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Frailty Prevalence During Aging

What is the trajectory of 
resilience during aging?
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Loss of Resilience – Tip of 
the Iceberg?
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Biomarkers Associated with Physical 
Resilience After Hip Fracture 

Parker et al. J Gerontol 2020 

• Physical resilience after hip fracture—the expected 
recovery differential (ERD)

• Used biomarkers associated with physical performance, 
morbidity, mortality, and hip fracture 

• Baltimore Hip Studies (N = 304): biomarkers of 
inflammation (TNFR-I, TNFR-II, sVCAM-1, and IL-6), 
metabolic and mitochondrial function (non-esterified fatty 
acids, lactate, ketones, acylcarnitines, free amino acids, 
and IGF-1), and epigenetic dysregulation (circulating 
microRNAs) 

• Complete biomarker set explained 37% of the variance in 
ERD (p < .001) 

• Biomarker subset ⇒ 27% of the ERD variance and included 
metabolic factors (aspartate/asparagine, C22, C5:1, lactate, 
glutamate/mine), TNFR-I, miR-376a- 3p, and miR-16-5p



Phenotype may be all we 
need???

• FI34 was a significant predictor of mortality, whereas none of the 
DNA methylation age-based metrics were.

• FI34 outperformed DNA methylation, remaining significant with 
chronological age when DNA methylation measures were not.

• FI34 is a robust predictor of biological age, while DNA methylation 
measures are largely a statistical reflection of the passage of 
chronological time. 

Baseline miRNA profiles predict loss of 
muscle, declines in physical function, and 

decreased energy 17 years later 

Reynolds et al. Preliminary Results
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Questions / Future Strategies
• Measures of frailty may be too late – the 

horse may have left the barn?
• Though, we have demonstrated that frailty 

(in mice and likely people) can be reduced 
with HIIT – is resilience modifiable?

• Will resilience measures be specific to 
pathways and molecular systems and/or 
correlate to clinical outcomes?

• Need models that permit prognostication and 
prevention: keep the horse in the barn rather 
than just bringing it back?

References
1. Merchant RA, Aprahamian I, Woo J, Vellas B, Morley JE. Editorial: Resilience And 

Successful Aging. J Nutr Health Aging. 2022;26(7):652-656.
2. Perazza LR, Brown-Borg HM, Thompson LV. Physiological Systems in Promoting 

Frailty. Compr Physiol. 2022 Apr 26;12(3):3575-3620.
3. Seldeen KL, MacDonald BA, Troen BR. Frailty: The end of the osteosarcopenia 

continuum?.  In “Osteosarcopenia” (Duque G and Troen BR, Eds.) – Elsevier, 
London, UK, pp. 239-253, 2022. 

4. Rani A, Barter J, Kumar A, Stortz JA, Hollen M, Nacionales D, Moldawer LL, Efron PA, 
Foster TC. Influence of age and sex on microRNA response and recovery in the 
hippocampus following sepsis. Aging (Albany NY). 2022 Jan 30;14(2):728-746.

5. LeBrasseur NK, de Cabo R, Fielding R, Ferrucci L, Rodriguez-Manas L, Viña J, Vellas
B. Identifying Biomarkers for Biological Age: Geroscience and the ICFSR Task Force. 
J Frailty Aging. 2021;10(3):196-201.

6. Ukraintseva S, Arbeev K, Duan M, Akushevich I, Kulminski A, Stallard E, Yashin A. 
Decline in biological resilience as key manifestation of aging: Potential mechanisms 
and role in health and longevity. Mech Ageing Dev. 2021 Mar;194:111418.

7. Parker DC, Colόn-Emeric C, Huebner JL, Chou CH, Kraus VB, Pieper CF, Sloane R, 
Whitson HE, Orwig D, Crabtree DM, Magaziner J, Bain JR, Muehlbauer M, Ilkayeva
OR, Huffman KM. Biomarkers Associated with Physical Resilience After Hip Fracture. 
J Gerontol A Biol Sci Med Sci. 2020 Sep 25;75(10):e166-e172.

8. Kim S, Myers L, Wyckoff J, Cherry KE, Jazwinski SM. The frailty index outperforms 
DNA methylation age and its derivatives as an indicator of biological age. 
Geroscience. 2017 Feb;39(1):83-92.


