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1. Reference Intervals 
– Traditional Development 

– CLSI guidelines 

– Indirect – Bhattacharya 

2. Quality Initiatives 
– Post analytical error 

– Stockholm Criteria 

– Harmonisation 

3. Common Reference Interval Projects 
– Examples around the world 

– Current Status 

4. Summary 

 

Overview 
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Reference Interval (RI) 

Normal can have 3 meanings: 
  

 1. Gaussian (mathematical) 

 2. Common or usual or typical 

 3. Absence of disease (healthy) 

 

Reference Range (RR)  now replaced with term 
“Reference Interval” 

RR  ≡  RI 
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Reference Intervals 
• Equivalent to inter-

individual biological 

variation data 

• Based on Gaussian 

Distribution 

• Traditionally the central 

95% i.e. 2.5 – 97.5, 

leaves out 5% of 

population 

• Patient results that fall 

outside the RI are 

typically flagged in some 

way as “abnormal” 

RMIT University 2012 Vietnam Chemical Pathology Course 5 

Recommended Ranges:  Rather 

than reference intervals needed 

because of evidence for clinical 

outcome  

Reference Change Value (RCV): 

= 20.5 x Z x (CVa2 + CVi2)0.5 
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Patient Result Variability 

Total variation 

(measured reference interval) 

Analytical 

 variation 

Intra-
individual 

 variation 

Inter-
individual 

 variation 

Biological 

variation 
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SD Bias 
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Effects of Biological Variation 

 

Biological 
Variation 

Diagram: From White & Farrance CBR 2004 

• Specific age groups 

which require 

consideration 

• Possibly in association 
with gender : 

•   Neonate 

•   Child 

•   Adolescent 

•   Adult 

•   Elderly 

 



Biological Variation 

Outside Individual Control 
• Age  

• Gender 
– Estrogens 

– Androgens 

• Body mass (body size) 

• Genetic factors 

• Physiological factors 
– stage in menstrual cycle 

– stage in pregnancy 

– menopause 

•  Diurnal factors, circadian rhythm 
– cortisol 

 

Within Individual Control 
• Diet 
 - fasting, time of meals, (glucose, lipids, phosphate) 

• Drugs 

 - anti-epileptic‟s, oral contraceptive, (prescription) 

 - Vitamin C, caffeine, ethanol, smoking, (non-
prescription) 

• Posture 

 - standing or recumbent, haemoconcentration 

    of 10% to 15% (proteins & bound substances) 

• Exercise (lactate, GH) 

• Mental state (stress, student exams) 

• Tourniquet (haemoconcentration) 
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Biological Variation 

Components of Variability 

Intra-Individual variation 

Overall Biological Variation 
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Reference Interval 

Components of Variability 

Overall Variation (Reference Interval) 
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Patient Result Variation  

  

Biological
plus

analytical

Biological
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Effect of Analytical Imprecision on 

Reference Interval 
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Total SD = √ (SDbiol
2 + SDanal

2) 



Biological 

Variation Data 
Section of the Biological 
Variation database: 

• First presented at 
Stockholm International 
Consensus Conference 
on Strategies to Set 
Global Analytical 
Quality Specifications 
in Laboratory Medicine 

• Scan J Clin Lab Invest 
1999;59:475-586  

• 2012: 7th edition 
comprising >320 
analytes 
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http://www.westgard.com/biodatabase1.htm 



Developing Reference Intervals 

Sample Size Population 
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The IFCC & CLSI protocols 

typically suggest a minimum of 

120 reference individuals for 

each sample or subgroup 

A set of selection criteria is 

required, which determines who 

should be included or excluded 

from the group of reference 

individuals  

Partition Criteria (gender, age, fasting, etc ..) usually required 
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Possible Exclusion Criteria 

• Risk factors 
– obesity 
– hypertension 
– genetically determined risk 

• Specific physiological states 
– pregnancy 
– excessive exercise 

• Disease 

• Intake of pharmacologically active agents 
– drug treatment for disease 
– oral contraceptives 
– alcohol, nicotine 
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Defining the Reference Interval 

Direct Approach 

1. Kit Inserts 

2. Publications / Textbooks 

3. Historical „in house‟ 

studies 

–Guideline compliant studies 

(eg CLSI C28:A3) 

–Pre-guideline studies 

–Pre-historic studies 

Indirect Approach 

4. Bhattacharya 

–Assume that significant 

subset of laboratory results 

are from „unaffected‟ patients 

 

–Use statistical means to 

derive the „healthy‟ 

subpopulation 

–„disease affected‟ v.s. 

„unaffected‟ 
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Common Sources for the “Direct 

Approach” if new RI required 

Kit Insert 
• Development of RI is resource 

intensive 

• Now far more dependent on 

manufacturers to establish 

scientifically sound RI 

• All kit inserts generally state that 

the RI should be verified by the lab 

• This is less labour intensive by 

doing: 

– Patient comparisons old & new method 

– Transference of RI 

 

Published Data 
• Published RI studies are often 

used my manufacturers for their 
kit inserts 

• Journal or Text books 

• Also useful for specific population 
groups 

• May be method specific 

• These published RI should be 
verified by the lab 

• Can use: 

–Transference of RI 
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CLSI Compliant RI Studies 

• CLSI / IFCC 

C28-A3 

November 2008 

–Published 

–In-house 

(unpublished) 
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Transference of RI: Comparing the 

Analytical Systems 
 

1. Appropriateness of donor reference laboratories RI 

2. Comparability of pre-analytical factors 

3. Comparability of analytical method: i.e. Assay results are 

highly correlated but there is a proportional bias e.g. 

 

 

4. Comparability of test subjects 

5. Validation 
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y = 1.50 x – 0.832, r2 = 0.990 
A result of 100 by the old method will now be 149 with the new method 
A result of 500 by the old method will now be 749 with the new method 



Validating the Transference of RI 
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CLSI Section 11 



Transference of RI: Comparing the 

Test Subject Populations 
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N=20 

18 or more must fall into reference interval 
 

• This approach works if the RI applied is suitably narrow (i.e. 

imprecision is comparable 

• Also needs the same accuracy base 

• Decreased Imprecision a problem with this approach 
• Reduce Cvi - Eg Collection/Transport 

• Reduce Cva - Eg Within run 

 

CLSI section 11.2 



Limitations of 

the 18/20 Rule  

1. Recognises 

inaccuracy 

 

2. Recognises 

increased 

imprecision 

 

3. Does NOT 

recognise 

decreased 

imprecision 
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Indirect: “Bhattacharya” Reference 

Intervals 

• Data mining 

• Ideal for large labs  

• Predominantly an 

OP population 

• Sonic in Australia 

have done this 

• Outcome = 

Harmonised RI 
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Arzideh F et al, J Lab Med 

2009;33:52-66 
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Adapted from slide by Dr Ken 



Sonic “Bhattacharya” Adult RI 
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Adapted from slide by Dr Ken 



Pregnancy 
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Sonic “Bhattacharya” Pregnancy RI 

Adapted from slide by Dr Ken 



Girls 
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Sonic “Bhattacharya” Paediatric Girl RI 

Adapted from slide by Dr Ken 



Boys 
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Sonic “Bhattacharya” Paediatric Boy RI 

Adapted from slide by Dr Ken 



GLOBAL QUALITY INITIATIVES: 

HARMONISATION OF 

REFERENCE INTERVALS 
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Striving for improved patient care 
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Slide from 2010 AACC presentation by Christopher Price and Andrew St John, “Disruptive Innovation: Opportunities and Implications for Laboratory Medicine” 



2011 Australian (AACB) Survey: 

Upper RI for Potassium 
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Adapted from slide by Dr Ken (Data Courtesy Julie Ryan) 
) 
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Harmonisation: (RG definition) 

• Is the process of compromise to come to agreement 
for a common approach  

• In the context of laboratory medicine it relates to 
agreement of processes to provide commonality 

aimed at improving patient outcome 
 

 



Rationale 

• Achieving harmonisation 

and standardisation of 

clinical assays will 

provide commutability of 

results between 

laboratories 

• This will produce 

improved ease of result 

interpretation for the 

doctor and patient 

• Improved clinical care / 

outcome 
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Adapted from slide by Dr Ken 
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Adapted from slide by Dr Ken 



Case for Common Reference 

Intervals 
• What is necessary: 

–Appropriate reference Intervals 

–Evidence exists showing that: 

–Methods are „the same‟ 

–Populations are „the same‟ 

–The quality of common 

reference intervals depends on 

the quality of evidence used to 

derive them 

–i.e. similar to transference of RI 
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Group Initiatives for Harmonisation 

of Reference Intervals 

1. ARQAG – Auckland Region 

Quality Assurance Group – 

New Zealand 

2. SIQAG – Southern Island 

Quality Assurance Group – 

New Zealand 

3. NORIP – Nordic Reference 

Interval Project - Scandinavia 

4. UKHarmony - UK 

5. AACB - Australasia 

6. Sonic - Australia 

7. Other 
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Hierarchy for Reference Intervals 

Level Principle Reference Limits Common 

Interval 

1 Clinical Outcome Based on clinical 

outcome 

Glucose, Lipids 

2A Biological variation 2.5%-97.5% distribution 

of reference population 

NORIP (Direct) 

SONIC (Indirect) 

2B Clinician Survey Based on survey of 

clinician response to 

results 

Troponin NHF 

3 Professional 

Recommendations 

Based on Laboratory 

Experts 

ARQAG 

SIQAG 

4 Proficiency survey Based on survey of 

common reference 

intervals used. 

UK Harmony 

5 State of the Art Based on what is 

available 

Kit Insert 
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Adapted from slide by Dr Ken 



Analytical Bias &  Ref Intervals: 

Sodium 

Koerbin Bias Study RR Consensus 

RMIT University 2012 Vietnam Chemical Pathology Course 40 

+/- 2 mmol/L 

Adapted from slide by Dr Ken 



Analytical Bias &  Ref Intervals: 

Potassium 

Koerbin Bias Study RR Consensus 
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+/- 0.3 mmol/L 

Adapted from slide by Dr Ken 

+/- 0.1 mmol/L 



Analytical Bias &  Ref Intervals: 

Creatinine 

Koerbin Bias Study RR Consensus 
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+/- 10 μmol/L 

Adapted from slide by Dr Ken 

+/- 4 μmol/L 



Analytical Bias &  Ref Intervals: 

Albumin 

Koerbin Bias Study RR Consensus 
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+/- 5 g/L 

Adapted from slide by Dr Ken 

+/- 2 g/L 



Analytical Bias &  Ref Intervals: 

Alkaline Phosphatase 

Koerbin Bias Study RR Consensus 
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+/- 20 IU/L 

Adapted from slide by Dr Ken 

+/- 5 IU/L 



Analytical Bias &  Ref Intervals: 

GGT 

Koerbin Bias Study RR Consensus 
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+/- 30 IU/L 

Adapted from slide by Dr Ken 

+/- 5 IU/L 



Summary: 

Harmonised Reference Intervals 

• What is necessary? 

–Appropriate reference Intervals 

–Evidence exists showing that: 

–Methods are „the same‟ 

–Populations are „the same‟ 

–The quality of common RI depends on the quality 

of evidence used to derive them 

Do you know the source and robustness of your RI? 

Is it different to your peers with the same method? 
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In Conclusion 
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