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Centenarians delay age-related diseases 

Andersen et al. J Gerontol A Biol Sci Med Sci 2012  

Age of onset of morbidity 
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Figure 5. Left panels: trajectories of physical (Barthel) and cognitive (Blessed Information-Memory-Concentration Test) functional declines fitted to the data. The 

right panels depict the age of onset of functional (Barthel score < 80) and cognitive declines (Blessed score < 27) in the different centenarian age groups by gender. 

The trajectories were computed using the inverse logistic transformation as explained in methods, and for each age group, they are truncated by the maximum age for 

their defined age ranges (e g, 99 years for nonagenarians, 104 for centenarians).

hazard for cancer (HR = 0.81, 95% CI = 0.59–1.09) and 

stroke (HR = 0.73, 95% CI = 0.49–1.07).

To further understand the delay in onset of these diseases 

with older and older ages, we estimated ages at which a specific 

percentile of participants reported a history of disease. The 

analysis confirms the substantial delay of onset of major dis-

eases in the older participants and the increased delay among 

supercentenarians even compared with semisupercentenarians 

(Figure 3). For example, 25% of controls reported a history 

of CVD by age ! 75 years, whereas the age at which 25% of 

supercentenarians report a history of CVD was 102 years, a 

comparative delay in the onset of CVD of 27 years. Note 

that people born in 1900 who survived to at least age 40 had 

an average life expectancy of 68 years (30), and therefore, 

Figure 4. Left: delay of morbidity. Morbidity-free survival in controls (black), nonagenarians (red), centenarians (green), semisupercentenarians (blue), and su-

percentenarians (pale blue). Morbidity was defined by either cancer, cardiovascular disease, dementia, diabetes, or stroke. The table shows the hazard ratios and 95% 

credible intervals that were estimated using Weilbull regression and Markov Chain Monte Carlo methods. Right: compression of morbidity. The boxplot displays the 

percentage of years spent with disease (as defined earlier) in controls and the different age groups of centenarians. Only participants with an age at death are included 

in this analysis. The table provides estimates of the median percentages of life spent with age-related disease and 95% CI that were estimated using a regression model 

with lognormal distrib utions.

   

 



Longevity cohorts 

Longevity Genes Project  

• Families that include 

centenarians, offspring and 

their spouses (controls) 

• Centenarians: age ≥95 yr 

• Mean lifespan 100 

• Live independently at age 95 

• 1/6,000 in US 

• Ashkenazi Jewish 

• Northeastern US 

• Cross-sectional 

LonGenity 

• Offspring: centenarian 

parent 

• Controls: no parental 

longevity 

 

 

 

• Ashkenazi Jewish  

• Northeastern US 

• Longitudinal 



 

Meet our centenarians: 
Cover of PLoS Biology April 2006 

 

90 years earlier 

109 101 

103 

109 



Centenarian lifestyle is not “healthier” 

Lifestyle factor Centenarians 

n=356  

(%) 

NHANES I 

n=1,667  

(%) 

p-value Smoked ≥100 cigarettes 29.9 26.2 0.25 Consumed alcohol daily 12.1 11.3 0.80 Regular moderate 

physical activity 

47.0 44.1 0.76 Low-calorie diet 27.3 27.1 0.14 Low-fat diet 35.4 38.5 0.22 Low-salt diet 30.5 30.1 0.67 

Rajpathak et al. J Am Geriatr Soc 2011  
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Resources from longevity cohorts 
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Phenotype/Resource LGP LonGenity Centenarians, n (% female) 667 (73) Offspring 559 (53) 504 (59) Controls 371 (55) 533 (52) Frequency of data collection single time-point annual (biennial) Neurocognitive assessments ✔ Physical assessments  ✔ ✔ Medical, socioeconomic history ✔ ✔ Serum, plasma, whole blood, PBMCs ✔ ✔ DNA ✔ ✔ Genotypes, WES ✔ ✔ Lymphoblastoid cell lines ✔ sub-group Biochemical, lipid, hormonal etc.  ✔ ✔ Proteomics ✔  Metabolomics sub-group sub-group Brain MRI sub-group 

Phenotype/Resource LGP LonGenity 

Centenarians, n (% female) 667 (73) 

Offspring / Controls 559 (53) / 371 (55) 504 (59) / 533 (52) 

Frequency of data collection single time-point annual (biennial) 

Neurocognitive assessments ✔ 

Physical Assessments ✔ ✔ 

Medical, socioeconomic history ✔ ✔ 

Serum, plasma, whole blood, PBMCs ✔ ✔ 

Genotypes, WES, DNA (banked) ✔ ✔ 

Lymphoblastoid cell-lines ✔ sub-group 

Biochemical, lipid, hormonal profiles ✔ ✔ 

Proteomics ✔ 

Metabolomics sub-group sub-group 

Brain MRI sub-group 



Approach and Results 

• Identification of candidate resilience genes 

• compare gene scores between centenarians and 

controls 

 

• Characterization of networks of resilience genes  

Science at the heart of medicine 



Identification of candidate resilience genes 

using WES 

• WES genotype data  

 
 554 centenarians vs. 532 controls 

 

722,205 variants in centenarians and controls 
 

484,762 autosomal rare variants  

   (hg38, AAF < 1%) 

 



Rare variant association test 

• 46,836 autosomal disruptive coding rare variants 
(CADD>20) 

• In protein-coding genes: 14,268 

USP35 (P = 10E-5) 
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Kircher M. et al. Nature genetics. 2014;46(3):310-315 



Integrated Gene Signal Processing (IGSP) 

• Data integration for risk gene prediction and prioritization  

• Probability estimation based on an integration of: 

> Genetic association: burden test 

> Gene co-functional network: Tasan et al., Nature Methods 2015 

> Gene phenotype network 

 



Top scoring genes 
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1. FGF8 11. PLK1 21. COL1A2 31. JAG1 41. COL4A1 

2. KALRN 12. GLI3 22. FA2H 32. UTRN 42. PDE3B 

3. ADAM22 13. HSD17B4 23. RBM19 33. EHMT1 43. ALDH1A2 

4. CACNB2 14. ADRB2 24. TSC2 34. MAPK3 44. SOX9 

5. MAPK8IP2 15. USH1C 25. FAT4 35. TP73 45. CHRNA4 

6. CLCN6 16. CDH11 26. TREM2 36. FOXD3 46. ROCK2 

7. ARHGEF11 17. PTGS2 27. NF1 37. GAA 47. SLIT3 

8. HCN2 18. ERCC2 28. ACADL 38. PRKAA2 48. MDFI 

9. SCN4A 19. TNKS2 29. KL 39. CAPN3 49. HNF1A 

10. ABCA1 20. SCN8A 30. NAT8 40. DOCK2 50. SSTR5 
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Candidate genes affected by rare variants for 

longevity 

KEGG pathway enrichment for top 50 genes 



Future Directions: 

Identify Cognitive Resilience Genes   

• Cognitive resilience 

> Rate of cognitive decline (median f/u 6 years) 

> Incidence of AD, vascular dementia, MCI  

> Neuroimaging (Brain MRI, 100 offspring & 100  controls) 

• High-resolution T1-weighted whole head structural imaging   

• FLAIR whole head imaging  

• Susceptibility Weighted Imaging   

• Diffusion Tensor Imaging (DTI) 

• Resting state fMRI  

• 3D Arterial Perfusion Imaging  

• Quantitative T1 Imaging  

Science at the heart of medicine 



Future Directions 

• Omics 

> Proteomics 

> Metabolomics 

• Engineer neuronal 

cell lines 

> Express cognitive 

resilience gene(s) 

> Proteomics 

> Metabolomics 

> Test for resilience  
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Top genes  

(excluded from phenotype based scoring)   
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CUL2 CDYL2 

MIPEP FMO2 

ANKMY2 TESK2 

ZIM2 ZNF721 

MUC6 

ANAPC1 

CYP2A7 

CLPX 

EXOC3L2 

SEC13 

Associated with AD or healthspan  


