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(Comstock G. Am J Hyg 1957;65:271-315)



Frequency distributions of systolic blood pressure by race, sex and age
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“I submitted the paper for publication to the Journal of 

the American Medical Association. The journal was 

hesitant to publish the report because the editor was not 

certain of the scientific value of the case-control 

approach. However, shortly after the receipt of the paper 

by Levin and his colleagues, Wynder and Graham 

submitted a paper to JAMA reporting essentially the 

same results as those from Levin’s study. The second 

author, Evarts Graham, was a surgeon with an 

international reputation as an innovator. It was thus 

difficult for the JAMA Editor to dismiss Wynder and 

Graham paper. Hence, both Levin et al, and Wynder and 

Graham papers were published in the same issue of the 

Journal of the American Medical Association. Doll and 

Hill’s paper appeared a few months later.”



(Comstock G. Am J Hyg 1957;65:271-315)
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Sufficient Cause

Component causes

A

B

C

Sufficient cause: a set of minimal conditions and events (“component 
causes”) that inevitably produce disease (Rothman K. Modern 
Epidemiology. Boston, Toronto: Little Brown and Company,1986)
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Sufficient Cause

Component causes

A

B

C

(Ref. on sufficient cause: Rothman K. Modern Epidemiology. Boston, Toronto: 
Little Brown and Company,1986)

• Prevention or cessation of a single risk factor results in a disease 
risk decrease, as it eliminates all sufficient causes of which the 

risk factor is a component cause 

C

A

B

CC

Sufficient Cause

• Common exposures are often related to rare outcomes in the 
same populations (e.g., Helicobacter pylori and gastric cancer)





Rose G, Int J Epidemiol 1985;14:32-38
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High risk strategy: identification, treatment and 

control of all patients with hypertension � ⇓⇓⇓⇓ stroke 
incidence ~ 15% (Law MR, et al. Br Med J 1991;302:819-24)
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High Risk Screening � Program Sensitivity=
0.54 × 0.93 = 0.50

SENSITIVITY OF A HIGH RISK SCREENING PROGRAM FOR INCIDENT BREAST CANCER 

CASES DURING ONE YEAR IN A TARGET POPULATION OF 100 000 WOMEN¶

•Average yearly incidence in S. Paulo, 1998-2000 ≅≅≅≅ 278/100 000§

¶Szklo M. J Gen Intern Med 1990; 5(Suppl):S47-S49
*Hartmann et al, New Eng J Med 2005;353:229-37
**Mushlin et al, Am J Prev Med 1998;14:143-53

§Câncer no Brasil- Dados do Registro de Câncer 
de Base Populacional. Disponível em 
http://www.inca.gov.br/vigilancia/
CONPREV-INCA-MS e IBGE-MP

1st Phase: Sensitivity of Family History of Breast Cancer = 0.54*; 2nd Phase: Sensitivity of 
Mammography = 0.93**

False Negatives

True Positives

278

150

1st Phase: Sensitivity of Family 
History = 0.54*

128

150

2nd Phase: Sensitivity of 
Mammography = 0.93**

10

140
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m9 A estratégia de alto risco tambem é inferior à estratégia populacional do ponto de vista de efetividade de um programa de rastreamento.
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THE INTERFACE BETWEEN 
EPIDEMIOLOGY AND HEALTH 

POLICY

Modified from: Tugwell et al, J Chronic Dis 38 (4)

EPIDEMIOLOGY IS RELEVANT TO ALL ASPECTS RELATED TO HEALTH 

POLICY AND PROGRAMS

2. ETIOLOGY

3. BURDEN OF RISK FACTORS

5. COST-EFFECTIVENESS

6. IMPLEMENTATION OF 
POLICY/PROGRAM

7. MONITORING OF 
POLICY/PROGRAM

8. REASSESSMENT OF
BURDEN OF ILLNESS/RFs

4. EFFECTIVENESS OF 
INTERVENTION(S)

V

V

V

V

V

V

V

V

1. BURDEN OF ILLNESS AND 
DISTRIBUTION IN THE 

POPULATION



1998

Obesity Trends* Among U.S. Adults
BRFSS, 1990, 1998, 2006

(*BMI ≥≥≥≥30, or about 30 lbs. overweight for 5’4” person)

2006

1990

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%



39.827.341.018.0BMI ≥ 25, %

49 23262 70944 09757 179Total sample, No.

2003197520031975Characteristic

WomenMen

(Monteiro CA, et al. Income-specific trends in obesity in Brazil: 1975-2003. 
Am J Pub Hlth 2007;97:1808-1812)

Body Mass Index and Prevalence of Overweight + Obesity, Ages 

20 Years and Older, Brazil, 1975 and 2003



Change in obesity prevalence in Cienfuegos, Cuba, between 1991 and 
1995 (Modified from: Franco M, et al. CMAJ 2008;178:1032-1034)



Trends in age-adjusted mortality from type 2 diabetes, coronary heart disease, and all cause 

mortality. The shaded zones coincide with the economic crisis (1989-2000) and the most severe 

years of the crisis (1991-1995) (Modified from Franco M, et al. Am J Epidemiol 2007;166:1374-1380)

Type 2 diabetes

Coronary heart disease

All cause



Low Density Lipoprotein (LDL) Equivalent

‘Which concentration of LDL would 
replicate the magnitude of the relationship 
of a given risk factor to each phase of the 

natural history of atherosclerosis?’

(Sharrett et al, Atherosclerosis 2004;172:143-9)



Low Density Lipoprotein Equivalent (LDLeq)
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IMT* thickness
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percentile with no clinical 
manifestations

Moderate: IMT ≥ 75th

percentile with no clinical 
manifestations

Severe: Peripheral Arterial 
Disease (Ankle-Brachial 

Index <0.90) 

(Sharrett et al, Atherosclerosis 
2004;172:143-9)



LDLeq: Serum LDL concentration that replicates the strength 
of the association of smoking with atherosclerosis

(Sharrett et al, Atherosclerosis 2005)

LDLeq according to atherosclerosis severity level, adjusted 
for age, gender, center/ethnic background, LDL-cholesterol, 

diabetes and blood pressure. 
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4.71.3Never

5.81.6Former

11.55.3Current

Smoking

MenWomen

Rates

Risk Factor

Age-, Field Center- and Race-Adjusted Average Annual 
CHD Incidence Rates/1000 Person-Years, 

Atherosclerosis Risk In Communities (ARIC) Study

(Chambless et al, Am J Epidemiol 1997;146:483-94)



Relation of Postmenopausal Hormone Therapy to Coronary Heart 

Disease in Observational Studies and in the Women’s Health 
Initiative Estrogen-plus-progestin Trial
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Prothrombotic and 
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(plaque rupture, thrombo-occlusion)

Adverse Influence 
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Postmenopausal Years
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Timing of Hormone Therapy Initiation in Relation to Stage of Atherosclerosis:
Observational Studies vs Clinical Trials

(Modified from: J Manson, et al.  Menopause 2006)
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Both the gene AND the 
environmental exposure 

are required for 
symptoms to occur.

PHENYLKETONURICS: 
CONTAINS 

PHENYLALANINE

One in 15,000 people may 
not properly metabolize 

phenylalanine, an 
essential amino acid found 

in aspartame. 

Qualitative Gene-environment Interaction



Cumulative Incidence (%) and Relative Risks of Myocardial Infarction 
(MI) During a 7-Year Follow-up, According to Previous MI History and 

Presence of Type 2 Diabetes at Baseline 

24.8%2.245.0Yes

Reference1.020.2NoPresent

15.3%5.418.8Yes

Reference1.03.5NoAbsent

AR* (absolute 
difference)

Relative 
Risk

Incidence 
(%)

Previous 
MI

Diabetes

(Haffner et al, N Eng J Med 1998;339:229)

Negative Multiplicative 
Interaction
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Life Time Associated Risks of Cancer

Possible increased Possible increased 

risk of other cancers risk of other cancers 

((egeg, prostate, colon), prostate, colon)

Breast cancerBreast cancer -- often often 

early age at onset early age at onset 

(50%(50%--85%85%)

Second primary breast Second primary breast 

cancercancer (40%(40%--60%)60%)

ovarian cancerovarian cancer

(15%(15%--45%)45%)

BRCA1

breast cancerbreast cancer

(50%(50%--85%)85%)

ovarian cancerovarian cancer

(10%(10%--20%)20%)

male breast cancermale breast cancer

(6%)(6%)

Increased risk of prostate, Increased risk of prostate, 

laryngeal, and pancreatic laryngeal, and pancreatic 

cancers (magnitude cancers (magnitude 

unknown)unknown)

BRCA2



How Much Breast Is Hereditary?

15%15%−−

20%  20%  

GENETIC INHERITANCE:
- High Relative Risk
- Low Population Attributable Risk 

SporadicSporadic

HereditaryHereditary

Breast CancerBreast Cancer

5%5%––10%10%

15%15%−−

20%  20%  



(Szklo M. Evaluation of epidemiologic evidence for policy-making. Am J Epidemiol 2001; 154:S13-S17)

No. of new cases of coronary heart disease (CHD) in the USA in 2004= 1.2 million

New cases of CHD attributed to ETS* in the USA= 0.13 x 1.2 million= 156,000

*Environmental Tobacco Smoking



Agent (e.g.,
virus,  

smoking)

Environment
(eg, water,
food, air)

Human 
Host

Vector (eg, 
mosquito)

THREE BASIC STRATEGIES

• Eliminate/decrease exposure to agent and/or the vector 

• Make environment hostile to agent

• Increase host resistance

Primary Prevention Relies on the Triad of Risk Factors      
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Leukemia after 
radiotherapy for 

ankylosing spondylities (9)

Bladder tumors in dyestuff workers (20)

(Armenian HK, Lilienfeld AM. Am J Epidemiol 1974;99:92-100)



Incubation Period and Associations
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Epidemiology for Public Health

• Social Epidemiology/Population-wide (rather 
than high risk) approaches

• Focus on application to Public Health (rather 
than on biologic mechanisms)

• Attributable risk – type measures of association 
(rather than ratio-based)

• Additive model for interaction (rather than 
multiplicative)

• Confounded associations are unbiased, and 
useful for defining high risk groups
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Epidemiology for Public Health

• Social Epidemiology/Population-wide (rather 
than high risk) approaches

• Focus on application to Public Health (rather 
than on biologic mechanisms)

• Attributable risk – type measures of association 
(rather than ratio-based)
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“IF NOT APPLIED TO 

PREVENTION AND 

PUBLIC HEALTH, 

EPIDEMIOLOGY TENDS TO 

BE FAIRLY BORING...”

(Comstock, personal 

communication)





“Public Health Epidemiology”

Attributable risk-type  measures

Additive interaction model

Confounded association ≠
Biased association

Tends to population-wide approach 

“Public Health Epidemiology”

Attributable risk-type  measures

Confounded association ≠≠≠≠
Biased association

Tends to population-wide approach 

“Academic Epidemiology”

Relative risk- type measures

Multiplicative model for interaction

Confounded association ≈≈≈≈
Biased association

Tends to high risk approach

Focus on application Focus on mechanisms

Additive model for interaction



Incubation Period and Associations

Cases 
not 

related to 
the 

exposure
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s

Point A

Minimum 
incubation period 

or cumulative 
exposure

TIME

EPIDEMIC CURVE

Example: post-
menopausal 

hormonal therapy 
and breast cancer


