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Motivation

• Lab data is required in clinical trials for safety reasons

• Multi-center trials: different laboratories

→ Varied laboratory results and different reference ranges

• Combining the data can be a great challenge

• Usage of normalisation methods
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Data

• Generated dummy data

• Laboratory data of three

different parameters

• 239 subjects

• 198 females, 41 males

• Analysis value with

normal range lower and

upper limit
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Data
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Location - scale model (Chuang-Stein)

• Normalise values relative to a selected set of reference ranges:

• Transformation preserves the distance from the lower limit of normal as

a multiple of the specified range:

12.11.19 – Jessica Högg & Laura Marquis Laboratory Data: Reference Ranges and Normalisation 7



Choosing the common reference range

• Normalisation of results relative to a chosen standard reference range

→ Choose upper limit and lower limit as

Method 1: MAX(LLN) and MIN(ULN)

Method 2: Highest ULN (and highest LLN 

if more than one)

Method 3: Most frequent reference range
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MAX(LLN) and MIN(ULN)

• Get maximum of LLN for every parameter

• Get minimum of ULN for every parameter

• Assign these as standard ranges

• Merge to lab data

→ Normalisation of values
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Box Plot

• Results are displayed as

box plots

• SAS 9.4® procedure

PROC SGPLOT with the

VBOX statement

• Y-axis: result of a specific

lab test
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Aspartate Aminotransferase
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Creatinine
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Creatinine
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Creatinine - Example

• In method 2 there is a statistical outlier

• Before normalisation the value is close to 200

• After normalisation the value is around 600

value LLN

ULNstd LLNstd

ULN LLN

LLNstd
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Hemoglobin - Females
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Hemoglobin - Males



Laboratory Data: Reference Ranges and Normalisation 1712.11.19 – Jessica Högg & Laura Marquis 

Summary
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Conclusion

• Normalising laboratory data can be a solution to combine data from different 

laboratories

• Better: Using a central laboratory whenever possible

• The selection of both the normalisation model and the common reference

range is very important

• All laboratory parameters have different clinical interpretations and statistical

properties

Normalisation should not be a blind procedure!



Thank you!

Any questions?
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Aspartate Aminotransferase
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Aspartate Aminotransferase
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Aspartate Aminotransferase
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Creatinine
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Creatinine
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Creatinine
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Hemoglobin



Laboratory Data: Reference Ranges and Normalisation 2912.11.19 – Jessica Högg & Laura Marquis

Hemoglobin
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Hemoglobin
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Hemoglobin - Females
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Hemoglobin - Females
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Hemoglobin - Females
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Hemoglobin - Males
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Hemoglobin - Males
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Hemoglobin - Males


