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Fracture Facts 
• By 90 years, 1/3 of women and 1/6 of men 

suffer hip fractures. 

• Age is the most important risk factor for 
osteoporotic fracture. 

• Most hip fractures occur with T-scores better 
than -2.5. 

• More than 1/3 of NH residents have suffered 
a fracture - ⇑5-fold vs. community-dwellers 

• Prior fractures predict future fractures. 

• Clinical risk factors, including falls and 
vitamin D status, are critical to predicting 
fracture risk. 



Strength and Balance 
 Major confounders are disuse and disease 

 Muscle mass, strength ; modifiable by training 
– at best ~15%  by 80; fast twitch type 2  

 Sarcopenia >50%  common, NOT purely aging 

 Strength, cerebellar integrity, hearing and vision 
all play a role in balance 

 Vestibular portion of 8th CN – degeneration of  
otoconia (otolith granules) – multiple diseases, 
8th N sensitivity to drugs are confounders 

 Single stance a powerful discriminator 



Falls Facts 
1/3 adults ≥ 65 each year, but less than half 
talk to their healthcare providers about it 

Direct medical costs of falls estimated > $30 
billion 

Injuries ⇑ 4-fold ≥ 85 vs 65 to 74 

LTC ≥ 1 year ⇑ 4-5-fold ≥ 75 vs 65 to 74 

Women ⇑ injuries and fractures 2x men 

Over 90% of hip fractures due to falls 

82% of fall deaths are among people ≥ 65 

Men ⇑ deaths 
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Normal bone Osteoporosis 
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Osteoporosis is a disease 
characterized by low bone 
mass, microarchitectural 
deterioration of bone 
tissue leading to 
enhanced bone fragility, 
and a consequent 
increase in fracture risk. 



Young quad Old quad 



Sarcopenia 
 Hallmarks: 

Loss of muscle mass  
Fat infiltration 
Smaller fast twitch fibers 

 Prevalence with aging: 
Everyone! 

 Consequences: 
Poor muscle function 
Falls and fractures 
Loss of independence 

FRAILTY 

 Best known intervention: Exercise 

 YET only 12% over the age of 65 participate! 

       25 year old 63 year old 
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SARC-F Screen for Sarcopenia 

Malmstrom, J Frailty Aging 2013 



EWGSOP modified algorithm for screening 
and classification of sarcopenia 

Hirschfeld et al. Osteo Int 2017 



Sarco-Osteoporosis 

Binkley &  
Buehring 2009 

Sarco-osteopenia 
Sarco-osteoporosis 

Age-related Loss 
of Bone Mass 
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Osteopenia/ 
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Sarcopenia 
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Reduced Quality of Life 
Mortality 



Hip Fx Pts Often Have Sarcopenia 
and Osteoporosis by DXA 

Adapted from Di Monaco 2010   

313 white women: hip fracture 

Sarcopenia: ALM/Ht2 < 5.45 

Osteoporosis: Femur T-score ≤ -2.5 

“Data supports… 

preventive strategies and 

treatment options for 

sarcopenia and 

osteoporosis targeting both 

bone and muscle…” 

OP & SP 
n = 141 

OP 
Ø SP 
n = 89 

SP 
Ø OP 
n = 39 

OP 
n = 230 

SP 
n = 180 

Ø SP, Ø OP 
n = 44 



Frailty Facts 
7-10 % ≥ 65, 40-50 % ≥ 85 

⇑ women, African Americans, less 
educated, poor 

Co-existing chronic diseases: 
including arthritis, hypertension, 
and diabetes 

Death ⇑ 6-fold vs non-frail 

Falls, fractures, functional decline, 
disability, loss of independence, 
hospitalization, mortality  



Fried LP, et al. Journal of Gerontology 2001; 56A: M146-156 

1- Weight loss: >10 lb unintentionally prior year 

2- Weakness: grip strength lowest 20% (by gender and 

body mass index) 

3- Exhaustion: self report of exhaustion (CED-

Depression Scale) 

4- Slowness: walking time/15 feet slowest 20% (by 

gender and height) 

5- Low activity: Kcal/week lowest 20% (Minnesota 

Leisure Time activity questionnaire) 

Frailty: ≥ 3 criteria 
Prefrailty: 1 or 2 criteria 

Fried et al. Journal of Gerontology 2001 

Frailty Syndrome 



FRAIL Scale 
Fatigue / Resistance (1 flight of stairs) / Ambulation 

(one block) / Illnesses / Loss of weight 



⇑Frailty ∝ ⇑Mortality 

Hyde et al. JCEM 2010 

FRAIL scale: Fatigue, Resistance, Ambulation, Illnesses, Loss of weight 



⇑Frailty ∝ ⇑Mortality 

Kulmala et al. Geri Geront 2014 
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Evans et al. 2013 



Hoogendijik et al Aging Clin Exp Res. 2017 

Lowest Frailty Index  

Highest Frailty Index 

Increased frailty index ∝ 
⇓ survival 
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1.Very Fit 

2.Well 

3.Managing Well 

4.Vulnerable 

5.Mildly Frail 

6.Moderately Frail 

7. Severely Frail 

8. Very Severely 
Frail 

9. Terminally Ill 



Gerontopole Frailty Screening Tool 

Vellas et al. J Nutr Health Aging 2013 



Screening / Assessment 

Osteopenia / Osteoporosis 
–Clinical factors, biomarkers, DXA, US 

Sarcopenia 
–Sarc-F, Gerontopole, biomarkers 

(infl/metab), DXA, US, ADP, BIA, D3-cr 

Frailty 
–Fried, FRAIL, CFS, Frailty Index, 

Tilburg, Edmonton 

Closing the barn door after the 
horse has bolted? 



Management of osteosarcopenic 
obesity & frailty 

Early Identification (pre- & pre-pre-?) 

– Risk factors / calculators, Questionnaire, 

Biomarkers, DXA 

Prevention 
– Lifestyle, Exercise, Nutrition, Environment, 

?Social Support, ?Pharmacologic 

Treatment 
– PT, OT, Protein, Environment, Social 

Support, ?Pharmacologic 



IAGG Recommendations 
for Frailty 

Physical frailty can potentially 

be prevented or treated with 

specific modalities, such as 

exercise, protein-calorie 

supplementation, vitamin D, and 

reduction of polypharmacy. 
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Future Goals 
Knowledge Gaps 
– Genetics / Race / Gender 

– Social & Cultural Supports 

– Biology / physiology (?unifying or multi-
layered or both) 

Research Opportunities 
– Predictive biomarkers 

– Interventions – targeted, multifactorial 

– Nutrition 

– Exercise modalities 

Implementation 


