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Why Occupational & Environmental Medicine?

Justus Ohage MD (1899‐1907)
“IN THE HEALTH
OF THE PEOPLE
LIES THE
STRENGTH OF
A NATION.”

“The profession of OEM is
positioned at the crossroads of the
employer‐employee health system
interface, making it the logical
advocate for health system reform
through workplace initiatives.”
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Physical Activity & Fitness
• Few Americans engage in regular physical activity
despite the potential benefits.
• Currently only 22% of adults engage in at least 30
minutes of light to moderate PA, five or more times per
week
• Less than 10% of the population exercises 3 or more
times a week at the moderate-vigorous level (MVPA)
necessary to improve cardio-respiratory fitness.
• Nearly 25% of adults report no leisure-time PA, and the
prevalence of sedentary behavior increases with
advancing age.
Healthy People 2000

Healthy People 2000
(US DHHS‐Public Health Svc.)

#1 of 22 priority areas is
Physical Activity and Fitness:
“The beneficial impact of physical activity can help to
prevent and manage coronary heart disease,
hypertension, diabetes, osteoporosis, and
depression. It has also been associated with a lower
rate of colon cancer and stroke, and may be linked to
reduced back injury. It is an essential component of
weight loss programs.”

OBJECTIVES
•
•
•
•
•
•

Basic Premise:
Fitness affects work performance
• Conditioning and fitness is essential to optimal
work performance
• Improved fitness reduces costs of lost work
time and delayed recovery from injury
• Optimizing worker fitness will maximize work
performance & profits
• Apply sports medicine principles to the injured
worker in terms of rehabilitation timeline

Causes of death in the US

What is “fitness” vs “wellness/health”?
Why is it important?
How can we accurately assess “fitness”?
What is the appropriate prescription?
How do we minimize the risks of exercise?
What is our expected outcome?
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Scope of the Problem

“The Association Between Work Performance and Physical
Activity, Cardiorespiratory Fitness, and Obesity”. Pronk NP,
Martinson B, Kessler, et al. JOEM. 2004; 46 (1):19-25

• ~400,000 deaths annually in the US due to
physical inactivity & sedentarism (almost on
par with tobacco use now)
• Lack of fitness is a major factor in the
obesity pandemic and “New Morbidities”
• Increasing rates of sarcopenic obesity=
phenomenon of decreased muscle mass in
the context of increased adipose tissue.
• Spectatorism >>> Participation for many.

• Higher levels of PA related to
• Test the association
improved quality of work
between lifestyle-related
performed & overall job
performance
modifiable health risks
• CV fitness related to
(Physical Activity,
improved quantity of work
performed and work
Cardiovascular fitness,
efficiency
& obesity).
• Obesity related to more
• N=683 workers
difficulty in getting along with

Consensus Statements & Recommendations from the First National
Workforce Health and Productivity Summit:
November 5‐7, 2008 Santa Ana Pueblo, New Mexico [ACOEM]

Fitness is the foundation of one’s health!

coworkers and greater # of
work days lost.

” In today’s environment of global competition,
organizations without healthy and high‐performing
people won’t be successful.
If you haven’t started accurately measuring the
connection between health and productivity
you are already behind the curve
in terms of competitiveness”.
Dee Edington PhD
Health Management Research Center, University of Michigan

1+2+3+4+5= FITNESS

FUNDAMENTALS
• Be familiar with the concepts of “overload” versus
“insufficiency” injury
• Understand the importance of core strength &
kinetic chain and their role in injury prevention
• Timeline of physiological healing
• Overall health benefits of optimal CardioRespiratory
Fitness (CRF) & Body Composition (BC).
• Risk factors of: obesity, physical inactivity, disuse
atrophy, de‐conditioning, smoking, & depression.
• Issues of pain vs function & hurt vs harm.
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Why Fitness Matters?

•
•
•
•
•
•

DEFINITIONS
• PHYSICAL ACTIVITY (PA): Movement of the body
requiring metabolic energy expenditure.

You
Your family
Your friends
Your employer
Your community
The nation

• EXERCISE: “Structured” physical activity.
• FITNESS: Metabolic capacity of the body to
distribute inhaled O2 to muscle tissue during
physical effort. [best measured by VO2 testing]

20th Century Medical Advances:
What have we learned in a Century?
• In 1900 the average life expectancy was ~47 years
• In ~120 years only 5 of 30 years added life have been due
to specific clinical procedures or medical treatment.
• The remainder attributable to improved sanitation, public
health measures, and prevention strategies to decrease
illness, accidents, and infectious disease (eg TB,
immunizations for MMR, polio, influenza, tetanus, etc)
• Today, ~1 million “premature” deaths in US could be
prevented annually simply by behavior modification
without any medical intervention or treatment.

1906

2014
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Being unfit & overweight is
NOT a genetic problem.
• Humans have not
experienced significant
genetic change in the
past 50 years.
• Look at “old” pictures
• Metabolic balance:
kcal in = kcal burned
• 2nd Law of
Thermodynamics

Retirement?

• In the “old days” the notion
of able bodied retirement
didn’t exist.
• You worked until you
couldn’t and then usually
pettered away fairly quickly.

McGinnis JM, Foege WH. 1993. “Actual causes of death in
the United States”. Journal of the American Medical
Association 170(18):2207‐2211.

• >50% of all causes of
mortality in the US are
linked to social &
behavioral factors and
accidents
• The majority of these are
“modifiable” risk factors
(eg. Obesity, diet,
hypertension, smoking,
and sun exposure).
Actual Causes of Death in the United States, 2000
Ali H. Mokdad, PhD; James S. Marks, MD, MPH; Donna F. Stroup, PhD, MSc; et alJulie L. Gerberd
JAMA. 2004;291(10):1238‐1245. doi:10.1001/jama.291.10.1238

Considerations?
• The biggest cause of work injury in America is
not overuse but disuse.
• Pain is reduced by exercise and PA (Fordyce)
• The “New Morbidities” of chronic illness are
due to behavior and lifestyle not disease.
• Most MSK problems are due to muscle
atrophy & asymmetry (from disuse) rather
than being “out of alignment”, subluxed, or
truly dislocated.
• Behavior change is very difficult; more a
cultural problem than a medical one.

BEHAVIOR CHANGE
• Thomas Kuhn: The Structure of Scientific
Revolutions; “the paradigm shift”
• Prochaska‐ “pre‐contemplation” cascade
• Everett Rogers: Diffusion of Innovations‐
Innovators, Adopters, & Laggards
• Marshall McLuan: The Medium is the
Massage‐ social marketing (way ahead of his
time)
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Opportunities for prevention in the course of a disease and
relative cost of interventions at each stage.

Healthcare 101

From Musculoskeletal Disorders in the Workplace: Priniciples and Practice. Nordin et al.
Mosby; St. Louis, 1997:245.

HealthPartners/Regions Hospital

Applying
technical
solutions to an
adaptive
problem
deepens the
crisis.
31

Benefits to Employers:

Health Benefits for Employees:

• Reduction in healthcare and insurance costs
• Declines in absenteeism & turnover
• Decreased injury rates (including work related
injuries and compensation claims)
• Decreased injury related absences
• Improved job performance and productivity
• Hiring and retaining qualified employees
• Return of $2‐$6 for @ $1 invested in
comprehensive Health Care program (work)

• Fitness is associated with reductions in all‐
cause mortality and delayed disability
• Reduced rates of cardiovascular disease,
diabetes, osteoporosis, certain cancers.
• Reduced rates of anxiety and depression
• Weight reduction
• Improved recovery time; less illness
• Increased pain threshold
• Empowerment; sense of well being

A TRUE CASE: A Collapsed Chair

Our Health Care Tsunami
Five times as many
people (>750,000) die
prematurely in the US
every year‐‐due to the
behavioral illness,
tobacco and
obesity/lack of
exercise, ie the “new
morbidities”‐‐ as died
in the South Pacific/
Asia disaster.

•
•
•
•
•

52 yo employee
Height = 5’ 0’’
Weight = 303 pounds
BMI = 59 kg/m2
Chair collapsed under
worker while sitting
• LBP and gluteal
contusion = “work
related” injury

35
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Disability is more a matter of disuse than age…
ISSUES OF RISK:

• Far more people die in recliners
and at the dinner table than on
the playing field or exercising.
• 750,000 deaths annually in US
from tobacco and
inactivity/obesity.
• 38,000 in MVA
• ~10 deaths per year on playing
field from hypertrophic
cardiomyopathy (HCM)

Overload vs Insufficiency Injury
• Biomechanical models may fail typically for 1 of 2 reasons:
• (1) Abnormal forces [overload] applied to a normal system
which are too great or too sudden (F=MA) for it to absorb.
• (2) Normal forces cause injury or failure when applied to a
weakened or abnormal system [pathologic or insufficiency].

Physiologic Principles
• There is a linear dose response between
wellness and physical activity
• There is an inverse linear response between
exercise and all‐cause morbidity & mortality.
• Muscle mass decreases (sarcopenia) with age
unless one exercises to preserve it.
• “Kinetic chain” issues show that proximal limb
& core strength are vital in extremity injuries.

Scope of the Problem
The direct and indirect costs to the Workers Compensation health care system are enormous.

“Remo! Lift
with your
knees, not
your
back!”

• Disorders of the MSK system are common.
• While rates of virtually all other work‐related conditions
have declined, the number of work‐related MSDs,
including carpal tunnel syndrome (CTS), has changed
little in the past decade.
• A definite causal relationship for CTS in the workplace
has not yet been established for most occupations.
• Median days off work are highest for CTS at 27 compared
with 20 for fractures and 18 for amputations.
Falkiner S and Myers S. When exactly can carpal tunnel syndrome be considered work
related? ANZ J Surg. 2002 Mar;72(3):204‐9.
Royal Hospital for Women and Sydney Childrens Hospital, New South Wales, Australia.
HealthPartners/Regions Hospital

42
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NIOSH Research
• ORF=Occupational
Risk Factors
• PRF= Personal Risk
Factors
• Can we get at a fair
estimation of
“attributable risk”?
• Half of all Americans
have “pre‐existing”
medical conditions
• “Exacerbation”‐
(returns to baseline)
• “Aggravation” ‐
(underlying condition
is worsened)

Worksite health
promotions
“best practices”
summary
Nine principles of
program design
›
›
›
›
›
›
›
›
›

Leadership
Relevance
Partnership
Comprehensiveness
Implementation
Engagement
Communications
Data‐driven
Compliance
Source: Pronk NP. ACSM’s Health & Fitness J 2014;18(1):42-46
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• 46 yo female, 253#,
with low back pain after
lifting 300# patient in
workplace.
• No history of previous
injury or surgery
• Deconditioned with
poor muscle tone
• Normal x‐rays and MRI.
• “Never had this pain
before!”

• 53 yo female with right knee
pain after “twisting” injury in
workplace
• X‐rays show bilateral medial
compartment knee arthritis
• Patient weighs #257
• “Never had pain in either knee
before this!”
• Soon develops left knee pain:

Case #1

Case #2:
• 61 yo, 175#, male with
right shoulder pain
after lifting injury at
work
• Findings c/w long head
biceps strain & mild
subacromial
bursitis/tendinitis
• “Never had this pain
before!”

Case #3

– “compensatory”?
– “exacerbation” or ”aggravation”
of pre‐existing condition?

• MRI shows “degenerative”
MM tear
• TX: unloader brace, CSI, PT,
scooter, knee scope, TKA?
• Who pays???

• Work place‐ a culture of health & safety
• Group of Standard & Poor 500 Index
companies, who were health & safety
award winners, outperformed the
average S & P 500 by 3.03‐ 5.3% annually.
• Annualized return over 10 year period
was 22.7% (1999‐2012) ‐ Fabius 2013

Pronk NP, et al. Health and Well‐Being Metrics in Business:
The Value of Integrating Reporting. JOEM; 2017, XX (X):1‐4.

[4four60]
• Physical inactivity, poor diet, tobacco use, and harmful
ETOH use contribute to 4 major non‐communicable
diseases (NCD), ie diabetes, cardiovascular disease, cancers,
and chronic respiratory diseases which account for 60%
worldwide deaths.

• Physical inactivity related deaths: $13.7 billion (2013)
• Disease prevention, injury protection, and promotion
of Health & Well Being “appear to generate significant
corporate value.”
Pronk NP, et al. Health and Well‐Being Metrics in Business: The
Value of Integrating Reporting. JOEM; 2017, XX(10):1‐4.

Return On Investment (ROI)
• Cost of ill‐health to the employer is ~ $2‐$3 for
every direct health care dollar spent on
employee medical issues.
• Studies show a variable return on investment
(ROI) of $1 to $6 on every dollar invested in
employee health and fitness facilities and
wellness interventions.
• ROI= $1.88‐3.92 saved for every $1 spent
[Johnson & Johnson‐2011]
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Consensus Statements & Recommendations
First National Workforce Health & Productivity Summit.
ACOEM; 2008, November 5‐7: 1‐15.

• There are ~137 million non‐farm employees in the
United States.
• Employer & employee contributions combined
account for well over half of the funding for the
American health care system.
• Employers spend ~$13,000 per employee per year
on total direct & indirect health‐related costs.
• A healthier, more productive workforce can help
drive greater profitability for employers as well as
a healthier economy for our nation.

Consensus Statements & Recommendations
First National Workforce Health & Productivity Summit.
ACOEM; 2008, November 5‐7: 1‐15.

• …the health of the workforce is strongly linked
to the productivity of the the workforce
• For every $1 spent on medical & pharmacy
costs, employers absorb up to $2‐$3 in health‐
related productivity costs.
• Health conditions such as depression & fatigue
are far costlier than previously thought.
• The health status of our workforce is logically
an important determinant of our economic
health as a nation.

• “Chronic health conditions that are largely
preventable are responsible for more than
half of all deaths in the world and are
projected to account for two‐thirds of all
deaths in the next 35 years.”
• It is estimated that 40% of cancer, 80% of
heart disease and 80% of type 2 diabetes
are preventable.
• The main driver of increasing health care
costs is greater utilization of health services
due to a growing burden of health risk and
chronic illness
Loeppke R. The value of health & the power of prevention.
International Journal of Workplace Health Management. 2008;1(2):95‐108.

Consensus Statements & Recommendations
First National Workforce Health & Productivity Summit.
ACOEM; 2008, November 5‐7: 1‐15.

• “The real issue for employers isn’t just
the high cost of health care, but also the
poor health of employees. The workplace
needs to start embracing this view.
Likewise, the vendor community needs to
understand that the market for health
and productivity services is growing and
effective solutions are needed.”
David Sensibaugh, Directory Integrated Health, Eastman Chemical Company

Pronk NP & Yach D. Reporting on Health and Well‐Being in Business.
ACSM Health & Fitness Journal. Jan/Feb 2017:44‐47.

• Statistics show that a healthy
workforce is more productive and
makes a company more profitable.
• Companies who created a healthy &
safe environment outperform the
Standard & Poor’s (S & P) 500 Index by
5% to 17% per year.

• Employers spend ~$13,000 per employee per
year on total direct and indirect health
related costs.
• More than 80% of medical spending goes
toward chronic conditions.
• Nearly 50% of Americans have one or more
chronic health condition.
• Overall annual cost impact of poor health on
the workplace is estimated at $1. 8 trillion.
Leoppke R et al. Health& Productivity as a Business Strategy: A
Multiemployer Study. JOEM; 2009, 51(4):411‐428
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Highest Risk Occupations
Musculoskeletal Disorders and the Workplace. Nat’l Academy Press, Wash. DC
2001:436. (Adapted from NRC 1999b)

–
–
–
–

Construction laborers
Carpenters
Industrial truck operators
Industrial tractor
operators
– Mechanics
– Roofers

–
–
–
–
–
–
–

Nursing aides/orderlies
LPNs
Housekeeping
Janitor/cleaners
Hair dressers
Dental hygienists
Keyboard/10‐key

HealthPartners/Regions Hospital

62

A gamut of
professions
from the acrobatic
to the inert!

SEALS

Going for
the blue
plate
special….
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Clerical & 10‐Key

Firefighters:
“position of risk”

Professional Rodeo & Bull Riding

Postal Service

Knucklehead Cage Fighting

Professional Rugby
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Chinese Assembly Line

Overload vs Insufficiency Injury

• Biomechanical models may fail typically for one of two
reasons:
• (1) Abnormal forces [overload] applied to a normal system
which are too great or too sudden (F=MA) for it to absorb.
• (2) Normal forces cause injury or failure when applied to a
weakened or abnormal system [insufficiency].

Timeline of Physiologic Healing:
Ligament, muscle, & bone. Tendons seem to heal more slowly.

• 3‐4 weeks: getting sticky
• 6‐8 weeks: usually stable
• 3‐4 months: histologically “healed” if viewed under
microscope
• May take ~6‐18 months or more to regain full
proprioceptive neuromuscular function depending
on degree of disuse atrophy, age, attitude and
rehabilitation program.
• My take: 1 wk of immobilization = 1 month of rehab
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Bone Healing

Risk Factors for delayed healing
or prolonged disability with MSDs
 Smoking (305.1)
 Deconditioning
(728.2)
 Obesity (278.0)
 Poor postural
biomechanics
 Depression
 Psycho‐social factors
 Job dissatisfaction
 Lifetime alcohol use
(eg. Cubital tunnel
syndrome)
 Hypothyroidism
HealthPartners/Regions Hospital

 Other endocrine
disorders, especially
diabetes mellitis
 Pregnancy
 Various arthridities
 Vascular abnormalities
 Anemias
 Reynaud’s sydrome
 Environmental
conditions‐ colder
temperature
 Job demands: eg,
vibrating tools, heavy
lifting
 Previous trauma to the
hand, wrist, forearm, or
elbow
82

“The importance of incremental increases in physical activity. Contrary
to common belief, increased exercise does not cause increased pain,
but actually leads to progressive reduction in pain levels.”
Fordyce et al 1981, in Waddell, The Back Pain Revolution.
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It is better to wear out than to rust

The Worker Who
Won’t Get Better
• MMI options
• Plateau in terms of % of
baseline
• PPD assessment
• Second Opinion
• Specialty Referral
• IME

“good life” vs “quality of life”
•
•
•
•

TV, remote, easy chair
Fast‐food diet & cigs
Watch others exercise
Losing 5‐10% of
muscle mass @ decade
after age 30
• Expect 63 years of
health and 12 years of
debility

Low Impact Aerobics

• Exercise 3‐5 hours/wk
• Balanced diet
• Uses self‐propelled
travel when possible
• Muscle & inc. BMR
burns more calories
even at rest
• Compressed “period
of morbidity” to < 3 yr

Where the time goes….
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Promoting Physical & Fiscal Fitness in the Workplace

“One important way that physicians can promote
regular exercise by patients is to encourage
employers to establish exercise facilities and
programs in the workplace… Employers who
offer exercise opportunities may benefit from
reduced healthcare costs, absenteeism, injury
rates, and turnover and improved job
performance, productivity, and morale.”

Why do Exercise Programs Fail?

• Facilities
• Access
• Commitment
• Time

DiNubile, NA. “Exercise and the Bottom Line”.
Physician and Sports Medicine: 27 (2) Feb 99.

F.A.C.T.

• Lack of intensity?
• Stuck in the “fat
burning zone”? (myth)
• Sports drinks?
• Ineffective program or
activity
• Socioeconomics
• Culture
• Safety

The Search for Answers…

• FACILITIES: Need to have a “bricks & mortar” site with
exercise equipment, a pool, skating rink, fields, running
track, etc where the individual can exercise.
• ACCESS: Need to be able to get to the area available for
physical activity with some reasonable convenience, or
you won’t do it.
• COMMITMENT: Whether it means getting up at 5:30
am or working out after work, you have to be
disciplined enough to do it habitually.
• TIME: You need to carve out a period of time to
exercise the body; there are 168 hours in the week;
you need to w/o for at least 5 hours/wk.

We need to raise, not lower, the bar…
• Our goal should be the
optimal level of fitness
& a healthy weight.
• Shouldn’t settle for
minimal, mediocre or
better than average.
• Your quality of life (QOL)
& life itself is at stake.
• It is within the reach of
virtually all Americans.

We can’t talk about fitness and PA
without talking about diet & obesity!
• Like Tweededee &
Tweedledum, they go
“hand in hand”
• Steve Blair (Cooper
Clinic) talks about
being “fit & fat”‐ its an
oxymoron.
• Optimal goal is
leanness (ie, low % BF)
and high fitness
(measured by VO2)
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Obesity and Employment
Obesity‐related job
absenteeism costs
$4.3 billion annually

Presenteeism costs
for obese workers
> $500 annually

Obese adults
spend 42% more
on health care

Obese workers have higher
worker’s compensation claims

Our Obesity Dilemma

MRI of Abdomen & Lumbar Spine in
Morbidly Obese Patient [BMI=46]

• 3 patients in one
afternoon for
pre‐employment
examinations
• 324#
• 308#
• 442#
• Total weight=
1,074#

17

9/25/2018

BMI‐ Body Mass Index
http://nhlbisupport.com/bmi/bmicalc.htm

•
•
•
•
•
•
•

Underweight: <20
Normal: BMI 20‐25
Overweight: BMI >25 but <30
Class I Obesity: BMI >30 to 35
Class II Obesity: BMI >35 to 40
Class III Obesity: BMI >40
Morbid Obesity: BMI >45

We need a new standard!
• BMI, the Quetlet Index, was
devised prior to the Civil War.
• It is grossly inaccurate in a
system that expects evidence
based medicine (EBM).
• It was used by Metropolitan
Life Insurance Company for
actuarial tables.
• Ansel Keys of U.of M.
recommended its use only for
populations, not individuals.
• It is not a reliable surrogate
for %BF; we have far better
technologies, esp DEXA.

BODY FATNESS
• Essential body fat is 3‐5% for men and 8‐12%
for women
• Females tend to run 5‐7% higher BF than men
for a comparable level of fitness.
• Maximum for good health is <15% for men
and <22% for women (some disagreement)
• Obese level is 20‐22% (1/5th body mass) for
men and 27‐30% (1/4‐1/3rd BM) for women.
• Measurement: DEXA, UW‐weighing, skin
calipers, Bod‐Pod, bio‐impedance, & BMI

DEXA
Body
Compo
‐sition
Study
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“Body composition by DEXA and its association with physical fitness in
140 conscripts” Mattila et al. MSSE; 2007; 39 (12):2242‐2247.

• DEXA obtained body fat percentage (%BF) is a
better indicator of physical fitness than BMI.
• It also provides a 3‐compartment model of the
body measuring lean body mass and bone
density as well as %BF
• Radiation exposure is (~1‐4 microSieverts) or
1/10th to 1/500th of a single CXR
• Time to obtain study = 6‐12 minutes
• 1.0 to 2.2% coefficient of variation

Cross‐section CT scan at lumbar level.

BMI= 38, atrophied musculature
with fatty infiltration.

Deconditioned with fatty infiltration of
extensor musculature; BMI=30

BORKA
Syndrome

• BMI=23, athletic, good muscle
mass relative to size

Common
Presentation is knee
pain at work; x‐rays
show pre‐existing
arthritis, but it is
“aggravated” by
work, at least from
a temporal basis;
the real cause is
F=MA.

Complications of
Type II DM &
Total Knee
Replacement
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Complications of Obesity
•
•
•
•

Type II DM
Hypertension
Hyperlipidemia
Cardiac disease (CAD
and PVD)
• Renal failure
• Amputations

What makes one person run & one sit?
How do you create a platform for change?

• Blindness
• Neuropathy
• Osteoarthritis on hips,
knees, & ankles
• Decreased work
performance
• Increased time off work
• Increased health care
costs

Twin Cities Marathon

Highest % of Nordic skiers is in the 50‐60 age
groups compared with 40‐44 for runners.

Citizen Nordic Skiers

Roy Carlstad
Age: 92

“BIRKIE” SURVEY OF 5,433 XC SKIERS
•
•
•
•
•
•

A “fitness culture”
M:F = 64%: 36%
Mean age: 47.9 yrs
Avg BMI: 23 kg/m2
BMI > 30kg/m2= 3%
Sleep >7 hrs/night:
65%
• Veg & fruit daily: >86%
• Moderate ETOH: 83%

• College education: 86%
• Income > $100,000: 54%
• Motivated by signing up
for race: 95%
• Free from depression:
93%
• Smokers: < 3%
• “Excellent health”‐88%
• ”As fit or more fit than
peers”‐99%

20

9/25/2018

“Want to ski until 100?” Donna Marlor. The Master Skier. 2004-5
XC skier interviews (n=12: ages 59-82)

“Stay busy, get plenty of exercise, and don’t drink too much.
Then again, don’t drink too little.”
Herman Jackrabbit Smith‐Johannsen (1875‐1987)

•
•
•
•
•
•

Have you ever had to diet? No
Restaurants? < once/wk
Supplements? Multivits, vit. C, E.
Coffee & alcohol? 0-moderation
Pre-race meal? Oatmeal &/or fruit
Hours/wk training? 5-12 hrs (7.5
avg.)
• “If you have the mental toughness,
the physical follows.”
• Advice: Have fun!

Skied ‘til he was over 100
and died at 111!

Why Do Diets
Fail?
•
•
•
•
•

I’m sorry….but this is nuts!

Mis‐information
Too many calories
Portion size
Binge eating
Lack of commitment

Do we need more
research? NOT
• Kcal in = kcal
out
• Not rocket
science
• Dietary
education
• Sugar
awareness
and battle PAC
groups
• Example of
WHO
• Nike motto:
“Just do it”
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Concept of
“Titration”

You need to find a caloric equilibrium:
This is your “metabolic set point”.

• Need to find “equilibrium”
between kcal ingested and
kcal burned
• Everyone has a balance
point- a “tipping point”
• You can change your
“metabolic set point”
• Muscle burns many more
kcal than fat (inert)
• Be a V8 not a 2-cycle
engine

• 12 oz soft drink=150
kcals
• 20 oz soft drink=250
kcals
• 32 oz soft drink=400
kcals
• 64 oz soft drink =750
kcals

127
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“And is not bodily habit
spoiled by rest and
idleness but preserved
for a long time by
motion and exercise?”
Plato
Theaetetus

Body Mass Index (BMI)
Waist circumference
Blood pressure
Cholesterol
Tobacco use
Heart rate‐maximum
Heart rate‐resting
Grip test
President’s Fitness Test
VO2 max or VO2peak

•
•
•
•
•
•
•
•
•

Percent body fat (%BF)
Bone density (DEXA)
% lean muscle mass
Diet & Nutrition
Immunization status
Socio‐economics
Genetics (parents)
Environment
Luck & Fate
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QUIZ!
•
•
•
•
•
•

Most predictive [modifiable] of fitness & longevity?? (Pick 3!)

•
•
•
•
•
•
•
•
•
•

• Walk 1/2 hour=150 kcal
• Run 1/2 hour=300+ kcal
• Rowing, swimming,
biking, xc‐skiing: 300+
kcal/half hour
• 1 x 20 oz soft drink/day x
365 days = addition of
91,000 calories/year or
~26 pounds wt gain.

Who knows their resting heart rate (HR)?
Who knows their maximum HR?
Who exercised > 5 hours last week?
Who has had a VO2 max test?
Who has had a body‐comp DEXA scan?
Who can do 1 chin‐up or pull‐up?

Most predictive [modifiable] of fitness & longevity?? (Pick 3!)

•
•
•
•
•
•
•
•
•
•

Body Mass Index (BMI)
Waist circumference
Blood pressure
Cholesterol
Tobacco use
Heart rate‐maximum
Heart rate‐resting
Grip test
President’s Fitness Test
VO2‐max or VO2‐peak

•
•
•
•
•
•
•
•
•

Percent body fat (%BF)
Bone density (DEXA)
% lean muscle mass
Diet & Nutrition
Immunization status
Socio‐economics
Genetics (parents)
Environment
Luck & Fate
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Can we validly assess “fitness”
in a 20‐minute non‐invasive clinic visit?

•
•
•
•
•
•
•
•
•

Health Risk Assessment (HRA) evaluation
Weight (kg)/Ht (m2) = BMI?
PAR‐Q evaluation?
Vital signs?
Lab tests?
Bio‐impedence for % body fat?
Sheldon’s body type classification?
Test grip strength?
Fitness tests (push‐ups, pull‐ups, sit‐ups)?

Dynamometer
Grip Testing
• Males should be
able to squeeze
>100#
• Females should
be able to
squeeze > 60#
• Does correlate
with longevity!

OUTCOME MEASURES
(to be considered)
• VO2 max test using validated C.E.R.G. metric in
lieu of (or follow up to) an actual VO2 exercise
test.
• % body fat (%BF), % lean mass (%LM), & bone
mass density (BMD) by DEXA scan (annual)
• Waist circumference (alternate)
• Discard body max index (BMI) as not
appropriately evidence based.

The Exercise Vital Sign [EVS]
• Ask at every clinic
visit other vitals
• Record in EMR
• Assess FITT
– Frequency
– Intensity
– Time (duration)
– Type of activity

Is the patient safe
to exercise?
Almost always!

Physical Activity
Readiness‐
Questionnaire
Is the patient safe
to remain
sedentary?
Almost never!

GOALS…
•
•
•
•
•
•
•
•

Readiness
Avoid injury
Exercise “dose”
Type
Frequency
Intensity
Duration
Support & maintain
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• AHA
Physical
Activity
Recom‐
mendations

FITNESS FOR DUTY!
FITNESS FOR LIFE?
•
•
•
•
•
•
•
•

Sports Pre‐Participation Exams (PPE)
Fire Fighter (FF) Fitness Standards‐ NFPA 1583
Law Enforcement Officer (LEO) Standards
Dept. of Transportation (DOT) licensure
Return To Work (RTW)
Functional Capacity Evaluations (FCE)
Work Hardening programs
Total Worker Health (TWH) Initiative

How do we minimize the risks of PA?
• If unaccustomed to PA, seek medical clearance
first
• Begin activities gradually of low intensity, low
frequency, and short duration.
• Avoid high‐impact activities in lieu of gliding
sports
• Avoid environmental extremes of heat or cold
• If painful or short of breath‐ seek evaluation

Conversation Starters…
•
•
•
•
•
•
•
•
•

Swimming‐ USMS
Running & walking
XC‐skiing
Track & Field
Cycling
Triathlons
Hiking & snowshoeing
Orienteering
Birding

• Find/be a mentor
• Join the local “Y”
• Join community
recreational facility
• Cross‐train seasonally
• Prioritize “silent sports”
that are low impact
• “Cradle to Grave”

Physical
Activity
is
FUN!
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The “Sweet Spot” of Exercise

Dose Response of Exercise
• Increased exercise shows
direct/linear response to
increased health benefit.
• 2,000 cal/wk shows
increased longevity
• This is necessary level to
initiate & maintain weight
loss
• J‐curve at extreme end
point rarely reached by
most persons or athletes

•
•
•
•
•
•
•

30 min x 5 days/wk = 2.5 hours/wk=120 hrs/yr
45 min x 5 days/wk = 3.75 hrs/week=180 hrs/yr
60 min x 5 days/wk = 5 hrs/week=240 hrs/yr
75 min x 5 days/wk = 6.25 hrs/week=300 hrs/yr
90 min x 5 days/wk = 7.5 hrs/week=360 hrs/yr
120 min x 5 days/wk = 10 hrs/week=480 hrs/yr
20 hours/wk x 48 weeks (Elite)=960 hours/year

Wen CP, Wai JP, Tsai MK, et al., Minimum amount of physical activity for reduced
mortality and extended life expectancy: a prospective cohort study.
Lancet. 2011;378(9798):1244‐53.

“Ceiling Effect” of Exercise
• 7‐10 hours/week (4‐6%
of alive time)
• ~500 hours/year may
provide maximal value
• 3500‐4,000 kcal/wk
• 90 minutes per work
out may provide
maximal benefit
• “J” curve not “U”

Caloric Expenditure (in 30 min)

Burn
Calories!

•
•
•
•
•
•
•
•
•
•

Cross‐country skiing
300‐600
Bicycling, vigorous (15 mph):340
Jogging (10‐12 min miles) 270‐340
Swimming, vigorous
340
Rowing machine 300‐400
Indoor cycling (spinning) 320
Tennis (singles)
270
Inline skating
240
Walking uphill (3.5 mph) 200
Walking at 3 mph
150 kcals
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The body is a rare instrument to be
honored and played with joy.
• “This body was once the
temple for the human
soul”‐ OW Holmes would
tell this to anatomy class
at start of session
• Now people seem intent
on using bodies as a
garbage dump for every
consumable product on
market.
• Respect yourself.

POSTURAL ISSUES

Moving one’s body should be fun. A release.
Adult recess. Adult playtime. Not drudgery.
• Aerobic training for cardiovascular conditioning
• Resistance and strength training for muscle and
bone strength
• Stretching and range of motion activities for
flexibility and balance

CORE STRENGTH:
The Thoraco‐Lumbar
Fascia (TLF)
is a vital & dynamic
component of truncal
stability.

You can’t will yourself to have “good posture”;
you need the muscle mass to hold your shoulders back and your head up
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Weight Training: KISS
•
•
•
•
•
•
•
•

Latissimus pull‐downs
Bench press
Curls
Seated rows
Butterfly curls
Sit‐ups
Back extension
Leg press

Disability is often more a matter
of disuse than age…
• Our national infirmity is
largely self‐imposed.
• Current
recommendations of
half hour/day “bouts” of
exercise “most days” of
the week inadequate
• Need 1 hour/day
equivalent for weight
loss and health benefits.

Physical Activity & Mortality
• There is evidence for an inverse dose‐
response between physical activity (exercise)
and all‐cause mortality including:
cardiovascular disease, hypertension, stroke,
overweight, obesity & fat distribution, type II
diabetes, osteoporosis, breast cancer, colon
cancer, anxiety, depression, quality of life, and
independent living in older adults.
Kesaniemi YK, et al. “Dose‐respones issues concerning physical
activity and health: an evidence‐based symposium. Med Sci
Sports Exerc 2001;33(6 Suppl):S351‐8.

VO2 is a “global measure of fitness”
Walter Bortz MD

Who has the
athlete’s heart?

• An individual’s “ceiling”
VO2max may be largely
genetic, but everyone is
born with the capacity to
achieve a normative level
of cardiorespiratory
fitness.
• VO2 is variable throughout
life and declines inevitably
to zero at death.
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“The health benefits of restoring
one’s vital capacity, which is
our ability to take up and use
oxygen, is superior to any drug
or medical treatment in
existence.”
Dr. Walter Bortz

Some of the higher VO2 max levels!
•
•
•
•
•
•
•

Bjorn Dahlie‐ 94 ml/kg/min
Greg Lemond‐ 92.5
Matt Carpenter‐ 92
Miguel Indurain‐88
Carlos Lopez‐ 85.1
Grete Weitz‐ 73.5
Ed Witlock‐ 59.8 (age 69)

CARDIA Study:
[Coronary Artery Risk Development in Young Adults Study]

• “Higher cardiorespiratory fitness (CRF)
is associated with lower risk for
developing prediabetes and diabetes,
even when adjusting for prospective
changes in BMI”.
• N=4,373 B & W men & women
• NHLBI- Project Period:1983-2018
• http://www.nhlbi.nih.gov/research/resour
ces/obesity/population/cardia.htm

A few are
born
Maseratis

• But everybody
can be a Chevy
or a Ford.

VO2 max
• An excellent gauge of cardiovascular health
• May decline from 0.3% to 2% per year after
age 35 due to age and/or inactivity
• 18 ml/kg/min may be threshold for
independent living and function.
• VO2 max or VO2 peak tests done on post
cardiac patients routinely
• It is not an exotic study for uber‐athletes only.
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VO2 max/peak predictive value

Changes in Vital Signs with Age

• 100% of cardiac patients with a VO2 max >32
ml/kg/min were alive after 3 years while 70%
with VO2 max <22 ml/kg/min had expired.
(n=12,000)
• There appears to be a genetic upper limit to VO2
max for a given individual, but in the inactive it
can be increased with training 5‐50%.
• Even the gifted, with inactivity, will have a
marked decline (Runner Jim Ryun dropped from
82 to 65 after a year without training)

MET= Metabolic Equivalent of Task
[1 MET = ~ 3.5 ml/kg/min]

Cardiorespiratory Capacity

• LIGHT ACTIVITY [<3 METS]:
– Sleeping/TV ~ 0.9‐1.0 METs
– Easy walking ~2 METs

• MODERATE ACTIVITY [3‐6 METS]:
– Brisk walking
– Bicycling ~ 3‐6 METs

• VIGOROUS ACTIVITY [>6 METS]:
– Sprint/endurance sports
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VO2 max trends over time

A Nursing Home: My Nightmare!
National sample of >6,000 community-dwelling
adults over age 70 years of age. Stump- 1997

• 26% could not climb even
one set of stairs without
stopping
• 31% had difficulty lifting a
10# bag of groceries
• 36% reported trouble
walking several blocks

Compressing the “Period of
Morbidity” at the end of life:
• Average person has ~10
years of dependent
living at end of life
• Those who remain
physically active and
vital can “compress” this
to an avg. of 1‐3 yrs.

• Inability to walk across
room is what puts most
people into a nursing
home.
• Physical inactivity &
obesity epidemic a grim
harbinger.

The Compression of Morbidity Hypothesis:
“Exercising individuals, compared with controls, would have prolonged lives but even
greater postponement of disability.”

• Fries JF. “Aging, natural death, and the
compression of morbidity.” NEJM. 1980;
303(3):130‐135.
• Fries JF, Bruce B, Chakravarty E. “Compression
of Morbidity 1980 ‐2011: A Focused Review of
Paradigms and Progress.” Journal of Aging
Research. Article ID 261702, 10 pages.
Doi:10.4061/2011/261702.
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“CROSSOVER SIGN”
[25 y/o]:
• Male: VO2 of <30
ml/kg/min & %BF
of > 30%
• Female VO2 <
25% & %BF of >
35%

VO2
(max, peak, best effort, estimated or calculated)

• An excellent gauge of cardiovascular health
• May decline from 0.3% to 2% per year after age 35
due to age and/or inactivity
• 18 ml/kg/min may be threshold for independent
living and function.
• VO2 max or VO2 peak tests are done on post cardiac
patients routinely
• It is not an exotic study for athletes only.

VO2: predictive value
• 100% of cardiac patients with a VO2 max >32
ml/kg/min were alive after 3 years while 70% with VO2
max <22 ml/kg/min had expired. (n=12,000)
• There appears to be a genetic upper limit to VO2 max
for a given individual, but in the inactive it can be
increased with training up to 50%.

VO2 max
trends
over time

• Even the gifted, with inactivity, will have a marked
decline: (Runner Jim Ryun dropped from 82 ml/kg/min
to 65 after a year without training)

Now we can predict a VO2 in clinic:
Answer a few questions, resting HR (RHR), and
waist circumference (WC).
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VO2 Calculator:
http://www.ntnu.edu/cerg/vo2max
• Estimating V∙O 2peak from a non‐exercise
prediction model: the HUNT Study, Norway.
• Nes BM, Janszky I, Vatten LJ, Nilsen TI,
Aspenes ST, Wisløff U.
• Med Sci Sports Exerc. 2011 Nov;43(11):2024‐
30. doi: 10.1249/MSS.0b013e31821d3f6f.

“Peak oxygen uptake and cardiovascular risk factors in 4631
healthy women and men.” Aspenes ST, et al.
MSSE. 2011; 43 (8):1465‐1473. [the HUNT Study]
• “… a VO2 peak of 44.2 ml/kg/min in men and 35.1 ml/kg/min in
women may represent thresholds below which an unfavorable
cardiovascular risk profile is apparent.”
• Each 5 ml/kg/min decrement in VO2 peak corresponded to a
~56% higher prevalence of CV risk clustering for both genders.
• Men with a VO2 peak of <29 ml/kg/min were almost 7x more
likely to have metabolic syndrome than men with VO2 peak >
35.5 ml/kg/min.
• CV risk factors were nearly identical in physically active
participants age 50‐59 and inactive participants age 20‐29.
• Each 1 ml/kg/min increase in VO2 peak was associated with a
15% lower risk of death from all causes.

CERG FITNESS CALCULATOR
• How often do you
exercise? [almost never;
1/wk; 2‐3/wk; almost @
day.
• How long do you
exercise? [<30 min; >30
min]
• How hard do you
exercise? [easy; little
hard breathing & sweat; I
go all out]

•
•
•
•
•
•
•
•

Age
Gender
Resting Heart Rate
Max Heart Rate
Waist Circumference
Education
Ethnicity
Height & weight

What is the most predictive measure of fitness?

•
•
•
•
•
•
•
•

Weight?
BMI?
% Body Fat (BF)?
Grip strength?
Resting heart rate? HRR? Max HR?
Number of pull‐ups? Sit‐ups? Push‐ups?
VO2max?
VO2max / % BF = Fitness Index Number [FIN]
192
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What is the most predictive measure of fitness?

•
•
•
•
•
•
•
•

Weight?
BMI?
% Body Fat (BF)?
Grip strength?
Resting heart rate? HRR? Max HR?
Number of pull‐ups? Sit‐ups? Push‐ups?
VO2max?
VO2max / % BF = Fitness Index Number [FIN]™
193

Keep Flexible!
• Yoga
• Pilates
• Cable system weights
• Bus stop stretching
• Keep your hamstrings
loose…

Education vs. Environment
• European worksites have prioritized environmental &
organizational strategies while US companies have tended
to stress the individual’s responsibility for personal health.
• At present educational approaches to health promotion
are studied much more commonly than environmental
interventions.
• Belief that environmental interventions should be put in
place before educational programs are attempted.
Sallis, et al. “Environmental and Policy Interventions
to Promote Physical Activity”. AJPM 1998; 15(4):379‐397

How do we get where we need to go?
• Dedication to teaching a fitness ethic at an
early age in elementary and secondary
schools.
• Re‐focus community finances to physical
activity facilities that encourage
participation rather than spectator
behavior; the European example.
• Alliances and partnering among
community, business, and health care
organizations to further healthy lifestyles.

Final Recommendations:
1. Don’t smoke cigarettes
2. Exercise regularly >5 hrs/wk or 250 hrs/yr (>3% of alive time)
3. Maintain a reasonable weight and a healthy % BF
4. Reasonable caloric intake; enjoy food & spirits appropriately.
5. The goal in life is to take no medicine (unless necessary)
6. Seatbelts & accident prevention in home.
7. Get 50 hours of sleep per week.
8. Routine immunizations & recommended screening.
9. Be a social creature rather than a recluse
10. Seek help or guidance if life becomes overwhelming

“If you build it….they will come”.
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PERSONAL HEALTH KNOWLEDGE:
You should know your…

Keys to Preserving Function
•
•
•
•
•

Habitual exercise
High intensity
Exercise to failure
Strength training essential
Intervals, ie anaerobic >
aerobic
• >5 hours/wk
• >2000 kcal/wk
• 1984 Birke‐ 2:39
• 2005 Birke‐ 2:47

Its
not
just
about
“fitness”

Take Home Axioms:
• Exercise is medicine
• The goal in life is to take no medicines
• We don’t need more research; we need to
implement what we know
• The optimal solution for our spiraling
health care costs is primary prevention
• Lifestyle choices are generally more
important than medical interventions

•
•
•
•
•
•
•
•
•

Resting heart rate on waking in the am
Maximum heart rate (HRmax)
Waist circumference
Percent body fat (%BF)
VO2 max
Weekly hours of sleep
Weekly hours of physical activity
Blood pressure (BP)
Cholesterol (HDLP & LDLP)

CONCLUSION:
Fitness is an essential piece of the puzzle
in achieving overall health & wellness.

THE OLD WISDOM IS
THE NEW WISDOM
“If we can give
everyone
just the right amount
of exercise and
nourishment,
we will have found
the safest way
to health”.
Hippocrates
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The End!

Thank You!

Depression is the leading diagnosis associated with
workplace reported injury. What is the most effective
remedy that also has the fewest side effects?

Depression is the leading diagnosis associated with
workplace reported injury. What is the most effective
remedy that also has the fewest side effects?

A.
B.
C.
D.

Anti‐depressant medication
Gabapentin
Time away from work
Physical activity

A.
B.
C.
D.

Anti‐depressant medication
Gabapentin
Time away from work
Physical activity

Which of the following answers is true:

Which of the following answers is true:

A. Companies that demonstrate improved
health & wellness also show enhanced
productivity and profitability.
B. The ROI of fitness and wellness programs is
not worth the effort/expense.
C. Presenteeism and absenteeism are
independent of health and wellness.
D. Fitness and overall health are more
determined by genetics than lifestyle choices.

A. Companies that demonstrate improved
health & wellness also show enhanced
productivity and profitability.
B. The ROI of fitness and wellness programs is
not worth the effort/expense.
C. Presenteeism and absenteeism are
independent of health and wellness.
D. Fitness and overall health are more
determined by genetics than lifestyle choices.
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Which of these prevention strategies is most
cost efficient and results in lower
morbidity/mortality?

A.
B.
C.
D.

Primary prevention
Secondary prevention
Tertiary prevention
A laissez faire fatalism

Which of these prevention strategies is most
cost efficient and results in lower
morbidity/mortality?

A.
B.
C.
D.

Primary prevention
Secondary prevention
Tertiary prevention
A laissez faire fatalism

Which of the following are most effective in
improving population health?

Which of the following are most effective in
improving population health?

A. Environmental & organizational strategies
(European method)
B. Individual responsibility for personal health
(American method)
C. Pharmaceutical interventions to enhance
wellness behaviors
D. Technical interventions are more beneficial
than adaptive interventions.

A. Environmental & organizational strategies
(European method)
B. Individual responsibility for personal health
(American method)
C. Pharmaceutical interventions to enhance
wellness behaviors
D. Technical interventions are more beneficial
than adaptive interventions.

Which answer is true regarding cardiorespiratory
fitness (as measured by VO2 or METs):

Which answer is true regarding cardiorespiratory
fitness (as measured by VO2 or METs):

• It is an exotic metric that has little or no
relevance to overall health and wellness.
• It has relevance for elite athletes, but has
minimal benefit in general patient care.
• It is too expensive to be used widely in health
care organizations when compared to the cost
of x‐rays, CT scans, MRI’s, or EKGs.
• It is a global measure of fitness that is
predictive of general health and longevity.

• It is an exotic metric that has little or no
relevance to overall health and wellness.
• It has relevance for elite athletes, but has
minimal benefit in general patient care.
• It is too expensive to be used widely in health
care organizations when compared to the cost
of x‐rays, CT scans, MRI’s, or EKGs.
• It is a global measure of fitness that is
predictive of general health and longevity.
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• 2,712,630 resident deaths
in the US.
• Crude death rate:
844.0/100,000 population
• Life expectancy at birth
was 78.8 years
• Infant mortality rate was
5.90/1,000 live births
• Age‐adjusted rate
increased for the first time
since 2005
• Life expectancy decreased
for the first time since 1993

Case #4: Worker in any role with lateral or medial epicondylar tenderness c/w
an epicondylitis, epicondylopathy, and/or epicondylosis. Risk factors are
smoking, depression, deconditioning, proximal & kinetic chain shoulder, back
and TLF weakness. No narcotics. No gabapentin. No MRI. No surgery.
“Back Pain Of Elbow”=BPOE & “hurt does not equal harm”

Leading causes of death:
1. Heart disease
2. Malignant neoplasm (cancer)
3. Chronic respiratory disease
4. Accidents (unintentional injury)
5. Cerebrovascular disease (stroke)
6. Alzheimer’s disease
7. Diabetes mellitus
8. Influenza and pneumonia
9. Kidney disease
10. Intentional self‐harm (suicide)
11. Septicemia
12. Chronic liver disease
13. Hypertension
14. Parkinson’s disease

YOU BET!

Economic Costs of Diabetes
(>95% DM II)
•
•
•
•
•
•
•
•
•

DM is 5th leading cause of death by dz in US
Estimate 80 million Americans now have DM II or IRMS
$132 billion indirect and direct costs in 2002
19% (~108,000) of all CV deaths due to DM
People with DM have 13x fold greater risk of CVD than
people without.
186,000 total deaths in 2002 due to DM
Project increase of 44% in # with DM by 2020
Each case of permanent disability due to DM results in
$42,462 avg. lost earnings/year.
Lifetime cost of treating woman with with DM is
$233,000 and with CVD is $423,000.

EEE=“Extreme Endurance Exercise”
From: Dose of Jogging and Long-Term Mortality: The Copenhagen City Heart Study

J Am Coll Cardiol. 2015;65(5):411-419. doi:10.1016/j.jacc.2014.11.023

• Potential adverse cardiovascular effects from excessive endurance exercise.
O'Keefe JH1, Patil HR, Lavie CJ, Magalski A, Vogel RA, McCullough PA. Mayo Clin
Proc. 2012 Jun;87(6):587‐95. doi: 10.1016/j.mayocp.2012.04.005.
Summary: [Paraphrase‐ Running > 20 miles per week is not heart healthy.]
• Mortality amongst participants in Vasaloppet: a classical long‐distance ski race
in Sweden.Farahmand BY1, Ahlbom A, Ekblom O, Ekblom B, Hållmarker U,
Aronson D, Brobert GP.
J Intern Med. 2003 Mar;253(3):276‐83.

Figure Legend:
Dose of Jogging and Long-Term Mortality
Forest plot indicating all-cause mortality in light, moderate, and strenuous joggers compared with sedentary nonjoggers.

Date of download:
2/9/2015

Summary: [N=49,210 men and 24,403 women]‐ Standardized Mortality Ratio
(SMR)= 0.48 across all major dx groups. “We conclude that participants in long‐
distance skiing races, which demand prolonged regular physical training, have
low mortality. The extent to which this is due to physical activity, related lifestyle
factors, genetics or selection bias is yet to be assessed.”

Copyright © The American College of Cardiology.
All rights reserved.
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Effect of Moderate to Vigorous Physical Activity on All‐Cause Mortality in
Middle‐aged and Older Australians.Gebel K1, Ding D2, Chey T2, Stamatakis
E3, Brown WJ4, Bauman AE2. JAMA Intern Med. 2015 Jun;175(6):970‐7.
doi: 10.1001/jamainternmed.2015.0541.

• N= 204,542 subjects; 1,444,927 person‐years of follow‐up.
• Measured moderate‐vigorous physical activity (MVPA) vs all‐
cause mortality
• “the proportion of vigorous activity revealed an inverse dose‐
response relationship with all‐cause mortality.”
• Adjusted hazard ratio (HR) for all‐cause mortality:
– 10‐149 min/wk [10 min ‐2.5 hours/wk of MVPA]=0.66
– 150‐299 min/wk [2.5‐5 hours/wk of MVPA] = 0. 53
– >300 min/wk [>5 hours/wk of MVPA] = 0.46

“Association of All‐Cause Mortality with Overweight and Obesity Using
Standard Body Mass Index Categories”.
Flegal KM, et al. JAMA, Jan 2,2013; 309 (1):71‐82

• Meta‐analysis of hazard ratios (HR’s) of all‐cause
mortality for OW & Obesity.
• 97 studies with n=2.88 million (>270,00 deaths)
• Relative to normal weight, grades 2 & 3 obesity were
associated with significantly higher all‐cause mortality.
[OR= 1.29]
• Grade 1 obesity was not associated with higher mortality.
[OR=0.95]
• “Overweight” had a lower all‐cause mortality than any
other group. [OR=0.94]

“How fast do we age?
Exercise performance over time as a biomarker.”
Bortz WM IV & Bortz WM II.
Journal of Gerontology 1996; 51A (5): M223‐M225.

• “A study cohort free of the artifacts of disease and disuse is
desired.” ie the Masters athlete
• Analyzed records for running (100 yd dash and marathon),
1500 m swim, and 2500 m rowing on Concept II ergometer.
• Performance at age 35 represents 100% for all 3
• Decline of 0.5% per year in VO2 max from 35‐65 with more
rapid decline after age 65
• Whitten had calculated 0.3% drop per yr in swimming sprint
times from age 35‐65 (9% drop)
• Kash felt that 2/3 of VO2 max decline in untrained persons due
to disuse rather than aging

Leisure time physical activity and mortality:
a detailed pooled analysis of the dose‐response relationship.
Arem H1, Moore SC1, Patel A2, Hartge P1, Berrington de Gonzalez A1, Visvanathan K3, Campbell PT2,
Freedman M1, Weiderpass E4, Adami HO5, Linet MS1, Lee IM6, Matthews CE1. JAMA Intern Med. 2015
Jun;175(6):959‐67. doi: 10.1001/jamainternmed.2015.0533.

• The 2008 Physical Activity Guidelines for Americans recommended a minimum of
75 vigorous or 150 (2.5 hours/wk) moderate intensity min of exercise/wk
• N=661,137 men & women; age 21‐98 years; median=62
• 20% lower mortality risk among those performing less than recommended 7.5
MET hours/wk (HR=0.80)
• 31% lower mortality risk among those performing 1‐2 x recommended minimum
(HR=0.61)
• 37% lower mortality risk among those performing 2‐3 x recommended minimum
(HR=0.63)
• Upper threshold for mortality benefit occurred at 3‐5 (225‐375 min/wk) x
recommended minimum (HR=0.69)
• There was no evidence of harm at 10 (12.5 hours/wk) or more times the
recommended minimum (HR=0.69)
• A similar dose‐response was observed for mortality due to CV disease & CA

By the year 2030 there will be over 70 million people in the US
over the age of 65. The benefits of exercise and strength training
for this group are many:

• Minimize loss of lean
body mass
• Maintain active metabolic
rate
• Increase lean muscle
mass
• Increase resting BMR
• Lower body fat
• Increase bone mineral
density

• Improved glucose metab
• Increase gastrointestinal
transit time
• Reduce resting blood
pressure
• Improve blood lipids
• Reduce LBP
• Reduce risk of some
cancers

“How fast do we age?
Exercise performance over time as a biomarker.”
Bortz WM IV & Bortz WM II.
Journal of Gerontology 1996; 51A (5): M223‐M225.
•

•

•

VO2 max is “global measure, not
only of basal circulatory,
respiratory, thermoregulatory,
metabolic, musculoskeletal, and
neurological function, but those
under an exercise load.”
0.5% seems to be key biomarker for
body; skin fibroblasts, DNA repair,
cerebral metabolism, max pulse
rate, muscle cells in thigh,
appendicular bone calcium, and
even nail growth all seem to
decline at rate of 0.5‐0.6 %.
30% of maximal function is “frailty
barrier” (ie loss of 70% of maximal
vitality/function) with rapid system
decline afterwards.

40

9/25/2018

Physiologic Changes of Aging
• DECREASED:
–
–
–
–
–

Heart rate
VO2max
% lean body mass
Power>strength
Muscle fiber cross‐sectional
area
– Alveolar elasticity
– Flexibility
– Bone density/calcium

• INCREASED:
– Systemic blood pressure
– Peripheral vascular
resistance & afterload
– % body fat
– Intolerance of whining
children
– Incidence of chronic dz
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