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NCCLS...
Serving the World’s Medical Science Community Through Voluntary Consensus

NCCLS is an international, interdisciplinary, nonprofit,
standards-developing, and educational organization that
promotes the development and use of voluntary
consensus standards and guidelines within the healthcare
community. It is recognized worldwide for the
application of its unique consensus process in the
development of standards and guidelines for patient
testing and related healthcare issues. NCCLS is based on
the principle that consensus is an effective and cost-
effective way to improve patient testing and healthcare
services.

In addition to developing and promoting the use of
voluntary consensus standards and guidelines, NCCLS
provides an open and unbiased forum to address critical
issues affecting the quality of patient testing and health
care.

PUBLICATIONS

An NCCLS document is published as a standard,
guideline, or committee report.

Standard  A document developed through the consensus
process that clearly identifies specific, essential
requirements for materials, methods, or practices for use
in an unmodified form. A standard may, in addition,
contain discretionary elements, which are clearly
identified.

Guideline  A document developed through the
consensus process describing criteria for a general
operating practice, procedure, or material for voluntary
use. A guideline may be used as written or modified by
the user to fit specific needs.

Report  A document that has not been subjected to
consensus review and is released by the Board of
Directors.

CONSENSUS PROCESS

The NCCLS voluntary consensus process is a protocol
establishing formal criteria for:

• the authorization of a project

• the development and open review of documents

• the revision of documents in response to comments
by users

• the acceptance of a document as a consensus
standard or guideline.

Most NCCLS documents are subject to two levels of
consensus—“proposed” and “approved.”  Depending on

the need for field evaluation or data collection, documents
may also be made available for review at an intermediate
(i.e., “tentative”) consensus level.

Proposed  An NCCLS consensus document undergoes the
first stage of review by the healthcare community as a
proposed standard or guideline. The document should
receive a wide and thorough technical review, including an
overall review of its scope, approach, and utility, and a line-
by-line review of its technical and editorial content.

Tentative A tentative standard or guideline is made
available for review and comment only when a
recommended method has a well-defined need for a field
evaluation or when a recommended protocol requires that
specific data be collected. It should be reviewed to ensure its
utility.

Approved  An approved standard or guideline has achieved
consensus within the healthcare community. It should be
reviewed to assess the utility of the final document, to
ensure attainment of consensus (i.e., that comments on
earlier versions have been satisfactorily addressed), and to
identify the need for additional consensus documents.

NCCLS standards and guidelines represent a consensus
opinion on good practices and reflect the substantial
agreement by materially affected, competent, and interested
parties obtained by following NCCLS’s established
consensus procedures. Provisions in NCCLS standards and
guidelines may be more or less stringent than applicable
regulations. Consequently, conformance to this voluntary
consensus document does not relieve the user of
responsibility for compliance with applicable regulations.

COMMENTS

The comments of users are essential to the consensus
process. Anyone may submit a comment, and all comments
are addressed, according to the consensus process, by the
NCCLS committee that wrote the document. All comments,
including those that result in a change to the document when
published at the next consensus level and those that do not
result in a change, are responded to by the committee in an
appendix to the document. Readers are strongly encouraged
to comment in any form and at any time on any NCCLS
document. Address comments to the NCCLS Executive
Offices, 940 West Valley Road, Suite 1400, Wayne, PA
19087, USA.

VOLUNTEER PARTICIPATION

Healthcare professionals in all specialties are urged to
volunteer for participation in NCCLS projects. Please
contact the NCCLS Executive Offices for additional
information on committee participation.
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Abstract

How to Define and Determine Reference Intervals in the Clinical Laboratory; Approved Guideline—
Second Edition (NCCLS document C28-A2) is written for users of diagnostic laboratory tests.  It offers a
protocol for determining reference intervals that meet the minimum requirements for reliability and
usefulness.  The guideline focuses on health-associated reference values as they relate to quantitative
clinical laboratory tests.  Included are various requirements for studies to determine reference values for a
new analyte or a new analytical method of a previously measured analyte.  Also discussed is the transfer
of established reference values from one laboratory to another.

NCCLS. How to Define and Determine Reference Intervals in the Clinical Laboratory; Approved
Guideline—Second Edition. NCCLS document C28-A2 (ISBN 1-56238-406-6). NCCLS, 940 West
Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA 2000.

THE NCCLS consensus process, which is the mechanism for moving a document through two or more
levels of review by the healthcare community, is an ongoing process. Users should expect revised
editions of any given document. Because rapid changes in technology may affect the procedures,
methods, and protocols in a standard or guideline, users should replace outdated editions with the
current editions of NCCLS documents. Current editions are listed in the NCCLS Catalog, which is
distributed to member organizations, and to nonmembers on request. If your organization is not a
member and would like to become one, and to request a copy of the NCCLS Catalog, contact the
NCCLS Executive Offices. Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail: exoffice@nccls.org;
Website: www.nccls.org
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This publication is protected by copyright.  No part of it may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or
otherwise) without written permission from NCCLS, except as stated below.

NCCLS hereby grants permission to reproduce limited portions of this publication for use in laboratory
procedure manuals at a single site, for interlibrary loan, or for use in educational programs provided that
multiple copies of such reproduction shall include the following notice, be distributed without charge,
and, in no event, contain more than 20% of the document’s text.

Reproduced with permission, from NCCLS publication C28-A2—How to Define and
Determine Reference Intervals in the Clinical Laboratory; Approved Guideline—Second
Edition (ISBN 1-56238-406-6).  Copies of the current edition may be obtained from
NCCLS, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA.

Permission to reproduce or otherwise use the text of this document to an extent that exceeds the
exemptions granted here or under the Copyright Law must be obtained from NCCLS by written request.
To request such permission, address inquiries to the Executive Director, NCCLS, 940 West Valley Road,
Suite 1400, Wayne, Pennsylvania 19087-1898, USA.
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Foreword

A measured or observed laboratory test result from a person (usually a patient) is compared with a
reference interval for the purpose of making a medical diagnosis, therapeutic management decision, or
other physiological assessment.  The interpretation of clinical laboratory data is, therefore, a comparative
decision-making process.  For this decision-making process to occur, reference values are needed for all
tests in the clinical laboratory, and the provision of reliable reference intervals is an important task for
clinical laboratories and diagnostic test manufacturers.  The reference values most commonly used
(known as "normal values" and sometimes "expected values") have traditionally been poorly defined and
certainly not determined by a uniform process.  It is now apparent that it is important to develop reference
intervals using a more systematic process that takes into account the various influences on the measured
laboratory test results.

A theory of reference values that provides definitions, principles, and procedures for the determination
and use of reference values was developed by the Expert Panel on Theory of Reference Values (EPTRV)
of the International Federation of Clinical Chemistry (IFCC) and the Standing Committee on Reference
Values of the International Council for Standardization in Haematology (ICSH).  The fruits of the tireless
labors of these committees appear in a series of articles1-6 that provide a rational approach and sound basis
for the determination of reference values.  These definitions also provided a basis for the development of
this guideline.  We are indebted to the members of the IFCC committee and to the many other
investigators who contributed to this discipline and upon whose knowledge we have drawn.

This guideline begins with definitions proposed by the EPTRV of the IFCC that are important to the
discussion of reference values.  An outline of the broad procedural protocol for establishing reference
intervals is included, followed by specifics of each of the composite processes.  Issues related to the
reference subject selection process, the importance of preanalytical and analytical considerations, the
calculation methods and requirements for estimating valid reference intervals, and the transference of
reference intervals are discussed.  Examples of the recommended estimation and calculation processes are
provided.  Finally, issues related to the presentation and use of reference intervals are discussed, followed
by a brief section that examines a number of important but collateral reference value topics not amenable
to inclusion in this document.

Standard Precautions

Because it is often impossible to know what might be infectious, all human blood specimens are to be
treated as infectious and handled according to “standard precautions.” Standard precautions are new
guidelines that combine the major features of “universal precautions and body substance isolation”
practices. Standard precautions cover the transmission of any pathogen and thus are more comprehensive
than universal precautions which are intended to apply only to transmission of blood-borne pathogens.
Standard precaution and universal precaution guidelines are available from the U.S. Centers for Disease
Control and Prevention (Guideline for Isolation Precautions in Hospitals. Infection Control and Hospital
Epidemiology. CDC. 1996; Vol 17;1:53-80.), [MMWR 1987;36(suppl 2S):2S-18S] and (MMWR
1988;37:377-382, 387-388). For specific precautions for preventing the laboratory transmission of blood-
borne infection from laboratory instruments and materials; and recommendations for the management of
blood-borne exposure, refer to NCCLS document M29—Protection of Laboratory Workers from
Instrument Biohazards and Infectious Disease Transmitted by Blood, Body Fluids, and Tissue.

Key Words

Critical value, observed value, reference distribution, reference individual, reference interval, reference
limit, reference population, reference sample group, reference value
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How to Define and Determine Reference Intervals in the Clinical Laboratory;
Approved Guideline—Second Edition

1 Introduction and Scope

This document provides diagnostic laboratories, diagnostic test manufacturers, and users of clinical
laboratory tests with guidelines for determining reference values and reference intervals for quantitative
clinical laboratory tests.  It includes the methodological approaches and recommended procedures for
establishing reliable reference intervals for use in clinical laboratory medicine.  The recommendations
contained in this document comprise a protocol for determining reference intervals that meet the
minimum, mandatory requirements for adequate reliability and usefulness.  There are situations that will
require more guidance than these recommendations can provide.  Such situations cannot be covered
entirely in this brief document.  However, in certain areas, the additional steps or efforts that would
improve the reliability and accuracy of the reference interval determination are indicated. Because of the
lack of uniformity in the data collection and in the methodology currently used for establishing reference
intervals by clinical laboratory scientists and manufacturers, it is the subcommittee's hope that this
document will provide a basic and uniform protocol for achieving a comparable level of reliability and a
foundation for more elaborate studies.

The procedures for determining "health-associated" reference values or intervals derived from a reference
sample group of persons who are in good health are the primary focus of the document. However, other
types of reference values, for example, for other physiological or pathological conditions, could also be
established in a similar manner.  With attention to the selection of appropriate reference individuals and
due consideration of preanalytical factors, the procedures outlined here can be followed for the
determination of any type of reference interval. However, this document does not specifically address the
process required to establish critical values or other medical decision limits, such as diagnostic cut-offs.
These determinations require a different approach, in part, and are often based on the diagnostic
sensitivity and specificity for a specific medical condition.

The various needs and requirements of reference value studies for different situations are also addressed,
including:

• measurement of a new analyte

• measurement by a new or different analytical method of a previously known and measured
analyte for which physiological data and other reference values may be available

• measurement of the same analyte by the same or comparable analytical method for which
reference value studies from another laboratory or the manufacturer are available (transference).

The latter issue, which is referred to as “transference of reference values,” is complex.  The validation of
transference and the subsequent transfer of reference values will increasingly be an issue encountered by
the clinical laboratory testing community as diagnostic test manufacturers and other laboratories provide
appropriately determined reference value data.  Approaches to this problem are not yet rigorous;
consequently, this issue is discussed in terms of general recommendations and three acceptable
approaches.

If a diagnostic laboratory, large or small, or a diagnostic test manufacturer has to establish a reference
interval through a reference value study, the specific guidelines and procedures provided in this document
should be followed.  This document contains the minimum standards for an adequate and appropriate
reference interval determination.  If the facility is small and lacks the resources to conduct such an
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