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Source: National Nutrition and Health Survey, 2002
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Obesity and MortalityObesity and Mortality

Sudden death is more common in those 
who are naturally fat than in the lean.

– Hippocrates (431 BC) 

How to Measure Obesity?How to Measure Obesity?

Quetelet (Quetelet, 1835), a mathematician in 
Belgium, developed an obesity index 
(weight/height2), which was later termed as 
body mass index (BMI).
Hydrodensitometry
Dual-energy X-ray Absorptiometry (DXA), 
Computed tomography (CT), and Magnetic 
Resonance Imaging (MRI) 
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Relationship Between BMI and Relationship Between BMI and 
Percent Body Fat in Men and WomenPercent Body Fat in Men and Women

Adapted from: Gallagher et al. Am J Clin Nutr 2000;72:694.
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BMIBMI--Associated Disease RiskAssociated Disease Risk

Very High35.0-39.9II
High30.0-34.9IObese

>40

25.0-29.9
18.5-24.9

<18.5
BMI (kg/m2) RiskClassification

Extremely high

Increased
Normal

Increased

III

Normal
Underweight

Overweight

Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight 
and Obesity in Adults—The Evidence Report. Obes Res 1998;6(suppl 2).

Additional risks:
• Large waist circumference (men>40 in; women >35 in)
• 5 kg or more weight gain since age 18-20 y
• Poor aerobic fitness
• Specific races and ethnic groups
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Limitations of BMILimitations of BMI

BMI is affected by body frame and 
muscularity, and is not specific for 
obesity.

The validity of BMI varies with age, 
sex, and ethnicity.

Intra-abdominal (visceral) fat is the 
worst, most strongly correlated with 
disease.
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Pulmonary diseasePulmonary disease
abnormal functionabnormal function
obstructive sleep apneaobstructive sleep apnea
hypoventilation syndromehypoventilation syndrome

Nonalcoholic fatty liver Nonalcoholic fatty liver 
diseasedisease
steatosissteatosis
steatohepatitissteatohepatitis
cirrhosiscirrhosis

Coronary heart diseaseCoronary heart disease
DiabetesDiabetes
DyslipidemiaDyslipidemia
HypertensionHypertension

Gynecologic abnormalitiesGynecologic abnormalities
abnormal mensesabnormal menses
infertilityinfertility
polycystic ovarian syndromepolycystic ovarian syndrome

OsteoarthritisOsteoarthritis

SkinSkin

Gall bladder diseaseGall bladder disease

CancerCancer
breast, uterus, cervixbreast, uterus, cervix
colon, esophagus, pancreascolon, esophagus, pancreas
kidney, prostatekidney, prostate

PhlebitisPhlebitis
venous stasisvenous stasis

GoutGout

Medical Complications of ObesityMedical Complications of Obesity
Idiopathic intracranial Idiopathic intracranial 
hypertensionhypertension

StrokeStroke
CataractsCataracts

Severe Severe pancreatitispancreatitis
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Body Weight and Mortality:  
Potential Biases

• Confounding by cigarette smoking

• Weight loss due to existing and subclinical
disease (“reverse causation”)

• “Overcontrol” for intermediate variables 
in the causal pathway (BP, lipids, glucose)

Source:  Manson, Stampfer, Hennekens, Willett, JAMA 1987; 257:353-8

Leanness Mortality

Smoking

(A)  Confounding
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Mortality

Weight 
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(B) Reverse Causation

Obesity Mortality

Diabetes

(C) Mediation
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Obesity

Age

Obesity
x

Age

Mortality

(D) Effect Modification How to Deal With Methodological How to Deal With Methodological 
IssuesIssues

Confounding: restricting the analyses to 
never smokers
Reverse causation: excluding sick 
people and eliminate deaths in the first 
few yrs of follow-up; middle-aged 
cohorts
Not control for intermediate variables
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How does the inclusion of 
smokers and sick people 
obscure this relationship?

Association between BMI and all cause Association between BMI and all cause 
mortality in CPSmortality in CPS--II menII men

RR=1.28
(1.04-1.58)

RR= 2.68 
(1.76-4.08)
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NYTimes.com > Health

Some Extra Heft May Be 
Helpful, New Study Says

By GINA KOLATA
Published April 20, 2005

26.088

WESH.com

It’s OK To Be Slightly 
Overweight, Study Says
Study Finds Being Overweight Associated 
With Reduction In Deaths

POSTED:  6:29 pm EDT April 20, 2005

UPDATED:  6:56 pm EDT April 20, 2005

26.086
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Rocky Mountain News

Campos:  A weighty matter

Latest study merely confirms 
fat haters’ arguments flabby

May 14, 2005

26.087 21.089
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MethodsMethods

Nurses’ Health Study 1976-2002

N=120,360 women aged 30-55 yr in 
1976.

Total deaths: 15,266  
– CVD deaths: 3,585
– Cancer deaths: 7,303  
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AARP Cohort: NEJM 2006 (>half million people) Korea Study: NEJM 2006 (>1.2 million people)
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Arch Int Med 2006

Summary on Obesity and MortalitySummary on Obesity and Mortality

It is essential to exclude baseline illness and smokers 
(need very large sample and long follow-up).

No evidence of a decline in the impact of obesity on 
mortality over time.

A clear evidence of increased mortality in the 
overweight group.

The CDC results are likely to be confounded and 
biased by methodological problems. More recent 
studies with large samples sizes and better methods 
showed consistent associations between BMI and 
mortality.
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Effect of Exercise on the Metabolic Effect of Exercise on the Metabolic 
Syndrome and DiabetesSyndrome and Diabetes

Improves insulin sensitivity and glucose 
control
Increases HDL cholesterol
Decreases triglycerides
Decreases blood pressure
Decreases fibrinogen
Decreases risk of diabetes, CAD, and 
stroke
Beneficial for weight loss and 
maintenance

Key Issues in the Field of Physical ActivityKey Issues in the Field of Physical Activity

♦ Exercise intensity and type
– Vigorous exercise vs. walking 

♦ Fatness vs. fitness
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Intensity and Type of Physical Activity in Intensity and Type of Physical Activity in 
Relation to Coronary Heart Disease in Relation to Coronary Heart Disease in 

MenMen

Mihaela Tanasescu MD, Michael Leitzmann MD, Eric Rimm
ScD, Walter Willett MD, Meir Stampfer MD, Frank Hu MD

JAMA 2002

Study Population and Outcome EventsStudy Population and Outcome Events

HPFS: 44, 586 male health professionals (aged 40-
75 years in 1986)
Excluded 
– men with cancer and CVD at baseline 
– men with physical impairment

1,704 CHD endpoints 1986-1998
– fatal CHD (definite, presumed, sudden death)  
– nonfatal MI (definite, probable)
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Assessment of Physical ActivityAssessment of Physical Activity

• average weekly time spent on 
– walking, jogging, running, bicycling, lap swimming, 

tennis, squash/racquetball, rowing/calisthenics (1986 
questionnaire)

– heavy outdoor work (added 1988)
– weightlifting (added 1990)
 Validity
Correl. Coef. With 1 week diaries: 0.65 total PA, 0.58 vigorous.
Correl of vigorous activity with resting pulse -0.45, after step test -

0.41.
HDL increased by 0.06mmol/l for each 20MET-hrs/week.

Units of Physical Activity: METUnits of Physical Activity: MET--hourshours

MET-hours = number of METS * number of hours

METS = metabolic equivalents = typical energy 
expenditure for each activity

1MET = energy expended when resting/sitting quietly 
= 3.5ml oxygen/kg*min = 1kcal/kg*h
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Adapted from: Alpers. Undergraduate Teaching Project. Nutrition: energy 
and protein. American Gastroenterological Association, 1978.

All out competitive sports

Running 10 mph

Running 6 mph
Climbing stairs

Sexual intercourse
Gardening

Walking 4 mph
Bicycling

Walking 2 mph
Chewing gum (11 kcal/h)

400

600

1000

200

800

1200

2 Met/h 4 Met/h 10 Met/h

Total activityTotal activity

Total amount (volume) of activity (MET-hrs) =
n                   

= Σ Ii*Tii=1 
n                      n

Average Intensity (METS) = Σ Ii*Ti / Σ Ti
i=1   i=1
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Relative Risks for CHD Associated With Total Weekly Relative Risks for CHD Associated With Total Weekly 
MetMet--hours of Physical Activityhours of Physical Activity

 Total Physical Activity    (Quintiles met-hours/week)                             p-trend 
 

 0-6.32 6.33-14.49 14.50-25.08 25.09-41.98 41.99+  
#cases 433 370 339 294 268  
Person-years 94098 94245 93601 91335 103826  

Age adjusted   0.86 
(0.75,0.99) 

0.79 
(0.69-0.92) 

0.72 
(0.62,0.84) 

0.58 
(0.50,0.68) 
 

<0.001

Multivariate1  0.90 
(0.74,0.99) 

0.86 
(0.74,0.99) 

0.80 
(0.68,0.93) 

0.66 
(0.56,0.77) 
 

<0.001

Multivariate2  0.91 
(0.79-1.05) 

0.89 
(0.7,0.97) 

0.83 
(0.71,0.97) 

0.70 
(0.60,0.83) 
 

<0.001

Multivariate3  0.93 
(0.81,1.07) 

0.92 
(0.79,1.07) 

0.87 
(0.75,1.02) 

0.75 
(0.64,0.88) 
 

<0.001

 
1adjusted for alcohol, smoking, family history of MI and nutrients (poly, trans, folic acid, fiber, vitamin E supplement) 
2additionally adjusted for presence of diabetes, high cholesterol and hypertension at baseline 
3additionally adjusted for BMI 

Correction for Measurement Error for Total Correction for Measurement Error for Total 
ActivityActivity

Increment of 50 MET-hrs/week 
– RR=0.75 (0.66-0.85) cumulative update

Uncorrected             Corrected
Simple Update      0.79(0.72-0.88)     0.45(0.28-0.72)
Baseline                0.78(0.68-0.90)     0.49(0.30-0.81)
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Average Exercise Intensity and CHD RiskAverage Exercise Intensity and CHD Risk

0

0.2

0.4

0.6

0.8

1

1.2

Age-adjusted

Multivariate

Additionally
adjusted for total
MET-hours of
activity

<4METS

4-6METS

>6METS

P-trend=0.02

Average intensity

*Relative 
Risk
of CHD

Relative Risk of CHD associated with Relative Risk of CHD associated with 
different types of activitydifferent types of activity

Activity RR(95%CI for > 1h/wk vs. 0) p-trend

Running 0.58 (0.44-0.77) <0.001

Rowing 0.82 (0.68-0.99) 0.04

Jogging 0.93 (0.72-1.21) 0.51

Racquet sports 0.99 (0.84-1.17) 0.83

Cycling 1.07 (0.91-1.25) 0.50

Swimming 1.21 (0.95-1.54) 0.29

Multivariate, adjusted for each other
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Relative Risks for CHD Associated with Relative Risks for CHD Associated with 
Weight Lifting  (1990Weight Lifting  (1990--1998)1998)

 0 <0.5 hr/wk >0.5hr/wk p-trend 

#cases 1011 97 89  

Person years 210176 30323 41238  

Age adjusted 1 0.82 (0.66, 1.01) 0.62 (0.50, 0.77) <0.001 

Multivariate 1 0.89 (0.72, 1.11) 0.71 (0.56, 0.89) 0.002 

Multivariate* 1 0.95 (0.76, 1.19) 0.77 (0.61, 0.97) 0.002 

 
Multivariate: adjusted for alcohol, smoking, family history of MI and nutrients (poly, trans, folic 
acid, fiber, vitamin E supplements), baseline diabetes, high cholesterol and hypertension  
* Additionally adjusted for the other activities 

Relative Risk
0.00 0.50 1.00 1.50

Women’s Health Initiatives
(>30 mins/day)

Women’s Health Study
(>2hr/wk)

Honolulu Heart study         
(>1.5 mile/d)

Health Professional’s
Follow-up Study (30min/d)

Western Washington HMO
( 4hr/wk) 

Harvard Alumini Study
(5 km/wk)

British Regional Heart study
(>40 min/d)

Walking and CHD

Nurses’ Health Study
(>30 mins/day)
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The “Fat and Fit” Hypothesis:
Being fit removes the excess risk of being fat MethodsMethods

Nurses’ Health Study 1976-2000
N=116,564 women aged 30-55 yrs without 
CVD or cancer at baseline.
Total deaths: 10,282  CVD deaths: 2,370 
Cancer deaths: 5,223  Other causes: 2,689
Joint analyses of BMI and physical activity
Joint analyses of waist circumference and 
physical activity
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Multivariate RR of overall mortality according to  joint  Multivariate RR of overall mortality according to  joint  
categories of BMI & physical activity levels, NHS 1980categories of BMI & physical activity levels, NHS 1980--20002000

≥3.5 1-3.4 <1

Overall Mortality                                               
BMI<25 
Number of cases/  807/ 1540/ 1091/            
Person-years   352531 457290   215188           
RR 1.00 1.18(1.09,1.29)   1.55(1.42,1.70)

BMI 25-29.9    
Number of cases/                                    298/ 699/ 518/              
Person-years        92827 167442 89787            
RR 1.28(1.12,1.46)   1.33(1.20,1.47)    1.64(1.46,1.83)

BMI≥30                      
Number of cases/   136/ 450/ 410/               
Person-years                                         31726 78675 53032             
RR 1.91(1.60,2.30) 2.05(1.82,2.30)    2.42(2.14,2.73)

Physical Activity (hr/wk)Physical Activity (hr/wk)

Hu et al. NEJM 2004

Multivariate RR of CHD according to joint categories of 
BMI & physical activity levels, NHS 1980-2000

≥3.5 1-3.4 <1

BMI<25 
RR 1.00 1.33(1.13,1.56)   1.47(1.23,1.75)

BMI 25-29.9    
RR 1.44(1.13,1.82)   1.92(1.61,2.29)    2.04(1.67,2.48)

BMI≥30                      

RR 2.49(1.85,3.35) 3.32(2.75,4.01)    3.44(2.81,4.21)

Physical Activity (hr/wk)

P for interaction>0.30

Li et al. Circulation 2006
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SummarySummary
Both adiposity and physical inactivity are 
strong and independent predictors of CHD 
incidence and mortality.

Being physical active somewhat attenuates 
but does not eliminate the excess risk 
associated with overweight and obesity.

Public health campaigns should emphasize 
both maintaining a healthy weight and regular 
physical activity.

Other Benefits of ExerciseOther Benefits of Exercise

Cognitive and Physical functions
Gallstones
Fractures
Colon cancer
Breast cancer incidence and survival
Prostate cancer
Pancreatic cancer
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Copyright restrictions may apply.

Feskanich, D. et al. JAMA 2002;288:2300-2306.

Hip Fracture Among Postmenopausal Women in the Nurses' Health Study, 1986-1998, by 
Body Mass Index (BMI)
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Janet Reno
Michael J. Fox
Muhammed Ali
Billy Graham
Johnny Cash

Changes of Physical Activity Changes of Physical Activity 
before and after Diagnosisbefore and after Diagnosis
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Chen Neurology 2005



34

Early Life Strenuous Exercise (Men)Early Life Strenuous Exercise (Men)

0
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P=0.005

In the bottle before you is a 
pill, a marvel of modern 
medicine that will regulate gene 
transcription throughout your 
body, helping prevent heart 
disease, stroke, diabetes, 
obesity, and 12 kinds of cancer 
— plus gallstones and fractures 
…, Even your immune system 
will be stimulated. There is just 
one catch…
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There's no such pill. The 
prescription is exercise.
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