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1. Are Factors Mitigating Disease Generally Age and Context-Dependent? 
2. Going From ‘Bench to Bedside to Streetside’ Requires Integration
3. Surrogate Endpoints, Biological Aging, and Interventions: How and When?
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Nutritional Recommendations Should be Age and Context Dependent

AGE CATEGORY

CAUSE OF DEATH Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank #
CONGENITAL ANOMALIES 38 9,573 1 4,746 9 384 20 450 26 494 34 741 38 1,257 46 699 44 802

LOW BIRTH WEIGHT 46 4,110 2 4,107 55 1 62 2 69 0 72 0 72 0 73 0 77 0

OTHER INJURIES 23 28,499 3 1,795 5 929 7 1,439 13 1,867 16 2,605 20 4,431 24 5,118 24 10,315

BIRTH TRAUMA 55 1,347 4 1,336 56 1 63 2 67 1 71 0 66 4 66 2 67 1

ROAD TRAFFIC ACCIDENTS 19 41,944 5 1,171 1 6,816 3 8,038 3 6,178 9 5,615 18 6,275 27 4,117 34 3,734

HOMICIDE 26 24,573 6 1,011 3 6,466 4 7,125 7 4,482 17 2,541 32 1,753 44 742 50 453

DROWNINGS 44 4,176 7 654 6 546 18 557 25 509 38 508 50 552 52 437 52 413

SUICIDE 16 45,977 8 601 4 6,062 2 8,454 2 7,314 6 7,249 14 7,160 25 4,716 31 4,421

ENDOCRINE DISORDERS 10 55,660 9 559 8 423 8 1,210 10 2,267 13 4,320 11 8,782 10 12,131 13 25,968

INFLUENZA & PNEUMONIA 12 53,617 10 341 17 184 17 574 17 1,135 18 2,502 17 6,276 14 10,449 11 32,156

LEUKEMIA 27 23,422 11 276 12 261 26 346 24 541 29 956 28 2,616 21 5,685 20 12,741

STROKE 3 160,262 12 235 16 188 15 600 11 2,008 8 5,686 9 14,153 6 26,363 4 111,029

FIRES 53 2,951 13 185 20 99 30 158 38 234 45 307 47 640 47 674 48 654

INFLAMMATORY/HEART 24 28,422 14 166 13 237 12 826 16 1,445 21 2,405 22 4,402 22 5,527 19 13,414

DIARRHOEAL DISEASES 39 6,859 15 163 40 12 45 36 48 80 46 277 46 738 38 1,438 33 4,115

EPILEPSY 50 3,432 16 163 11 281 22 381 34 331 41 385 49 588 48 608 47 695

ASTHMA 45 4,145 17 159 14 203 25 348 31 410 36 570 45 745 49 607 42 1,103

OTHER NEOPLASMS 29 16,229 18 129 24 65 31 131 37 251 39 491 35 1,539 32 3,278 23 10,345

POISONINGS 9 87,386 19 115 2 6,664 1 20,938 1 21,943 2 18,078 8 15,030 29 3,891 46 727

COVID-19 2 350,827 20 103 7 501 5 2,254 4 6,079 3 16,964 2 42,090 2 76,277 2 206,559

MENINGITIS 62 551 21 75 34 16 47 30 51 44 57 53 57 91 58 113 60 129

KIDNEY DISEASE 11 54,306 22 71 23 72 27 345 18 896 20 2,444 16 6,412 12 11,849 10 32,217

DIABETES MELLITUS 8 102,187 23 61 10 312 9 1,168 8 2,904 5 7,546 5 18,002 5 27,213 8 44,981

FALLS 18 42,113 24 47 18 152 24 359 22 625 24 1,282 24 3,140 20 5,925 12 30,583

LIVER CANCER 25 28,227 25 33 30 38 35 97 35 321 22 1,424 15 6,806 15 9,988 25 9,520

45-54 55-64 65-74 75+All Ages 0-14 15-24 25-34 35-44

AGE CATEGORY

CAUSE OF DEATH Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank #
POISONINGS 9 87,386 19 115 2 6,664 1 20,938 1 21,943 2 18,078 8 15,030 29 3,891 46 727

SUICIDE 16 45,977 8 601 4 6,062 2 8,454 2 7,314 6 7,249 14 7,160 25 4,716 31 4,421

ROAD TRAFFIC ACCIDENTS 19 41,944 5 1,171 1 6,816 3 8,038 3 6,178 9 5,615 18 6,275 27 4,117 34 3,734

COVID-19 2 350,827 20 103 7 501 5 2,254 4 6,079 3 16,964 2 42,090 2 76,277 2 206,559

CORONARY HEART DISEASE 1 382,803 26 24 21 86 10 997 5 5,133 1 18,668 1 53,125 1 81,703 1 223,067

LIVER DISEASE 14 51,575 37 4 27 47 6 1,630 6 4,934 4 9,494 7 16,128 11 11,884 26 7,454

HOMICIDE 26 24,573 6 1,011 3 6,466 4 7,125 7 4,482 17 2,541 32 1,753 44 742 50 453

DIABETES MELLITUS 8 102,187 23 61 10 312 9 1,168 8 2,904 5 7,546 5 18,002 5 27,213 8 44,981

HYPERTENSION 7 119,985 34 5 22 78 13 795 9 2,783 7 7,132 6 16,447 7 21,561 6 71,184

ENDOCRINE DISORDERS 10 55,660 9 559 8 423 8 1,210 10 2,267 13 4,320 11 8,782 10 12,131 13 25,968

STROKE 3 160,262 12 235 16 188 15 600 11 2,008 8 5,686 9 14,153 6 26,363 4 111,029

OTHER INJURIES 23 28,499 3 1,795 5 929 7 1,439 13 1,867 16 2,605 20 4,431 24 5,118 24 10,315

COLON-RECTUM CANCERS 13 53,095 49 1 28 46 21 408 15 1,523 11 4,800 10 10,544 9 13,337 14 22,436

INFLAMMATORY/HEART 24 28,422 14 166 13 237 12 826 16 1,445 21 2,405 22 4,402 22 5,527 19 13,414

INFLUENZA & PNEUMONIA 12 53,617 10 341 17 184 17 574 17 1,135 18 2,502 17 6,276 14 10,449 11 32,156

KIDNEY DISEASE 11 54,306 22 71 23 72 27 345 18 896 20 2,444 16 6,412 12 11,849 10 32,217

HIV/AIDS 41 5,115 44 2 26 53 19 468 19 770 25 1,165 34 1,542 43 833 55 282

LUNG CANCERS 5 136,166 32 6 39 13 32 126 20 756 10 5,058 3 26,664 3 45,572 7 57,971

FALLS 18 42,113 24 47 18 152 24 359 22 625 24 1,282 24 3,140 20 5,925 12 30,583

LEUKEMIA 27 23,422 11 276 12 261 26 346 24 541 29 956 28 2,616 21 5,685 20 12,741

DROWNINGS 44 4,176 7 654 6 546 18 557 25 509 38 508 50 552 52 437 52 413

CONGENITAL ANOMALIES 38 9,573 1 4,746 9 384 20 450 26 494 34 741 38 1,257 46 699 44 802

MATERNAL CONDITIONS 56 1,288 46 2 15 191 16 594 27 476 60 20 64 4 67 1 74 0

LYMPHOMAS 21 34,319 28 19 25 63 29 200 30 436 23 1,399 21 4,420 17 9,026 17 18,756

ASTHMA 45 4,145 17 159 14 203 25 348 31 410 36 570 45 745 49 607 42 1,103

45-54 55-64 65-74 75+All Ages 0-14 15-24 25-34 35-44

AGE CATEGORY

CAUSE OF DEATH Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank # Rank #
CORONARY HEART DISEASE 1 382,803 26 24 21 86 10 997 5 5,133 1 18,668 1 53,125 1 81,703 1 223,067

COVID-19 2 350,827 20 103 7 501 5 2,254 4 6,079 3 16,964 2 42,090 2 76,277 2 206,559

LUNG CANCERS 5 136,166 32 6 39 13 32 126 20 756 10 5,058 3 26,664 3 45,572 7 57,971

LUNG DISEASE 4 147,511 30 13 37 14 40 47 32 373 15 2,946 4 18,011 4 37,832 5 88,275

DIABETES MELLITUS 8 102,187 23 61 10 312 9 1,168 8 2,904 5 7,546 5 18,002 5 27,213 8 44,981

STROKE 3 160,262 12 235 16 188 15 600 11 2,008 8 5,686 9 14,153 6 26,363 4 111,029

HYPERTENSION 7 119,985 34 5 22 78 13 795 9 2,783 7 7,132 6 16,447 7 21,561 6 71,184

COLON-RECTUM CANCERS 13 53,095 49 1 28 46 21 408 15 1,523 11 4,800 10 10,544 9 13,337 14 22,436

ENDOCRINE DISORDERS 10 55,660 9 559 8 423 8 1,210 10 2,267 13 4,320 11 8,782 10 12,131 13 25,968

LIVER DISEASE 14 51,575 37 4 27 47 6 1,630 6 4,934 4 9,494 7 16,128 11 11,884 26 7,454

KIDNEY DISEASE 11 54,306 22 71 23 72 27 345 18 896 20 2,444 16 6,412 12 11,849 10 32,217

INFLUENZA & PNEUMONIA 12 53,617 10 341 17 184 17 574 17 1,135 18 2,502 17 6,276 14 10,449 11 32,156

LIVER CANCER 25 28,227 25 33 30 38 35 97 35 321 22 1,424 15 6,806 15 9,988 25 9,520

LYMPHOMAS 21 34,319 28 19 25 63 29 200 30 436 23 1,399 21 4,420 17 9,026 17 18,756

PROSTATE CANCER 22 32,707 50 1 58 1 64 1 53 32 44 326 25 2,944 18 8,083 15 21,319

FALLS 18 42,113 24 47 18 152 24 359 22 625 24 1,282 24 3,140 20 5,925 12 30,583

LEUKEMIA 27 23,422 11 276 12 261 26 346 24 541 29 956 28 2,616 21 5,685 20 12,741

INFLAMMATORY/HEART 24 28,422 14 166 13 237 12 826 16 1,445 21 2,405 22 4,402 22 5,527 19 13,414

OTHER INJURIES 23 28,499 3 1,795 5 929 7 1,439 13 1,867 16 2,605 20 4,431 24 5,118 24 10,315

SUICIDE 16 45,977 8 601 4 6,062 2 8,454 2 7,314 6 7,249 14 7,160 25 4,716 31 4,421

ROAD TRAFFIC ACCIDENTS 19 41,944 5 1,171 1 6,816 3 8,038 3 6,178 9 5,615 18 6,275 27 4,117 34 3,734

OVARY CANCER 33 13,438 38 4 38 14 36 96 36 285 26 1,065 26 2,837 28 4,014 29 5,123

POISONINGS 9 87,386 19 115 2 6,664 1 20,938 1 21,943 2 18,078 8 15,030 29 3,891 46 727

ORAL CANCER 37 10,835 43 2 35 15 42 41 40 187 30 842 27 2,827 31 3,317 35 3,604

OTHER NEOPLASMS 29 16,229 18 129 24 65 31 131 37 251 39 491 35 1,539 32 3,278 23 10,345

45-54 55-64 65-74 75+All Ages 0-14 15-24 25-34 35-44

https://www.worldlifeexpectancy.com/usa-cause-of-death-by-age-and-gender



Lingering Effects of Early Genetic Programs, Diets, Behaviors, and Exposures



Better integration is needed to identify and exploit g x e interactions, nuanced behaviors, social factors, aging effects, 
and general context-specificity that could lead to interventions designed to optimize individual health and longevity

The Need for Integration Across the Age, Genetic and Non-Genetic Spectrum 

Risk for 2nd disease
Risk for 1std disease

Genetic correlation



Are Large-Scale National Government Subsidized Longitudinal Studies Good? 

Will such studies reveal greater heterogeneity and a need for the ‘personalization’ of nutritional and medical interventions?



Estimating Life Expectancy for Different Age Cohorts and Dietary Changes

• How reliable are the data used? What about interactions with, e.g., SES, genetic predisposition, etc.?
• Could/should such estimates be personalized with many more factors considered based on more data?
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Surrogate Endpoints for Long-term Outcomes and Longitudinal Trajectories 

• Time lapse between change in the molecular milieu
and change in the clinically-relevant phenotype?

• How long does it take before the system is sustainably
healthy with continued use of intervention?

Molecular phenotype
(biological clock)

Clinical phenotype
(blood pressure)“You could die of age-related disease while waiting for your longevity-

enhancing diet or intervention (i.e., geroprotector) to pay dividends”
- Schork et al. (AGMR; 2021)



Focused Clinical Trials and Broader Publicly-Subsidized Societal Interventions



Questions to Keep in Mind:

1. What do the current data say, if anything, about nutrition, health, and life course?
2. What are the limitations of current research strategies and how we can overcome them?
3. If we learn of something that might lead to sustained health, how can we prove its worth?
4. What kind of interventions would be practical from what we have learned or could learn?

“We can't solve problems by using the same kind of thinking 
that created the problems in the first place” 

– Albert Einstein (paraphrase)


