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A Practical Approach to Establish Reference Ranges

To establish a diagnosis, laboratory (and other clinical) data from a patient are compared
to reference values. The terms reference values, reference limit, reference interval, and
observed values, were recommended by the International Federation of Clinical
Chemistry (IFCC) to replace the obsolete term normal ranges. The reference range for a
laboratory test can be defined as a range in which at least, 95% of test results from
apparently healthy individuals would fall. Determination of reference ranges is a costly
and cumbersome task, which is clearly defined in the guidelines by the National
Committee for Clinical Laboratory Standard. Fortunately, most manufacturers in
diagnostics industry follow those guidelines to establish reference ranges for their
analytical methods. Therefore, it is not necessary to “re-invent the wheel”. A laboratory
can simply adopt or transfer the reference ranges established by the manufacturer or
another literature for its own methodologies, as long as the methodologies used by both
institutions are identical. Indeed, CLIA and CAP guidelines allow transference of
reference ranges from manufacturers, if the adopting laboratory can verify the ranges.
According to CAP commentary 01:42080 for many analytes (e.g., therapeutic drugs and
CSF total protein), literature reference or a manufacturer’s package insert information
may be appropriate.” To verify the previously established reference range, the laboratory
should randomly select 20 apparently healthy individuals from their native population
(medical technologists, medical students, volunteer blood donors, etc.). Also, it is
acceptable to use “normal” population from hospitalized patients. However, it is
imperative to apply certain criteria such as selecting only patients hospitalized for
cosmetic surgery, cataract operation, etc. The selected population should represent both
genders and be adjusted for age. Thus, specimens should be collected considering the
effects of pre-analytical variables such as age, gender, fasting status, diet, medications,
posture, circadian rhythm and medical history. Obviously, the specimens should be
analyzed using the identical systems used to establish the original reference range.
Following the analysis, the collected data should be displayed graphically and viewed. If
the data represent a bell-shaped or Gaussian distribution (i.e., parametric), then mean + 2
SD (standard deviation) should be calculated and the range should be compared to the
established range. However, it is more likely that data will be nonparametric or skewed.
In that case, the high and low 2.5 percentile (outliers) are thrown out and the central 95%
reference range should be selected and compared to the established reference range. The
outliers should be examined more carefully and if determined that they are affected by
the above pre-analytical variables, they should be excluded and the new subjects should
be recruited and data should be analyzed again. If the laboratory’s range is “close” to the
manufacturer’s range, the donor’s range can be adopted. Generally, if two or less or the
subjects fall outside the range then the reference can be adopted. If three or more subjects
fall outside the reference range the subjects should be reviewed carefully for interference
by pre-analytical variables, and if such variables detected the new “normal” subjects
should be recruited and the study should be repeated. If three of the repeated values fall



outside the reference range, the laboratory should follow the NCCLS guideline to
establish its own reference test.
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