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How different is Clinical Laboratory data sets 
across world geographies and gender ?

Do global gender specific data sets meet the 
goals to combine data across geographical 
regions?
•

 

Bias Criteria
•

 

MDA

Can Multiple Discriminant Analysis distinguish 
between genders?
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Analytical Data and Multivariate Methods used
Analytical data
•

 

Generated with same method
•

 

Collected across all projects (> 1000)
•

 

Categorized by age and sex (Adult male and Adult 
female)

•

 

Sorted by geography
•

 

Data truncated using “reference intervals”

Multivariate Methods
•

 

Exploratory
−

 

Principal Component Analysis (PCA)
•

 

Inferential 
−

 

Multiple Discriminant Analysis (MDA)
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Multivariate Hypothesis

By Gender
•

 

MDA has good discriminatory power with respect to gender given 
six exploratory variables

By Region
•

 

MDA has poor classification rate within gender across global 
regions 
−

 

Can we show if there is equivalence among regions
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Multivariate Data: For Regions (Adult Male and truncated using 
reference intervals)

Units:

PLT (103/μL)
RBC (106/μL)
HgB (g/L)
CRT (μ mol/L)
ALT (units/L)
AST (units/L)

Units:

PLT (103/μL)
RBC (106/μL)
HgB (g/L)
CRT (μ mol/L)
ALT (units/L)
AST (units/L)
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What is the minimal acceptable bias to combine 
data with a single reference interval?

Bias < 0.375 (CVi 
2 + CVg 

2 )1/2

CV: Coefficient of Variation
Bias < 0.375 (CV i 2 + CVg 

2 )1/2

CV: Coefficient of Variation
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Multivariate Data: For Gender (Adult Male and Female data not 
truncated)

Units:

PLT (103/μL)
RBC (106/μL)
HgB (g/L)
CRT (μ mol/L)
ALT (units/L)
AST (units/L)

Units:

PLT (103/μL)
RBC (106/μL)
HgB (g/L)
CRT (μ mol/L)
ALT (units/L)
AST (units/L)
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Are Gender Specific Reference Intervals Justified on Bias 
Criteria Applied to Median Values?

Gender Specific Reference Intervals are not Justified when ranges overlapGender Specific Reference Intervals are not Justified when ranges overlap
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Principal Component Analysis: Regions

•

 

First two PCA’s contribute over 50 % 
of the observed variation.
•

 

Correlations are seen between RGB/HgB
and ALT/AST
Levels of Correlations/VIF’s are not a 

concern for MDA

• First two PCA’s contribute over 50 % 
of the observed variation.
• Correlations are seen between RGB/HgB
and ALT/AST
Levels of Correlations/VIF’s are not a 

concern for MDA

Adult Male Data: Truncated with reference intervalsAdult Male Data: Truncated with reference intervals
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Multiple Discriminant Analysis: For Regions

Misclassification Rate : 80 %

Note all six Analytes are
Included in this Analysis

Note all Centroids Are with the 50 % 
Confidence circles

Misclassification Rate : 80 %

Note all six Analytes are
Included in this Analysis

Note all Centroids Are with the 50 % 
Confidence circles

Adult Male Data: Truncated 
with reference intervals
Adult Male Data: Truncated 
with reference intervals
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Principal Component Analysis: Gender

•

 

First two PCA’s contribute over 60 % 
of the observed variation.
•

 

Correlations are seen between RGB/HgB
and ALT/AST
Levels of Correlations/VIF’s are

not a concern for MDA

• First two PCA’s contribute over 60 % 
of the observed variation.
• Correlations are seen between RGB/HgB
and ALT/AST
Levels of Correlations/VIF’s are

not a concern for MDA

Variables (axes F1 and F2: 60.72 %)
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Multiple Discriminant Analysis: For Gender

Misclassification rate: 20 %

Note all six
Analytes are
Included in this
Analysis

Misclassification rate: 20 %

Note all six
Analytes are
Included in this
Analysis
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Cross Validation
Leave-one-out cross-validation

−

 

involves using a single observation from the original 
sample as the validation data, and the remaining 
observations as the training data. This is repeated 
such that each observation in the sample is used 
once as the validation data. 
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Cross Validation Results: Adult male data 
truncated by reference intervals

Prior probabilities were not assumed in this analysis

Each region has a 14.3 % chance 

Average misclassification is 79 %

This data set showcases the limitation of MDA (unequal 
distributions) – Journal of Finance, XXXII(1977)875
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Cross Validation Results: Gender data not 
truncated by reference intervals

Prior probabilities were not assumed in this analysis

Each gender assumed to have 50 % chance 

Average misclassification is 20 %
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Summary

Global data bias (measured by AON or medians) 
suggests global data can be combined with a 
single reference interval

MDA of global data shows poor classification 
rates within adult males consistent with 
combining data globally

MDA has a very good discrimination among 
adult Male and Female populations.
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