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How long do we live and what impacts the
qguantity and quality of our lives?

How does exercise extend our quantity and
quality of life?

How can we increase exercising in previously
inactive adults, and does it extend health?
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Last 10 Years Commercial




Many risk factors are within your power to

— <]
LlfeSter rlSk control. Find out what they are. Learn the
faCtors steps to lower your risk.

Ed kS

Unhealthy diet Physical inactivity Unhealthy weight

Smoking Stress Excessive alcohol &

drug abuse



Institute for Clinical Evaluative Sciences
Public Health Ontario

Exhibit 5 25
Gain or loss in life expectancy for Ontarians aged 20 and older with healthy versus high level of unhealthy exposure for selected behaviours,
relative to average Ontario life expectancy, 2007

Life expectancy
(years)

92 —

77 —

72 -

67

Smoking Alcohol Physical activity Diet Stress All five risk factors

~— Ontarians’ life expectancy B Life expectancy loss for individuals with high level of unhealthy behaviour ¥ Life expectancy gain for individuals without unhealthy behaviour

Key message:

o A 20-year difference in life expectancy existed between people who have all five behavioural risks and those with none of the five risks.



Institute for Clinical Evaluative Sciences
Public Health Ontario

Exhibit 7
Impact of eliminating five behavioural risks on life expectancy and health-adjusted life expectancy for Ontarians aged 20 and older, 2007

Years
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Smoking Alcohol Physical activity Diet Stress All five risk factors

M Life expectancy gain [ Health-adjusted life expectancy gain

*Considers all risk exposure categories compared to healthiest (reference) category (Exhibit 3)

Key messages

« Smoking, physical inactivity and inadequate diet each accounted for about two years of life expectancy lost.
« Combined, the five risk factors reduced life expectancy by 7.5 years.

 Reducing or eliminating behavioural risks resulted in even greater gains in health-adjusted life expectancy (up to 9.8 years)—adding life to years as well as years to life.

Seven more years: The impact of smoking, alcohol, diet, physical activity and stress on health and life expectancy in Ontario

27



Take Home

Quality equally as important to quantity of life

Health behaviours and stress matter



Walking is man’s best medicine.

(Hippocrates)

izquotes.com







The American Heart Association
Amadonn. - aieciomn Recommendations for Physical

t | Strok
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Association ation. Activity i n Ad u Its

How many minutes of moderate physical activity
are recommended per week?

Moderate activity is defined as 3-6 METs

Examples include brisk walking, ballroom
dancing, gardening, water aerobics
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The American Heart Association
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How many minutes of vigorous physical activity are
recommended per week?

At least

t least

SO’

tota

VPA =>6 METs

Examples include jogging, running, swimming laps,
jumping rope, biking >10 miles/hr



The American Heart Association
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The American Heart Association
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Prevalence of physical inactivity* among adults, ages 18+ (age standardised estimates)
Both sexes
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[ | Not applicable physical activity per week, or equivalent

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data Source: World Health Organization V‘; ‘QJ World Health
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for which there may not yet be full agreement. World Health Organization © WHO 2015. All rights reserved.



@ The JAMA Network

From: Leisure Time Physical Activity and Mortality: A Detailed Pooled Analysis of the Dose-Response
Relationship

Arem et al, JAMA Intern Med. 2015;175(6):959-967. doi:10.1001/jamainternmed.2015.0533
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What are the health benefits of physical activity?

All-cause
mortality by
30%
cardiovascular
disease by up
to 35%
Regular physical

dementia by
up to 30%

hip fractures by
up to 68%
activity reduces
your risk of type 2
diabetes by
up to 40%
depression colon cancer
by up to by 30%
30%

breast cancer by 20%

Source: https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health
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Telomeres shorten during cell division...

Telomere ——
Protective caps at the
ends of chromosomes

Telomere —»

w
Chromosome

eventually when telomeres become
critically short cell division stops



Are telomeres important
to health and longevity?



Meta-analysis of the association between
telomere length and cardiovascular disease.

Design/study Degree of No of Relative risk Relative risk (95% Cl)
adjustment cases (95% Cl) for CHD comparing
shortest v longest third

of telomere length
Retrospective studies

Spyridopoulos®* + 25 - 5.80 (0.7110 47.19)t
SMS? s 38 e 4.78 (2.20 to 10.37)*+
CYPRUS?! see 42 e 1.98 (0.86 t0 3.91)
185476 + 51 ——n— 2.23(1.06 10 4.66)
Mukherjee?® : 76 e — 2.15(1.23 10 3.78)*
Russo”? + 199 —m— 0.89 (0.58 10 1.38)*
Brouilette'® ++ 203 P 2.41 (1.4410 4.05)
HIFMECH?? +3 520 —l— 1.37 (1.00 to 1.89)t
Cui®® 444 2140 - 1.31(1.04t0 1.89)

fsubtotal (9 studies) 3294 < 1.80 (1.3210 2.44) |
Heterogeneity: 1’=65% (30% to 83%) :

Prospective studies
MAHAS?? . 29 —=PeE 1.09 (0.47 to 2.54)*t
Cawthon'? + 30 e 4.86 (1.52 t0 15.57)
CHS?? -+ 36 4 1.47 (0.87 to 2.48)
BRUNECK®’ P 43 S S s— 3.52(1.29109.57)t
NSHS95% ++44 164 —— 1.25 (0.82t0 1.90)
HABC? ++ 189 1: 1.00 (0.76 t0 1.29)
MDC*® + 226 : 1.00 (0.71 to 1.42)*t
CGPS?*® 444 230 —Ei— 1.48 (1.03t0 2.11)
WOSCOPS ' s 289 - 1.95 (1.33 10 2.84)
PHS® . 337 —a 2.11(1.22t0 3.64)
CCHS?*® 444 699 = 1.16 (0.98t0 1.36)
Subtotal (11 studies) 2272 < 1.40(1.15t01.70)
Heterogeneity: 12=59% (21% to 79%)

Fotal (20 studies): 1°=64% (41% to 77%) 5566 e 1.54 (1.30to 1.83]

05 1 2 4 8 16 32
Haycock et al, BMJ, 2014



Risk of all-cause mortality in the 64637 participants from the general population according to
telomere length deciles in age-adjusted and multivariable-adjusted Cox regression analysis.

Age-adjusted Multivariable-adjusted
(Ptrend = 3*10-30) (Ptrend = 2*10-15)
Participants  Events HR (95% CI) HR (95% CI)
Telomere length decile | |
Ist (longest) 6465 392 * 1 (reference) ? 1 (reference)
2nd 6464 465 >—J—| 0.98 (0.85t0 1.12) »—‘—| 1.01 (0.88 to 1.16)
3rd 6464 587 —@— 1.15(1.01 to 1.31) ® 1.15 (1.01 to 1.31)
4th 6464 572 H@®— 1.06 (0.93t01.21)  H@— 1.03 (0.91 to 1.17)
5th 6463 668 —@— 1.12 (0.99 to 1.27) H-@— 1.10 (0.97 to 1.25)
6th 6463 728 H@— 1.17 (1.04 to 1.33) —@— 1.12 (0.99 to 1.27)
7th 6464 878 — @ 1.33 (1.18 to 1.49) —@— 1.25(1.11 to 1.41)
8th 6464 896 —@— 1.26 (1.12 to 1.42) —@— 1.13 (1.00 to 1.27)
9th 6464 1094 —@— 1.42 (1.26 to 1.59) —@— 1.30 (1.16 to 1.46)
10th (shortest) 6462 1324 —@— 1.54 (1.38 to 1.73) —@— 1.40 (1.25 to 1.57)
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Hazard ratio for all-cause mortality
(95% confidence interval)

Rode et al. JNCI J Natl Cancer Inst, 2015







Preventive Medicine 100 (2017) 145-151

Contents lists available at ScienceDirect

Preventive Medicine

journal homepage: www.elsevier.com/locate/ypmed

Physical activity and telomere length in U.S. men and women: An @Cmm
NHANES investigation

Larry A. Tucker

Deparrment of Exercise Sciences, 237 SFH, Brigham Young University, Provo, UT 84502, USA
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Odds of having short telomeres
compared to high PA group
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Experimental Gerontology 95 (2017) 141-147

Contents lists available at ScienceDirect Fereriantal

Gerontology

Experimental Gerontology

journal homepage: www.elsevier.com/locate/expgero

Leisure-time physical activity and leukocyte telomere length among @Cm,a,k
older women

Aladdin H. Shadyab **, Michael J. LaMonte °, Charles Kooperberg ¢, Alexander P. Reiner ¢, Cara L. Carty ©,

Todd M. Manini |, Lifang Hou & Chongzhi Di ¢, Caroline A. Macera ", Linda C. Gallo', Richard A. Shaffer ,
Sonia Jain’, Andrea Z. LaCroix *



Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2017, Vol. 72, No. 11, 1532-1537
THE doi:10.1093/gerona/glx037
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Research Article

Association of Accelerometer-Measured Physical Activity
With Leukocyte Telomere Length Among Older Women

Aladdin H. Shadyab,' Michael J. LaMonte,? Charles Kooperberg,® Alexander P. Reiner,*
Cara L. Carty,* Todd M. Manini,? Lifang Hou,” Chongzhi Di,? and Andrea Z. LaCroix’



@ American Joumal of Epidemiology Vel. 185, No. 3
E © The Author 2016. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of DOI: 10.1093/aje/kww196
Public Health. All ghts reserved. For permissions, pleasa e-mall: joumals.parmissions @ cup.com. Advance Access publication:
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Original Contribution

Associations of Accelerometer-Measured and Self-Reported Sedentary Time
With Leukocyte Telomere Length in Older Women

Aladdin H. Shadyab#*, Caroline A. Macera, Richard A. Shaffer, Sonia Jain, Linda C. Gallo,
Michael J. LaMonte, Alexander P. Reiner, Charles Kooperberg, Cara L. Carty, Chongzhi Di,
Todd M. Manini, Lifang Hou, and Andrea Z. LaCroix
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Take Home

Any exercise matters for healthspan and
lifespan, effects are seen deep into our cells

But more is better.



© Randy Glasbergen / glasbergen.com

GLASBERGEN

“I’m prescribing exercise. Think of it as
a stress pill that takes 30 minutes to swallow.”



# STRESS=“Q"i



Valuing the Invaluable:

Putting a Dollar Value
to Family Caregiving

In 2013. about 40 million HOW DOES FAMILY CAREGIVING COMPARE?
! 2013-2014 in billions

fam'ly caregivers in the Walmart Annual Sales $477

United States provided an

estimated 37 billion hours of %3 T
care. The estimated value of - /) [oaewy o —

their unpa'd service was Apple, IBM, Hewlett Packard and Microsoft

approximatel 70 billion.
pproximately $4



TIME COMMITMENT FINANCIAL COMMITMENT
- Caregivers spend an average of @ 6 8 O/
G (o

18 hours per week
Family caregivers who

providing care to a family member.
- say they have to use their own
money to help provide care to

Family caregivers caring for their relative.
6 OO/O an adult while employed full 2
or part time. 3 90/

Provide 21+ hours of 2 2 O/
family care per week while
O felt financially strained.

working a job.
=
1 in 4 workers age 25+_&=

5 50/0 are family caregivers. Sk

Caregivers who felt o workers 40+ that say allowing work
overwhelmed by the amount 7 2 /o flexibility for caregiving would help
of care needed for a family member. improve work/life balance.

AARP Public Policy Institute
- Source. Rnnhurd Susan O, Fanberg, Lymn Froa, Choeule, Mta, and House A, Viduing the mvalastye: 2015 Usdute - Undunubde
F But Big Gaps Remav (075 1.25 AARP Publhe Policy Institure. 16 Ady 2015 - / | H
: aarp.org/valuing

Real Possibilities | Prograss




2X risk for depression

2X risk for cardiovascular diseases

63% risk for early mortality
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Accelerated telomere shortening in response
to life stress

Elissa S. Epel**, Elizabeth H. Blackburn?®, Jue Lin*, Firdaus S. Dhabhar5, Nancy E. Adler*, Jason D. MorrowT,
and Richard M. Cawthon/

*Department of Psychiatry, University of California, 3333 California Street, Suite 465, San Francisco, CA 94143; *Department of Biochemistry and Biophysics,
University of California, San Francisco, CA 94143; SDepartment of Oral Biology, College of Dentistry, and Department of Molecular Virology, Immunology,
and Medical Genetics, College of Medicine, Ohio State University, Columbus, OH 43210; ¥Department of Medicine and Pharmacology, Vanderbilt
University School of Medicine, Nashville, TN 37232; and IDepartment of Human Genetics, University of Utah, 15 North 2030 E Street, Room 2100,

Salt Lake City, UT 84112
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Caregiving
Epel, 2004; Damjanovic, 2007; Puterman, 2010

Domestic violence
Humphreys, 2012

Socioeconomic disadvantage

Adler, 2013; Batty , 2009; Cherkas , 2006; Diez-Roux,
2009; Shiels , 2011; Steptoe, 2011; Surtees, 2012

d adversity

Glaser, 2010; O’Donovan,
es, 2011; Tyrka, 2010

al maternal stressors
r. 2010, 2012

CONCEPTION

Puterman & Epel, SPP Compass, 2012
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Puterman & Epel, SPP Compass, 2012
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Lifespan adversity and later adulthood telomere length
in the nationally representative US Health and

Retirement Study

Eli Puterman®', Alison Gemmill®, Deborah Karasek®, David Weir?, Nancy E. Adler®, Aric A. Prather®, and Elissa S. Epel®’

2school of Kinesiology, University of British Columbia, Vancouver, BC, Canada V6T 1Z3; PDepartment of Demography, University of California, Berkeley, CA
94720-2120; “Division of Epidemiology, School of Public Health, University of California, Berkeley, CA 94720-7360; “Survey Research Center, Institute for
Social Research, University of Michigan, Ann Arbor, Ml 48106; and “Department of Psychiatry, University of California, San Francisco, CA 94118




Telomere data
=~ 5000

(1992 [ 1993 [ 1994 | 1995 [ 1996 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
HRS —- — — — —> — —> — — — =
AHEAD - —> — o —> —> e e e o e
Sample CODA e e o o . - e . o
wB e - - o —> B o B o
EBB e s B o o s
Mm . - . . . . ’.* # —>
N=~ 20,000

Puterman et al, PNAS, 2016



HRS

Total lifespan adversity

Childhood adversities
Relocated due to financial difficulties

Family received financial help
Father ever unemployed

Trouble with police before age 18
Repeated school

Physically abused

Parents used drugs or alcohol

Adult adversities
Experienced the death of a child
Experienced the death of a spouse
Experienced a nautral disaster (afer age 1
Fired a weapon in combat
Ever had a partner addicted to drugs or al
Been a victim of a physical attack (after -
Ever had a spouse or child with a
Ever received medicaid

Ever received food stamps
Ever been laid off

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

HEALTH AND RETIREMENT STUDY

A Longitudinal Study of Health, Retirement, and Aging
Sponsored by the National Institute on Aging

0.25 0.50 0.751.00 1.25 1.50 1.75



HRS

HEALTH AND RETIREMENT STUDY

A Longitudinal Study of Health, Retirement, and Aging
Sponsored by the National Institute on Aging

Unadljusted Adjusted

Childhood adversities |
Relocated due to financial difficulties H—— ]
Family received financial help = | = |
Father ever unemployed |- = F—a—
Trouble with police before age 18 I | =
Repeated school H—a—] .
Physically abused | = | = |
Parents used drugs or alcohol —a— | = I

Adult adversities |
Experienced the death of a child F—a— F—a—
Experienced the death of a spouse —a— —a—
Experienced a nautral disaster (afer age 17) F—— [ —
Fired a weapon in combat { = F—a—
Ever had a partner addicted to drugs or alcohol —a—] —a—
Been a victim of a physical attack (after age 17) = | = |
Ever had a spouse or child with a serious illness —a— H—a—]
Ever received medicaid | | = |
Ever received food stamps | = | I
Ever been laid off —— —a—

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

0.25 0.50 0.751.00 1.25 1.50 1.75
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Puterman & Epel, SPP Compass, 2012
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Puterman & Epel, SPP Compass, 2012
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The Power of Exercise: Buffering the Effect of Chronic
Stress on Telomere Length

Eli Puterman’*, Jue Lin? Elizabeth Blackburn?, Aoife O’'Donovan', Nancy Adler’, Elissa Epel’

1 Department of Psychlatry, University of California San Francisco, San Francisco, California, United States of America, 2 Department of Biochemistry and Slophysics,

University of Califomia San Francisco, San Francisco, Califernia, United States of America, 3 Veterans Affairs Medical Center, San Francisco, California, United States of
America
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Puterman et al, PLoS ONE, 2010



WBC Telomere Length (mean base pairs)

Physical Activity
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Puterman et al, PLoS ONE, 2010



WBC Telomere Length (mean base pairs)
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Puterman et al, PLoS ONE, 2010



Molecular Psychiatry (2014), 1-7 @
© 2014 Macmillan Publishers Limited Al rights reserved 1359-4184/14

www.nature.com/mp

ORIGINAL ARTICLE
Determinants of telomere attrition over 1 year in healthy older

women: stress and health behaviors matter

E Puterman’, J Lin?, J Krauss®, EH Blackburn? and ES Epel’



Telomere Length Change (base pairs)

1000 b=-32.9
© SE =13.7
95%CI = (-60, -6)

500 o

~1000=

Major Life Events
*Covariates: Baseline TL, Age, Income, Education, Ethnicity, BMI, Medication Use

Puterman et al., Molecular Psychiatry, 2015



Telomere Length Change (base pairs)

100

50

Exercise, Diet, and Sleep Mitigate Stress Effects

b=1.38,se=20.47, p=n.s.

SN

b=-27.96,se = 13.76, p = .04
—Poor
—Moderate
High

b=-54.57,se=17.22, p =.002

Major Life Events



Brain, Behavior, and Immunity 33 (2013) 65-73

Contents lists available at SciVerse ScienceDirect B i ORAD
and IMMUNITY
Brain, Behavior, and Immunity ¥ ==

journal homepage: www.elsevier.com/locate/ybrbi

Multisystem resiliency moderates the major depression-Telomere
length association: Findings from the Heart and Soul Study

Eli Puterman®*, Elissa S. Epel?, Jue Lin?, Elizabeth H. Blackburn?, James J. Gross®,
Mary A. Whooley €, Beth E. Cohen®¢
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Take Home

Stress accumulates and reduces telomere length

Exercise, and other health behaviours, matter
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Improving fitness in family caregivers
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Weekly Exercise and Heart Rate Goals

Numbers in each column under Day 1, 2, 3, and 4 indicate how many minutes of aerobic exercise should be completed. Your weekly
minimum target heart rate is displayed in “red”. This is your goal to maintain each time you exercise.

Week | Day1 | Day 2 | Day 3 | Day 4 | % Heart Minimum Total time/notes
Rate Target
Reserve Heart Rate
1 20 20 20 - 40% 109 60 minfites —brisk walking
2 20 30 20 - 45% 115 70 minIJtes —brisk walking, one stationary bike session
3 20 30 20 - 45% 115 70 minlites —brisk walking, one stationary bike session
4 30 20 30 - 50% 121 80 minjites — brisk walking, one stationary bike session
5 30 30 30 - 50% 121 90 minlites — brisk walking, one stationary bike session. Consider
beginn|:19 a jog/walk session
30 20 30 55% 127 100 mihutes —brisk walking, one stationary bike session.
Consider a jog/walk session.
30 30 30 55% 127 120 mihutes — Brisk walking, consider one stationary bike
sessiol. Consider 2 jog/walk sessions.
35 30 40 60% 133 135 mihutes — Brisk walking, consider one stationary bike
sessiol. Consider 2 jog/walk sessions.
35 35 40 60% 133 150 mihutes — Brisk walking, consider one stationary bike
sessiof. Consider 2 jog/walk sessions.
Below is your Heart Rate and how it matcﬂ,ﬁ_mJ':DC categories of intensity.

Resting HR Light Activity: 39% and Moderate Activity:
Below 40%-59%

63 BPM 63-108 BPM 109-132 BPM 133-167 BPM 168-179 BPM 179 BPM




Participant: 951

Week 17 Progress Report

4/25/165/1/16

Congratulations on exceeding your 150 minute exercise goal by 49 minutes this week!

Workout intensity for week 17

Workout intensity in minutes for Week 17

Intensity

Maxaimal Capacity




Participant: 951 Week 17 Progress Report 4/25/165/1/16
Exercise Activity: Total minutes of activity completed per day
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Results
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Cardiorespiratory Fitness
(VO2peak)

EXERCISERS

CONTROLS
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Telomere length (base pairs)
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Perceived Stress Change

p <.001

n.s.




Measures:
Ecological Momentary Assessments
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At each "ping!™: ] ,, ]

Controllability:

Do you feel that you could control important things in your life today?

Rumination:

Have you been unable to stop thinking about stressful situations?

Negative Affect:

Please rate the extent to which you are feeling:
* Angry, anxious, embarrassed, sad, fatigued, frustrated, lonely



Visual Analogue Score
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Take Home

Exercise improves traditional and novel markers
of health in high stressed individuals

Exercise improves how we experience our days

Understanding our motivation, barriers and
facilitators for health behaviour change
essential



NEXT STEPS



Telomere protectors

(telomerase trafficking)

Shelterin complex
(telomere end protection)
A

Telomerase complex
(telomere elongation)
A

CST complex
(telomere capping)






GUIDELINES

For optimal health benefits, children and youth
(aged 5-17 years] should achieve high levels
of physical activity, low levels of sedentary
behaviour, and sufficient sleep each day.

A healthy 24 hours includes:

Preserving sufficient sleep, trading indoor time for outdoor time, and replacing sedentary behaviours and light
physical activity with additional moderate to vigorous physical activity can provide greater health benefits.

SWEAT

MODERATE TO VIGOROUS
PHYSICAL ACTIVITY

An accumulation of at least

60 minutes per day of moderate
to vigorous physical activity
involving a variety of aerobic
activities. Vigorous physical
activities, and muscle and

bone strengthening activities
should each be incorporated

at least 3 days per week;

STEP

LIGHT PHYSICAL ACTIVITY

Several hours of a variety of
structured and unstructured
light physical activities;

SLEEP

SLEEP

Uninterrupted 9 to 11 hours
of sleep per night for those
aged 5-13 years and 8 to 10
hours per night for those aged
14-17 years, with consistent
bed and wake-up times;

SIT

SEDENTARY BEHAVIOUR

No more than 2 hours per day
of recreational screen time;

Limited sitting for extended
periods.



Conclusions

Start moving!
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