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Direct Method for
Reference Interval Determination

Reference Individuals Selection and Partitioning
Sample Collection

Measurand Analysis

Data Production

Histogram Preparation and Inspection
Data Distribution & Erroneous

Mathematical Transformation of Data
Determination of Reference Interval

Parametric & Nonparametric



Reference Individuals:
Criteria of Selection and Partitioning

e Selection (Inclusion) Criteria

Source of Population,
Health, Disease

 Exclusion Criteria

Diseases, Risk Factors,
Chemicals, Physiology

* Partitioning Criteria
Age, Sex, Chemicals,
Physiology

Exclusion Partitioning
Age Age
Alcohol intake Blood group

Blood donation (recent)
Drug abuse

Exercise intensity (recent)
Fasting vs. nonfasting
Sex

Hospitalization (recent)
Hypertension

lliness (recent)
Lactation

Obesity

Occupation

Oral contraceptives
Pregnancy

Prescription drugs
Recent transfusion

Circadian variation
Ethnicity

Exercise intensity (recent)
Fasting vs. nonfasting
Sex

Menstrual cycle (by stage)

Obesity
Posture (when sampled)

Pregnancy (by stage)
Prescription drugs



Reference Individuals:
Method of Selection

 Direct

* Priori or Posteriori
e Random or Nonrandom



Sample Collection

Patient Preparation

Diet, Drugs, Smoking, Time of Sampling
Type of Sample

Serum, Plasma, Whole blood, ...
Procedure of Sample Collection
Position, Torniquet, Anticoagulant
Handling of Specimen before Analysis

Centrifugation, Storage



Measurand Analysis

Method of Analysis

Method Precision, Trueness, Linearity
Interferences

Reagents



Data Production

e Calculations
e Units
e Records



Histogram Preparation and Inspection

e Data Distribution

* Erroneous data



Histogram Inspection: Gaussian Distribution













Data Distribution: Statistical Analysis

Kolmogorow-Smirnow
Shapiro-Wilk Test

Shapiro-Francia Test

D’ Agostino-Pearson Test
Coefficient of Skewness & Kurtosis
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Variable Result

Sample size 124

Lowest value 6.0000

Highest value 74.0000
Arithmetic mean 19.2823

Median 17.0000

Standard deviation 10.3355
Coefficient of Skewness 2.0583 (P<0.0001)
Coefficient of Kurtosis 6.5260 (P<0.0001)
Kolmogorov-Smirnov test D =0.1461

for Normal distribution reject Normali_tx (_[’<0.0001})‘




Mathematical Transformation of Data

* Logarithmical Transformation
* Square roots
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| Variable Results [
Sample size 124
Lowest value 0.7800
Highest value 1.8700
Arithmetic mean 1.2352
Median 1.2300
Standard deviation 0.2033
Coefficient of Skewness 0.3182 (P=0.1400)
Coefficient of Kurtosis 0.1758 (P=0.5665)
Kolmogorov-Smirnov test D=0.0667
for Normal distribution accept Normality (P>0.10)
\
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Erroneous Values: Types

Obviously Outliers
Apparently Outliers
Hidden Values

Inappropriate Values



Erroneous Values: Inspection

* Visual Histogram Inspection
* Inspection of Probable Errors
e Statistical Tests

Dixon’s Range test

Tukey’s Interquartile Fences
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Reference Interval Determination:
Non-Parametric Method
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Reference Interval Determination:
Parametric Method
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Reference Interval Determination:
Mathematical Transformation
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Verification of Reference Interval
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Verification of Reference Interval
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