Chapter 3: Epidemiology

Objectives:

Define environmental epidemiology

Discuss the differences between cohort and case control studies

Discuss selection, observation, recall and confounding biases

Environmental epidemiology - the study of the effect on human health of physical, biologic, and chemical factors in the external environment. By examining specific populations or communities exposed to different ambient environments, it seeks to clarify the relationship between physical, biological or chemical factors and human health. (NRC, 1991)

- not designed to prove that a given environmental agent causes a given disease or health effect

-will demonstrate a relationship or association

- few agents have unique effects on health

- effects may be related to a wide range of factors

- strength and consistency of the association, tox and clinical findings, economic and social implications of control measures

- environmental epidemiology is non-experimental, involves studies of existing human population groups inadvertently exposed to one or more chemical or physical agents.

1. Classic Example

John Snow's study of the transmission of cholera in London in the mid-1800's 

Postulated that some vehicle existed that transmitted the disease (association between exposure and disease)

Hypothesized that one possibility was the presence of sewage in drinking water (hypothesis formulation)

Tested hypothesis by differentiating water suppliers (information collection to test hypothesis)

Recognized alternative explanations, effects of social class/location

Applied a method to minimize the effects of the alternative explanation

Eliminated collection of biased or false information using chloride content analysis

2. Modern Environmental Epidemiology

Early work was "disease centered" relying on lab work with little attention to study design

Today the trend is towards "exposure centered" studies because many hazards have been associated with more than one disease

- strength and specificity of the association

- consistency of the findings

- existence of dose response gradient between the exposure and the occurrence of disease

- biological plausibility of the proposed association

- coherence of the evidence with the natural history of the disease

- supporting experimental evidence

Design of a Study

Definition of objectives and scope

Types of studies

Cohort - a group who have received a specific exposure is followed over time to determine what diseases they develop and whether there is an increase in the incidence of those diseases that might have been caused by the exposures. Can be prospective or retrospective. Individuals are included on the basis of whether they have been exposed.

Case control - People who are known to have a specific disease are examined to determine if any past exposure might have been the source of the disease. Frequently retrospective.

Individuals are included on the basis of whether they have the disease being evaluated. Because past history of exposure is the primary information collected, case control studies can be completed in a relatively short time.

3. Major Challenges

Exposure assessment

- requires valid environmental monitoring and accurate estimates of exposure

- consider fluctuations of exposure, Peak vs. Average

- sources, pathways, entry into the body, intensity and frequency of exposure, time and Health endpoints

- incidence of cancer vs. Quality of life issues (physical health, behavior, growth, reproduction)

· minor but immediate effects vs. Serious but delayed effects

A key criterion is whether the chemical or physical agent has been demonstrated to be capable of causing the suspected effect.

Use of biomarkers, blood lead, urinary phenol levels in benzene exposure

4. Additional challenges
Potential biases

- selection bias, observed disease vs non-diseased control groups. Once it occurs, no data manipulation can correct it. Cannot be controlled, it must be prevented. Is a deficiency of the study design.

- observation bias, occurs when information on disease outcome is obtained in a non comparable manner from exposed to non-exposed groups. Preventable by not letting the data collector know the exposure status of the individual in a cohort study. In case control, neither the patient nor the collector should know the diagnosis. Is a deficiency of the study design.

- recall bias

Confounding: exposure and disease influenced by a third variable. Smoking, alcohol consumption and lung cancer. 

Confounding: does not result from any error of the investigator.

5. Conduct of an Environmental Epidemiologic Study

Identify the population group to be studied

Workers exposed to agent - higher exposure than general population, preselected (excludes children, fewer women, elderly, health impaired)

Meet with individuals within the group

Ethical issues, intrusive sample collection, confidentiality

Indication of a correlation does not imply causation

6. Case Studies

Fluoride in drinking water and dental caries - Mottling teeth in children but less caries

Cigarettes and lung cancer - lung cancer was a medical curiosity in the 1930's, but increased significantly in the 40's. Case control and cohort studies used.

Ionizing radiation and cancer - bone sarcomas in radium dial workers, cohort studies for atom bomb survivors, estimation of exact doses for individuals is difficult to determine 

Electromagnetic fields (EMF) and leukemia - Denver study published in 1979, investigators concluded that the relative risk for children living in homes located near high-current power lines was double that of children living elsewhere. A 1988 case control study found no statistically significant correlation between exposures (based on measurements of the magnetic fields) and

childhood cancer. 

"No plausible biological mechanism is presented that would explain causality."

7. General Outlook

Controversy! Personal rights vs public health, EMF, small relative risks should not be taken seriously.  Epidemiologists may be pushing the edge of what can be accomplished.
