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Outline of today’s talk

• Relevance of mobility in older adults

• Interventions to avert mobility loss

• The LIFE Study 

• The Testosterone Trial

• The ENRGISE Pilot study

• TAME

• Conclusions



Mobility disability in the US in 2010 
• About 23.9 million people living in the 

community had difficulty walking a quarter 

of a mile or 400 m, including 13.1 million 

who could not perform this activity

• Among individuals aged 65 and older 

living in the community, about 15.2 million 

people (39.4 percent) had difficulty with 

ambulatory activities, of which 11.2 million 

had severe difficulty
US Census Bureau, Current Population Reports,

MW Brault, July 2012, P70-131



HABC – 400 m walk performance 

and incident cardiovascular disease

Newman et al. JAMA; 2006;295:2018



HABC – 400 m walk performance 

and mortality

Newman et al. JAMA; 2006;295:2018



Medicare Current Beneficiary Survey

Ability to walk ¼ mile, health care cost and 

hospitalization rates

Hardy et al. J Gen Intern Med Online; 2010:Oct 23



Studenski et al. JAMA; 2011;305:50

Predicted life expectancy by age 

and walking speed in men



Studenski et al. JAMA; 2011;305:50

Predicted life expectancy by age 

and walking speed in women
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Criteria for prioritizing the interventions in RCTs

Safety, tolerability and acceptability are key criteria. Vulnerable older 

persons use multiple drugs and have multiple comorbidities, and thus, 

are at high risk of adverse drug reactions. Newer drugs are often tested 

in younger or middle age adults for the treatment of a single condition 

and therefore, their safety and tolerability in older persons is not fully 

known. Furthermore, for the prevention of mobility limitations, vulnerable 

or frail older persons may not be willing to take, and their providers may 

not be willing to prescribe drugs that bear a risk of severe adverse 

events. 

Benefit on physical performance and/or skeletal muscle

Biological mechanisms are considered to prioritize interventions that 

target different mechanisms or may have synergistic effects. We exclude 

interventions that may negatively affect skeletal muscle metabolism.

Practical and affordable for implementation in the US health care 

system. Cost is a major factor for this criterion to maximize the public 

health impact of the trial



Interventions to maintain mobility

Pharmacological

• Acarbose

• ACE inhibitors

• Albuterol

• Angiotensin Receptor 

Blockers

• Aspirin

• Anti-TNF-alpha, -IL6,-IL1

• Chloroquine, Colchicine 

• Cox-2 inhibitors

• Metformin

• Methotrexate 

• Myostatin inhibitors

• NSAIDs

• Rapamycin 

• Pentoxyphylline

• Salsalate

• Statins

• Thalidomide



Interventions to maintain mobility

Hormonal

• DHEA

• Erythropoietin

• Estrogens

• Growth hormone

• GH secretagogues

• Ghrelin

• Oxytocin 

• Selective Androgen 

Receptor Modulators -

SARMs

• Testosterone 



Interventions to maintain mobility

Nutrition supplements and vitamins

• Carnitine

• CoQ10

• Creatine

• Curcuma 

• Lactoferrin

• Linolenic acid

• Omega 3 polyunsaturated 

fatty acids
– Fish oil

– Krill oil

– Flax

• Nicotinamide Adenine 

Dinucleotide (NAD+)

• Probiotics

• Resveratrol

• Vitamin C

• Vitamin D

• Vitamin E



Interventions to maintain mobility

Behavioral – Physical - Surgical

• Bariatric Surgery

• Cognitive training

• Diet 
– High protein

– Low calorie

– Mediterranean

• Health education

• Meditation

• Physical activity

• Resistance

• Aerobic

• Tai Chi

• Smart and connected 

technologies

• Transcranial direct 

electrical stimulation

• Yoga 



Lifestyle Interventions and 

Independence for Elders

The LIFE Study

Is a structured physical activity or a 

health education program more 

effective in reducing the risk of major 

mobility disability in older persons?

Pahor et al. JAMA 2014;311:2387



- Multicenter, single-blinded, parallel randomized trial

- 8 field centers across the US

- Coordinating Center: University of Florida

- Data Management Quality Control: Wake Forest University

- Duration: February 2010 – December 2013

Stanford

Pennington
Florida

Northwestern

Wake Forest

Pittsburgh

Yale

Tufts

ClinicalsTrials.gov NCT01072500



Primary outcome: 
Major Mobility Disability

Inability to walk 400 m at usual 
pace on a 20 m course - 10 laps 
(40 m per lap)
• Within 15 min without sitting
• Without help of a person or 

walker
• Use of a cane and stop for up 

to 1 min was acceptable

Pahor et al. JAMA 2014;311:2387



Other outcomes

• Secondary outcomes: 
•Cognitive function
• Injurious falls
•Cost-effectiveness

• Tertiary outcomes:
• Cardiovascular and pulmonary events
• Dementia/MCI



Major mobility disability events

• 32.5% (532/1635) participants

Persistent mobility disability events

• 17.2% (282/1635) participants

Over an average of 2.6 years of follow-up

Pahor et al. JAMA 2014;311:2387



Events

Physical Activity: 30.1% (n=246/818) 

Health Education: 35.5% (n=290/817)

HR=0.82, 95%CI=0.69-0.98 

P=0.03

Physical activity

Health Education

Pahor et al JAMA 2014;311:2387



Events

Physical Activity:  14.7% (120/818)

Health Education: 19.8% (162/817)   

HR=0.72, 95%CI=0.57-0.91

p=0.006

Physical activity

Health Education

Pahor et al JAMA 2014;311:2387



Major Mobility Disability – Subgroup Analysis

Pahor et al JAMA 2014;311:2387



Physical Activity: Overall Burden and Transitions Between 

States of Major Mobility Disability
Gill et al. Ann Intern Med. Published online  September 27, 2016. doi:10.7326/M16-0529

Risk ratios denoting the burden of major mobility disability over time for physical activity 

versus health education according to subgroups.

MMSE = Mini-Mental State Examination; SPPB = Short Physical Performance Battery.

Figure Legend: 





LIFE – Cognitive outcomes Sink et al; JAMA;2015;314:781



LIFE – Cognitive outcomes: Executive function

Sink et al. JAMA;2015;314:781



LIFE – Serious fall injuries

Gill et al. BMJ;2016;352:i245



LIFE – Serious fall injuries in men and women

Gill et al. BMJ;2016;352:i245

rate ratio 0.54, 95% CI 0.31 to 0.95 

rate ratio 1.07, 95% CI 0.75 to 1.53 

P=0.043 for interaction



LIFE – Cardiovascular disease events

Newman et al. JAMA Cardiol 2016;1:568



LIFE – Cardiovascular disease events

Newman et al. JAMA Cardiol 2016;1:568



Snyder et al; NEJM;2016;347:611



TTrial – Walking ability: Increase >= 50 m in the 6 min walk test

Snyder et al; NEJM;2016;347:611

OR=1.42

Physical function participants n=390  OR=1.42 p=0.20

All TTrial participants n=790  OR=1.76 p=0.003



TTrial – Sexual function: Psychosexual Daily Questionnaire

Snyder et al; NEJM;2016;347:611

OR=1.42



TTrial – Vitality: 

Functional Assessment of Chronic Illness Therapy (FACIT)

Snyder et al; NEJM;2016;347:611



ENabling Reduction of low-

Grade Inflammation in 

Seniors - Pilot Study

Funding: NIA U01AG050499
Abbott grant for study drug – the company has no other 

involvement with the study

35



- Double-blinded, 2x2 factorial randomized pilot trial

- 5 field centers 

- Coordinating Center: University of Florida

- Data Management Quality Control: Wake Forest University

- n=300 – follow-up duration 12 months 

Florida

Northwestern

Wake Forest

Pittsburgh

Tufts

ClinicalsTrials.gov NCT02676466



Selection of the Interventions
Criteria 

Interventions

1. Safe, 

tolerable, 

acceptable 

2. IL-6 

redu-ction 

3. Physical 

performance

4. Inno-

vation

5. Mecha-

nism

6. Practical, 

affordable

ACEIs, ARBs + + + + + +

ω-3 + + + + + +

Mediterranean diet + + + + + -

Physical activity, weight loss + + + - + +?

Vitamin D + + + - + +

Anti-TNF-a, -IL6,-IL1; 

methotrexate 

thiazolidinediones

- + ? + + ?

Statins, chloroquine, 

colchicine 
- + - ? + - +

Corticosteroids, aspirin, 

NSAIDs, cox-2 inhibitors
- + ? + + +

Fosinopril, ghrelin, lactoferrin, 

oxytocin, salsalate, curcuma, 

creatine, probiotics, resveratrol

+ - ? - ? + + ? +

+ positive evidence, - negative evidence, ? evidence lacking



Specific Aims

Conduct a pilot RCT in 300 older persons at risk of mobility 
decline to assess: 

– Compared with placebo, the effects of losartan, ω-3, 
and losartan+ω-3 on IL-6 and walking speed; 

– The recruitment yields, the target population, 
adherence, retention, tolerability of the interventions

– The primary outcome, sample-size, design, and cost for 
the main trial;  

– The intra-subject variability of IL-6, 

– The dosage and safety of the interventions 



Outcomes
• Primary Outcomes

– IL-6
– Walking speed during 400 m walk test

• Secondary outcomes 
– SPPB
– Frailty
– Grip strength
– Isokinetic knee extension strength
– Inability to walk 400m (planned primary outcome for the 

main trial)
– Biomarkers of inflammation
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Metformin targets multiple pathways of aging

Barzilai N et al Metformin as a Tool to Target Aging. Cell Metab. 2016 Jun 14;23(6):1060 

http://www.ncbi.nlm.nih.gov/pubmed/27304507


TAME (Targeting Aging with MEtformin)

•To show that multiple morbidities of aging can be 

targeted by metformin

• (FDA) To obtain a new indication for the delay 

of age-related morbidities

•To apply the discoveries of geroscience as a 

powerful new tool for achieving primary 

prevention of multiple diseases



Slow gait speed OR obesity 
plus hypertension and/or 

dyslipidemia 
(no CVD, cancer, or 

MCI/Dementia)

Time to new diagnosis of a composite component: CVD (MI, stroke, 
CHF, revascularization, PAD), cancer, MCI or dementia, death.

Inclusion
Criteria

3000 subjects
65-79  years

Primary 
outcome

Secondary 
outcomes

Tertiary
outcomes

Accumulation rate of 14 age-related chronic health conditions (e.g. 

depression, osteoporosis, osteoarthritis), rate of acute events (e.g. falls, 

pneumonia), change in measures of function (gait speed, etc.), and quality 

of life measures (pain, sleep quality, fatigue)

Double blind placebo control study

1 or 2 of CVD, Cancer,  
MCI present at 

baseline 

Stratum 1: High Risk Stratum 2: Positive History

Time to occurrence of composite functional 

outcome:  Death, persistent severe difficulty or 

inability to walk ¼ mile or climb 10 steps, developing 

ADL limitation, transition to MCI/dementia

TAME: Targeting Aging with METformin

Primary Composite 

+ Type 2 diabetes 

mellitus (T2DM)



• LIFE involves the most vulnerable older adults 

who are understudied and who are typically not 

included in large clinical trials

• LIFE demonstrates mobility benefit of a physical 

activity program in vulnerable older adults

• Those at highest risk, benefited the most on a 

broad range of health outcomes

• The physical activity intervention is cost 

effective

Main findings




