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Reference Intervals - Summary

• What are they

• How well are they done

• How are they set

– (A little bit of statistics)

• Ways forward

– Using all data

– Data Mining

– Common Reference Intervals



Reference Intervals

• The reference interval is the most common 

decision support tool for numerical pathology 

results



Setting Reference Intervals

• Also known as: Asteriskology*

* The science / art / skill of putting asterisks on 

the correct results

**



Reference Intervals

• A concept developed in the 1960s

• Using expected values in a population to assist 

with interpreting numerical pathology results on 

an individual

• Most commonly the “central 95%” of the 

reference population

– Reference Population

– Central 95%



Reference Population

• Can be any population

• Typically (often unstated) a “healthy population”

• Other populations:

– Ages: paediatric, geriatric, 

– Stages of pregnancy (by trimester, month, week)

– Stage of menstrual cycle

• Partitioning: different intervals for different

sub-populations



Defining Reference Intervals

• Central 95% of results from a reference 

population

– IFCC/CLSI definition

• Excludes 2.5% above and below interval

• For healthy population are “Health-associated 

Reference intervals”

**



Other statistical cuttoffs:

• Other statistical cuttoffs

– Troponin: 99th centile of healthy population

– Apo (a): 80th centile of total population

– 5th - 95th centiles sometimes used when there is not 

much data, eg hCG in each week of pregnancy.

– Lower 95% of population for skewed values



Nomenclature

Reference Interval

(not “normal range”)

• Something to refer to

• Asterisks do not mean “abnormal”

• Can be any population

• Range is “lowest to highest”



Using a reference interval …

• Is it appropriate for my patient?

– is my patient a member of the reference population

• Is it appropriate for my result?

– is the method used for the result the same as was 

used to set the reference interval

• Does comparison with the reference interval help 

me clinically?



Reference Intervals / Decision Points

Reference Intervals

NOT TO BE CONFUSED WITH

Clinical Decision Points

• Established on the basis of clinical studies

(cannot verify / check in your own lab)

• Examples: Diagnosis of diabetes (glucose, A1c)

Lipid treatment targets

Drug therapeutic intervals



Why we need reference intervals?

• They have a simple, widely understood basis

– Separate those results more likely to be affected 

by disease from those less likely to be affected.

• This basis is the same for all tests.

• Entrenched in clinical practice

• They can provide allowances for method 

differences (bias)



Poor quality reference intervals

• Biased - against current method performance

• Too wide / narrow for actual population

• Applied to wrong population

– Age, sex, other

• Outcome: asterisks assigned / not-assigned to 

wrong patients



Reference Interval Errors - Bias
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Reference Intervals - Too Wide
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Reference Intervals - Too Narrow
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Reference Intervals - Too Narrow

2.5 %

10 %
10 %

95 %

80 %

2.5 %

Correct

Too narrow

WHAT THE DOCTORS SEE: 

Change in “flagging rate” is what doctors notice.

Important tool to monitor performance.



The effects of poor reference intervals?

• Incorrect assignment of “normality” and 
“abnormality” 

• Further investigation of wrong patients

• Lack of further investigation of right patients

• Over / under classification of population as 
“normal” or “abnormal”

• Reduced confidence of laboratory users.

• Flow-on effects on some decision points

– Three times URL



Reference Interval Errors - Bias
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Reference Interval Errors - Bias
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New syndromes

• Dysasteriskosis (wrong number of *)

– Hyperasteriskosis (too many *)

• Hypersuperasertiskosis (too many high *)

• Hyperinfrasteriskosis (too many low *)

– Hypoasteriskosis (too few *)

– Sex-linked (age-linked) dysasteriskosis



• Anasterisktic state



• Panansterisktic state



The caveats

Note that Reference Intervals:

• Do not define the presence of disease.

• Do not define the absence of disease.

• Are rarely evaluated as decision points

– (eg treat or further investigate if result outside 
population reference intervals).

• May be insensitive for individuals.

– Eg creatinine changes within reference interval

• Are set up to be “wrong” 5% of the time.



How well are we doing?



Reference Intervals – Alb Cr Ratio

Upper Reference 

Limit
Number

1.0 mg/mmol 3

2.0 mg/mmol 2

2.5 mg/mmol 5

2.5 (m) / 3.5 (f) 7

3.0 mg/mmol 1

3.5 mg/mmol 10

Highest over 3 x lowest



Reference Interval Differences

• Different assays?

– Not related to assays (from Survey)

– No evidence of assay Difference 

RCPA QAP Urine Albumin 2009 data



Reference Intervals – Sources

Source Number

Local Data 5

Central Lab 14

Manufacturer 15

Literature 19

Don’t know 4



Two fresh serum samples circulated

Also collected values for upper and lower reference limits 

(40yo)

Allowed assessment of:

• Variation in Reference Intervals

• Were Differences in Reference Intervals due to assay 

bias

• Did differences in Intervals increase or decrease 

diagnostic accuracy



• Variation in Reference Intervals

• MORE than analytical differences

• Were Differences in Reference Intervals due to assay 

bias

• No

• Did differences in Intervals increase or decrease 

diagnostic accuracy

• Decrease

Reference Interval Survey



Ref Int v Assay Bias (TP)

Expected



Reference Intervals – Current

Any reference Interval survey shows:

• Wide variation between laboratories

• Differences not accounted for by method bias

• Strong need for improvement 



Reference Interval Variation

• EVEN given the same data, laboratory scientists 

WILL interpret it differently.

• Add in variability of data 

reviewed

• Variation in Reference intervals:

– Always seen

– AN EXPECTED OUTCOME!



Current Paradigm

• Based on recommendations from the NCCLS 

and the IFCC

• Repeated in Product Information from most 

reagent suppliers

– laboratories may perform their own detailed 

reference interval studies

or

– may validate reference intervals published 

elsewhere for their own methods and populations

Each laboratory is responsible for 

its own reference intervals
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and the IFCC
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Current Paradigm

• Based on recommendations from the NCCLS 

and the IFCC

• Repeated in Product Information from most 

reagent suppliers

– laboratories may perform their own detailed 

reference interval studies

or

– may validate reference intervals published 

elsewhere for their own methods and populations



Reference Intervals

• Based on scientific experiment(s)

• Need: good design

good measurements

good analysis

• AND: confirm results!

• Many sources with same results: confident

• Different results from different sources: caution



Where do reference Intervals come from?

• Formal Reference Interval Studies

– Local Studies

– Manufacturer’s Product Information

– Published studies

• Database mining

• Other laboratories (common reference intervals)

• Advice: Use all available information



What is a good information source?

• Population

– Matches laboratory population

• Sample size

– Bigger is better!

• Analytical Method

– Same as laboratory (unbiased)

• Sample collection / handling

– Same as laboratory

• Statistics

– Understood



Reference Interval Studies

• Define and select reference population*

• Define collection conditions and numbers

• Collect samples

• Analyse samples

• Perform statistical evaluation*

• Put into practice

• Tietz Textbook covers standard approach very 

well (G Horowitz, G Jones). CLSI Document.



Define Reference Population

• Source “normal” people

– eg blood bank, lab volunteers, students

• Numbers (>120*)

• Exclusions

• Likely Partitioning

– Age

– Sex

– Other

• Difficult to get extremes of age and high 

numbers



“Impossible” Intervals for a Lab

• Some reference intervals are essentially 

impossible to produce from local studies:

– Paediatric intervals

– Stages of pregnancy (eg hCG in 5th week)

– Stages of menstrual cycle

– Nutritional parameters

• Reflects local diet

• May normalise deficiency state



Study Imprecision

• Estimates of reference limits has limitations

• Expressed as the confidence interval of the 

Reference Limits, eg 90% CI of the upper and 

lower reference limits

• Confidence intervals decrease as the number 

of people in the study increases.

Large n

Small n

120 to know 

how good 

you are!



Prolactin – Company Data
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Formal Reference Interval Studies

• Local Studies

– Hard to do

– Can be impossible (eg pediatrics, reproductive)

– 20 normal subjects can be used to validate RI (CLSI)

• Manufacturer’s Product Information

– Usually limited numbers

– May need clarification

• Published studies

– Some excellent well-powered studies

– Include method information



Published Studies

• Excellent studies available

• Large numbers

• Paediatrics (CALIPER)

• Adeli K et al, Clin Chem 2015;61:1049-62

– Chemistry

– Endocrinology

– Haematology

• May need method specific studies

• Always review the literature



Published Studies

• N=12,000   Adeli K et al, Clin Chem 2015;61:1049-62



Data Mining



Data Mining

• A process of extracting data from laboratories 

own database

• Several techniques

– Simple data plot (median)

– Bhattacharya

– Hoffman

– Based on other normal results

• Validation of reference intervals (always)

• Development of reference intervals



Analysing the Data



Setting Reference Intervals



Setting Intervals - Input

• Reference Interval Study / Studies

• Literature, data mining

• Previous method

• Clinical Consultation

• Other factors

A Reference Interval

Document inputs, reasons, people



Decisions

• Data sets to use

• Relative data quality / size / relevance

• Transformation (Log, Cox-Box)

• Outlier exclusion

• Partitioning (Age, Sex, Other)

• Assay performance

• Clinical Overlay (sensitivity, specificity)

• Limits selected (rounded, exact)



Common Reference Intervals (CRI)

• Developing Reference Intervals is hard work

• Doing it separately in different labs:

– Replicates the work

– Leads to difference reference intervals

• Solution: Common Reference Intervals



Common Reference Intervals (CRI)

• They already exist - Clinical Decision Points

– Eg Glucose, HbA1c, Lipids

• Need to confirm methods are closely aligned

• If methods different – need method specific 

intervals



CRI – Australian Activities

• AACB Harmonisation WG

• National Meeting May 2012

• 60 participants

• 19 chemical pathologists

• All 6 specialist paediatric chemical pathologists



Process

• Working groups with information supplied

• “Meta data” about test

• Reference interval data

– NORIP 

– ARQAG / SIQAG (with thanks)

– UK harmonised reference intervals

– Data extracts from Sonic labs (with thanks)

– Aussie Normals (with thanks)

• Method comparison data

– QAP data, published data

– BIAS study (Gus Koerbin)

Reference

Interval

to share

Small enough

method bias



• Clinical Biochemist Reviews – 2014;35:213-235



Analyte Male Female

Calcium

Phosphate

Magnesium

LDH  [L to 

P]IFCC

Sodium

Potassium

Chloride

Bicarbonate

Creatinine 60 – 110 umol/L 45 – 90 umol/L

ALP

AST <40 <35

ALT <40 <30

Total Protein

95 – 110 mmol/L

22 – 32 mmol/L

30 – 110 U/L

60 – 80 g/L

2.15 – 2.55 mmol/L

0.75 – 1.50 mmol/L

0.7 – 1.1 mmol/L

120 – 250 U/L

135 – 145 mmol/L

3.5 – 5.2 mmol/L



Conclusions

• Quality reference intervals are very important

• Currently there is room for improvement

– Decisions and documentation

• Advice:

– Use all data 

– Include data mining

– Understand the statistics

• Consider common intervals

• It takes time to learn and to do



Bhattacharya

• Bhattacharya, LG. Journal of the Biometric Society. 

1967;23:115-135.

• Example data: Frequency Distribution of the forkal length of 

the Porgy caught by pair-trawl fishery in the East China Sea.



Forkal Length

Porgy



Graphical Technique



Bhattacharaya

• Find a Gaussian Distribution in the midst of 

other data

• Outputs are midpoint and SD of Gaussian 

Distribution

• Needs

– The majority of results to be unaffected by disease

– Underlying Gaussian distribution

– Appropriate comparator (outpatients)

• Note: not affected by outliers



Bhattacharya Spreadsheet


