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Case Control Studies – Matching (48 points)
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Objectives
1. Understand the concept of matching
2. Describe the advantages and disadvantages of matching.
3. Be able to write an analysis plan for matched data
4. Understand the selection bias introduced when performing a matched case-control study
 
Assigned Readings
Chapter 8, pages 171-182 and 283-288. Rothman/Greenland/Lash, 2008, 3rd edition, Case-Control Studies
AND
Poynter JN, Gruber SB, Higgins PD, Almog R, Bonner JD, Rennert HS, Low M, Greenson JK, Rennert G. Statins and the risk of colorectal cancer. N Engl J Med. 2005 May, PubMed PMID: 15917383. https://www.ncbi.nlm.nih.gov/pubmed/?term=15917383

Optional Readings:

Questions:

The following questions pertain to the Poynter et al (2005) paper examining the relationship between colorectal cancer and statins.

1. What do you think was the rationale for performing a case-control study to answer the primary clinical question, as opposed to other observational designs (cross sectional, cohort)?

- Relatively uncommon outcome; therefore, the case-control design provides an efficient sampling of cases
- Cross sectional design may be confounded by reverse causation.
- Cohort study would require a large sample size and long follow-up, and would ultimately be very expensive to perform in this setting.

(3 points)

2. How were cases identified? 
 
Cases were identified from the Molecular Epidemiology of Colorectal Cancer study, a study of incident colorectal cancer in northern Israel. Patients were eligible for inclusion into the study as cases if they were diagnosed with colorectal cancer between May 31, 1998, and March 31, 2004, and lived in a geographically defined area of northern Israel. From the description in the paper, it appears that all cases were included in the study.
 
(3 points)

3. How were controls defined and recruited for the study? Do you think this group is a good representation of the population that gave rise to the cases?
 
Controls were identified with the use of the Clalit Health Services Database. This appears to be an “open” study base. Controls were individually matched to cases according to year of birth, sex, primary clinic location, and ethnic group (Jewish or non-Jewish). This group is likely a good representation of the population that gave rise to the cases because CHS is the largest health care provider in Israel and covers ~70% of the older population. There is also presumably geographic overlap in the area from where cases were drawn from.

(4 points)

4. In general, what is the rationale for matching in a case-control study, and which factors were cases and control matched on in this study?  What matching method was used (individual, frequency, etc.)?

Matching improves efficiency for the control of confounding in a case-control study. This is accomplished by ensuring equal numbers of cases and controls in each strata of important confounders. However, it is important to note that matching is not, in itself, a way to achieve or improve validity in a case-control study.

Individual matching was used in this study. Controls were matched to cases on the basis of year of birth, sex, primary clinic location, and ethnic group (Jewish vs. non-Jewish).

(4 points)
 
5. In the Methods section, the authors state, “Potential controls were excluded if they had a history of colorectal cancer.” Is this appropriate and could this introduce any bias into the analysis?

In general, only patients at risk for the outcome of interest should be included in the control group. By definition, someone who already has colon cancer is no longer at risk for developing an incident diagnosis of this disease and therefore should not be included in the control group. Therefore, the authors exclusion of these individuals is appropriate and does not introduce bias.  These patients should not be included in the control pool because they have experienced the outcome.

[bookmark: _GoBack](Keep in mind that any patients diagnosed with colon cancer after 1998 should have been included in the case pool. If not, there was measurement error made by the authors that could introduce bias.).

This is a relatively vague sentence, and in general, it would have been helpful if the authors had provided more information on how controls were selected from the Clalit database, e.g., we do not know if they limited to individuals in the database between 1998-2004 (but perhaps could assume so?), if they chose controls who were free of CRC at the beginning or end of the follow-up interval, or if they did incidence density sampling.

(4 points)

6. What was the primary exposure of interest and how was it measured? Was the method of measurement the same between cases and controls? If interviews were used, were the interviewers blinded to case-control status? What is the purpose of blinding interviewers in a case-control study?  

Participants were asked to recall in an interview each medication they had used for at least five years. Statin use (the primary exposure) was determined on the basis of that list of medications identified by the patient. This method of measurement was the same for cases and controls. The article does not state whether interviewers were blinded to case-control status. It is important to blind interviews to case-control status so that they do not bias the collection of the data by asking questions in a slightly different way due to their knowledge of the patients’ case-control status. This could introduce measurement bias into the study due to misclassification of the exposure.

While not explicitly asked about, one may also be concerned here about recall bias.

(5 points)

7. Were any matching factors not adjusted for in the analysis stage? What, if any, impact does matching have in a case-control study on the a) validity and b) precision of the results if the matching factors are not included in the analysis? Are you concerned about these potential impacts in this particular analysis of statins and colorectal cancer?

The authors did not adjust the matched analysis for sex, age, or clinic, despite matching on these factors. This could bias the results toward the null since it would make the distribution of the exposure in the controls more similar to cases. The precision of the estimate may be decreased if the matched variable is not controlled for in the analysis and if it is associated with the exposure. If it is not associated with the exposure, then not including it in the adjustment set may improve the precision of the estimate. In this study, not including the variables does not appear to have impacted the validity of this study since the measure of association is strongly positive. (Suggesting the chosen matching factors were not strong confounders). 
 
(5 points)

8. In Table 1, the authors state that they matched on ethnic group; however, Table 1 shows a statistically significant difference between cases and controls within this variable. What is an explanation for this? 

Note that the authors stated that they matched cases and controls on the basis of Jewish/Non-Jewish. They did not match patients on finer ethnic subgroups such as the subgroup of Jewish ethnicity or Arab religion. Therefore, there is still some potential for confounding if these disparities are associated with both statins and colorectal cancer.

(3 points)
  
9. Were the results of the unadjusted and adjusted analyses in the matched pairs similar (Table 3)? What about the adjusted results of the matched and unmatched analyses similar? What does this say about the importance of the matching factors/magnitude of confounding that the matching factors were responsible for?

Matched Data 
Unadjusted OR: 0.45 (0.35, 0.59)
Adjusted OR: 0.53 (0.38, 0.74)

Unmatched Data
Adjusted OR: 0.57 (0.44, 0.73)

Overall, the matched analysis and unmatched are also quite similar. This suggests that the matching factors were not strong confounders. Note also that the results were all very similar when comparing the matched adjusted and unadjusted results. This suggests that the some of the matched variables, along with the other variables the authors adjusted for (NSAID use, family history, sports participation, hypercholesterolemia, etc.) were also not strong confounders in this analysis.

(6 points)

10. Suppose the authors are interested in examining whether the association between statin use and risk of colorectal cancer differs by ethnic group. Would they have been able to do this analysis with their data? Would they be able to examine whether ethnic group was associated with colorectal cancer risk?

Yes, the authors would be able to examine whether ethnic group was an effect modifier for the association between statin use and colorectal cancer. However, the authors would not be able to examine the association between any matching factor and the outcome of interest because, by design, the distribution of the matching factors is the same in the cases and controls. There would therefore always appear to be no association.

(4 points)

11. A. What are the authors’ main conclusions? Do you agree with their conclusions? Provide the rationale for your response using this study's strengths and limitations.

Strengths: Population-based case-control study using a comprehensive healthcare database to select the controls; strong association was observed in both unadjusted and adjusted analyses; biological plausibility; validated self-reported statin use with a prescription database; large sample size; comprehensive covariate assessment and inclusion in the analysis; reasonable selection of controls.
Limitations: Retrospective exposure assessment with potential for recall bias; differential participation between cases and controls (selection bias); measurement error in exposure/covariate assessment; residual confounding; limited information on dose/duration of statin use
(5 points)

B. Based on the NNT, do you think it is appropriate to recommend statin use for the prevention of colorectal cancer in general? How about for high-risk populations? What additional information would you want in order to decide if statins should be pursued as a chemoprevention strategy? Please explain your choice.

Most likely, no. The NNT was 4814 persons to prevent one case. Even for high-risk individuals, the NNT was ~2400 people. These are quite high figures. Of course, the assessment would depend on how severe a diagnosis of colon cancer is compared to the risks associated with statin use. Also, knowing about the other benefits of statin use would also help inform this decision.
(2 points)


BONUS QUESTION

12. The authors calculated the absolute reduction in risk of colorectal cancer after treatment with statins that could be expected for the Israeli population and a high risk population (i.e. individuals with a family history, etc.). State the results in a sentence. What additional information did the authors need (that could not be calculated based on their study sample) to do this calculation? 

Statin therapy could prevent 20.8 cases of colorectal cancer per 100,000 Jewish men. 
The age-adjusted incidence rate of colorectal cancer (which can’t be calculated in a case-control study, because you don’t have the denominator – person-time or persons at risk) is what is needed to perform the calculation of absolute risk reduction. One could estimate this value in a cohort study because you know the denominator. 

In this study, the authors obtained this information using the Israel National Cancer Registry, 2005 (ref 32).

(3 points)

