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Establishment of  

Reference Intervals 

 

• strong endorsement of CLSI C28-A2 recommendation 
 

• preferred method: 

 

– carefully collect samples from 120 reference individuals 

 

– use non-parametric method of analysis 
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Decision Limits 

• To use national (or international) guidelines,  

 one’s method must give accurate results 

 

• Tests where accuracy trumps peer group agreement 
● Cholesterol  ● Glucose (Diabetes Diagnosis) 

● Hemoglobin A1c  ● Urine Albumin (“Microalbuminuria”) 

● Neonatal Bilirubin  ● Creatinine (estimated GFR) 

 

• How does one make this assessment? 

 

• Proficiency Testing 
– traditionally, one is assessed against peer groups 

– this is because of “matrix effects” of survey material 

– if the material used is “real”, then one can assess accuracy 

 



6 

Hemoglobin A1c Data 
(Based on CAP GH2-A 2006 Survey) 

 

 

 

 more than 50% of 

values less than 7.9 ! 

more than 50% of 

values over 8.7 ! 

Virtually all values were graded “acceptable” (peer group grading) 

Do the labs know it’s not acceptable? 

291    7.88   0.38   4.8   7.9    6.8    9.0 

250    8.74   0.33   3.7   8.7    7.8    9.5 

8.40 
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Steps in the Traditional Method 

1)  Determine biological variables & analytical interferences 

2)  Determine selection/exclusion/partitioning criteria 

3)  Obtain written consent and completed questionnaire 

4)  Categorize reference individuals 

5)  Exclude individuals as determined a priori 

6)  Insure an adequate number of reference individuals 

7)  Prepare reference individuals for sample collection 

8)  Collect samples 

9)  Analyze samples 

10)  Inspect frequency distribution of data 

11)  Identify data errors and outliers 

12)  Determine reference intervals (and confidence limits) 
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Selection of Reference Individuals 

• Exclusion/Partitioning 

• Informed Consent 

• Coding for Privacy 
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• Exclusion/Partitioning 

• Informed Consent 

• Coding 

• Questionnaire 
Do you consider yourself to be healthy? 

Do you take vitamin supplements? 

Do you eat a special diet? 

Selection of Reference Individuals 
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Selection of Reference Individuals 

• Exclusion/Partitioning 

• Informed Consent 

• Coding 

• Questionnaire 

• Sampling Methods: 

• Direct 

• A priori 

• A posteriori 

• Indirect 

 

Involves applying statistical methods 

to values in a laboratory database 

 without selection of reference 
individuals 

 

 

Working group 

 strongly prefers direct over 

 indirect sampling 

 but recognizes potential utility of 

 indirect sampling in some 

 situations (e.g., pediatrics) 
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Hoffmann Technique 
(Beth Israel Deaconess Medical Center Data) 
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Hoffman RG.  Statistics in the practice of medicine.  

JAMA 1963; 185:864-873. 

assumes Gaussian (normal) distribution of 

reference individual data! 
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Subject Preparation and Other 

Pre-Analytical Considerations 
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Analysis of Data 

• Determine number of subjects needed 

– non-parametric:  n=120 per (potential) partition 

• Check for outliers 

– review frequency distribution visually! 

– transform if needed, then Reed/Dixon or Tukey 

• Check for partitioning 

– normal deviate test, z 

• Determine RI 

– non-parametric method 

– “robust” methods 

• Establish confidence limits on RI 
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Frequency Distributions 

Dixon/Reed rule 

 

(extreme – next) 

range of values 

 

(65-47) / 60 = 0.30 

    < 0.33 

 not an outlier 

 



Rank Order Calcium Reference Values 
(for non-parametric analysis) 
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Partitioning Calculation 

• Use standard normal deviate test 
– for n>60, data need not be 

      normally distributed 

– however, if highly skewed,   
      transformation indicated 

 

• Using calcium data, 
– men: x = 9.80, s1 = 2.9 

– women:   x = 9.57, s2 = 3.1 

 

• Suggests difference is statistically significant 

• But is difference clinically significant? 

z = 5.94 

threshold120 = 3 
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What If I Don’t Have 120 Values? 

• Transform data into a Gaussian distribution 
 

– not so easy to do 

– but, for completeness, here’s what’s involved 

– statistical tests to prove that transformed data is Gaussian 

– then central 95% is:  ( x – 1.96*SD )  to  ( x + 1.96*SD ) 

– 90% confidence limits (later):    2.81*SD / √ n 

 

 

• Robust Techniques 
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What is Robust, Anyway? 

• Think of median vs mean 

– one extreme value can change the mean 

– but it may have no effect on median! 

 

• Similarly, robust techniques take a distribution 

– Make initial robust estimates of “location” and “spread” 

– Give more weight to values towards “center” 

– Calculate, iteratively, new values for “location” and “spread” 



19 

More Details on Robust Iterations 

xi   

weight 

iteration 1 

weight 

iteration 2 

weight 

iteration 3 

weight 

iteration 4 

weight 

iteration 5 

weight 

iteration 6 

8.9   0.000 0.000 0.000 0.000 0.000 0.000 

9.2   0.219 0.180 0.167 0.167 0.162 0.161 

9.4   0.752 0.713 0.700 0.700 0.694 0.693 

9.4   0.752 0.713 0.700 0.700 0.694 0.693 
9.5   0.935 0.912 0.904 0.904 0.900 0.900 

9.5   0.935 0.912 0.904 0.904 0.900 0.900 

9.5   0.935 0.912 0.904 0.904 0.900 0.900 

9.6   1.000 0.998 0.997 0.997 0.996 0.996 

9.6   1.000 0.998 0.997 0.997 0.996 0.996 

9.6   1.000 0.998 0.997 0.997 0.996 0.996 

9.6   1.000 0.998 0.997 0.997 0.996 0.996 

9.7   0.935 0.954 0.960 0.960 0.962 0.962 

9.7   0.935 0.954 0.960 0.960 0.962 0.962 

9.7   0.935 0.954 0.960 0.960 0.962 0.962 

9.7   0.935 0.954 0.960 0.960 0.962 0.962 

9.7   0.935 0.954 0.960 0.960 0.962 0.962 

9.8   0.752 0.788 0.800 0.800 0.805 0.806 

9.9   0.491 0.537 0.552 0.552 0.558 0.559 

9.9   0.491 0.537 0.552 0.552 0.558 0.559 

10.2   0.000 0.000 0.000 0.000 0.000 0.000 

Tbi =  9.6 9.616 9.622 9.624 9.624 9.624 9.624 
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Reference Interval Robust Technique 

 Calcium, Women, n=20 

9.0 - 10.2 9.1 - 10.4 9.1 - 10.1 

Sample 1 Sample 2 Sample 3 
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Calcium Calcium ALT ALT 

non-parametric robust non-parametric robust 

women 8.9-10.2 9.0-10.2 6-46 7-39 

men 9.2-10.3 9.0-10.5 10-55 9-57 

Reference Intervals: 

 Non-Parametric (n=120) vs Robust (n=20) 



Recent Application of Robust Technique 

• BIDMC implementing new system for coagulation 

factor assays 

– more than 2 in 20 outside proposed limits 

– succeeded in recruiting ~40 reference individuals 

– robust technique to the rescue! 

 

• one of my colleagues had heard this talk and 

asked me to help with analysis 

– Excel vs StatisPro 
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Calculations in Excel 
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StatisPro v2.0 (from CLSI) 
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Importance of Confidence Limits 

 

• Provide a quantitative measure 

  of the variability of the estimate of RI 

 

• This variability narrows 

   as the sample size increases 

 

• To get improved precision of the RI,  

   one may choose to obtain larger n 



26 

Confidence Limits 

Non-Parametric Technique 

 

90% confidence intervals 

 vary with sample size 

 

for n=120 

   2.5% ile:     1st   -    7th point 

97.5% ile: 114th  - 120th point 

 

for calcium in women, 

 lower limit    8.9    (  8.8  -   9.1) 

 upper limit 10.2    (10.1 -  10.3) 
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Confidence Limits:  Robust Techniques 

n Lower Reference Limit 
(Calcium, Women) 

Upper Reference Limit 
(Calcium, Women) 

20 8.4 - 10.2   9.9 - 10.4 

40 8.7 - 10.0  10.0 - 10.4 

80 8.9 -  9.1  10.0 - 10.2 

• no formula 

• rather, use “bootstrapping” 

• sample, with replacement, many times 

• each time, calculate lower reference interval 

•take upper & lower 5% of these determinations 

 as 90% confidence intervals 

• repeat for upper reference limit 

  

vs. non-parametric, n = 120 

      8.8 -  9.1      10.1 - 10.3 
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Transference 

• If a laboratory has a current, well-established RI, 

  it may not need to establish a new RI 

  (which requires new samples from 
   reference individuals) 

 

 
• Rather, 

 it may be able to transfer the current RI 

 (using samples already in lab from typical patients) 

 **no samples from reference individuals needed!** 
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Transference Examples 
(adapted from CLSI EP9-A2) 

y  = 1.466x – 8.960 

r2 =  0.985 

Current RI 50 – 150 

 

very high correlation 

negligible intercept 

Transferred RI 

    1.466 (  50) – 8.960 =   78 

    1.466 (150) – 8.960 = 224 

 

i.e., 78 - 224 
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Validation 

• Every laboratory is capable of validation 
 

 

• Working Group strongly endorses C28-A2 method: 
 

• pay strict attention to pre-analytic and analytic variables 
 

• collect samples from 20 reference individuals 
 

• if no more than 2 (of 20) is outside proposed RI, 
 the proposed RI can be used 
 

• probability of false rejection is 5-7% 
– i.e., rejecting proposed RI when, in fact, it is valid 
– based on binomial distribution 

 
 

• C28-A3 adds information on other, sophisticated tests 
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2004 Normal “Study” 

(Vetted BIDMC Volunteers) 

• protocol: 
– find several labs using same methods 

– each collects a relatively small number of “normals” (n~20) 

– pool data to get number needed (>120) to establish  reference 

interval 

 

 

• BIDMC data set: 
– screened, healthy volunteers 

– age:  range 27-63, mean 41 

– predominantly white, ~2/3 female 
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Cholesterol 

<200 

n 20 

mean 190.65 

“SD” 37.79 

“mean-2SD” 

115 

(min=138) 

“mean+2SD” 

266 

(max=253) 

below/above 

Roche RR 

0 

8 

2004 Normal “Study” 

(Vetted BIDMC Volunteers) 
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Cholesterol 

<200 

Calcium 

8.4-10.2 

n 20 20 

mean 190.65 9.535 

“SD” 37.79 0.274 

“mean-2SD” 

115 

(min=138) 

8.99 

(min=9.0) 

“mean+2SD” 

266 

(max=253) 

10.08 

(max=10.1) 

below/above 

Roche RR 

0 

8 

0 

0 

2004 Normal “Study” 

(Vetted BIDMC Volunteers) 
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Cholesterol 

<200 

Calcium 

8.4-10.2 

TSH 

0.3-4.2 

n 20 20 20 

mean 190.65 9.535 2.51 

“SD” 37.79 0.274 1.481 

“mean-2SD” 

115 

(min=138) 

8.99 

(min=9.0) 

-0.4 

(min=0.55) 

“mean+2SD” 

266 

(max=253) 

10.08 

(max=10.1) 

5.1 

(max=5.9) 

below/above 

Roche RR 

0 

8 

0 

0 

0 

2 

2004 Normal “Study” 

(Vetted BIDMC Volunteers) 
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Multicenter Trials 

• Why should each laboratory establish its own RI? 

• differences in methods 

• given traceability, this may no longer be necessary 

• differences in populations 

• alleged, but not frequently documented 

 

 

• Requirements to insure success of multicenter trials: 

• a priori selection, insuring adequate numbers of subjects  

• pre-analytic phase requirements 

• traceability, inclusion of commutable reference materials 

• QC program 
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CAP Reference Range Service 
(based on CAP RRS-B 2006 Survey) 

    n min mean max 2.5%ile 97.5%ile insert 

Calcium BIDMC 20 8.60 9.35 10.10       

  all platform 335 8.00 9.44 10.90 8.45 
(8.27 - 8.63) 

 

10.29 
(10.18 - 10.40) 

 

8.4 - 10.2 

              

TSH BIDMC 18 0.940 2.169 4.370       

  all platform 267 0.090 2.032 5.360 0.59 
(0.440 - 0.750) 

4.38 
(4.110 - 4.650) 

0.27 - 4.2 

Note that 2 values from BIDMC became outliers in overall analysis (6.62, 617) 
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A Superbly Done Reference Interval Study 
(with very practical implications) 

 

 
according to NCCLS guidelines 

1444 individuals, after 3 days of rest 

Am Heart J.  2007;154:655-61 
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Brewster LM et al.  Am Heart J.  2007;154:655-61. 

 

 

 

 

“visually inspected the data” 

“Dixon range statistic was used” 

“non-parametrically assessed the 

2.5th and 97.5th percentiles” 

“decided to partition into subclasses” 

“assessing at least 120 subjects in 

each subgroup” 
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 Gender Ethnicity  n 
2.5th 

%ile 

97.5th 

%ile  

% > ULN from 

manufacturer 

Women White 252 29 201 8% 

Women SouthAsian 147 37 313 16% 

Women Black 387 48 414 42% 

          

Men  White 251 47 322 17% 

Men  SouthAsian 123 47 641 32% 

Men  Black 183 71 801 62% 

 

should be ~2.5% 

Brewster LM et al.  Am Heart J.  2007;154:655-61. 

Non-Parametric Reference Intervals 



40 

Upshot of This Data 

• hyperCKemia overdiagnosed 

 

• statins may be discontinued based on 

incorrect reference intervals 

 

• labs who did not verify their reference 

intervals share responsibility for this 

problem  (and that includes most of us) 
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Summary 

• Decision Limits vs Reference Intervals (RI) 

• Reference Individuals: 

–  selection/partitioning/preparation 

• Data Analysis 

– examine distribution/eliminate outliers 

– to establish RI 

• n=120, non-parametric preferred 

• <120:  transform to Gaussian or use robust method 

– to verify RI established elsewhere 

•  n=20, valid if no more than 2 outside proposed RI 
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Thank you for your attention! 

Questions and/or Comments? 
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Course Objectives 

Upon completion of this session, participants will be able to….. 
  

 
• perform reference interval validation studies with as few as 20 

samples 
  

 
• identify 5 commonly performed tests where conventional 

reference intervals are not relevant 
 

 
• list 3 resources that can be used to help with reference 

interval determinations in their own laboratories 
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Answers: 

• one can verify a reference interval with 

 20 reference individuals (no more than 2 outside 

 proposed interval) 
 

• accuracy required: 

Hemoglobin A1c 

Neonatal Bilirubin 

Cholesterol 

Glucose 
Creatinine 

 

• reference interval resources: 

 CAP Accuracy-Based Surveys 

 CLSI C28-A3 
 CAP Reference Range Service 
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Hemoglobin A1c Data 
(Based on CAP GH2-A 2006 Survey) 

  

Reference 

Value 

 

Within 7% of   

Reference Value 

Range of 

Peer Group 

Pass Rates 

  

Overall 

Pass Rate 

5.3 4.9 - 5.7 44.8 - 97.2 86.7 

8.4 7.8 - 9.0 42.3 - 100 85.6 

10.7 9.9 - 11.5 53.1 - 98.1 84.7 
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BIDMC Outpatient CK Data 

    Paper BIDMC 

women %>140 37% 26% 

  median 95 93 

        

men %>174 35% 30% 

  median 143 130 

caveats on BIDMC data: 

• all outpatients (not reference individuals) 

• race not known (predominantly white) 
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Statins and Muscle Disease 
ACC/AHA/NHLBI Clinical Advisory 

 

• “Routine monitoring of CK is of little value in the absence of 

clinical signs or symptoms.” 

 

• “Therefore, all persons beginning to receive statins should be 

instructed to report muscle discomfort or weakness or brown 

urine immediately, which should then prompt a CK 

measurement.” 

 

• If a patient has signs or symptoms, 
– Check TSH as well as CK 
– If CK > 10 X ULN  stop statin therapy immediately 

– If CK < 10 X ULN  maintain statin therapy & monitor weekly 

J Am Coll Cardiol 2002;40:567-572 


