquots that
are not being retained for local use will be shipped on dry
ice to the central laboratory for collective measurement.

3.1.10 Thawing of the specimens and preparation of the
samples before measurement
On the day of analysis, the samples must be thawed by
letting them stand at room temperature for at least 1 h,
avoiding direct sunlight because of its effect on bilirubin concentrations. Homogenization is then achieved
by inverting the samples 10 times. Analysis must be performed within 4 h from the start of thawing.

3.1.11 Measurements for the cross-check survey
3.1.11.1 Procedure for cross-check testing
To share the RIs derived for nonstandardized analytes
such as protein hormones and tumor markers, crosscheck testing should be conducted by asking each participating laboratory to retain one or two aliquots of serum
each from a part or all of the volunteers and to measure
them locally near the time of the centralized assay for
cross-comparison of the results.

3.1.11.2 The number of samples for cross-check testing
The number of samples required for the cross-check
depends on the accuracy specification set by each laboratory. The recommended number is ≥ 10 for the standardized analytes and ≥ 20 for the nonstandardized analytes.
Procedures for the cross-check sample collection, and
storage will be the same as previously stated in Protocol
Section 8. Cross-check testing samples should be selected
randomly. In addition, the samples for the cross-check

should be divided into multiple parts (at least four) and
measured on different days in order to reduce the effect of
between-day errors on the conversion.

3.2 SOPs for analyses (SOP 2)
3.2.1 Sample size
The target sample size from each country should be at least
500 so that country-specific RIs can be derived in a reproducible manner. This number is sufficient for betweencountry comparison of test results. If there is an additional
interest in exploring regional variations within a country,
it is recommended that at least 120 (men and women,
60 × 2) samples from each local area be assayed to acquire
sufficient power to test for between area differences.

3.2.2 Target analytes
The standardized analytes to be measured in common
and to be compared worldwide should be decided and
listed. Additional analytes to be measured are determined
in each country based on clinical need and research interest. At the time of combined analyses of reference values,
comparison will be made between results of all analytes
that are available for comparison.

3.2.3 Central laboratory
One or two laboratories in each country should be chosen
as a central laboratory that will provide collective measurements. The requirements for the central laboratory should
be specified so that it (1) implements reliable measures for
both short- and long-term quality control, (2) ensures traceability of test results for the standardized analytes based
on CRMs and value-assigned sera for enzymes, and (3)
participates in the alignment of test results across central
laboratories, using the reference panel of sera.

3.2.4 Quality control
In addition to standard quality control materials supplied
by manufacturers, each laboratory will prepare multiple
commutable specimens (mini-panel) for QC monitoring.
The desirable limits of bias should be specified beforehand. The desirable limits for between- and within-day
CV are set as 1/2 of CVI (within-individual CV listed in the
Westgard website: www.westgard.com/biodatabase1.htm).
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3.2.5 Standardization of assays
To ensure essential traceability of test results, internationally qualified standards or CRMs should be measured for
the standardized analytes.
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3.3.1.4 Cross-comparison of values
A panel of sera composed of 40 sera prepared from
healthy individuals should be divided into at least four
parts and tested on different days to avoid bias attributable to between-day variation of the test results [18].

3.3.2 Report of test results

3.2.6 Cross-comparison of values
A panel of sera composed of 40 sera prepared from healthy
individuals should be divided into at least four aliquots
each, to be tested on different days in order to determine
between-day variation of the test results. The between-day
variation of test results should also be monitored by the
QC specimens and recorded.

3.3 SOPs data analysis and report of the test
results (SOP 3)
3.3.1 Data analysis
3.3.1.1 Analyses of source of variation of test results
MRA should be performed analyte by analyte to identify
factors closely related to the test results [22]. The possible
factors include gender, age, BMI, smoking status, level of
alcohol consumption, frequency and strength of physical
exercise, dietary status, ethnic group and, if available, the
ABO blood group of the participant.

3.3.1.2 Partitioning criteria
The magnitude of between-country SD (SDcntr),
between-sex SD (SDsex), between-age SD (SDage),
and net between-individual SD (SDindiv) should be
computed by 3-level nested ANOVA. Ratios of SDcntr
over SDindiv > 0.3 can be used as a guide to judge the
presence of significant regionality in test results [22 ].
However, implication of regional differences should be
evaluated by multiple regression analysis as described
in the Protocol section.

3.3.1.3 Derivation of RI
For the derivation of RIs, the parametric method will be used
after excluding samples with abnormal test results (secondary exclusion, as discussed above) and then normalizing the
data by power transformation using the modified Box-Cox
formula [22]. For tertiary exclusion, a multivariate iterative
method called LAVE may be applied at the time of computing RIs [10, 11, 13, 14, 22].

Only after all the specimens have been analyzed and the
RIs have been derived should the test results be returned to
the volunteers. A sheet with a given participant’s printed
test results should be sealed in an envelope with the ID
label on the outside. The local representative should be
asked to give this to the corresponding individual by referring to the name from the informed consent form with the
same ID number. Each individual’s test results and the
newly-derived, country-specific RIs will be reported to
the volunteers after all the measurements in each country
have been completed, together with an explanatory sheet
for the interpretation of the test results.

3.3.2.1 Report of cross-check test results and RIs
The cross-check the test results between the central laboratory and each of the local laboratories are analyzed by
reduced major axis regression.
When an analyte is not considered well-standardized,
judging from the regression line, the RI derived by the centralized measurement can be converted to each laboratory’s
value using the linear regression slope and intercept [18].

4 Discussion and conclusions
Despite the long-recognized importance of RIs in the clinical
decision-making process, the implementation of RIs in most
clinical laboratories is still incomplete [24]. The derivation
of RIs on a national level by conducting a multicenter study
that follows a common protocol and comprehensible SOPs,
and the secondary integration of the results at a global scale,
is probably the most effective way to seek globally applicable common RIs [25]. The success of globalization depends
upon the absence of regional and/or ethnic differences in
test results, whereas their presence provides invaluable
information regarding those differences. To produce scientifically valid results that can be merged to make comparisons across the world, multicenter studies in each country
should be conducted utilizing a common protocol and SOPs.
This study aimed to produce a protocol and SOPs that
can be used in harmony by any laboratory anywhere in
the world, thus ensuring repeatability and transferability
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of reference values. To achieve this, the CSLI/IFCC C28-A3
guideline, entitled “Defining, Establishing and Verifying
Reference Intervals in the Clinical Laboratory” was used as
the basis but was expanded to provide the necessary steps
in more detail so that every participating laboratory follows
exactly the same SOPs in the common protocol. The current
study was planned specifically as a multicenter, multicountry study, and a common protocol was essential.
There are several important differences between the
current protocol and the C28-A3 document. Modifications
were made to C28-A3 regarding the inclusion/exclusion criteria in order to show more clearly how healthy reference
individual were defined during selection, although these
criteria are essentially pragmatic and there may be subtle
differences in interpretation of what constitutes healthiness
by different cultures and investigators. Appendices A, B,
and C were deemed necessary to achieve the required level
of standardization. Ethnic origins are questioned in detail
in Appendix A. Additional items were included in the questionnaire (Appendix B) to obtain more quantitative information regarding alcohol consumption, physical activities,
menstrual cycle, and medications to see how these factors
influence test values. Appendix C lists the target analytes to
be measured in common by the participating laboratories.
In the new protocol, standardization procedures are
described in detail so that all central laboratories are made
aware of the necessity to comply with them in full. This protocol also differs from previous guidelines with regard to the
required sample size [i.e., at least 500 reference individuals for each country instead of 240 volunteers (120 of each
gender)], calculation methods for RIs, and partitioning criteria to be used [22]. In addition, the protocol requires this study
to be performed using a panel of sera for harmonizing results
across central laboratories. A major difference between this
protocol and SOPs and the previous C28-A3 guidelines is
that, in order to enable comparison of test results between
the central laboratory and each of the local laboratories, the
cross-check testing procedure is also described in detail at
each stage [14, 18], thus allowing comparison and transfer
of the centrally derived RI to the values of local laboratories.
The protocol and the SOPs described here give an indepth coverage of the scientific criteria and requirements
to ensure valid results. They can be used, modified, and/
or adopted for similar multicenter studies to establish
common RIs. The appropriateness of the protocol and the
SOPs described here will be evaluated through their implementation in the currently ongoing worldwide multicenter
study on reference values.
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Appendix A
A: White
British
Irish
Any other White background
B: Mixed
White and Black Caribbean
White and Black African
White and Asian
Any other mixed background
C: Asian or Asian British
Indian
Pakistani
Bangladeshi
Any other Asian background
D: Black or Black British
Caribbean
African
Any other Black background
E: Chinese or other ethnic group
Chinese
Any other (please write in)
Not stated
Not stated
F: For US
Hispanic or Latino
American Indian or Alaska Native
Native Hawaiian or other Pacific Islander
Black/African American

(please write in)

(please write in)

(please write in)

(please write in)

Appendix Table 1 Ethnicity-monitoring questionnaire.
Citation from Office for National Statistics: http://www.ons.gov.uk/
ons/guide-method/measuring-equality/equality/ethnic-nat-identity-religion/ethnic-group/index.html#8 (accessed 23 April 2013).
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Appendix B
INCLUSION CRITERIA
'R\RXFRQVLGHU\RXUVHOIKHDOWK\"

<(6

12

$UH\RXDWOHDVW\HDUVRIDJH"

<(6

12

EXCLUSION CRITERIA
'R\RXKDYHGLDEHWHVDQGDUHWUHDWHGZLWKRUDOWKHUDS\RULQVXOLQ"

12

<(6

'R\RXKDYHRUKDYH\RXKDGFKURQLFOLYHURUNLGQH\GLVHDVH"

12

<(6

'R\RXKDYHUHVXOWVIURPDEORRGWHVWWKDWSRLQWWRDVHYHUHGLVHDVH"

12

<(6

+DYH\RXEHHQKRVSLWDOL]HGRUVHULRXVO\LOOLQWKHSDVWZHHNV"

12

<(6

+DYH\RXJLYHQEORRGDVDGRQRULQWKHSUHYLRXVPRQWKV"

12

<(6

$UH\RXDNQRZQFDUULHURI+%9+&9RU+,9"

12

<(6

$UH\RXSUHJQDQWRUZLWKLQRQH\HDUDIWHUFKLOGELUWK"

12

<(6

+DYH\RXSDUWLFLSDWHGLQDUHVHDUFKVWXG\LQYROYLQJDQLQYHVWLJDWLRQDO
GUXJLQWKHSDVWZHHNV"

12

<(6

DEMOGRAPHICS
$UH\RXIDVWLQJ"
$JH

<(6
*HQGHU

12
0DOH

/DVWIRRGLQWDNH
)HPDOH

$030

7RGD\ VGDWH
7LPHRIFROOHFWLRQ

%RG\/HQJWK

FP

$%2EORRGW\SH

$

%RG\:HLJKW

NJ

%

$%

$EGRPLQDO&LUFXPIHUHQFH
2

FP

"QRWNQRZQ

HEALTH STATUS AND MEDICAL HISTORY
$UH\RXYHJHWDULDQ QRPHDWRUILVK 

12

<(6

'R\RXHDWDVSHFLDOGLHW"

12

<(6

,I\HVZKDW"

+DYH\RXEHHQVLFNZLWKLQWKHSDVWZHHNV"

12

<(6

12

<(6

LI\HVGHVFULEHWKHLOOQHVVDQGZKHQ

+DYH\RXEHHQKRVSLWDOL]HGLQWKHODVWPRQWKV"
,I\HVZKDWIRUDQGZKHQ"

'R\RXKDYHDQ\DOOHUJLFFRQGLWLRQ SROOLQRVLVDWRSLFGHUPDWLWLVDVWKPDHWF "

12

,I\HVZKDW" GHVFULEHWKHFRQGLWLRQLVLWFXUUHQWO\DFWLYH"

'R\RXKDYHKLJKEORRGSUHVVXUH"

12

<(6

$UH\RXFXUUHQWO\XQGHUDGRFWRUಬVFDUH"

12

<(6

,I\HVZKDWIRU"

$UH\RXWDNLQJDQ\SUHVFULEHGPHGLFDWLRQRQDUHJXODUEDVLV"
12
<(6
 LQFOXGLQJGLHWSLOOVDQWLK\SHUWHQVLYHDQWDFLGVRUDOOHUJ\PHGLFLQHHWF 
,I\HVZKDW" GHVFULEHWKHQDPHGRVHDQGIUHTXHQF\IRUHDFKPHGLFLQH

General health screening questionnaire
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'R\RXWDNHYLWDPLQVXSSOHPHQWVRUKHUEDOUHPHGLHV"

12

<(6

+DYH\RXWDNHQDQ\SDLQUHOLHYHUVLQWKHSDVWZHHNV"

12

<(6

$UH\RXH[SRVHGWRDQ\KD]DUGRXVFKHPLFDOVLQ\RXUMRE"

12

<(6

,I\HVZKDW" GHVFULEHWKHQDPHGRVHDQGIUHTXHQF\IRUHDFKPHGLFLQH

,I\HVZKDW"

WOMEN
:KHQZDV\RXUODVWSHULRG"
+RZLV\RXUPHQVWUXDOF\FOH"

UHJXODU

LUUHJXODU

PHQRSDXVH

XQGHUKRUPRQHWKHUDS\
RUWDNLQJFRQWUDFHSWLYHSLOOV

,IUU HJXODUZKDWLVWKHDYHUJHOHQJKRIWKHF\FOH"

GD\V

ALCOHOL
+DYH\RXKDGDGULQNLQWKHODVWKRXUV"

12

<(6

,I\HVZKDW"

+RZPXFKGR\RXGULQNLQDW\SLFDOZHHN"

121(

%HHU

OLWUHV

ᆁ&DOFXODWLRQE\WKHLQYHWLJDWRU

&LGHU

OLWUHV

$PRXQWRIDOFRKROFRQVXPSWLRQ

:LQH

JODVVHV DVVXPHJODVVHVSHUVWDQGDUGVL]HGERWWOH

LQJUDPVRIHWKDQROSHUZHHN

6SLULWV

ERWWOHV

JZHHN

)RUKRZPDQ\PRQWKV\HDUVKDVWKLVEHHQW\SLFDO"

\HDUV

SMOKING
+RZPDQ\FLJDUHWWHVGR\RXVPRNH"

SHUGD\

,I\RXUROO\RXUFLJDUHWWHVKRZPDQ\RXQFHVSHUZHHNGR\RXVPRNH"

RXQFHSHUZHHN

,I\RXVPRNHFLJDUVDQGSLSHVKRZPDQ\GD\VSHUZHHNGR\RXVPRNH"

FLJDURUSLSHVZHHN

+RZPDQ\\HDUVKDYH\RXVPRNHG"

\HDUV

SHUZHHN

,I\RXTXLWVPRNLQJZLWKLQD\HDUSOHDVHGHVFULEHZKHQ\RXTXLWDQGKRZPXFK\RXVPRNHG DPRXQWDQG\HDUV 

PHYSICAL ACTIVITIES AND EXERCISE
,QDXVXDOGD\KRZPDQ\KRXUVGR\RXVWDQG 

KRXUVGD\ LQFOXGHH[HUFLVHFRPPXWLQJ

,QDXVXDOGD\KRZPDQ\KRXUVGR\RXVLW 

KRXUVGD\

1RWHKRXUV      KRXUVRIVOHHSRURWKHUO\LQJSRVWXUHGD\ 
'R\RXH[HUFLVHUHJXODUO\"
,I\HVKRZPDQ\GD\VSHUZHHN"

12

YES
GD\VZHHN

3OHDVHGHVFULEH\RXUUHJXODUH[HUFLVH QDPHRUW\SHRIH[HUFLVHGXUDWLRQGD\ 

+RZPDQ\GD\VLQWKHSDVWZHHNKDYH\RXSHUIRUPHGSK\VLFDODFWLYLWLHVGXULQJ\RXUZRUNRUH[HUFLVHZKHQ\RXUKHDUWKDVEHDW
GD\VZHHN
IDVWHUDQG\RXUEUHDWKLQJZDVKDUGHUWKDQQRUPDOIRUDWRWDORIPLQXWHVRUPRUHSHUGD\"
+RZPDQ\GD\VLQDW\SLFDOZHHNKDYH\RXSHUIRUPHGVXFKVWUHQXRXVDFWLYLW\"
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Appendix C

Immunoturbidimetry

Target analytes

This includes CRP, IgG, IgA, IgM, C3, C4, transferrin, TTR
(prealbumin), and cystatin C.

The analytes below are to be measured in common.
However, each country may add or omit any analytes if
required. At the time of combined analyses of reference
values across the world, comparison will be made between
results of whatever analytes are available for comparison.

Chemical analyses
The following analytes constitute “standard analytes”:
– Enzymes: AST, ALT, ALP, LD, GGT, CK, and amylase
– Electrolytes: sodium, potassium, chloride, calcium,
inorganic phosphate, iron, and magnesium
– Miscellaneous: total protein, albumin, creatinine,
urea, uric acid, total bilirubin, and glucose
– Lipids: triglycerides, total cholesterol, HDL-C, and
LDL-C (these analytes should be measured as part of the
assessment of nutritional status).

Immunoassays
It is preferred that the following nonstandardized but commonly measured analytes also be measured in common to
allow international comparison of results:
– Tumor markers: ferritin, AFP, CEA, CA125,
and PSA
– Endocrinology: TSH, prolactin, cortisol, and PTH
– Miscellaneous : vitamin B12 and folate
CA19-9, CA15-3, fT4, and fT3 have been excluded due
to known method-related variation and failure of their
test results to be made comparable based on previous
cross-check testing. Those analytes that are very unstable or require a special sampling tube should also be
excluded.
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