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““Caloric Intake” and DiseaseCaloric Intake” and Disease
Humans:  Humans:  
Increased BMI associated with Increased BMI associated with 
increased risk of neoplasia, type II increased risk of neoplasia, type II 
diabetes, cardiodiabetes, cardio-- and and cerebrocerebro--vascular vascular 
disease …disease …

Laboratory Rodents:  Laboratory Rodents:  
Low calorie diets increase longevity Low calorie diets increase longevity 
and delay morbidityand delay morbidity



Caloric Restriction (CR)Caloric Restriction (CR)

CR is an experimental paradigm in CR is an experimental paradigm in 
which the dietary/caloric intake of a which the dietary/caloric intake of a 

group of animals is reduced relative to group of animals is reduced relative to 
that eaten by that eaten by ad libitumad libitum fed controlsfed controls



Caloric restriction is the most potent, Caloric restriction is the most potent, 
most robust, and most reproducible most robust, and most reproducible 
known means of reducing morbidity known means of reducing morbidity 

and mortality in mammalsand mortality in mammals



Survival Data, 1987 Cohort, Casein DietSurvival Data, 1987 Cohort, Casein Diet
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How do we study complex How do we study complex 
biological/clinical problems?biological/clinical problems?

How do we address such questions in How do we address such questions in 
humans, where our ability to manipulate humans, where our ability to manipulate 

and analyze the system is limited?and analyze the system is limited?



High ThroughputHigh Throughput
and/or Data Density Studiesand/or Data Density Studies

•• Genomics/SNPsGenomics/SNPs
•• mRNA expression arraysmRNA expression arrays
•• ProteomicsProteomics
•• Small metabolitesSmall metabolites



Metabolomics:  Metabolomics:  
The The ––omics face of biochemistryomics face of biochemistry

Measurement of changes in populations of Measurement of changes in populations of 
low molecular weight metabolites under a low molecular weight metabolites under a 

given set of conditions given set of conditions 
FiehnFiehn
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What we measure What we measure ---- biochemicallybiochemically

Metabolites Metabolites –– small moleculessmall molecules

Pathways (eg, purine catabolites)Pathways (eg, purine catabolites)

Interactive pathways Interactive pathways (eg, amino acid metabolism)(eg, amino acid metabolism)

Compound classes (eg, lipids)Compound classes (eg, lipids)

Conceptually linked systemsConceptually linked systems
eg antioxidants, redox damage productseg antioxidants, redox damage products



What we measure -- conceptually
Biochemical constituents
Excretion products
Precursor – product 
Balances (eg, redox systems)
“collection depots”
Flux
Snapshot view of biochemistry
Integrated signal from genome and environment
Short and long term status
Temporal image 
Sub-threshold changes (eg (toxicology, nutrition)



Metabolomics Metabolomics –– Some AdvantagesSome Advantages

SensitivitySensitivity
“silent phenotypes”/sub“silent phenotypes”/sub--threshold effectsthreshold effects
DiscoveryDiscovery

Knowledge base (ie, metabolic pathways)Knowledge base (ie, metabolic pathways)

Limited repertoire Limited repertoire –– simplifies possibilitiessimplifies possibilities
(2500 non(2500 non--lipid endogenous metabolites??)lipid endogenous metabolites??)

Metabolome integrates signalMetabolome integrates signal
Nature and Nurture Nature and Nurture ---- genome and environmentgenome and environment
Measurement of system status/defectsMeasurement of system status/defects

Metabolome has the fastest response timeMetabolome has the fastest response time



Metabolomics Metabolomics –– Some DisadvantagesSome Disadvantages

Too Sensitive?Too Sensitive?
cohort effects, site effects, time effectscohort effects, site effects, time effects
sample handlingsample handling
individual metabolites responsive to multiple factorsindividual metabolites responsive to multiple factors

genes, environment, health status, locationgenes, environment, health status, location
experiment design must account for all factorsexperiment design must account for all factors

controlled or fuzzy, multiple sourcescontrolled or fuzzy, multiple sources
Practical Practical 

SetSet--up costsup costs
Possible need for multiple platforms (NMR, MS, HPLC)Possible need for multiple platforms (NMR, MS, HPLC)
early industry dominance early industry dominance –– lots of propriety datalots of propriety data
incompatible data standards incompatible data standards 



Data Validation, Data Normalization, 
Missing Data Decisions, Inclusion/Exclusion Criteria

Subgroups, Class-specific models

Outlier removal scaling transformations

Unsupervised:  Clustering   SOMs PCA
Supervised:  kNN   SIMCA   PLS   PLS-DA   Random Forest

Machine learning:  Neural Nets    GAs GPs

Overfit tests, Internal validation, optimization, 
External validation, optimization, 2o validation

InformaticsInformatics



Survival Data, 1987 Cohort, Casein DietSurvival Data, 1987 Cohort, Casein Diet
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Hypothesis:Hypothesis:
LongLong--term, lowterm, low--calorie diets calorie diets 

induce changes in metabolism induce changes in metabolism 
that persist throughout the that persist throughout the 

lifespanlifespan



PredictionsPredictions
•• CR alters the sera “metabolome”CR alters the sera “metabolome”

•• There exists a “CR Serotype”There exists a “CR Serotype”

•• …Part of “CR serotype” reflects beneficial …Part of “CR serotype” reflects beneficial 
physiological status physiological status ------ ie, serotype defines ie, serotype defines 
health without reference to disease…health without reference to disease…



GoalsGoals
1)1) Insights into the mechanism of CRInsights into the mechanism of CR
2)2) Recognize CR in other organisms Recognize CR in other organisms 

(e.g., non(e.g., non--human primates)human primates)

3)  3)  Biochemically determine the effective, longBiochemically determine the effective, long--
term caloric intake of an individualterm caloric intake of an individual

(e.g., for epidemiological studies)(e.g., for epidemiological studies)

4)4) Identify predictive markers of diseaseIdentify predictive markers of disease
(e.g., to intervene/prevent/focus resources;(e.g., to intervene/prevent/focus resources;
focus on diseases where intervention is possible)focus on diseases where intervention is possible)



Experimental DesignExperimental Design

AL vs CRAL vs CR

AnalyticalAnalytical
IssuesIssues

BiologicalBiological
IssuesIssues



Experimental DesignExperimental Design

AL vs DRAL vs DR

AnalyticalAnalytical
IssuesIssues

BiologicalBiological
IssuesIssues



Model:  Model:  F344 x BN FF344 x BN F1 1 RatRat

Overall Design:Overall Design:
AL/CR, male/female, 5 different agesAL/CR, male/female, 5 different ages
Different extents and duration of diets Different extents and duration of diets 
Total experiment ~36 groups, 82 cohorts.Total experiment ~36 groups, 82 cohorts.

Approach:Approach:
HPLC separations with coulometric array detectionHPLC separations with coulometric array detection
(LC/LC(LC/LC--MS for plasma proteomics)MS for plasma proteomics)
Multilayer statistical and data analysisMultilayer statistical and data analysis

Experimental DesignExperimental Design



Experimental DesignExperimental Design

AL vs DRAL vs DR

AnalyticalAnalytical
IssuesIssues

BiologicalBiological
IssuesIssues



•• HPLC separations coupled with coulometric HPLC separations coupled with coulometric 
array detectorsarray detectors

•• Sensitivity to Sensitivity to femtomolefemtomole levels of analytelevels of analyte
•• Resolution of coResolution of co--eluting peakseluting peaks
•• Qualitative characterization of peaksQualitative characterization of peaks

Biochemical identityBiochemical identity
PurityPurity

CoularrayCoularray



HPLCHPLC--EC on Pooled Rat SeraEC on Pooled Rat Sera
1075 analytically detectable peaks1075 analytically detectable peaks

sensitivity ~300 sensitivity ~300 pApA = ~10 fmole/125 = ~10 fmole/125 μμl seral sera
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Analytical StabilityAnalytical Stability

Biologic VariabilityBiologic Variability



Analytical Stability/Biological Variability Analytical Stability/Biological Variability 
FemalesFemales----Cohort A + B Cohort A + B –– Rat sera looks like rat seraRat sera looks like rat sera
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Biologic Variability Biologic Variability –– Region of StabilityRegion of Stability
Females, channel 9, A+B CohortsFemales, channel 9, A+B Cohorts
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Primary Data AnalysisPrimary Data Analysis

•• Multivariate analyses are relatively noiseMultivariate analyses are relatively noise--resistantresistant
•• Minimize loss of informative metabolitesMinimize loss of informative metabolites

•• Reduce false negatives (Type II errors)Reduce false negatives (Type II errors)
•• Increase false positives (Type I errors)Increase false positives (Type I errors)



Experimental DesignExperimental Design

AL vs DRAL vs DR

AnalyticalAnalytical
IssuesIssues

BiologicalBiological
IssuesIssues



Does Serotype Encode Does Serotype Encode 
Sufficient Information to Sufficient Information to 

Identify Diet Group?Identify Diet Group?



Data Exploration and Data Exploration and 
Classification AnalysisClassification Analysis

•• Hierarchical Cluster Analysis (HCA)Hierarchical Cluster Analysis (HCA)
–– Identifies natural groups in dataIdentifies natural groups in data

•• Principal Component Analysis (PCA)Principal Component Analysis (PCA)
–– Finds linear combinations of original variables Finds linear combinations of original variables 

that account for maximal variationthat account for maximal variation



TT--tests, p<0.2 ?!tests, p<0.2 ?!
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StatusStatus

Proof of principle accuracy:  Proof of principle accuracy:  
HCA (100%)HCA (100%)
PCA (100%)PCA (100%)

Validation Accuracy:  Validation Accuracy:  
HCA (94%)HCA (94%)
PCA (100%) PCA (100%) -- subjective rotationsubjective rotation

Simplification Simplification ––
HCA (Fails)HCA (Fails)
PCA (100% Accuracy)PCA (100% Accuracy)

Use larger models?Use larger models?
Test components vs distanceTest components vs distance



““Expert Systems/Supervised Expert Systems/Supervised 
Analysis”Analysis”

KNN KNN 
–– kk--nearest neighbor analysisnearest neighbor analysis
–– Supervised HCA (HCA is KNN with K=1)Supervised HCA (HCA is KNN with K=1)
–– DistanceDistance--based metricbased metric
–– Strength is with small (training) datasetsStrength is with small (training) datasets

SIMCA SIMCA 
–– Soft Independent Modeling of Class AnalogySoft Independent Modeling of Class Analogy
–– Supervised PCASupervised PCA
–– ComponentComponent--based metricbased metric
–– Strength is modeling flexibility (eg, groupStrength is modeling flexibility (eg, group--specific interactions)specific interactions)



In our DR sera metabolomics In our DR sera metabolomics 
data  data  –– components greatly components greatly 
outperform distanceoutperform distance--based based 

algorithmsalgorithms



In In OUR DR SERA OUR DR SERA 
METABOLOMICSMETABOLOMICS data  data  ––

components greatly components greatly 
outperform distanceoutperform distance--based based 

algorithmsalgorithms



Profiles are Profiles are 
cohort specificcohort specific
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Cohort EffectsCohort Effects
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Unpublished Rat Work Unpublished Rat Work –– Proof of ConceptProof of Concept

A BA B
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Markers “Predict” Caloric Intake Markers “Predict” Caloric Intake 
with High Quantitative Accuracywith High Quantitative Accuracy

---- Proof of Concept Proof of Concept ----
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Experimental DesignExperimental Design

AL vs DRAL vs DR

AnalyticalAnalytical
IssuesIssues

BiologicalBiological
IssuesIssues
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In Rats:In Rats:
Biological variability 5 fold greater than analytical variabiBiological variability 5 fold greater than analytical variabilitylity
Analytical variability does not influence biological variabilAnalytical variability does not influence biological variabilityity

Analytical vs Biological VariationAnalytical vs Biological Variation



Human Studies:Human Studies:

Analytical ControlsAnalytical Controls
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Means and medians (Key points highlighted)

pre-polishing data post-polishing data 

Range, median CVs for 66 variables 2-54% 2-32% 
Range, mean CVs for 66 variables 2-58% 3-38% 
Overall mean CV 19% 16% 
Overall median CV 11% 12%
By 13 pairs, overall mean CV 19% 16% 
By 13 Pairs, overall median CV 9% 9%

Analytical ParametersAnalytical Parameters

3 variables dropped from further study3 variables dropped from further study



Means and medians (Key points highlighted)

pre-polishing data post-polishing data 

Range, median CVs for 66 variables 2-54% 2-32% 
Range, mean CVs for 66 variables 2-58% 3-38% 
Overall mean CV 19% 16% 
Overall median CV 11% 12%
By 13 pairs, overall mean CV 19% 16% 
By 13 Pairs, overall median CV 9% 9%

Analytical ParametersAnalytical Parameters

3 variables dropped from further study3 variables dropped from further study
Additional study: Additional study: 

Biological CV approximately 82Biological CV approximately 82--86%, 86%, 
Analytical CV 13Analytical CV 13--16%, (N=69)16%, (N=69)

Signal:Noise is approximately 5:1Signal:Noise is approximately 5:1
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"16-5.275 67.61 33.49 102.64 49.53 151.81 76.17 46.36 267.45 60.86 351.12 50.06 26.21 241.12 52.36 481.66 50.61 34.75 62.15 68.66 122.80 72.59 41.37 154.08 56.99 212.26 69.2 34.91 162.27 50.45 234.49 43.043 27.84 173.24 64.68 402.48 101.49 43.51 213.91 42.87 210.77 63.45 37.52 126.01 59.13 198.60 109.76 53.33 116.196 48.59 105.86 "16-5.275 55.41 8.03 10 54.67 247.19 124.50 10 211.52
"11-5.758 108.93 213.56 281.49 196.05 258.41 105.1 178.69 199.82 170.02 190.12 86.77 118.91 123.18 137.04 141.96 50.9 88.02 157.96 172.93 310.33 28.8 65.47 78.99 227.33 274.27 55.23 122.65 124.8 222.07 225.96 48.543 234.64 223.4 483.37 460.21 66.03 159.8 181.07 242.01 274.22 105.47 157.91 181.45 149.72 172.04 54.91 89.22 84.756 162.48 154.35 "11-5.758 216.30 100.10 10 184.49 246.19 94.28 10 242.19
"7-6.192 9.18 10.94 10.24 119.17 111.55 54.66 57.49 58.79 105.18 107.56 20.72 18.64 25.84 89.96 124.71 672.71 739.25 695.7 109.89 103.42 16.63 17.94 17.2 107.88 103.43 21.89 22.87 20.15 104.48 92.05 10.868 18.05 15.5 166.08 142.62 46.25 42.17 45.36 91.18 98.08 63.09 58.98 56.22 93.49 89.11 3.07 4.77 3.144 155.37 102.41 "7-6.192 114.27 26.23 10 106.53 107.49 15.88 10 103.42
"9-7.333 12.43 29.27 22.37 235.48 179.97 52.02 56.04 51.44 107.73 98.89 49.42 44.7 53.09 90.45 107.43 161.47 173.41 162.25 107.39 100.48 84.17 87.16 84.77 103.55 100.71 19.31 23.49 18.64 121.65 96.53 22.825 37.75 29.69 165.39 130.08 403.71 391.36 427.28 96.94 105.84 24.15 24.45 21.47 101.24 88.90 18.54 1.91 13.224 10.30 71.33 "9-7.333 114.01 57.16 10 105.47 108.01 29.26 10 100.60
"1-11.017 51.3 143.48 63.4 279.69 123.59 81.36 115.51 125.12 141.97 153.79 93.7 132.99 129.45 141.93 138.15 170.37 88.17 98.86 51.75 58.03 151.71 147.05 150.97 96.93 99.51 131.83 108.96 96.53 82.65 73.22 112.541 110.13 118.34 97.86 105.15 112.13 121.79 116.17 108.62 103.60 103.73 112.13 127.71 108.10 123.12 121.71 106 122.988 87.09 101.05 "1-11.017 119.66 62.27 10 102.98 107.92 28.54 10 104.38
"4-11.208 84.1 85.74 102.32 101.95 121.66 101.09 91.42 105.41 90.43 104.27 106.89 105.1 107.66 98.33 100.72 116.84 122.19 120.64 104.58 103.25 99.74 98.9 111.16 99.16 111.45 94.2 101.29 97.59 107.53 103.60 61.919 92.63 95.93 149.60 154.93 123.39 123.25 116.21 99.89 94.18 92.06 92.17 91.6 100.12 99.50 95.07 97.52 82.332 102.58 86.60 "4-11.208 105.42 16.16 10 101.03 108.02 18.95 10 103.43
"11-11.600 48.77 45.74 50.39 93.79 103.32 47.22 44.38 43.62 93.99 92.38 51.48 49.48 55.72 96.11 108.24 5.02 7.66 6.97 152.59 138.84 65.56 75 70.64 114.40 107.75 142.9 160.76 137.51 112.50 96.23 86.79 146.97 136.53 169.34 157.31 69.85 64.38 70.57 92.17 101.03 87.42 78.99 71.97 90.36 82.33 150.68 164.13 133.956 108.93 88.90 "11-11.600 112.42 27.32 10 102.52 107.63 23.23 10 102.18
"9-15.467 45.23 50.75 61.9 112.20 136.86 47.31 51.39 53.94 108.62 114.01 41.5 44.82 48.3 108.00 116.39 17.61 16.01 16.91 90.91 96.02 73.95 85.61 87.62 115.77 118.49 139.81 162.26 132.87 116.06 95.04 92.972 158.31 142.13 170.28 152.87 75.42 72.75 81.59 96.46 108.18 80.73 78.97 79.11 97.82 97.99 126.64 130.71 108.312 103.21 85.53 "9-15.467 111.93 22.16 10 108.31 112.14 20.57 10 111.10
"7-21.708 43.65 53.1 59.86 121.65 137.14 96.82 98.1 88.97 101.32 91.89 54.67 51.63 54.8 94.44 100.24 42.39 45.39 49.17 107.08 115.99 27.41 26.03 29.48 94.97 107.55 11.1 16.35 6.63 147.30 59.73 42.383 74.11 63.87 174.86 150.70 411.64 347.12 402.31 84.33 97.73 23.63 17.65 16.48 74.69 69.74 136.99 140.7 103.116 102.71 75.27 "7-21.708 110.33 30.26 10 102.02 100.60 28.83 10 98.99
"15-23.483 62.53 54.99 58.33 87.94 93.28 108.84 112.31 103.84 103.19 95.41 55.24 58.72 79.54 106.30 143.99 143 146.03 137.75 102.12 96.33 80.34 82.4 74.48 102.56 92.71 60.19 75.51 54.52 125.45 90.58 55.341 93.4 93.7 168.77 169.31 108.4 89.68 125.18 82.73 115.48 104 89.58 84.6 86.13 81.35 104.83 114.2 87.792 108.94 83.75 "15-23.483 107.41 24.95 10 102.88 106.22 28.73 10 94.34
"4-24.283 89.05 85.08 87.81 95.54 98.61 68.5 62.45 56.41 91.17 82.35 53.71 52.08 55.24 96.97 102.85 19.98 20.02 19.26 100.20 96.40 50.3 45.36 45.46 90.18 90.38 106.65 128.02 92.44 120.04 86.68 90.178 141.03 120.67 156.39 133.81 26.23 23.1 24.92 88.07 95.01 142.36 99.85 93.48 70.14 65.66 140.29 147.81 100.044 105.36 71.31 "4-24.283 101.40 23.16 10 96.25 92.31 18.81 10 92.69
"4-24.650 13.62   10.49 10.21  97.33 49.38 49.69 52.6 100.63 106.52 91.01 94.48 89.45 103.81 98.29 233.53 243.99 227.59 104.48 97.46 24.87 22.82  91.76 0.726   234.85 218.31 219.64 92.96 93.52 49.11 42.28 38.99 86.09 79.39 6.72 7.61 6.096 113.24 90.71 "4-24.650 100.20 9.52 6 102.22 94.37 7.81 8 95.43
"6-24.667 13.48 12.63 14.76 93.69 109.50 11.11 11.16 9.95 100.45 89.56 52.72 51.15 56.08 97.02 106.37 100.22 106.72 101.24 106.49 101.02 254.49 268.15 246.93 105.37 97.03 26.8 26.64 23.74 99.40 88.58 14.993 24.45 21.79 163.08 145.33 242.48 239.9 248.24 98.94 102.38 51.61 44.1 42.39 85.45 82.14 7.38 6.228   "6-24.667 105.54 22.46 9 99.40 102.43 18.39 9 101.02
"15-26.183 78.2 52.66 58.84 67.34 75.24 115.49 101.48 82.47 87.87 71.41 68.55 61.74 87.55 90.07 127.72 144.43 141.84 133.94 98.21 92.74 100.78 83.38 76.9 82.73 76.30 59.01 71.77 48.17 121.62 81.63 70.103 109.31 110.19 155.93 157.18 111.78 80.9 124.27 72.37 111.17 106.83 85.35 77.65 79.89 72.69 120.24 123.27 93.36 102.52 77.64 "15-26.183 95.86 26.27 10 88.97 94.37 28.82 10 79.64
"14-27.625 24.8 128.72 32.34 519.03 130.40 32.71 222.34 41.88 679.73 128.03 99.13 116.82 93.11 117.85 93.93 101.78 253.71 29.8 249.27 29.28 79.71 353.52 38.07 443.51 47.76 26.11 177.32 27 679.13 103.41 23.485 207.63 84.85 884.10 361.29 53.88 233.02 47.03 432.48 87.29 36.39 169.75 67.91 466.47 186.62 52.71 258.03 28.512 489.53 54.09 "14-27.625 496.11 218.59 10 478.00 122.21 95.80 10 98.67
"8-29.567 31.8 76.87 90.13 241.73 283.43 32.89 50.45 81.89 153.39 248.98 26.89 37.44 51.29 139.23 190.74 21.9 14.6 28.69 66.67 131.00 44.16 50.21 99.27 113.70 224.80 74.68 78.8 84.31 105.52 112.90 47.036 110.18 162.57 234.25 345.63 47.07 76.01 112.84 161.48 239.73 57.67 52.21 89.1 90.53 154.50 182.37 242.16 406.956 132.78 223.15 "8-29.567 143.93 57.23 10 136.01 215.49 71.03 10 223.97
"15-29.775 58.97 76.07 103.21 129.00 175.02 134.24 150.44 150.41 112.07 112.05 93.27 93.64 101.02 100.40 108.31 96.19 104.25 102.24 108.38 106.29 86.84 83.91 88.03 96.63 101.37 78.25 96.08 88.62 122.79 113.25 47.971 95.48 80.61 199.04 168.04 132.16 141.59 151.44 107.14 114.59 72.3 70.98 78.34 98.17 108.35 73.96 90.55 73.536 122.43 99.43 "15-29.775 119.60 30.02 10 110.22 120.67 27.28 10 110.20
"2-31.350 39.83 34.14 39.81 85.71 99.95 201.25 211.77 197.46 105.23 98.12 73.15 69.96 79.74 95.64 109.01 141.08 153.58 142.4 108.86 100.94 63.96 59.87 63.05 93.61 98.58 46.43 57.12 44.69 123.02 96.25 33.088 59.15 53.46 178.77 161.57 128.66 123.56 136.11 96.04 105.79 28.73 24.8 21.65 86.32 75.36 34.09 55.04 37.116 161.45 108.88 "2-31.350 113.46 32.09 10 100.63 105.44 21.90 10 100.44
"4-32.042 59.07 66.74 79.16 112.98 134.01 71.06 88.44 71.38 124.46 100.45 60.37 66.41 74.73 110.00 123.79 147.73 136.93 79.59 92.69 53.88 114.79 92.98 82.07 81.00 71.50 90.71 130.99 80.78 144.41 89.05 25.773 73.13 71.06 283.75 275.71 136.5 195.14 218.47 142.96 160.05 76.89 60.15 34.56 78.23 44.95 81.43 69.33 19.104 85.14 23.46 "4-32.042 125.56 60.57 10 111.49 107.68 72.70 10 94.75
"8-32.458 16.72 13.31 10.71 79.61 64.06 37.2 46.22 43.01 124.25 115.62 26.49 37.61 44.7 141.98 168.74 22.88 16.02 23.49 70.02 102.67 71 72.22 69.74 101.72 98.23 45.83 41.23 54.25 89.96 118.37 10.483 30.03 15.05 286.46 143.57 766.03 711.47 803.85 92.88 104.94 44 33.7 14.18 76.59 32.23 32.86 43.59 26.82 132.65 81.62 "8-32.458 119.61 63.56 10 97.30 103.00 38.55 10 103.80
"15-32.767 57.68 15.43 49.05 26.75 85.04 9.86 51.86 11.59 525.96 117.55 17.98 13.29 34.92 73.92 194.22 13.83 14.72 19.17 106.44 138.61 81.1 40.29 71.09 49.68 87.66 32.77 125.16 67.73 381.93 206.68 6.952 112.88 87.5 1623.71 1258.63 492.89 464.76 423.07 94.29 85.83 20.87 5 46.3 23.96 221.85 190.71 105.516  55.33 "15-32.767 322.96 518.37 9 94.29 245.14 360.75 10 128.08
"14-36.00 77.26 70.46 84.23 91.20 109.02 88.01 91.12 91.91 103.53 104.43 85.76 91.16 109.73 106.30 127.95 122.07 115.81 130.28 94.87 106.73 95.18 83.73 96.96 87.97 101.87 80.13 87.91 79.66 109.71 99.41 50.842 71.5 84.54 140.63 166.28 127.16 132.03 145.11 103.83 114.12 85.77 73.31 77.64 85.47 90.52 71.54 76.29 71.292 106.64 99.65 "14-36.00 103.02 15.72 10 103.68 112.00 21.54 10 105.58
"15-36.367 46.89 88.09 121.75 187.87 259.65 35.65 45.28 126.06 127.01 353.60 55.06 82.33 93 149.53 168.91 38.46 64.61 133.56 167.99 347.27 230.26 85.06 218.7 36.94 94.98 26.07 64.41  247.07 24.101 123.14 88.01 510.93 365.17 71.69 306.77 492.08 427.91 686.40   59.34 52.74 124.572 88.88 209.93 "15-36.367 212.13 167.09 8 158.76 303.66 169.67 9 259.65
"11-36.708 42.64 50.67 56.99 118.83 133.65 86.7 88.82 109.08 102.45 125.81 47.64 46.78 58.37 98.19 122.52 154.55 166.95 175.12 108.02 113.31 169.22 161.46 169.73 95.41 100.30 56.08 61.38 60.38 109.45 107.67 23.683 42.22 42.76 178.27 180.55 196.25 206.58 236.92 105.26 120.72 39.6 36.54 39.6 92.27 100.00 39.66 44.23 40.344 111.52 101.72 "11-36.708 111.97 24.61 10 106.64 120.63 24.06 10 117.02
"8-38.650 56.37 60.53 55.28 107.38 98.07 82.77 83.86 80.22 101.32 96.92 242.27 221.36 249.39 91.37 102.94 93.76 118.89 104.19 126.80 111.12 36.89 64.71 50.12 175.41 135.86 47.62 59.38 48.73 124.70 102.33 46.706 75.07 51.33 160.73 109.90 71.03 93.78 106.72 132.03 150.25 41.93 39.89 35.61 95.13 84.93 65.98 52.19 38.82 79.10 58.84 "8-38.650 119.40 30.84 10 116.04 105.12 25.21 10 102.63
"14-39.883 23.35 35.31 36.05 151.22 154.39 110.75 112.56 107.36 101.63 96.94 21.07 19.52 10.63 92.64 50.45 107.91 116.3 110.08 107.77 102.01 9.53 9.52 7.49 99.90 78.59 41.63 45.24 43.32 108.67 104.06 26.807 48.79 42.47 182.00 158.43 486.9 506.26 509.73 103.98 104.69 31.5 28.35 28.07 90.00 89.11 10.04 18.44 20.004 183.67 199.24 "14-39.883 122.15 36.13 10 105.88 113.79 43.97 10 103.04
"3-41.575 45.24 59.77 55.01 132.12 121.60 107.16 96.91 90.48 90.43 84.43 86.72 51.43 61.4 59.31 70.80 82.71 114.54 77.44 138.48 93.63 68.92 63.16 64.27 91.64 93.25 61.67 120.89 81.95 196.03 132.88 28.842 92.36 38.22 320.23 132.52 86.62 109.02 104.14 125.86 120.23 97.29 33.92 94.11 34.86 96.73 68.3 65.76 59.424 96.28 87.00 "3-41.575 128.52 80.86 10 111.07 103.31 21.77 10 95.18
"15-42.883 65.15 70.45 70.32 108.14 107.94 46.11 47.11 40.4 102.17 87.62 40.55 41.39 38.34 102.07 94.55 8.88 10.03 10.92 112.95 122.97 46.68 45.99 41.68 98.52 89.29 138.36 154.65 115.61 111.77 83.56 75.262 131.56 104.08 174.80 138.29 37.55 35.35 34.53 94.14 91.96 87.05 75.88 61.58 87.17 70.74 266.94 295.38 189.576 110.65 71.02 "15-42.883 110.24 24.14 10 105.15 95.79 21.62 10 90.62
"4-43.067 17.03 98.89 228.23 580.68 1340.16 20.19 101.97 187.92 505.05 930.76 17.54 26.82 56.15 152.91 320.13 23.95 53.05 69.15 221.50 288.73 54.96 96.15 197.29 174.95 358.97 12.21 39 126.78 319.41 1038.33 10.67 70.01 176.85 656.14 1657.45 44.64 77.49 137.25 173.59 307.46 26.48 41.69 166.78 157.44 629.83 43.37 64.17 104.4 147.96 240.72 "4-43.067 308.96 197.23 10 198.22 711.25 504.72 10 494.40
"14-43.375 56.36 141.78 241.34 251.56 428.21 75.96 103.02 170.36 135.62 224.28 62.36 71.59 115.94 114.80 185.92 53.33 69.75 71.46 130.79 134.00 32.39 87.88 109 271.32 336.52 60.74 100.97 161.76 166.23 266.32 39.006 103.21 226.99 264.60 581.94 92.02 81.6 94.13 88.68 102.29 92.55 18.66 133.34 20.16 144.07 59.68 79.53 163.32 133.26 273.66 "14-43.375 157.70 82.02 10 134.44 267.72 148.46 10 245.30
"14-44.208 59.23 60.35 66.08 101.89 111.57 83.37 85.61 87.44 102.69 104.88 86.97 83.84 91.87 96.40 105.63 211.33 227.02 218.8 107.42 103.53 73.11 74.26 72.79 101.57 99.56 75.92 82.82 69.42 109.09 91.44 42.097 74.49 68.23 176.95 162.08 113.59 118.5 114.14 104.32 100.48 59.89 52.09 48.89 86.98 81.63 57.9 65.94 46.896 113.89 80.99 "14-44.208 110.12 24.59 10 103.50 104.18 22.74 10 102.01
"12-47.467 15.47 15.06 17.31 97.35 111.89 107.88 110.43 118.73 102.36 110.06 152.42 147.72 177.65 96.92 116.55 186.79 198.87 208.54 106.47 111.64 59.88 60.19 62.22 100.52 103.91 19.56 22.09 20.23 112.93 103.43 43.56 77.9 76.87 178.83 176.47 187.84 181.8 205.85 96.78 109.59 12.86 11.09 11.51 86.24 89.50 40.84 46.19 36.936 113.10 90.44 "12-47.467 109.15 25.78 10 101.44 112.35 24.26 10 109.82
"7-48.358 29.48 126.14 228.88 427.88 776.39 29.79 89.97 247.42 302.01 830.55 20.97   26.44 50.46   60.79 165.96 263.22 273.01 433.00 27.96 156.84   45.474 94.53 218.24 207.88 479.92 63.83 97.57   28.27 68.39 283.28 241.92 1002.05 74.77 281.94   "7-48.358 290.54 84.41 5 273.01 704.38 241.73 5 776.39
"9-48.475 22.67 25.07 30.23 110.59 133.35 137.01 130.76 134.81 95.44 98.39 25.59 17.89 31.4 69.91 122.70 95.32 102.53 95.82 107.56 100.52 13.19 13.12 14.1 99.47 106.90 12.26 14.41 18.76 117.54 153.02 51.073 20.49 20.3 40.12 39.75 238.91 215.25 240.96 90.10 100.86 11.48 10.22 10.87 89.02 94.69 218.89 249.36 190.128 113.92 86.86 "9-48.475 93.37 23.48 10 97.45 103.70 30.15 10 100.69
"16-48.567 3.94 6.2 4.08 157.36 103.55 8.07 10.97 65.97 135.94 817.47 144.5 135.55 243.14 93.81 168.26 41.87 38.19 39.82 91.21 95.10 301.56 274.48 298.95 91.02 99.13 22.1 37.81 20.9 171.09 94.57 4.532 57.31 16.52 1264.56 364.52 644.73 465.32 576.74 72.17 89.45 42.43 40.38 31.03 95.17 73.13 12.22 16.05 6.672 131.34 54.60 "16-48.567 230.37 364.82 10 113.26 195.98 235.76 10 97.12
"15-50.458 30.1 49.5 47.99 164.45 159.44 98.83 69.73 74.41 70.56 75.29 86.29 50  57.94 23.24 60.03 44.82 258.30 192.86 52.17 89.3 62.71 171.17 120.20 22.41 34.11 29.43 152.21 131.33 0 45.15 29.93   90.64 27.76 30.63  52.51 46.32   122.74 55.35 31.704 45.10 25.83 "15-50.458 127.49 82.07 7 152.21 108.98 58.96 7 120.20
"10-51.417 45.41 48.4 60.21 106.58 132.59 86.96 87.15 92.04 100.22 105.84 32.37 29.68 50.05 91.69 154.62 108.39 104.29 99.62 96.22 91.91 33.43 37.22 44.41 111.34 132.84 25.07 46.09 28.82 183.85 114.96 27.423 47.31 41.93 172.52 152.90 312.63 266.08 326.45 85.11 104.42 39.11 34 33.08 86.93 84.58 49.46 59.78 42.96 120.87 86.86 "10-51.417 115.53 34.90 10 103.40 116.15 25.96 10 110.40
"4-51.575 96.3 97.53 133.33 101.28 138.45 87.65   116.05   102.47 135.8 91.36 132.53 89.16   83.95 93.83 134.57 111.77 160.30 0   213.58 187.65 296.3 87.86 138.73 86.42     "4-51.575 108.36 18.85 4 106.52 131.66 30.13 4 138.59
"4-52.658 38.69 20.96 33.36 54.17 86.22 66.56 34.75 23.27 52.21 34.96 19.17 15.94 9.68 83.15 50.50 22.88 30.33 32.92 132.56 143.88 31.01 60 48.26 193.49 155.63 58.75 268.99 84.5 457.86 143.83 44.077 208.76 93.95 473.63 213.15 37.17 26.79 23.57 72.07 63.41 54.27 322.81 22.7 594.82 41.83 126.65 646.72 26.88 510.64 21.22 "4-52.658 262.46 219.20 10 163.02 95.46 64.41 10 74.82
"14-52.808 35.62 16.03 25.58 45.00 71.81 68.74 35.42 22.7 51.53 33.02 14.27 11.21 4.39 78.56 30.76 21.14 28.26 30.38 133.68 143.71 27.47 59.39 49.21 216.20 179.14 49.52 264.71 78.48 534.55 158.48 40.205 242.86 86.68 604.05 215.60 27.88 22.98 21.23 82.42 76.15 50.24 318.73 20.12 634.41 40.05 126.49 707.75 24.024 559.53 18.99 "14-52.808 293.99 254.76 10 174.94 96.77 71.22 10 73.98
"13-54.150 38.77 63.42 69.62 163.58 179.57 102.69 111.73 102.45 108.80 99.77 91.98 92.11 99.3 100.14 107.96 144.71 156.21 148.68 107.95 102.74 59.8 61.55 60.32 102.93 100.87 72.52 83.51 68.81 115.15 94.88 31.361 84.8 73.65 270.40 234.85 113.08 111.12 115.54 98.27 102.18 61.65 41.05 36.13 66.59 58.61 104.39 116.16 81.12 111.28 77.71 "13-54.150 124.51 56.47 10 108.38 115.91 51.96 10 101.52
"14-56.667 13.01 12.21 13.25 93.85 101.84 80.51 88.06 82.21 109.38 102.11 117.74 110.3 117.48 93.68 99.78 18.92 18.67 21.45 98.68 113.37 28.92 28.47 27.28 98.44 94.33 14.1 18.75 12.38 132.98 87.80 21.89 38.91 37.75 177.75 172.45 36.05 29.52 35.36 81.89 98.09 86.8 73.36 71.14 84.52 81.96 41.38 37.3 27.684 90.14 66.90 "14-56.667 106.13 29.04 10 96.15 101.86 27.90 10 98.93
"8-57.625 24.35   18.2 84.16   16.78 56.15 46.62 334.62 277.83 15.13   935.85 890.7 987.5 95.18 105.52 65.54 25.53   20.801 39.08 187.88  94.92 23.75 25.02  60.79 34.75   50.35 55.08 109.39  "8-57.625 150.42 118.10 5 109.39 191.67 121.84 2 191.67
"11-60.80 54.78 7.69 15.86 14.04 28.95 2.91 9.54   359.25 361.04 415.37 100.50 115.62 137.51 99.77 138 72.55 100.36 43.5 56.55 40.27 130.00 92.57 385.31 443.34 368.03 115.06 95.52 14.784 17.33 33.73 117.22 228.15 64.58 25.83 58.77 40.00 91.00 12.92 1.82 4.62 14.09 35.76 539.5 615.19 441.804 114.03 81.89 "11-60.80 79.72 46.16 9 100.50 96.65 57.25 9 92.57
"11-61.150 41.66 41.66 50.74 100.00 121.80 80.07 94.3 101.94 117.77 127.31 48.28 52.24 63.22 108.20 130.94 292.55 303.07 313.33 103.60 107.10 68.38 69.87 76 102.18 111.14 51.42 58.56 50.8 113.89 98.79 27.61 47.1 50.37 170.59 182.43 152.97 141.35 168.53 92.40 110.17 47.21 41.27 43.18 87.42 91.46 45.96 49.35 42.324 107.38 92.09 "11-61.150 110.34 23.04 10 105.49 117.33 26.64 10 110.66
"8-61.667 54.61 57.56 43.17 105.40 79.05 41.33 33.58 30.26 81.25 73.22 105.9 31.73 26.94 29.96 25.44 168.27 103.32 117.71 61.40 69.95 38.38 133.95 37.27 349.01 97.11 92.99 39.48 123.99 42.46 133.34 55.605 37.64 164.58 67.69 295.98 251.66 64.58  25.66 39.85 58.67  147.23 154.092   "8-61.667 105.31 110.26 7 67.69 105.22 82.66 9 79.05
"7-62.433 0.76 1.1  144.74 1.89 3.92 4.17 207.41 220.63 4.84 4.91 7.85 101.45 162.19 115.9 123.46 123.51 106.52 106.57 92.3 92.25 89.55 99.95 97.02 0.87 1.37 0.91 157.47 104.60 338.558 564.47 523.53 166.73 154.64 41.45 39.12 43.88 94.38 105.86 1.3 1.17 1.09 90.00 83.85 1.67 1.87 1.608 111.98 96.29 "7-62.433 126.21 40.97 9 106.52 127.64 42.36 10 106.21
"11-65.283 33.89 21.86 24.77 64.50 73.09 190.57 160.53 182.99 84.24 96.02 78.28 48.36 114.14 61.78 145.81 67.01 62.53 52.74 93.31 78.70 87.73 107.19 94.28 122.18 107.47 35.8 52.98 29.01 147.99 81.03 31.471 74.77 61.53 237.58 195.51 186.16 216.98 171.2 116.56 91.96 41.64 38.03 38.07 91.33 91.43 390.61 435.7 301.8 111.54 77.26 "11-65.283 113.10 51.10 10 102.43 103.83 38.50 10 91.70
"9-66.867 55.08 53.04 60.64 96.30 110.09 114.13 110.59 111.69 96.90 97.86 55.61 52.55 63.51 94.50 114.21 90.94 97.94 96.54 107.70 106.16 31.82 32.17 31.73 101.10 99.72 31.77 37.06 31.32 116.65 98.58 41.69 70.32 66.47 168.67 159.44 194.48 225.36 222.92 115.88 114.62 27.48 21.45 20.4 78.06 74.24 117 135.82 93.396 116.09 79.83 "9-66.867 109.18 24.17 10 104.40 105.47 23.25 10 102.94
"12-66.908 57.13 53.64 61.84 93.89 108.24 116.84 113.92 114.74 97.50 98.20 57.43 55.13 71.58 96.00 124.64 92.93 98.98 99.01 106.51 106.54 33.1 34.08 33.39 102.96 100.88 31.31 38.94 31.02 124.37 99.07 43.252 72.69 69 168.06 159.53 200.72 199.48 216.3 99.38 107.76 28.29 21.97 20.99 77.66 74.20 122.75 138.47 96.072 112.81 78.27 "12-66.908 107.91 24.44 10 101.17 105.73 23.89 10 103.71
"15-66.992 53.84 52.12 61.85 96.81 114.88 113.33 114.98 112.8 101.46 99.53 62.69 53.77 68.03 85.77 108.52 86.68 91.13 94.04 105.13 108.49 30.42 30.88 28.72 101.51 94.41 29.78 31.09 28.91 104.40 97.08 38.852 66.7 62.36 171.68 160.51 203.11 253.63 235.78 124.87 116.08 20.45 15.8 13.27 77.26 64.89 114.58 133.67 94.92 116.66 82.84 "15-66.992 108.56 26.00 10 102.96 104.72 25.01 10 104.01
"11-70.092 112.64 90.54 31.22 80.38 27.72 157.65 136.17 37.11 86.37 23.54 145.97 109.43 54.6 74.97 37.40 125.05 111.38 49.49 89.07 39.58 112.03 106.79 71.69 95.32 63.99 136.38 114.49 52.71 83.95 38.65 78.683 108.11 41.38 137.40 52.59 194.69 134.44 77.6 69.05 39.86 193.82 133.8 91.58 69.03 47.25 139.36 102.27 22.512 73.39 16.15 "11-70.092 85.89 20.08 10 82.16 38.67 14.02 10 39.11
"11-71.392 98.08 109.67 127.81 111.82 130.31 79.1 78.37 80.78 99.08 102.12 57.94 56.65 67.49 97.77 116.48 158.79 166.54 164.38 104.88 103.52 29.73 28.53 29.3 95.96 98.55 95.45 108.04 92.55 113.19 96.96 34.353 56.79 54.48 165.31 158.59 129.7 126.3 142.46 97.38 109.84 1.01 1 0.86 99.01 85.15 107.83 119.64 92.328 110.95 85.62 "11-71.392 109.54 20.67 10 101.98 108.72 22.15 10 102.82
"12-73.275 8.8 16.52 21.04 187.73 239.09 14.25 12.96 13.67 90.95 95.93 1109.41 1045.08 1344.16 94.20 121.16 34.45 36.6 34.78 106.24 100.96 18.71 19.01 18.34 101.60 98.02 27.09 18.99 20.84 70.10 76.93 6.82 8.47 15.88 124.19 232.84 25.36 27.71 26.63 109.27 105.01 10.83 9.16 12.92 84.58 119.30 10.7 8.56 16.308 80.00 152.41 "12-73.275 104.89 33.03 10 97.90 134.17 57.22 10 112.15
"10-75.975 57.72 50.83 54.85 88.06 95.03 37.43 41.88 32.14 111.89 85.87 75.78 78.13 75.84 103.10 100.08 47 49.29 46.41 104.87 98.74 27.46 26.12 29.46 95.12 107.28 73.99 87.87 68.02 118.76 91.93 24.53 41.68 39.24 169.91 159.97 337.39 324.87 368.41 96.29 109.19 167.66 142.93 133.98 85.25 79.91 66.32 72.2 51.228 108.87 77.24 "10-75.975 108.21 24.07 10 103.99 100.53 23.44 10 96.89
"4-76.433 113.37 125.15 140.93 110.39 124.31 157.72 159.56 168.68 101.17 106.95 45.06 41.35 55.37 91.77 122.88 25.35 29 30.39 114.40 119.88 62.74 60.39 67.41 96.25 107.44 89.07 117.41 91.59 131.82 102.83 39.842 73.41 82.48 184.25 207.02 96.85 75.71 88.46 78.17 91.34 105.62 78.13 65.26 73.97 61.79 51.74 55.29 43.152 106.86 83.40 "4-76.433 108.91 31.48 10 104.01 112.78 38.37 10 107.20
"16-79.242 60.8 97.5 89.85 160.36 147.78 79.18 87.99 71.22 111.13 89.95 11.31 23.81 22.5 210.52 198.94 47.43 49.33 46.35 104.01 97.72 29.8 47306.67 33.57 158747.21 112.65 48.41 89.01 38.25 183.87 79.01 42.504 15.19 53.81 35.74 126.60 199.82 151.93 169.9 76.03 85.03 82.19 75.91 55.77 92.36 67.85 49.31 50.49 30.588 102.39 62.03 "16-79.242 15982.36 50162.48 10 107.57 106.76 41.80 10 93.83
"10-84.150 57.41 93.27 109.05 162.46 189.95 137.89 113.06 99.94 81.99 72.48 172.36 147.31 157.75 85.47 91.52 106.01 102.45 115.26 96.64 108.73 110.12 76.29 118.3 69.28 107.43 120.29 114.64 82.78 95.30 68.82 68.387 53.72 37.72 78.55 55.16 125.36 167.29 171.93 133.45 137.15 83.43 101.64 74.26 121.83 89.01 85.36 105.96 66.612 124.13 78.04 "10-84.150 104.91 29.46 10 95.97 99.83 39.47 10 90.27
"10-90.350 43.67 63.47 72.55 145.34 166.13 105.48 93.56 90.57 88.70 85.86 106.95 98.7 113.46 92.29 106.09 64.17 69.72 64.84 108.65 101.04 96.34 66.58 95.62 69.11 99.25 76.22 103.24 55.8 135.45 73.21 39.71 51.81 35.56 130.47 89.55 99.15 120.42 111.44 121.45 112.40 77.86 93.95 46.69 120.67 59.97 80.97 88.67 56.04 109.51 69.21 "10-90.350 112.16 23.46 10 115.09 96.27 29.82 10 94.40

Mean 398.55 888.22 9.48 118.65 143.34 62.19 9.54 130.17
SD 2029.88 6414.69 1.36 56.58 115.46 84.99 1.47 105.75
Median 112.16 30.84 10.00 104.38 107.68 29.26 10.00 102.63

Processing TestProcessing Test



Variability at 24
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47 of 61 are stable to 48 hours47 of 61 are stable to 48 hours
2 dropped in this study2 dropped in this study
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DONOR #

ID 
processed 

at 0hr

ID 
processed 

at 24hr

ID 
processed 

at 48hr
14 001 002 003
21 017 022 023
28 006 008 031
35 012 013 014
42 025 018 024
49 007 033 004
56 021 026 032
63 030 005 015
70 034 027 019
77 020 016 009

NHS QC's ID
Postmenopausal 010
Postmenopausal 011
Premenopausal 028
Premenopausal 029

All Three Correct (two for Pools)
Two Correct
Not Assigned
Incorrectly assigned

34 samples Total
29 correctly grouped 
4 not grouped* two marked as possible
1 incorrectly assigned (r2=>0.6 to group assigned)

match 2 match 3 1 and 2 1 and 3 2 and 3
1  
2* 3 19 0.606 0.615 0.614 0.611667
3 2 19 0.606 0.614 0.615 0.611667
4 7 33 0.843 0.712 0.773 0.776
5 15 30 0.942 0.929 0.887 0.919333
6 8 31 0.988 0.96 0.974 0.974
7 4 33 0.843 0.773 0.712 0.776
8 6 31 0.988 0.974 0.96 0.974
9 20 16 0.821 0.5 0.722 0.681
10 11 0.965 0.965
11 10 0.965 0.965
12 13 14 0.925 0.921 0.927 0.924333
13 12 14 0.925 0.927 0.921 0.924333
14 12 13 0.921 0.927 0.925 0.924333
15 5 30 0.942 0.887 0.929 0.919333
16 20 9 0.722 0.5 0.821 0.681
17 22 23 0.836 0.635 0.679 0.716667
18  
19 2 3 0.615 0.614 0.606 0.611667
20 9 16 0.821 0.722 0.5 0.681
21 26 32 0.751 0.73 0.797 0.759333
22 17 23 0.836 0.679 0.635 0.716667
23 17 22 0.635 0.679 0.836 0.716667
24 25 0.916 0.916
25 24 0.916 0.916
26 21 32 0.751 0.797 0.73 0.759333
27* maybe 34?  
28 29 0.892 0.892
29 28 0.892 0.892
30 5 15 0.929 0.887 0.942 0.919333
31 6 8 0.96 0.974 0.988 0.974
32 21 26 0.73 0.797 0.751 0.759333
33 4 7 0.712 0.773 0.843 0.776
34 maybe 27?

0.8211
* Other decent matches -- are there more than triplets

Processing TestProcessing Test



Markers have high utility Markers have high utility ––
even in worst case scenarioseven in worst case scenarios
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85% Origin 85% Origin ID’dID’d correctly; only 3 % absolute errorcorrectly; only 3 % absolute error
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Biological Variability Affects Stability
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Biological Variability impacts Biological Variability impacts 
Analytical ParametersAnalytical Parameters
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Human Studies:  Human Studies:  
InterInter-- vs Intravs Intra--Person VariabilityPerson Variability

•• Test only best rat profileTest only best rat profile
–– 30 variables30 variables

•• KnownsKnowns (uric acid, tryptophan, (uric acid, tryptophan, tryptopholtryptophol, 5, 5--hydroxytrphophan, hydroxytrphophan, 
norepinephrine, norepinephrine, methioninemethionine, 4, 4--hydroxyphenyllactic acid)hydroxyphenyllactic acid)

–– 69 Triplets scored69 Triplets scored

•• Single Profile Tested Single Profile Tested 
–– (ie, true test; not re(ie, true test; not re--fitted or optimized)fitted or optimized)

•• ICC = 0.76ICC = 0.76



Human Studies:Human Studies:
Profile = …Profile = …

•• Recent Food (ie, Fast)Recent Food (ie, Fast)
•• BMIBMI
•• Food intakeFood intake
•• PhysiologyPhysiology
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•• BMIBMI
•• Food intakeFood intake
•• PhysiologyPhysiology



What is coming (funded)What is coming (funded)
Equivalent proteomics models (NIA)Equivalent proteomics models (NIA)

Studies in CALERIE  (NIA)Studies in CALERIE  (NIA)
(0(0--33--66--1212--1818--24 24 mosmos pre/post diet)pre/post diet)
Some validation against doubleSome validation against double--labeled waterlabeled water

750 case/control pairs for breast cancer (NCI) 750 case/control pairs for breast cancer (NCI) ––
NHS, samples taken 2NHS, samples taken 2--10 years before onset10 years before onset

1000 case/control pairs for Type II diabetes (NIA) 1000 case/control pairs for Type II diabetes (NIA) ––
NHS, samples taken 2NHS, samples taken 2--10 years before onset10 years before onset



What is coming (funded)What is coming (funded)
NIH Genes/Environment Initiative (NIEHS) NIH Genes/Environment Initiative (NIEHS) 

Exposure Biology ProgramExposure Biology Program
Biological Response indicatorsBiological Response indicators

NonNon--fat based models for primary fat in dietfat based models for primary fat in diet
Models for glycemic indexModels for glycemic index
models for 24 combinations of fat/GImodels for 24 combinations of fat/GI
Cross of all models into breast cancerCross of all models into breast cancer
Cross of all models into Type II diabetesCross of all models into Type II diabetes
Ties of all models to liver mitochondrial functionTies of all models to liver mitochondrial function



SummarySummary
Created and validated a working model of the Created and validated a working model of the 

CR serotype in both male and female ratsCR serotype in both male and female rats
Can identify group of origin with high accuracyCan identify group of origin with high accuracy
Wide capture of metabolomeWide capture of metabolome
Reduced dimensionality of the problemReduced dimensionality of the problem
Identify critical markersIdentify critical markers

Profiles distinguish dietProfiles distinguish diet
Fasted vs AL and CRFasted vs AL and CR
Across lifespanAcross lifespan
across duration and extent of diet (racross duration and extent of diet (r22 =0.88)=0.88)



SummarySummary

Markers are passing analytical tests in human Markers are passing analytical tests in human 
plasmaplasma
Can identify split duplicates (100% accuracy)Can identify split duplicates (100% accuracy)
Good analytical parameters (5:1 signal/noise)Good analytical parameters (5:1 signal/noise)
Handles worst case shipping conditionsHandles worst case shipping conditions
Good inter/intraGood inter/intra--individual variabilityindividual variability



The metabolomic markers and The metabolomic markers and 
profiles identified appear profiles identified appear 
analyticallyanalytically and and biologicallybiologically
suitable for studies in defined suitable for studies in defined 
human populations such as human populations such as 
national clinical trials and national clinical trials and 
epidemiological cohortsepidemiological cohorts



AcknowledgementsAcknowledgements
•• Brigham and Women’s and Burke/CornellBrigham and Women’s and Burke/Cornell

–– YevgeniyaYevgeniya Shurubor, Ugo Paolucci, Shurubor, Ugo Paolucci, HonglianHonglian Shi, Shi, RuiwenRuiwen
Zhou, Zhou, VasantVasant MarurMarur, Diane Sheldon, Sophie , Diane Sheldon, Sophie GuoGuo, Neil , Neil 
RussellRussell

•• Outside CollaboratorsOutside Collaborators
–– Walter Willett, Sue Hankinson, Frank Walter Willett, Sue Hankinson, Frank HuHu, Paul Vouros , Paul Vouros 
–– Wayne Matson, Karen Wayne Matson, Karen VigneauVigneau--Callahan, Paul MilburyCallahan, Paul Milbury
–– Tom Tom VoglVogl

•• FundingFunding
–– NIH (NIA; NCI; NIEHS)NIH (NIA; NCI; NIEHS)
–– Winifred Masterson Burke Relief FoundationWinifred Masterson Burke Relief Foundation
–– Brigham and Women’s HospitalBrigham and Women’s Hospital


