Causation
Although we use analytic epidemiology to search for causes of disease, this is not a straightforward matter. First, not all associations between exposures and disease are causal relations. In addition, the accepted models of disease causation all require the precise interaction of factors and conditions before a disease will occur. Finally, the concept of cause itself continues to be debated as a philosophical matter in the scientific literature. Nonetheless, the following models and guidelines provide a framework for considering causation at a practical level.


For purposes of this lecture, we will define a cause of a disease as a factor (characteristic, behavior, event, etc.) that influences the occurrence of disease. An increase in the factor leads to an increase in disease. Reduction in the factor leads to a reduction in disease. If disease does not develop without the factor being present, then we term the causative factor “necessary”. If the disease always results from the factor, then we term the causative factor “sufficient”. Exposure to Mycobacterium tuberculosis is necessary for tuberculosis to develop, but it is not sufficient, because not everyone infected develops disease. On the other hand, exposure to a large inoculum of rabies virus is a sufficient cause in a susceptible person, since clinical rabies and death will almost inevitably occur.

A variety of models of disease causation have been proposed. Models are purposely simplified representations. In this instance, the purpose of the model is to facilitate the understanding of nature, which is complex. Two of these models are here.

The Epidemiologic Triad:

Agent, Host, and Environment


The epidemiologic triangle or triad is the traditional model of infectious disease causation. It has three components: an external agent, a susceptible host, and an environment that brings the host and agent together. In this model, the environment influences the agent, the host, and the route of transmission of the agent from source to the host.
Agent factors


Agent originally referred to an infectious microorganism-virus, bacterium, parasite, or other microbe. Generally, these agents must be present for disease to occur. That is, they are necessary but not always sufficient to cause disease.


As epidemiology has been applied to noninfectious conditions, the concept of agent in this model has been broadened to include chemical and physical causes of disease. These include chemical contaminants, such as the 1-tryptophan contaminant responsible for eosinophilia-myalgia syndrome, and physical forces, such as repetitive mechanical forces associated with carpal tunnel syndrome. This model does not work well for some noninfectious diseases, because it is not always clear whether a particular factor should be classified as an agent or as an environmental factor.
Host factors

Host factors are intrinsic factors that influence an individual’s exposure, susceptibility, or response to a causative agent. Age, race, sex, socioeconomic status, and behaviors (smoking, drug abuse, lifestyle, sexual practices and contraception, eating habits) are just some of the many host factors which affect a person’s likelihood of exposure. Age, genetic composition, nutritional and immunologic status, anatomic structure, presence of disease or medications, and psychological makeup are some of the host factors which affect a person’s susceptibility and response to an agent.

Environmental factors

Environmental factors are extrinsic factors which affect the agent and the opportunity for exposure. Generally, environmental factors include physical factors such as geology, climate, and physical surroundings (e.g., a nursing home, hospital); biologic factors such as insects that transmit the agent; and socioeconomic factors such as crowding, sanitation, and the availability of health services.


Agent, host, and environmental factors interrelate in a variety of complex ways to produce disease in humans. Their balance and interactions are different for different diseases. When we search for causal relationships, we must look at all three components and analyze their interactions to find practical and effective prevention and control measures.

Component Causes and Causal Pies
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Because the agent-host-environment model does not work well for some noninfectious diseases, several other models have been proposed. One of the newer models is based on the mulifactorial nature of causation in many diseases. 


This model illustrates the factors that act to cause disease as pieces of a pie, the whole pie, making up the sufficient cause for a disease. Notice that it shows that a disease may have more that one sufficient cause, with each sufficient cause being composed of several factors. 


The factors represented by the pieces of the pie in this model are called component causes. They include intrinsic host factors, as well as the agent and the environmental factors of the agent-host-environment model. A single component cause is rarely a sufficient cause by itself. For example, even exposure to a highly infectious agent such as measles virus does not invariably result in measles disease-the host must be susceptible; other host factors may also play a role.

At the other extreme, an agent which rarely causes disease in healthy persons may be pathogenic when other conditions are right. Pneumocystis carinii is one such organism, harmlessly colonizing some healthy persons but causing potentially lethal pneumonia in persons whose immune systems have been weakened by human immunodeficiency virus (HIV). Presence of Pneumocystis carinii organisms is therefore a necessary but not sufficient cause of pneumocystis pneumonia. 

If the three pies in the model represented all the sufficient causes for a particular disease, component A would be considered a necessary cause for the disease, as P.carinii is for pneumocystis pneumonia. Because component A is included in all sufficient causes for the disease, it would have to be present, usually with various combinations of other factors, for disease to occur. Infectious agents are likely to be represented by component A. 


As the model indicates, a particular disease may result from a variety of different sufficient causes. They are different pathways leading to the same end. For example, lung cancer may result from a sufficient cause which includes smoking as a components cause. Smoking is not a sufficient cause by itself, however, since not all smokers develop lung cancer. Neither is smoking a necessary cause, because lung cancer may occur in persons who never smoked. Thus smoking may be represented by component B, which is present in sufficient causes I and II but not in III. Asbestos exposure may be represented by component C, present in causes I and III but not in II. Indeed, since lung cancer my develop in persons with neither smoking or asbestos exposure, there would have to be at least one other sufficient cause pie that did not include components B and C.

To apply this model, we do not have to identify every components of a sufficient cause before we can take preventive action. We can prevent disease by locking any single component of a sufficient cause, at least through that pathway. For example, eliminating smoking (component B) would prevent lung cancer from sufficient causes I and II, although some lung cancer would still occur through sufficient cause III.

Causal Criteria
Several factors have been proposed to separate causal from noncausal factors. A commonly used set of criteria was proposed by Hill (1965); it was an expansion of a set of criteria offered previously in the landmark U.S. Surgeon General’s Smoking and Health (1964). Hill suggested that the following aspects of an association be considered in attempting to distinguish causal from noncausal association: (1) Strength, (2) Consistency, (3) Specificity, (4) Temporality, (5) Biologic gradient, (6) Plausibility, (7) Coherence, (8) Experimental, (9) Analogy
1. Strength. Hill argued that strong associations are more likely to be causal than weak associations.

2. Consistency. Consistency refers to the repeated observation of an association in different populations under different circumstances. For example, it has taken thousands of highly technical studies of the relationship between cigarette smoking and cancer before a definitive conclusion can be made that cigarette smoking increases the risk of cancer. 
3. Specificity. The criterion of specificity requires that a cause lead to single effect, not multiple effects. Unfortunately, the criterion is wholly invalid. Causes of a given effect cannot be expected to lack other effects on any logical grounds. In fact, everyday experience teaches us repeatedly that singly events or conditions may have many effects. Smoking is an excellent example; it leads to many effects in the smoker. The existence of one effect does not detract from the possibility that another effect exists.
4. Temporality. Temporality refers to the necessity that the cause precede the effect in time. Exposure always precedes the outcome.  If factor "A" is believed to cause a disease, then it is clear that factor "A" must necessarily always precede the occurrence of the disease. This is the only absolutely essential criterion. 
5. Biologic gradient. Biologic gradient refers to the presence of a monotonic dose-response curve. We often expect such a monotonic relation to exist. For example, more smoking means more carcinogen exposure and more tissue damage, hence more opportunity for carcinogenesis. If a dose-response relationship is present, it is strong evidence for a causal relationship.  However, as with specificity, the absence of a dose-response relationship does not rule out a causal relationship.  A threshold may exist above which a relationship may develop.  At the same time, if a specific factor is the cause of a disease, the incidence of the disease should decline when exposure to the factor is reduced or eliminated. 
6. Plausibility. It refers to the biologic plausibility of the hypothesis. However, studies that disagree with established understanding of biological processes may force a reevaluation of accepted beliefs. One may, by chance, discover a correlation between the price of bananas and the election of dog catchers in a particular community, but there is not likely to be any logical connection between the two phenomena. 
7. Coherence. It implies that a cause-and-effect interpretation for an association does not conflict with what is known of the natural history and biology of the disease.
8. Experimental evidence. It refers to evidence from laboratory experiments on animal or to evidence from human experiments. 
9. Consideration of Alternate Explanations. In judging whether a reported association is causal, it is necessary to determine the extent to which researchers have taken other possible explanations into account and have effectively ruled out such alternate explanations.  In other words, it is always necessary to consider multiple hypotheses before making conclusions about the causal relationship between any two items under investigation.  
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