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Goal of discussion:

To assist in the understanding of the work of public health epidemiology in determining risk factors and causal agents in disease morbidity and mortality among the population.

Objectives:

1) To broadly understand the work of public health epidemiology  in Washington state

2) To gain a snapshot idea of the applied theories of epidemiology in assisting to investigate risk factors for diseases  

3) To gain a real world perspective of the successes and  limitations of epidemiology in determining disease causation

Part I -   A stroll down the public health lane in Washington State – 

Part II-  A  brisk stride into the history of epidemiology

Part III -   A gallop across the basic tenets of epidemiology – applied to investigating risk factors and causality of disease

Part IV-   A mad dash over the hurdles that epidemiology faces in determining disease causation – The case of breast cancer in Washington State
Part V – First world and Third world examples of epidemiological evaluations and their impact on the public’s health

Part I – Public Health in Washington State

Public health activities in Washington are governed by state statute: Revised Code of Washington 43.70

· Authority and control is at the local level: 39 counties comprised into 35 local health jurisdictions (LHJs)

· State – for the most part does not have authority – “unless the local health officer fails to act” – some programs are at the state level only
Funding occurs at the local, state and national level – via fees, General Fund State (GFS) monies and federal grants – AND there is NEVER enough!!

Disciplines in Public Health
Environmental Health – 

1) regulation of food, air and water supplies – also radiation

2) prevention programs to reduce risk – lead poisoning prevention, school injury prevention programs, training programs for food handlers, water purveyors

3) Environmental investigations – hazardous waste sites, chemical spills, toxicology and epi evaluations, 

Community and Family Health – 

1) Prevention programs –  
a. Maternal and child health, WIC programs, immunizations
b. Chronic disease prevention programs: obesity, nutrition, cancer, diabetes, heart disease

Public Health Epidemiology

a. Collect disease reports - determine common symptoms in those ill individuals

b. Laboratory analysis provided – microbiology, DNA testing, PFGE – linked testing

c. Link illness with source of food, exposure, disease agent 

d. Determine strength of association between disease exposures or risk factors and disease
e. Communicate needed prevention activities
f. Evaluate disease trends in the population

Communicable Disease Epidemiology
1) Notifiable condition reporting – mainly infectious nature – hospitals, health care providers and laboratories notify local and state public health about certain diseases they see: measles, whooping cough, WNV, meningitis, lead poisoning, chemical poisoning, E.coli, typhoid, salmonella
Non- Infectious Disease – Evaluate exposures in environment and analyze disease rates in exposed vs. unexposed populations
1) Concern about cancer or illness in community with concern about causal agents in environment

2) Evaluate whether disease is higher in community with concern – 

3) Conduct cancer cluster investigation to determine if relationship exists 
Part II - Brisk Stride through History of Epidemiology

1400 BC – 
a) leprosy and isolation –  

b) trichinosis – Mosaic Code – dietary laws “the swine - …. He is unclean” – Bible – Leviticus 13:46:10:7

400 BC - 
Hippocrates – “airs, water, places, epidemics”  - “the effect of water on the health must not be forgotten”

1347 AD - 
Black Death – plague epidemic –  in Italy – first quarantine of ships at the port – before plague was even understood – connection between transporting and disease was seen – rats..

Evolved during Scientific revolution of 1600’s 

1600’s - Francis  Bacon – basis of inductive logic – the orderly behavior of the universe can be related in a mathematical relationship

1747 – John Lind – scurvy and citrus fruit in the British Navy – “limeys”

1830 – 1860 -  Panum – “measles is not miasmatic but purely contagious”

1854 - John Snow – 1854 – “Cholera in London has borne a strict relation to water supply – first person who used maps of disease to look at disease causation
1800s - Obstetric wards – physician deducted that high mortality rates in OB ward were related to fact that physicians were also doing autopsies at ward located right next door – required that all physicians washed their hands – mortality dropped drastically
1880 - 
Koch – Bacteriology - Immunization – Pasteur –  understanding that microbes caused disease – as they were seen when first microscopes were developed – Microbiology was born!!
Part III – Basic Tenets of Epidemiology

a) Definition of Epidemiology – epi/ demo/iology

· the study of the distribution and determination of disease and injuries in human populations

b) Epidemiology is based on 2 fundamental assumptions:

1) that disease does not occur at random

2) that human disease has causal and preventive factors that can be identified
c) The Objectives of Epidemiological Investigations:

1. To identify individuals and subpopulations that:

i. Carry the greatest burden of specific diseases ( who is at greatest risk) – e.g. prostitutes more at risk for syphilis than nuns?
2. To identify changes in the modes of transmission of disease – viruses mutate – cultural changes occur 
3. To identify factors or conditions which can be changed to modify or prevent the occurrence and spread of disease sanitation, host resistance – e.g. immunizations, exposure risk
d) Epidemiological concepts –  The biological balance – the Disease Triangle

 





Host





Agent



Environment
Host Risk Factors – anything that affects your chance of chance of getting disease: sunlight- skin cancer, behaviors-  smoking for cancers of the lung, mouth, larynx, bladder, or high fat intake for cancers of colon, and high cholesterol and heart disease, exercise and physical activity and heart disease

Risk factors that can’t be changed – inherited – your sex, your genes,  and AGE – the biggest risk factor of all!
e) Epidemiological reasoning: Methods and techniques of epidemiology are designed to:

 Detect an association between a disease and a characteristic of the person who has it or a factor in his environment. Since neither populations nor environments of different times or places are identical, these characteristics and factors are called

“epidemiologic variables”-----(  
Time- period in which the individual disease cases that are being studied actually occurred




Person- characteristics of the exposed individuals and who contracted the disease





Place- refers to the features, factors or conditions which existed when disease occurred

f)  Approaches for studying disease causation and etiology

1) Animal Studies (in vivo systems) – Toxicology

a) Challenges of toxicology in determining disease causation

2) In vitro systems ( microbiology or biochemistry)

a) Challenges of in vitro systems

3) Observations in human populations – epidemiologic studies
Three types of epidemiological studies:

a) Ecologic – or descriptive epi – Identifying the associations, amount and distribution of disease among a population in relation to time, place and person
Examples: Using maps to understand if  living in certain areas is related to higher rates of disease – John Snow - cholera
b) Observational  - Analytical Epidemiological investigations

i. Case control studies – retrospective – look at groups with exposure and those who have not had specific exposure and calculate which group has higher disease rates given exposure
Start with Disease ----( look back historically to see who had exposures
Examples: - atomic bomb survivors – had higher rates of leukemias, thyroid problems, bone cancers

ii. Cohort studies-prospective – follow groups with exposure or risk factor and those without and follow them into future to see who develops disease and who does not
Start With exposure-----( and follow to see who gets disease

Examples:  Framington Heart Study – studied people with higher fat diets, less exercise and watched to see heart disease


      National Nurses Study – found that estrogen did not reduce arteriosclerosis

c) Clinical or experimental epidemiology – evaluate effectiveness of interventions, and preventive programs
Examples: Drug: – Physician aspirin study –random trial - daily dose of children’s aspirin significantly reduced heart attack 

So how do you DO an epidemiological evaluation to determine if an exposure or risk factor is related to Disease?

 Steps in the Epidemiological Approach to studying an exposure problem or disease etiology

1) Initial observation in laboratory or clinical finding or in the field

a. Definition of the disease or process by pathology – laboratory tests or common clinical characteristics

2) Examine routinely available data, other studies – to identify plausible or statistical associations between exposure and disease

3) Carry out a new study to demonstrate specific associations  - develop hypothesis about risk factors or exposures

4) Evaluate exposures or risk factors in diseased (cases) and non-diseased ( controls) or watch for disease

5) Test hypothesis using epidemiological approach

6) Determine strength of or lack of statistical relationship

7) See if this relationship or association that you found in this population holds true for other populations

Mathematical evaluations to evaluate the strength of association:


Rates of disease: morbidity rates, mortality rates, crude death rates, adjusted rates, age specific rates

Statistical tests of that association: p-values – (.05), Chi-square – to answer the question:

Is this evaluation truly showing an association between this risk factor or exposure and disease or is this chance occurrence? 

Then ask: - is there BIAS in this study – bias – any systematic error in the design, conduct or analysis

Types of bias: recall bias – as sick remember better than well, interviewer bias, selection bias, surveillance bias, misclassification bias 

Part IV – Challenges in proving disease causation

Does the association follow the criteria for determining causality?

1) Strength of association – is the finding statistically significant – or could “chance” have occurred

2) Is there consistencies with other studies  - is this reproducible in other studies or groups

3) Is the association with disease specific – difficult as most disease is “multi-factorial”

4) Is there an appropriate time relationship between exposure and disease

5) Is there a dose response relationship – does disease increase with dose ( being tested)

6) Is this a plausible relationship between exposure and disease – natural hx of disease

7) Is there coherence- biologically possible

8) Is there experimental evidence to support this finding- animal or in vitro
Challenges in Study of Cancer or Environmental Epidemiology

Cancer – Key Facts - (From World Health Organization) 

· Leading cause of death worldwide – 7.9 million deaths ( approx 13% of all deaths) in 2007

· Lung (1.4) , stomach (866,000), liver (653,000), colon(677,000)  breast cancer (548,000) – most cancer deaths/year

· Differ by sex- men(lung, stomach, liver, colorectal, prostate) and women (breast, lung, stomach, colo, cervical)

· 30% of all cancer deaths can be prevented

· Tobacco use is the SINGLE most important risk factor for cancer

· Cancer arises from a change in a single cell – may be started by external agents and inherited genetic factors

Causes of cancer: 

· Physical carcinogens -UV light and ionizing radiation, smoke particles

· Chemical carcinogens – asbestos, components of tobacco smoke, aflatoxin, arsenic

· Biological carcinogens – infections from certain viruses, bacteria or parasites

Examples of infections associated with certain cancers:

· viruses – hepatitis B and liver cancer,  HPV and cervical cancer and HIV – and Kaposi sarcoma

· bacteria – Helicobacter pylori and gastric cancer

· Parasites – schistosomiasis and bladder cancer

Leading risk factors for cancer: 

Low  and middle income countries




High income countries

Tobacco use, alcohol use, low fruit and vegetable intake


tobacco use, alcohol use, being

Infections from Hep B, Hep C and HPV




obese and overweight

Cervical cancer – leading cause of cancer in low-income women – HPV

Case Study - Breast Cancer – 

Risk factors: Gender, aging- risk increases as age increase ( 1 in 8 breast Ca in women <45,  2 out of  3 for women >55)

Genetic Risk factors:  5 – 10% of breast cancer cases – hereditary – most common – inherited mutations BRCA1 and BRCA2 genes – in normal cells these genes help to prevent CA – if  you have an inherited mutations – your cells can’t protect you Women with BRCA 1 or BRCA2 – have up to an 80% chance of developing Breast CA in lifetime –  Jewish women of Ahkenzai origin

Other risk factors: Personal history of breast cancer, familial history of breast cancer – first degree relative – (mother, sister or daughter) doubles a woman’s risk – having 2 first degree relatives increases her risk about 5 fold

(20 – 30% of women with breast cancer have a family member with Breast CA – note – 70 – 80% DON’T have a family hx

Other risk factors: race and ethnicity(African-american and Hispanic), dense breast tissue, certain benign breast conditions, early menstruation or later menopause, previous chest radiation, diethylstilbestrol (DES) exposures and mother’s exposure to DES, 

Lifestyle-related risk factors: no children or late in life children, recent oral contraceptive use, post menopausal hormone therapy, long term use ( >10 years) use of ERT,not breast feeding, alcohol use (2-5 drinks/day), being overweight or obese, lack of physical activity, high-fat diets, 

The Jury is Still Out  on whether these things cause are risk factors for breast cancer: antiperspirants, bras, induced abortion, breast implants, chemicals in the environment, pesticides ( DDE and PCBs), tobacco smoke, night work

In Washington State – Breast cancer is the second leading cause of cancer death in Washington women

Higher trends are leveling off: - breast cancer death rates among WA Women increased from 1980 to 1989  - since 1989 – mortality has decreased – mammography (early screening) and advances in treatment explain about 50% of the decline.

Why Breast cancer rates may be higher in Washington that other states: -Not known but some plausible factors

· Delayed childbearing – 

· White women have higher risk of developing breast cancer – WA has high proportion of white women

· Lower exposure to sunlight  - Some studies suggest that Vitamin D is protective against breast cancer

Other possible factors: increased alcohol consumption, exposure to X-rays, HRT use, less physical activity

Best strategy for prevention of breast cancer mortality is early detection through mammography screening – 70 – 75% of women in WA state are screened by mammography every year.
Challenges in evaluating the risk or causal factors of cancer or environmental exposures:

· Some outcomes are rare – leukemia, Hodgkin’s lymphoma – very large populations needed to see the increase in rates needed for statistical significance

· Cancer is multi-factorial – many things  can cause cancer – you can’t necessarily determine if those other factors exist for your population under study and you don’t know if other exposures existed
· Very difficult to measure amount of exposure  - to achieve a dose response relationship – worker records in pesticides but environment exposures are hard to calculate – in nonworker population
· Studies are very expensive

· Cancer has a very long latency – 20 years for some cancers – 

· There are many types of cancers – and they arise from different cell types – they may have no relationship
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