
Epi 203: Epidemiologic Methods 

Problem Set 10: Confounding and Interaction II



ANSWER KEY

Due: 12/1/09 at 1:30 pm section 

Possible points: 30
1. Consider the following abstract:  

Oral clefts, transforming growth factor alpha gene variants, and maternal smoking: a population-based case-control study in Denmark, 1991-1994.   American Journal of Epidemiology 149:248-55, 1999. 
Studies in the United States have indicated that maternal first trimester smoking and infant transforming growth factor alpha (TGFA) locus mutations are associated with non-syndromic cleft lip and/or palate (CLP). In a Danish case-control study of CLP, the authors studied the effects of smoking and TGFA alleles in an ethnically homogeneous setting. Interview information was obtained for mothers of 302 CLP cases and for 567 mothers of nonmalformed children. Multivariate logistic regression analyses revealed that smoking was associated with a moderately increased risk of CLP (odds ratio = 1.40, 95% confidence interval 0.99-2.00).  TGFA genotype was not associated with CLP. The "rare" TGFA allele occurred in 25% of both cases and controls compared with an average of 14% in other white populations. Furthermore, the frequency of CLP in Scandinavia is among the highest in the world. Hence, it is possible that the previously reported association between TGFA and CLP to some degree can be attributable to confounding by ethnicity. 

a) The authors conclude that the previously reported association between TGFA mutations and cleft lip/palate seen in the US was possibly caused by confounding by ethnicity.  What technique did the authors use to attempt to prevent confounding by ethnicity in their study? (1 pt)

Answer: By limiting the study population to the ethnically homogenous population of Denmark, the authors effectively removed any (or at least most of the) variability in ethnicity and precluded it as a confounder.  This technique to prevent the occurrence of confounding is known as restriction (i.e., the study population was restricted to an ethnically homogenous group).

b) Using a DAG, depict how the authors attempted to preclude confounding by ethnicity when evaluating the association between TGFA mutations and cleft lip/palate.  (1 pt)
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Answer: By restricting to an ethnically homogeneous group, the authors attempted to preclude any association between ethnicity and the cases/controls sampled for the study.  In fact, they also eliminated any association between ethnicity and the TGFA mutation as well.  By eliminating at least one of the components in the confounder-exposure-disease path, confounding by ethnicity cannot occur (unless, of course, the population is not as homogeneous as the authors believe, in which case residual confounding by ethnicity may still occur).  

c) In this study, the authors matched controls to cases based on place of birth of the infant (by selecting controls from the same hospital in which the case mother gave birth) and calendar time (day and year) of birth (by selecting the two most proximate “normal” births in the hospital in which the case mother gave birth). Speculate as to why place of birth and time were considered as confounders. Draw a DAG to depict this. (1 pt)

Answer:  Place of birth and the calendar time during which the gestational period occurred may be markers for environmental exposures that could conceivably cause cleft lip/palate.   They may also be associated with smoking, one of the primary exposure variables under investigation.  Hence, they could act as confounding variables, at least in the smoking—CLP relationship. One possible DAG describing this is shown below.
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Note: the edge between smoking and TGFA mutations, and the edge between environmental exposures and TGFA mutations are optional.
d) Comment on the merits of the use of matching (which the authors performed) versus stratification (an alternative strategy used in the analysis phase) to prevent confounding by place of birth and time.  (1 pt)

Answer: Place of birth is a complex nominal variable, meaning that it has multiple possible values, and there is no order to them.  Time of birth (i.e. calendar time) on the surface might be considered to be an interval scale measurement (aka continuous variable), but there is no reason to believe that it behaves this way.  In other words, there is no evidence that there is a monotonic change in risk with increasing values of time of birth.  Hence, time of birth in this setting is best viewed also as a complex nominal variable, with many possible values. When potential confounders are complex nominal variables, managing them in the analysis phase by stratification becomes very difficult and matching is the preferred strategy.  First, if controls were randomly selected from the study base (with the thought to later handle confounding by stratification in the analysis phase), it is possible that for some cases there will not have been a control selected who resided in the same district at the same time as the case.  Such cases cannot be used in the analysis and thus add no information.  If this occurs often, soon the effective sample size becomes small and statistical precision is limited.  Second, even if there was at least one control selected who happened to live in the same district at the same time as the case, the number of strata needed to conduct the stratification procedure would be huge and the sample size would likely be very small in many of them (and likely quite variable from stratum to stratum) resulting in imprecise measures of association.  (Advanced techniques in the analysis phase such as multivariable regression don’t really solve this latter problem.  Complex nominal variables would have to be managed with scores of “indicator” predictor variables in one’s model, and there are only so many such predictor variables that these models can hold.)

e) What if place and time of birth were not related to the development of cleft lip/palate.  Comment on the downside, if any, of matching on place and time of birth.  (1 pt)
Answer:  If place and time of birth are not related to the development of cleft lip/palate, then these factors could not act as confounders.  Matching on factors which turn out not to be confounders can, in fact, sometimes result in less statistical precision (i.e. larger standard errors of the odds ratio and larger confidence intervals) than compared to if matching was not performed (assuming equal sample sizes). In addition, if matching factors are colliders, a spurious correlation between exposure and outcome could be induced.
2. Consider the following abstract.  [Clinical note: Child-Pugh score (A, B, or C) is a staging system for the amount of hepatic reserve in liver failure, obtained by looking at albumin, bilirubin, prothrombin time, hepatic encephalopathy, and ascites.  Class A is least severe; class C is most severe.] 

Feasibility and potential benefit of maintenance endoscopic variceal ligation in patients with unresectable hepatocellular carcinoma and acute esophageal variceal hemorrhage: a controlled trial.   

BACKGROUND: Patients with unresectable hepatoma (cancer of the liver) and acute esophageal variceal bleeding have extremely high rates of recurrent bleeding and mortality. This controlled study evaluates the feasibility and potential benefit of maintenance endoscopic variceal ligation in these patients. METHODS: Patients with unresectable hepatoma and acute esophageal variceal bleeding underwent emergent endoscopic variceal ligation. After hemostasis, patients were randomized to undergo esophageal variceal ligation (EVL) on a maintenance schedule (i.e., on a regular schedule) or as necessary (i.e., as demanded by clinical necessity). RESULTS: Fifty-four patients underwent maintenance EVL and 55 underwent on-demand EVL (as clinically necessary).  The survival and recurrent bleeding rates were similar in both groups. A subgroup analysis of patients with Child-Pugh's A and B hepatic reserve was performed.  In this subgroup, maintenance ligation reduced the rate of recurrent bleeding compared with demand ligation (p = 0.043).  CONCLUSIONS: Maintenance ligation in patients with unresectable hepatoma and variceal hemorrhage is more effective in patients with  good hepatic reserve than in patients with poor hepatic reserve.

a) Which factor was considered as an effect modifier in this study? (1 pt)

Answer: Hepatic reserve as measured by Child-Pugh score (Child-Pugh classification or stage). 

b) Does a factor have to be a confounder in order to be an effect modifier? Briefly explain your answer. (1 pt)
Answer:  No.  Whether or not a factor is an effect modifier is independent of confounding.  The only thing that interaction and confounding have in common is that the same adjustment techniques (such as stratification or mathematical regression) are used to evaluate for them, but that is where the similarities end.  
c) In evaluating the effectiveness of maintenance esophageal variceal ligation (vs ligation as clinically necessary) in this study, is it possible that Child-Pugh’s class could act as a confounding variable? If yes, what would the mechanism be for this?  If no, why not? (1 pt)

Answer:  Although the randomization procedure is theoretically supposed to balance all factors between the treatment groups, by chance alone an association could be generated between Child-Pugh status and use of maintenance ligation in this randomized study if the maintenance ligation group had a different distribution of Child-Pugh scores than the as-clinically-needed group.  This is more likely to happen as the sample size gets smaller.  Confounding could then occur if Child-Pugh status is associated with the outcome (which it is).  Although chance is responsible for this type of confounding, it could be managed with stratification or regression techniques in the analysis phase.  

Note: It is also acceptable to answer that because Child-Pugh class appears to be (although we don’t have all of the data) an effect modifier, then the issue of confounding is not relevant.

d) Does the p value of 0.043 refer to a test of interaction? Briefly explain your answer.  (1 pt)

Answer:  It appears, although one cannot be certain, that the p value of 0.043 is evaluating the hypothesis that “maintenance variceal ligation is equally efficacious as variceal ligation as needed” in the subgroup of participants with Child-Pugh Class A or B status.  In other words, this is asking whether or not the intervention is effective solely in this subgroup.  Note that this is not equivalent to a test of homogeneity (for interaction), which would ask whether the effect of the intervention differs in those with Child-Pugh class A/B vs Class C.  It is possible for one of the stratum-specific measures of association to have a p value less than 0.05 while the test of interaction has a much larger p value (>0.05).   Hence, it is reasonable to state either that we cannot tell what this p value refers to or that it refers simply to the comparison of maintenance EVL to on-demand in the Child-Pugh A/B patients.  From the available information, it appears unlikely that the p value refers to a test of interaction.
e) From the data provided, do you agree with the authors’ conclusion? Explain your answer. (1 pt)

Answer:  No.  The authors’ conclusion is one of statistical interaction.  They claim that the effect of maintenance ligation (vs. on demand) is better in one group of patients than in another.  However, there are no data provided to back this assertion.  All we are told is that a) among all patients, survival and bleeding recurrence was ‘similar’ in the maintenance and on-demand groups; and b) maintenance ligation is superior to on-demand in a subgroup of patients with Child-Pugh class A or B.  Simply showing that there is an effect of an intervention or exposure in one subgroup is not tantamount to showing that interaction is present.  This is a common error in the literature.  While we can infer that the effect of maintenance ligation must be at least slightly better in the Child-Pugh class A or B patients than in the class C patients in this sample, we cannot tell how much better it is or how likely the difference may be because of chance alone.
3. Examine the following abstract:

Sex-Based Differences in the Effect of Digoxin for the Treatment of Heart Failure.  NEJM 347: 1403, 2002

Background The Digitalis Investigation Group trial reported that treatment with digoxin did not decrease overall mortality among patients with heart failure and depressed left ventricular systolic function, although it did reduce hospitalizations slightly. Even though the epidemiologic features, causes, and prognosis of heart failure vary between men and women, sex-based differences in the effect of digoxin were not evaluated. 
Methods We conducted a post hoc subgroup analysis to assess whether there were sex-based differences in the effect of digoxin therapy among the 6800 patients in the Digitalis Investigation Group study. The presence of an interaction between sex and digoxin therapy with respect to the primary end point of death from any cause was evaluated with the use of Mantel–Haenszel tests of heterogeneity. 
Results There was an absolute difference of 5.8 percent (95 percent confidence interval, 0.5 to 11.1) between men and women in the effect of digoxin on the rate of death from any cause (P=0.034 for the interaction). Specifically, women who were randomly assigned to digoxin had a higher rate of death than women who were randomly assigned to placebo (33.1 percent vs. 28.9 percent; absolute difference, 4.2 percent, 95 percent confidence interval, –0.5 to 8.8). In contrast, the rate of death was similar among men randomly assigned to digoxin and men randomly assigned to placebo (35.2 percent vs. 36.9 percent; absolute difference, –1.6 percent; 95 percent confidence interval, –4.2 to 1.0). In the multivariable analysis, digoxin was associated with a significantly higher rate of death among women (adjusted hazard ratio for the comparison with placebo, 1.23; 95 percent confidence interval, 1.02 to 1.47), but it had no significant effect among men (adjusted hazard ratio, 0.93; 95 percent confidence interval, 0.85 to 1.02; P=0.014 for the interaction). 
Conclusions The effect of digoxin therapy differs between men and women. Digoxin therapy is associated with an increased risk of death from any cause among women, but not men, with heart failure and depressed left ventricular systolic function.

Note: The manuscript was authored by individuals who were not affiliated with the original Digitalis Investigation Group study.  Instead, the authors received a public use dataset from the NIH for free and conducted the analysis.  

a) Describe how the testing for interaction in this study differs from that in the study in question 2 (variceal bleeding) above (1 pt)

Answer: In the variceal bleeding study, it appears that all we are given is the p value for the comparison of maintenance ligation vs. on-demand ligation among those with Child-Pugh A or B status.  There does not appear to be assessment of whether the measure of association seen among those with Child-Pugh A/B differs from those with Child-Pugh class C.  In other words, there is no formal assessment of interaction.  In the digoxin study, tests of homogeneity are prominently displayed which compare the effect of digoxin in men vs the effect of digoxin in women.  Tests of interaction for both the risk difference and hazard ratio (a ratio measure of association) are given. 

b) When reporting interaction, is it preferable to do what was performed in the digoxin study or what was done in the variceal bleeding study? (1 pt)

Answer:  Interaction is all about whether the effect of one risk factor (or one intervention) on an outcome differs across levels of a third variable.  Simply showing that the effect of a factor or an intervention, say maintenance variceal ligation, has a statistically significant p value in one stratum of the third variable (e.g., in persons with Child-Pugh Class A or B) does not indicate if the factor really has different effects across the levels of the third variable.  If we needed to make a decision as to whether the use of maintenance variceal ligation is more effective in those with Child-Pugh class A/B versus those with Child-Pugh class C, we would not be able to given the available information.  This is because the study has not clearly shown this difference.  Only a formal test of homogeneity can provide this evidence.   Therefore, the approach taken in the digoxin study is the correct method.

c) Assume that one month after randomization digoxin levels in the blood were found to be higher in women than in men.  Higher digoxin blood levels are known to be associated with digoxin-related toxicity (e.g., arrythmias, which can be lethal).  Would you criticize the authors of the above study  for not “controlling” for the digoxin blood levels achieved by the participants when assessing whether gender is an effect modifier of the relationship between the use of digoxin and mortality in this study?  Discuss your answer. (1 pt)
Answer:  The digoxin level achieved by participants can be thought of as an intermediary variable from digoxin use to outcome status (morbidity or mortality).  If this is the first time a sex-digoxin interaction is being evaluated (which indeed it appears to be in the context of a randomized trial), then the first order of business is to evaluate whether or not an interaction exists in general.  The specific pathway by which this operates is not that important.  Controlling for digoxin level might attenuate any interaction, and we would be left with the belief that there is no interaction between sex and digoxin.  If controlling for digoxin blood levels was the only analysis, clinical practice would not be influenced; this would be unfortunate because we’d never know that dosing was too high in women.  Of course, if only an analysis which did not adjust for digoxin levels was performed and it showed a sex-digoxin interaction, this should not be interpreted that digoxin per se is dangerous in women.  This is because indeed lower dosages may be all that are needed to get the same effect as in men.  The best analytic scenario is to show an analysis where digoxin levels are not adjusted for and then to show an analysis where levels are adjusted for. In this way, we could see what magnitude of the interaction is explained by sex-based differences in digoxin levels.  If most of the interaction can be explained by differences in digoxin levels, this suggests the need for different dosing regimens by gender.  If an interaction was still persistent after adjustment for digoxin levels, this suggests that another pathway is at work, perhaps one to do with gender-specific intracellular response to drugs (independent of serum drug levels). 

4. One day while evaluating the usage of various “statins” (drugs that are conventionally used to treat high cholesterol) in a large administrative database, your research assistant happens to ask whether statin use has any effect on the development of malignancies.  He performs the analysis and finds that the risk ratio for breast cancer associated with statin use is 0.62 (95% CI: 0.34 to 1.1; p = 0.10).  Before going to lunch, he does one more analysis asking whether there is perhaps effect-measure modification by pre- versus post-menopausal status.  He performs a test of homogeneity between a stratum limited to pre-menopausal women and a stratum limited to post-menopausal women and finds again that the p-value is “not significant”. Concluding that “nothing is happening” between statins and breast cancer, he goes to lunch and leaves you with the following hard copy tables:

	All Women

	
	Breast Cancer
	No Breast Cancer

	Statins
	19
	1393

	No statins
	29
	1376


	Pre-Menopausal
	
	Post-Menopausal

	
	Breast Cancer
	No Breast Cancer
	
	
	Breast Cancer
	No Breast Cancer

	Statins
	8
	205
	
	Statins
	11
	1188

	No statins
	5
	200
	
	No statins
	24
	1176


You don’t have the actual datafile (you’ve delegated all of this to your assistant) but you decide to check the accuracy of your assistant’s work.  

a) Determine the stratum-specific risk ratios and the p-value of the test of homogeneity comparing the measures of association (in this case the risk ratios).  (3 pt)

Hint: you can perform these calculations in Stata by creating a dataset in Stata using the information contained in the cells of the two menopause status-specific strata.  Do this by considering that there are three variables here that can be coded 0 or 1 (statin use, breast cancer, pre vs post-menopausal status). Thus, there are 8 possible sets of values that a given person could have.  These 8 possible sets of values are actually the 8 cells contained in the two stratum-specific tables.  By going into the Data Editor in Stata (click on the Data Editor icon in the row of icons), one can enter these 8 possible sets of values (e.g., 111, 110, 101, 001, etc) by making 8 rows where each row has 3 variables.  Then, use a 4th variable to place the number of persons who possess that particular set of the first three variables.  You can then perform most Stata commands with this dataset if you remember to add “[freq=varname]” where varname is the variable that holds the number of persons who possess that particular set of first three variables.  If you don’t change any variable names and just use what Stata defaults to, you would write [freq=var4].  This process is known as using frequency weights.  For example, the command to look at the crude association between an exposure variable and an outcome variable would look like:  

cs outcome_variable exposure_variable [freq= frequency_variable]

Answer:

. cs cancer Statin [freq=var4],by(PostMeno)

  Postmenopausal |       RR       [95% Conf. Interval]   M-H Weight

-----------------+-------------------------------------------------

               0 |    1.539906     .5121943   4.629709     2.547847 

               1 |    .4587156     .2257189   .9322212       11.995 

-----------------+-------------------------------------------------

           Crude |    .6519244     .3672991    1.15711              

    M-H combined |    .6481357      .364752   1.151687

-------------------------------------------------------------------

Test of homogeneity (M-H)      chi2(1) =    3.287  Pr>chi2 = 0.0698

The risk ratio in the post-menopausal group is 0.46 and the risk ratio in the pre-menopausal group is 1.54.  The p-value of the test of homogeneity comparing the stratum-specific measures of association is 0.0698.  

b) What are your conclusions regarding statins and breast cancer? (1 pt)

Answer:  Contrary to your research assistant’s belief, you may have indeed made an interesting finding.  You have detected what appears to be qualitative interaction.  You found a protective effect of statins in the post-menopausal women but no role (or possibly an inciting role) in pre-menopausal women.  Because the p-value for the test of homogeneity is 0.07, you cannot be sure that this is simply not the play of chance.  Nonetheless, this interesting finding should prompt the evaluation of other observational databases to start, and if promising, perhaps an experimental trial.  This example illustrates two points:  first, the importance of looking for interaction even when the crude, or overall, association is lacking, and second, the importance of actually looking at the stratum-specific measures of association (what we call the “point estimates”) when evaluating interaction and not just relying upon the p-value of the test of homogeneity.

5.  Consider the following abstract:

Racial Disparity in Pregnancy-related Mortality Associated with Livebirth:

Can Established Risk Factors Explain It?  Am J Epidemiol 2000;152:413–19.

The authors conducted a nested case-control study to determine whether the fourfold increased risk of pregnancy-related mortality for US Black women compared with White women can be explained by racial differences in sociodemographic and reproductive factors. Cases were derived from a national surveillance database of pregnancy-related deaths and were restricted to White women (n = 840) and Black women (n = 448) whose pregnancies resulted in a livebirth and who died of a pregnancy-related cause between 1979 and 1986. Controls were derived from national natality data and were randomly selected White women and Black women who delivered live infants and did not die from a pregnancy-related cause (n = 5,437). Simultaneous adjustment for risk factors by using logistic regression did not explain the racial gap in pregnancy-related mortality. 
The authors adjusted for the four main known risk factors for pregnancy-related mortality using the following measurements:

-Maternal age at delivery: <20, 20-24, 25-29, 30-34, 35-39, >40 years

-Education: <12th grade, thru 12th grade, >12th grade 

-Parity: Total number of births given to fetuses 24 weeks or greater, regardless of whether alive or stillborn was not available.  Instead, number of live births was used, which was defined as the number of children born alive, including the index pregnancy.  This variable was obtained from the birth certificate.  

-Adequacy of prenatal care: inadequate, intermediate, adequate, adequate plus, no care as determined by the Kotelchuck index, which accounts for gestational age at delivery, number and timing of prenatal care visits, sex of the infant, and birth weight.
All information was derived from a combination of birth certificates, fetal death certificates, and maternal death certificates.

Despite adjustment for all four of these factors, there still remained a racial difference in pregnancy–related mortality.  One formal possible explanation for the findings is that genetic differences are responsible for the racial gap.  Can you provide at least two alternative explanations for these findings (i.e. something other than genetic differences)?  Assume that the findings are not the result of chance, selection bias, or measurement error of the women’s race or mortality status. (1 pt for each) (Hint: we are looking for broad alternative explanations, which do not require detailed understanding of this biological system.)

Answer:  In evaluating these findings, confounding by unmeasured and/or poorly measured confounders has to be strongly considered:

1. There may be other factors that are associated both with race and pregnancy-related mortality that were not available because the measurements were derived solely from vital statistics data.  Some that come to mind include high blood pressure, diabetes and behavioral risk factors such as smoking, drinking, and drug use.  Thus, unmeasured confounders may be lurking. (1 pt)

2. The four confounders that were evaluated were derived entirely from vital records (birth and death certificates).  While some of them are likely measured quite accurately and categorized into narrow enough categories to be unconfounded (like age), the others are problematic.  For example, education was categorized into three categories, two of which are very broad and may be the source of residual confounding.  Because the measurement of parity was limited to number of children born alive, it may suffer from accuracy problems as it attempts to represent true parity.  Finally, prenatal care is derived from very scant information and really does not measure the quality of the prenatal care (and whether the woman adhered to the care).  (1 pt)

Therefore, residual confounding, either in the form of unmeasured confounders or inadequate measurement/classification of those confounders that were evaluated, may account for the observed effect.

6.  Consider the underlined result in the following abstract:

OBJECTIVE: To describe the incidence and patient characteristics of traumatic brain injuries (TBIs) treated in U.S. emergency departments (EDs). METHODS: A secondary analysis was performed on data from the National Hospital Ambulatory Medical Care Survey administered from 1992 to 1994. RESULTS: The rate of  new TBI treated in U.S. EDs was  444 per 100,000 person-years (95% CI = 390 to 498).  Males were 1.6 times as likely as females to suffer TBI until the age of 65 years, when the female rate exceeded the male.
In this abstract, the figure below was interpreted by the authors as indicating that there was an interaction between age and gender in the occurrence of traumatic brain injuries.  Specifically, it was interpreted that men had a greater incidence rate of traumatic brain injury than women, except at ages >65 years when the rate for women was greater.    Assuming that the differences are not the result of chance or measurement bias, what else could be causing the apparent interaction? (2 pts)


Answer:  While interaction is a possible explanation for the finding, we have to be concerned about the presence of residual confounding as another explanation.  In the 65+ age group, there is surely a wide age range (from 65 to over 100).  Because we know that women on average live longer than men in the U.S., we suspect that in the age range of 65+, the distribution of age in women is different than that of men.   Specifically, we suspect that there are many more older women than men. In other words, among the persons over age 65 years, the distribution of person-years for women is older than the men.  The figure shows that the incidence of brain injury increased with age after 65 years but we are not confident that there is truly a difference between men and women in this age range because we have not fully controlled for age in this stratum.  See below for an example of what the rate of traumatic brain injury might look like in those over age 65.  If most of the men 65 and older are in the 65-74 year old group, while most of the women 65 and older are 75+, the overall gender-specific rate for the 65+ age group, shown in the original graph, will be more heavily weighted with the rate for the 65-74 year olds for men than for women.  This will cause the spurious appearance of women having a higher rate than men.
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7.  Here is your chance to contribute a question for the final exam.  Thinking about the concepts of confounding and interaction in your own research field, construct a carefully worded question that can be asked to a general reader (your classmates!).  Consider a question that deals either with how to think about or manage confounding and interaction in the design phase of a project or present some data and construct a question around the interpretation of the data.  Examples from real life projects or real life data are best, but you can also make up the necessary scenario or data to illustrate your points.  Please provide a detailed answer as well.  The best question will be publicly acknowledged and will also be included on the final exam.  (4 pts)

8.  The following question was submitted by a prior student, Samir Gupta, and was chosen to be placed on the final exam.  Read the following abstract:

Objective:  Although many individuals with pancreatic cancer have diabetes of recent onset, the causal relationship between diabetes and pancreatic cancer is unclear.  We conducted a retrospective cohort study of U.S. Veterans to compare pancreatic cancer incidence in new-onset diabetics and non-diabetics.

Methods: We used the Veterans Health Administration National Patient Care Database to identify 1,579,043 Veterans without a prior history of diabetes or pancreatic cancer at the beginning of 1999.  Veterans who developed new-onset of diabetes were then compared to those who did not for the subsequent occurrence of pancreatic cancer.  
Results:  Pancreatic cancer incidence in patients with new-onset diabetes (83 per 100,000 person-years) was 2.5 fold higher (95% CI, 2.1 to 3.0) than in non-diabetics.  The result was not altered after adjustment for age.

Conclusion:  New-onset diabetes was associated with an elevated risk of pancreatic cancer.

The authors were questioned about the lack of adjustment for body mass index.   They admitted that the elements constituting the body mass index calculation, height and weight, are present in individual patient charts but these data were not available in the electronic VA database.  The authors only have a limited amount of money left in their budget.  What could the authors do to evaluate whether or not there is any important degree of confounding by body mass index? (2 pts) 

Answer:  Although body mass index (BMI) is not available in the electronic database, the key elements to calculate BMI (height and weight) are available in the individual patient charts.  The problem, however, is that it is not feasible to review 1,579,043 charts to get these data.  Instead, one could perform case-control sampling of this cohort and do focused chart reviews just on the cases (or a sample of the cases) and some well-selected controls (e.g., using incidence density sampling) and address the issue of whether BMI confounds the relationship between new-onset diabetes and pancreatic cancer. It is important to note that one need not select all of the cases (which may not be feasible given geographic constraints) – just a sample would suffice.  

9.  Please address the following questions from the Nitz et al. Journal Club article:

a) While non-differential misclassification is the most likely type of misclassification of exposure that occurred in this work, it will lead to an attenuation of the measure of association and thus cannot explain the effect that was observed by the authors. Can you think of a plausible way that differential misclassification of exposure could have occurred, and what do you want to look for in the Methods section to help you evaluate whether this may have occurred? (1 pt)

Answer: Differential misclassification of the exposure could have happened in the laboratory if the researchers responsible for collecting the genotype data were not blinded to the disease status of the samples under analysis. If classifying the  genetic data requires some amount of judgment call for a subset of results that are equivocal, knowing the disease status could have resulted in differential misclassification of the exposure.  Alternatively, even if the investigators were blinded, simply typing all cases in one set of assays and all controls in a subsequent set of assays (i.e., done the next day) could result in differential misclassification if the assay performed systematically different in one set of assays versus the next.  Assurance that the laboratory was blinded to disease status and that the order of testing (cases vs controls) was random would have been preferable.

b) Type I statistical error due to multiple statistical comparisons is a common concern in gene association studies.  Are you concerned about this in the present study?  What have the authors done to convince you one way or another? (1 pt)

Answer: As far as we know from the methods, only one candidate gene was assessed for its association with diabetes.  Also, within that gene only four polymorphisms were ultimately examined.  Thus, on the surface, there are not a large number associations being examined.  The problem is that we do not know how many other candidate genes have been assessed by these authors in this study population and were found to be negative.  Thus, we can never truly evaluate the number of statistical comparisons tests that have been undertaken at the time that this study was completed.  Therefore, we do have to be somewhat concerned.  However, the authors very nicely provide an analysis with a verification sample (KORA) with which to validate the association observed in the EPIC-POTSDAM sample. This helps to reassure us that the observed association is not merely the result of data dredging.  

c) What is the chief concern regarding confounding in this study?  How did the authors evaluate it? (1 pt)
Answer: As is the case with all studies purporting to find an effect for a certain gene, the authors were concerned with confounding due to what the field of genetic epidemiology calls population stratification (i.e., the existence of unmeasured subpopulations within the study population that have differences in PTGES2 polymorphism frequency as well as differences in other genes responsible for development of diabetes). This is synonymous with confounding by genetic ancestry, and is similar to the problem seen in the study of the Pima-Papago Indians in the last problem set.  In ways that we do not expect the class to fully understand (Pritchard et al. Ref 28), the authors tested for the likelihood that the control group could have subpopulations present and concluded that this was highly unlikely.  (“Therefore, we concluded that there are no major admixture effects within the EPIC-Potsdam study.” and “Neither of the two studies showed major population stratification.”)  With no variability in underlying population structure, the authors are able to claim that confounding is precluded.  This is effectively form of restriction.
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