[bookmark: _Hlk145066768]SUPPLEMENTARY INFORMATION

GeroScience

A biological age based on common clinical markers predicts health trajectory and mortality risk in dogs

Sébastien Herzig1*, Alix Zollinger1, Lorane Texari2, James Holzwarth2, Rondo P. Middleton3, Yuanlong Pan3, Pascal Steiner3 and Philipp Gut1*
AFFILIATIONS
1 Nestlé Institute of Health Sciences, Nestlé Research, Lausanne, Switzerland
2 Nestlé Institute of Food Safety and Analytical Sciences, Nestlé Research, Lausanne, Switzerland
3 Nestlé Research St. Louis, St. Louis, MO 63164, USA
* Corresponding authors

CORRESPONDING AUTHORS
Philipp Gut, ORCID iD: https://orcid.org/0000-0002-0689-9518 
Email: philipp.gut@rd.nestle.com
Sébastien Herzig, ORCID ID: https://orcid.org/0000-0002-9329-2860
Email: sebastien.herzig@rd.nestle.com

Supplementary Figures 1-6
Supplementary Table 1




Starting dataset:
28 clinical blood parameters
Petcare center monitoring of 940 dogs and 1044 cats over 12 years
Log transform skewed data
Remove extreme value (retain between 1st and 99th percentile)
829 dogs with 5329 observations
802 cats with 3475 observations
Split 3:1 into train and test sets
LASSO Cox regression on survival 
with 20-fold crossvalidation
Selection of biomarkers
COX regression with individual blood marker as predictors
Compute Gompertz distribution with biomarkers. For dogs, include breed class and sex
Construction of Biological Age formula
Calculate Biological Age on training set
Test prognostic value on survival
Validate predictive value of Biological Age in dogs:
Life-long calorie restriction study
 - 6 months weight loss intervention study
NHANES survey of US population
CBC and serum chemistry parameters
Dog data
Highlight species-specific predictors of mortality

Fig S1
Schematic representation of the workflow of analysis
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Fig S2
a LASSO penalized Cox regressions were used to select the optimal number of predictors of mortality in dogs. b Selection of the optimal lambda parameter was performed to minimize the number of features while retaining a good fit of data (red dashed line). c Retained parameters at the selected lambda threshold.
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Fig S3
a: Gompertz coefficients for the dog Biological Age. B: Biological Age formula.
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Fig S4
Analyzing the survival prediction on the dog data set with a dog-specific phenoage algorithm (developed in this manuscript) compared to the published human phenoage algorithm (truncated for parameters that are not available in routine canine laboratory analysis). HR: hazard ratio. Data indicate HR with 95% confidence intervals using cox proportional hazard model for all-cause mortality.
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Fig S5
Evaluation of hazard ratio when AgeDev is treated as a binary outcome at different cut-off points along the range of observed values (-1 to 2).



Fig S6
a: Gompertz coefficients for the reduced Biological Age model with 8 parameters.
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Table S1
List of parameters routinely measured in the petcare center that entered into the penalized Cox regression, along with unit of measure. Asterisks indicate parameters that were log-transformed before analysis using natural log.
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Biomarker Dog PhenoAge

*  White blood cells count (1043 per ul)

*  Serum Albumin (g/dL)

* Serum Alkaline phosphatase (U/L, In-
transformed)

* Serum creatine Kinase (U/L, In-
transformed)

* Hemoglobin (g/dL)

*  Hematocrit (%)

* Mean Corpuscular Hemoglobin (pg)
*  Serum Glucose (mg/dL)

*  Mean Cell Volume (fL)

* Serum Globulin (g/dL)
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Model 1 Coefficients

White blood cells count (1043 per ul) 0.091862564
Serum Albumin (g/dL) -0.744060565
Serum Alkaline phosphatase (U/L, In-transformed) 0.262594338
Serum creatine Kinase (U/L, In-transformed) 0.332818902
Hemoglobin (g/dL) -0.009131623
Hematocrit (%) -0.018418391
Mean Corpuscular Hemoglobin (pg) -0.128195615
Serum Glucose (mg/dL) 0.009169677
Mean Cell Volume (fL) -0.007486146
Serum Globulin (g/dL) 0.132755858
Breed class medium 1.138018960
Sex male 0.151826455
Gompertz pai eters Value

Rate (8) -6.036261473

Shape (1) 0.491790219
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Model 2 Coefficients

Breed class medium/large (S, 1.2299804

Sex male (B..,) 0.2678798

Value

-9.5204440

0.5668399
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Model 1 Coefficients

White blood cells count (1043 per ul) 0.101539913
Serum Albumin (g/dL) -0.763292932
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Serum Glucose (mg/dL) 0.007862423
Mean Cell Volume (fL) -0.028087173
Breed class medium 1.142314742
Sex male 0.193840662
Gompertz pai eters Value

Rate (8) -3.772303765

Shape (y) 0.491868048
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Breed class medium/large (S, 1.2485621
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Value

-9.7560117
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Table S1

Parameter name

Unit of measure

Hematocrit %
Hemoglobin g/dL
Mean Corpuscular Hemoglobin pg
Mean Corpuscular Hemoglobin concentration g/dL
Mean Red Cell Volume fL
Platelet 1073/uL
Red blood cells 1073/uL
White blood cells 1073/uL
Serum Albumin Plus g/dL
Serum Alkaline Phosphatase * U/L
Serum ALT * U/L
Serum AST * U/L
Serum Calcium mg/dL
Serum Chloride mmol/L
Serum Cholesterol mg/dL
Serum Cretaine Kinase * U/L
Serum Creatinine * mg/dL
Serum GGT * g/dL
Serum Globulin g/dL
Serum Glucose mg/dL
Serum Magnesium mg/dL
Serum Phosphorus mg/dL
Serum Potassium mmol/L
Serum Sodium mmol/L
Serum Total Bilirubin * mg/dL
Serum Total Protein g/dL
Serum Triglycerides * mg/dL
Serum Urea Nitrogen * mg/dL
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