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Summary

The reference interval for a biochemical analyte 
is usually an interval of values bounded by the 
reference limit values at certain designated 
percentiles [1]. 

As always when choosing a cut-off, the value will 
determine the trade-off between clinical sensitivity 
and specificity. When a low cut-off is chosen, the 
sensitivity increases and the specificity decreases. 
When a high cut-off is chosen, the specificity 
increases and the sensitivity decreases.

The most commonly used definition of the 
reference interval is the interval of values 
containing the central 95% of a healthy population, 
i.e. the reference limits are the values at the 2.5th 
and 97.5th percentiles, respectively. This could 
theoretically lead to the assumption that any 

patient test result within the interval from the 2.5th 
to the 97.5th percentile is considered “normal” and 
any patient result outside this interval is considered 
“not normal”. Intervals from zero to the 95th or the 
99th percentiles are also often seen.

This means that 1-5% (dependent on the 
designated percentiles) of healthy persons may 
have test results outside the reference interval and 
thus they could theoretically be considered “not 
normal”.

In consequence of the way reference intervals are 
defined, it is important to be aware that:

• Not all results outside the cut-offs mean that 
the patient is sick. 

• If the patient is not sick, it does not mean that 
a result outside the cut-offs is wrong.
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Background

When you perform a diagnostic biochemical test 
in a patient, you will compare the patient result to 
a reference interval or to a medical decision limit.

To determine a reference interval you need to test 
a large number of healthy people, the reference 
population. Health is a relative condition lacking a 
universal definition. Before collecting samples for 
making a reference interval, inclusion and exclusion 
criteria for participation have to be established. 
Furthermore, samples must be collected in a way 
that minimizes the risk of preanalytical errors.

The reference interval for a biochemical analyte is 
usually the central interval of values bounded by 
the reference limit values at certain designated 
percentiles [1, 2]. That is, the reference interval 
refers to that interval set of values observed in 
the reference sample group or predicted for 
the reference population, defined by a specific 
percentage.

Distribution of test results from healthy 
populations

The test results from a healthy population may 
form a normal distribution, as in Fig. 1. For the 

CKMB Creatine kinase MB isoform

FN False negative – a negative test result in a person with disease.

FP False positive – a positive test result in a person without disease.

LoD Limit of detection.

Percentile Each of the 100 equal groups into which a population can be divided according to the 
distribution of values of a particular variable.

Sensitivity Fraction of persons with disease who get a positive test result with the assay in question.

Specificity Fraction of persons without disease who get a negative test result with the assay in 
question.

TN True negative – a negative test result in a person without disease.

TP True positive – a positive test result in a person with disease.

Abbreviations and definitions
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FIG. 1: Example – distribution of test results in a healthy population.
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sake of simplicity, the examples in the following 
will focus on this type of distribution.

The results may be shown in a histogram or its 
normal curve overlay.

As mentioned above, the reference interval 
refers to an interval set of values observed in 
the reference sample group or predicted for 
the reference population, defined by a specific 
percentage [1].

The most commonly used definition of the 
reference interval is the interval of values 
containing the central 95% of a healthy population, 
i.e. the reference limits are the values at the 2.5th 

and 97.5th percentiles, respectively. It means that 
any patient result within the interval from the 2.5th 
to the 97.5th percentile is per definition considered 
“normal” and any patient result outside this 
interval is per definition considered “not normal”.
In cases where the distribution is nonparametric 
(not normal distribution), the percentiles can still 
be used as limits as in Fig. 3.

If the lower limit is close to or cannot be 
distinguished from zero, the reference interval 
chosen might be from zero to the 95th percentile as 
in Fig. 4. In this case any patient result equal to or 
below the 95th percentile is theoretically assumed 
to be “normal” and any patient result above this 
value to be “not normal”.

Percentile

2.5th percentile 97.5th percentile

Concentration

1              5           10         20         30     40    50     60     70         80        90         95           99

FIG. 2: Example – distribution of test results in a healthy population with reference limits 2.5th and 97.5th 
percentiles, respectively.

2.5th percentile

Median

Concentration

97.5th percentile

FIG. 3: Example – nonparametric distribution of test results in a healthy population with reference limits 2.5th and 
97.5th percentiles, respectively (adapted from [7]).
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Many methods are not able to give measurable 
results in all healthy subjects and a fraction of the 
healthy subjects will get the result <[LoD]. Then the 
distribution can look like Fig. 5. And as above, any 
patient result equal to or below the 95th percentile 
is assumed to be “normal” (including those with 
the result <[LoD]), and any patient result above 
this value “not normal”.

A few analytes use as upper limit the 99th 
percentile. This is the case for e.g. the cardiac 
markers troponin I, troponin T and CKMB. It is 

even recommended in guidelines to use the 99th 
percentile for these analytes [3]. In this case, any 
patient result equal to or below the 99th percentile 
is assumed to be “normal” and any patient result 
above this value “not normal”.

Why are extreme results eliminated from 
reference intervals?

Now, why is the upper limit of a reference interval 
defined as a percentile below 100%? 

Percentile

95th percentile

Concentration

1              5           10         20         30     40    50     60     70          80         90        95           99

FIG. 4: Example – distribution of test results in a healthy population with no lower limit and upper 
limit 95th percentile.

Percentile

95th percentile
Limit of detection

(LoD)

Concentration

1              5           10         20         30     40     50     60     70         80         90        95           99

FIG. 5: Example – distribution of test results in a healthy population with no lower limit but many 
results below the limit of detection, and upper limit 95th percentile.
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Percentile

99th percentile

Concentration

1              5           10         20         30    40     50     60     70         80         90         95          99

FIG. 6: Example – distribution of test results in a healthy population with no lower limit and upper 
limit 99th percentile.

A reference interval should not rely on samples 
with extreme results. Outliers, if they exist, 
will occur in that fraction of the samples [4]. In 
addition, it appears that for certain analytes 
an important contributor to results in the high 
end may be subclinical disease [5]. Upper limits 
for these analytes can be lowered by further 
screening of the reference individuals; e.g. for 
troponin it has been shown that adding estimated 
glomerular filtration rate, NT-proBNP results 
and echocardiography for inclusion/exclusion 
can decrease the determined 99th percentile by 
approximately 50% [6, 7]. However, elimination 
of extreme results in reference interval studies by 
the use of more extensive screenings is expensive 
and therefore it might not be applied for economic 
reasons.

Implications of eliminating extreme results 
from reference intervals

The distribution of test results from a sick 
population will for the many analytes have some 
overlap with the distribution of test results from 
the group of healthy reference individuals. An 
example is shown in Fig. 7.

The percentile used as cut-off determines the 
clinical sensitivity (fraction of patients with true-
positive (TP) results in the sick group) and thereby 
the fraction of patients with false-negative (FN) 
results in the sick group. It also determines the 
clinical specificity (fraction of patients with true 
negative (TN) results in the healthy group) and 
thereby the fraction of patients with false positive 

Reference population Sick

Concentration

FIG. 7: Example – distributions of test results in a healthy population and in a sick population.

Page 5
Article downloaded from acutecaretesting.orgSuzanne Ekelund: Reference intervals and percentiles – implications for the healthy patient

http://acutecaretesting.org
https://acutecaretesting.org/en/articles/Reference-intervals-and-percentiles-implications-for-the-healthy-patient


Reference population

95th percentile

Sick

Concentration

97,5th percentile

99th percentile

FIG. 8: Example – when the 95th percentile is the upper limit of the reference interval, the healthy persons in the 
yellow part of the distribution will get a false-positive result, and the sick persons in the red part of the distribu-
tion will get a false-negative result.

Reference population

95th percentile

Sick

Concentration

97,5th percentile2,5th percentile

99th percentile

FIG. 9: Example – when the 2.5th percentile is the lower limit and the 97.5th percentile is the upper limit of the 
reference interval, the healthy persons in the yellow parts of the distribution will get a false-positive result, and 
the sick persons in the red part of the distribution will get a false-negative result.

Reference population

95th percentile

Sick

Concentration

97,5th percentile

99th percentile

FIG. 10: Example – when the 99th percentile is the upper limit of the reference interval, the healthy persons in the 
yellow part of the distribution will get a false-positive result, and the sick persons in the red part of the distribu-
tion will get a false-negative result.

Page 6
Article downloaded from acutecaretesting.orgSuzanne Ekelund: Reference intervals and percentiles – implications for the healthy patient

http://acutecaretesting.org
https://acutecaretesting.org/en/articles/Reference-intervals-and-percentiles-implications-for-the-healthy-patient


(FP) results in the healthy group. The choice of 
percentile/cut-off is always a trade-off between 
sensitivity and specificity.

As can be seen from Fig. 8, Fig. 9 and Fig. 10, the 
higher the upper percentile that is used for cut-off, 
the lower the number of healthy persons that will 
get a false-positive result. However, the higher the 
upper percentile that is used for cut-off, the higher 
the number of sick persons that will get a false-
negative result.

Usually we want to have as high a clinical sensitivity 
as possible, meaning that we will prefer a lower 
cut-off to avoid missing a diagnosis in a sick patient 
and paying the price of increasing the number of 
healthy persons who get a false-positive result.

In a few cases, like for CKMB, troponin I and 
troponin T, the 99th percentile is used as cut-off 
because it is recommended by guidelines [2]. 
The use of the 97.5th percentile, which is the most 
common upper limit for clinical biochemistry 
tests, as cut-off was proposed by the National 
Academy of Clinical Biochemistry already in 1999 
[4]. However, this would likely cause anxiety in the 
2.5% of healthy individuals, who would get a result 
assumed to be “not normal”. Furthermore, it could 
have insurance implications for these patients. 
Therefore the 99th percentile is used for these 
analytes. 

Results outside a reference interval are commonly 
assumed to be “not normal” [8, 9]. However, many 
and among them Guidi (2006) claim [7] that this is 
a conceptual mistake because:

• All reference individuals were selected based 
on the same predetermined criteria.

• All the results either far from or around 
the reference limits are only punctual 
representation of the biological variation.

• The analytical imprecision will have an 
influence on the actual results. 

These facts are well known and understood 
in laboratory settings, but they may be 
underestimated in the clinical practice.

When the cut-off is at the 95th percentile, it means 
that 5% of healthy persons will get a result that 
is above the reference interval. In other words, a 
healthy person has a 1 out of 20 chance of having 
a so-called false-positive test result. If two tests 
are ordered, the probability that the second test 
is ≤95th percentile is also 95%, but the probability 
that this is the case for both tests is 0.9025 = 0.90 
~90%. If 10 tests are ordered, which often occur, 
the probability that all are ≤95th percentiles is 0.60 
~60% [10].  

In consequence of the way reference intervals are 
defined, it is important to be aware that:
• Not all results outside the cut-offs mean that 

the patient is sick. 
• If the patient is not sick, it does not mean that 

a result outside the cut-offs is wrong. 
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