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• Physical Inactivity
• Cardiorespiratory Fitness
•  Insulin Sensitivity
• Glucose Intolerance
• Ectopic Adipose Tissue
• Metabolic Syndrome
• hsCRP

Role of Exercise in Modulation of 
Nontraditional CHD Risk Factors



Physical Activity and CHD Risk 
Factors



Occupational Physical Activity



Age-adjusted Risk of CHD by Physical 
Activity Index. Framingham Study  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Physical  Inac2vity  and  Sedentary  
Ac2vity  as  Nontradi2onal  CHD  Risk  

Factors  



Estimated Gains in Life Expectancy 
Worldwide with Elimination of Physical 

Inactivity 
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coronary heart disease in Africa could have been averted 
in 2008 by removal of physical inactivity. 60 000 could 
have been avoided in the Americas, 44 000 in the eastern 
Mediterranean region, 121 000 in Europe, 59 000 in 
southeast Asia, and 100 000 in the western Pacifi c region. 
With respect to deaths from breast cancer, 3000 could 
have been averted in Africa, 11 000 in the Americas, 
4000 in the eastern Mediterranean, 14 000 in Europe, 
5000 in southeast Asia, and 10 000 in the western Pacifi c; 
for deaths from colorectal cancer, these numbers were 
1000, 14 000, 2000, 24 000, 4000, and 24 000, respectively.

For all-cause mortality, the overall median PAF was 9%. 
Applying this fi gure to the 57 million deaths worldwide in 
2008,18 we estimated that more than 5·3 million deaths 
(ranging from 525 000 in the eastern Mediterranean to 
1·5 million in the western Pacifi c region) could be averted 
every year if all inactive people become active. Because 
physical inactivity is unlikely to be completely eliminated, 
we further estimated poten tial deaths averted when 
assuming a decrease of inactivity prevalence by 10% or 
25% with eff ective public health interventions, instead of 
100% (elimin ation). These alternate scenarios resulted in 
more than 533 000 and 1·3 million deaths potentially 
avoided worldwide each year.

Using an alternate classifi cation of countries by income 
(data not shown), we calculated median PAFs for all-cause 
mortality of 4% for countries with low incomes, 8% for 
lower-middle incomes, 10% for upper-middle incomes, 
and 11% for high incomes (with number of deaths averted 
ranging from 409 000 in countries with low incomes to 
2·5 million in those with lower-middle incomes). This 
analysis yielded estimated numbers of deaths potentially 
averted in 2008 from coronary heart disease of 15 000, 
184 000, 96 000, and 98 000; from breast cancer of 2000, 
16 000, 10 000, and 20 000; and from colorectal cancer of 
1000, 19 000, 13 000, and 37 000, respectively.

We estimated that the median years of life potentially 
gained worldwide with elimination of physical inactivity 

was 0·68 years (ranging from 0·41 years in southeast 
Asia to 0·95 years in the eastern Mediterranean region; 
table 3, fi gure). When we classifi ed countries by income, 
the median gains were 0·37 years for countries with low 
incomes, 0·65 for lower-middle incomes, 0·80 for upper-
middle incomes, and 0·68 years for high incomes. In a 
sensitivity analysis that decreased age-specifi c death 
rates by the PAF for all ages 40 years or older (instead of 
only ages 40–79 years), the new estimate of years 
gained worldwide increased to a median of 0·92 years 
(range 0·49–1·25).

Finally, we used an example to illustrate gains under 
less stringent assumptions. A recent study of Taiwanese 
people aged 20 years and older comparing most with 
least active groups reported an RR for all-cause mortality 
of 1·35.19 Applying this RR to China for people aged 
20 years and older, we calculated a PAF of 9·8% and gain 
in life expectancy of 1·03 years, versus 8·3% and 
0·61 years obtained under the standard assumptions of 
tables 2 and 3.

Discussion
Worldwide, we estimated that physical inactivity causes 
6–10% of the major non-communicable diseases of 
coronary heart disease, type 2 diabetes, and breast and 
colon cancers. Furthermore, this unhealthy behaviour 
causes 9% of premature mortality, or more than 5·3 of 
the 57 million deaths in 2008.18 With elimination of 
physical inactivity, life expectancy of the world’s popu-
lation might be expected to increase by 0·68 years. 
These fi ndings make inactivity similar to the established 
risk factors of smoking and obesity. The added years of 
life need to be interpreted correctly: they seem low 
because they represent gains in the whole population 
(including inactive and active people), rather than in 
inactive people who become active. Because all the gain 
accrues to people who move from inactive to active, the 
increase in life expectancy in the inactive group alone is 

Figure: Estimated gains in life expectancy worldwide with elimination of physical inactivity
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Physical Fitness as a 
Nontraditional CHD Risk 

Factor



Aerobics Center Longitudinal 
Study Database

•  PI: Dr. Steve Blair
•  NIA funded for 18 years
•  Consists of Cooper Clinic patients

–  > 70,000 individuals enrolled
•  Follow-up to 30 years
•  Almost all patients have had a fitness test

–  Treadmill-based assessment of fitness
•  Follow-up for mortality and morbidity 
     every 3-4 years



Physical Activity and Cardiovascular 
Health: Aerobic Center Longitudinal Study 
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Cooper Follow-up 
Study

•  Relative to men who remained unfit (lowest 
20%), those who improved had a RR of 0.48



•  For each minute of improvement, adjusted CV 
risk = 8.6% 



•  How much to improve from lowest to next 
lowest quintile?  ACSM/CDC Recommendations: 
30 minutes or more of brisk walking most, if not 
all, days of the week.



Blair  et  al..    JAMA.  1995;273:1093-‐98.  
  



STRRIDE

Studies of a Targeted Risk Reduction Intervention
with Defined Exercise

STRRIDE  I      NHLBI:  HL-‐57453    
STRRIDE  AT/RT        NHLBI:  HL-‐57453      
STRRIDE-‐PD        NIDDK:  DK-‐081559  

NCT00200993    
NCT00275145  
NCT00962962  



STRRIDE: Eligibility Criteria

Age: 40 - 65
Body Composition: 25 ≤ BMI ≤ 35 
Lipids: 130 ≤ LDL ≤ 190 or HDL ≤ 40 M and ≤ 45 W 
Glucose: fasting ≤ 140 mg%; fasting insulin ≥ 10 IU/
ml 
Blood pressure: ≤ 160/90 mmHg 
Menstrual status: postmenopausal (FSH ≥ 40) ± HRT 
≥ 

6 months 
Demographics: equal genders, 30% minority
Activity: sedentary, peak VO2 ≤ 40 ml/kg/min (11 
METS)  
Medications: nothing that is known to influence 
skeletal muscle or exercise training responses 
(e.g. ACE inhibitors, β-blockers) and stable for 6 
months	




STRRIDE - Training Protocols*

Intensity               Amount              
Time/wk



  (peak VO2)                      (kcal/wk)                           (min 
per wk)



Brisk Walking     13 miles/week 170


Jogging              13 miles/week 120


Jogging              22 miles/week 170


Inactive      None            None

Int

Amt
Freq

*No Dietary Intervention
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Body Composition as a 
Nontraditional CHD Risk 

Factor
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Responses of Waist 
Circumference to Various 

Exercise Regimens	
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Changes in Body Fat Stores with 
Exercise
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Insulin Sensitivity and Glucose 
Intolerance as Nontraditional 

CHD Risk Factors
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STRRIDE - Training 
Protocols

Intensity               Amount    Presc Wt. 
Loss



  (peak VO2)                      (kcal/wk)


Brisk Walking  16 miles/week
None



Jogging  16 miles/week None


Brisk Walking  10 miles/week 
None




DPP Program  10 miles/week 
7%

Int
Amt
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Metabolic Syndrome as a 
Nontraditional CHD Risk Factor



ATP III Score
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Metabolic Syndrome Score
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hsCRP as a Nontraditional CHD 
Risk Factor



Exercise Response in hsCRP  
(2 weeks after exercise)
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Exercise Response in hsCRP  
(only values ≤ 10mg/L)
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• Physical Inactivity
• Cardiorespiratory Fitness
•  Insulin Sensitivity
• Glucose Intolerance
• Ectopic Adipose Tissue
• Metabolic Syndrome
• hsCRP

Summary of Exercise Effects on 
…
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What our subjects do at the end of our studies?	



