Name:__________________________ Date: ____________ Period: _________  STUDENT PAGES 

STUDENT SHEET 5.6 Sources of Error in Case Control Studies

What are some possible explanations for a strong association between an exposure and outcome but yet few criteria for causality are met?

Random error. A detected association could be due to chance. For example, the sample may not be representative of its source population. This type of false association may disappear if the study is repeated with a larger sample size or with a new sample drawn from the same population. When you use the Smoking Behavior database to look for associations, you will be able to check for the possibility of random error with a statistical measure called the confidence interval.

Systematic error. An association could be due to a systematic error in the study design. This type of error is called bias and does not diminish when the sample size is increased or when the study is repeated with a new sample. When you detect an association using the Smoking Behavior database, you will have to think carefully about whether it could be due to bias. There are several types of bias that are especially important in case control studies:

· Selection bias occurs when study participants are different than the population from which they are drawn, or when cases and controls come from different populations. Imagine a case control study that looks at whether exposure to car exhaust might cause asthma. The cases are asthma patients in an urban primary care clinic. The controls are patients in a rural dental clinic. Controls may have been exposed to car exhaust less than cases because of their location, leading to an association that may be false. Cases and controls should be drawn from the same area.

· Information bias occurs when there is an error in the measurement of the outcome or the exposure for some subjects. One type of information bias is called recall bias. This type of bias can occur if cases are better able to recall possible exposures than controls. For example, people with skin cancer may be more likely to recall times when they had extreme sunburns than people without skin cancer. This would result in a stronger association between extreme sunburns and skin cancer than the true strength of association (odds ratio). 

Confounding occurs when another factor is associated with both exposure and outcome, giving the appearance that the exposure and outcome are associated (see diagram that follows). Confounding is likely to occur when cases and controls not only differ in the exposure of interest but also in other exposures that may affect the same outcome. In case control studies, careful matching or restriction of cases and controls can help reduce possible confounding factors.



How can we determine whether gambling causes cancer, or if another factor, like smoking, is associated with both gambling and cancer? During data analysis, we can stratify (separate) our data based on a suspected confounding factor (e.g. smoking). We would calculate the odds ratio for smokers and non-smokers separately, as shown in the two 2x2 tables below. If the resulting odds ratio is 1 for both groups then there we cannot conclude that gambling is directly related to cancer. .
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Confounding can also be minimized by designing the study carefully. We can try to match cases and controls for other known risk factors (exposures) for the outcome, or we can restrict the study to participants who do not have a suspected confounding factor, for example, by only including non-smokers in the gambling-lung cancer study.

STUDENT SHEET 5.6, Continued

Test Your Knowledge

Which of the following, made-up studies is an example of each type of error?

	Type of error
	Study number

	a. Random error
	

	b. Selection bias
	

	c. Information bias
	

	d. Confounding
	


Study 1: Sam hypothesized that smokers are more likely to have believed they could not become addicted to cigarettes during their experimental smoking phase. Therefore, Sam performed an odds ratio calculation from the smoking behavior database for Question 20: During your experimental smoking phase, did you believe that you could become addicted to cigarettes? Sam found that smokers were 1.23 times more likely to not believe they could become addicted compared to non-smokers. However, the 95% confidence interval (0.76 to 1.98) contains the number one, which means that there is not an association between believing you could become addicted to cigarettes and becoming a regular smoker.

Study 2: In a study of chronic back pain, cases were 2.5 times more likely than controls to recall having over-exerted themselves lifting heavy objects in the past 10 years.

Study 3: A recent study suggested that people who are overweight are less likely to attend college than people who are in the “normal” weight range. However, when the data were stratified for family income (high, average, and low), there was no observable association between being overweight and not attending college.

Study 4: Several participants mentioned that they learned about the study and the $30 gift card at the homeless shelter they frequented. This group was almost entirely smokers, and they tended to be older compared to control participants. On the other hand, several study subjects expressed delight that they could contribute to a study that involved high school students in doing research on why people smoke. In general, this population tended to be younger and was much more likely to be non-smokers. Based on these facts, what bias could occur in question 83: How well off is your current family/household? 
?





Could a confounding factor be associated with both the outcome and the exposure and account for some or all of the observed association between the two?
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Gambling has been associated with cancer, but it seems unlikely that gambling would cause cancer (it does not make biological sense). What factors might be associated with both gambling and cancer?
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Lung cancer








