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Possible points: 30
1.  Refer to the following abstract and methods section:

PURPOSE: To investigate the relationship between serum sialic acid level and risk of coronary heart disease (CHD) and stroke in men and women without diagnosed cardiovascular disease.

METHODS: A prospective case–cohort study over the period 1981 to 1998 involving 151 CHD cases, 87 stroke cases, and a random sub-cohort of 340 was used. Sialic acid levels were determined by enzymatic method from frozen serum. Cox proportional hazards regression was used to estimate the relative risks of CHD and stroke for sialic acid tertiles and for continuous sialic acid level after adjustment for age, blood pressure, body mass index, cholesterol, triglycerides, diabetes, and smoking.

RESULTS: The multivariate-adjusted relative risk of CHD associated with a 25 mg/dl increase in sialic acid was 1.22 (95% CI: 1.02–1.45) overall, 1.40 (95% CI: 1.11–1.76) in women, and 1.06 (95% CI: 0.82–1.37) in men. The overall relative risk for stroke was 1.13 (95% CI: 0.87–1.46) and for CHD and stroke combined it was 1.17 (95% CI: 0.99–1.37) CONCLUSIONS: Serum sialic acid may be a long-term predictor of CHD events in adults (especially women) who are currently clinically free of cardiovascular disease. Further studies are needed to determine whether this association can be explained by sialic acid being a marker of accelerated atherosclerosis or inflammation.

Ann Epidemiol 2004;14:627–632. 
	METHODS

The study is based on the 1612 men and women aged 40 to 89 years who participated in the 1981 Busselton Health Survey and had no history of diagnosed CHD or stroke at that time. The conduct of the Busselton health surveys, including a detailed description of the study population, the examinations of subjects, and laboratory methods have been described elsewhere (14–15). The target population was all adults on the electoral roll in the town of Busselton (registration to vote is compulsory in Australia) and the overall response rate for the 1981 survey was 64%. In summary, participants were asked to complete a comprehensive health and lifestyle questionnaire and to undergo various measurements and tests. Systolic and diastolic blood pressure was measured by mercury sphygmomanometer after 5 minutes

rest in a sitting position. Height was measured by

stadiometer for bare-footed subjects and weight was measured with subjects in light underclothes. Body mass index was derived as weight (kilograms) divided by the square of height (meters). Smoking, diabetes, use of anti-hypertensive medication, and history of stroke were obtained by questionnaire.

Coronary heart disease was determined from the Rose

Questionnaire for angina and myocardial infarction and the electrocardiogram together with a self-reported confirmation of doctor-diagnosed heart disease (16). Serum cholesterol and triglycerides were determined from a fasting blood sample at the time of the survey. The sera were frozen and stored at_70_C. Total serum sialic acid levels were determined on the stored sera in 2001 using an enzymatic method supplied by Boehringer Mannheim (now Roche

Diagnostics), Basel, Switzerland on a Roche Cobas Mira Analyser (inter-assay coefficient of variation 6%).


	The outcomes of interest were time from the 1981 survey

to first CHDevent (hospital admission or death) and time to

first stroke event (hospital admission or death). Outcomes

of morbidity and mortality up to 1998 for the cohort were

obtained by linkage to the statewide Hospital Morbidity

Data System and the annual death list for Western Australia

(17). The Hospital Morbidity Data System covers all admissions to public and private hospitals in Western Australia from 1980 onwards. Deaths within Western Australia are identified by record linkage to the Registrar-General’s list of deaths in Western Australia. Follow-up of subjects ended with the outcome of interest, or on 31 December, 1998, or when they left Western Australia, as determined by linkage to the electoral roll or from contact with relatives. Stroke cases occurring during follow-up were defined as either an admission to a Western Australian hospital with any diagnosis of stroke (ICD codes 430–438 inclusive) or death from stroke (ICD codes 430–438 inclusive). CHD cases were defined as either an admission to a Western Australian hospital with any diagnosis of CHD (ICD codes 410–414 inclusive) or any procedure that indicates CHD (ICD codes 360–363, i.e., angioplasty,CABG or revascularization), or death from CHD (ICD codes 410–414 inclusive).

A cohort design with case–cohort sampling (18) was

employed to reduce costs and preserve stored serum. About

55% of the eligible disease-free cohort had sufficient viable

blood serum available in the BHS storage facility. Under

this case–cohort scheme, sialic acid assays were conducted

for all 151 CHD cases, all 87 stroke cases, and a random

sample of 340 of the total cohort. Due to overlap between

CHD and stroke cases and between cases and the random

sub-cohort the total number of assayed sera was 462. With

these numbers the study has 93% (80%) power to detect a

hazard ratio of 1.4 for CHD (stroke) associated with a one

SD change in sialic acid (19).



Note:  Proportional hazards models (utilized in this paper) are a common and legitimate approach in analysis of case-cohort studies.  We will not cover proportional hazard models in this class and are not asking you to comment on the suitability of the analysis for this paper.     

(a) Some of the cases of stroke or CHD were in the “random sub-cohort.”  Should they be included in the control group?  Why or why not?  (1 pt)

Answer:  Yes, they should be included in the control group.  The purpose of the control group in a case-cohort study is to obtain an estimate of the exposure (in this case, sialic acid level) in the underlying study base.  The underlying study base includes persons who will eventually develop the disease of interest while under observation as well as persons who will not.

(b) Cases include those who died of CHD or stroke.  Should those in the “random sub-cohort” who died of other causes be included in the control group?  Why or why not? (1 pt)

Answer:  Yes, the control group is a random sample of the cohort at baseline so those who die of other causes should be included.  The purpose of the control group in a case-cohort study is to obtain an estimate of the exposure (in this case, sialic acid level) in the underlying study base.  The underlying study base includes those who will go on to die of other causes during the study.  

(c)  You want to investigate the relationship between sialic acid and cancer incidence, using a case-cohort design using the same Busselton Health Survey.  Can you use the same control group that the present authors did?  Why or why not?  (1 pt)

Answer:  Yes, you can use the same control group as long as it’s a random sample of the baseline cohort.  This could be a cost effective design as long as there are enough cancer cases during the follow-up.  Not required for credit:  Any prevalent cancer cases should be removed from the control group.   You would want to know if this information is available on the cohort.

Also not required for credit: However, since the sialic acid assays have already been run on this control group, you may be concerned about introducing a systematic bias by assaying sialic acid at a later date (even possibly at a different lab) in the cancer cases than in these already completed assays of sialic acid in the random sample from baseline.  One solution is to re-assay some of the specimens from the random sample of the baseline (the control group) along with the assays of the cancer cases. 

(d) It is stated that “about 55% of the eligible disease-free cohort had sufficient viable blood serum available in the storage facility”.  What else would you want to know to assess the validity of using this 55% as the control group? (1 pt)

Answer:  We need to know why only 55% of eligibles have residual blood. Is this because the other persons have already been intensely investigated because of some special feature about them, and the remaining persons are not truly representative of the cohort?  Or is the reason simply because these persons had less blood in the first place (e.g., tube of blood not filled as full), which would have to be considered random and hence the 55% are representative.  In any specimen repository that has already been used by others, it is important to know why certain individuals have no remaining specimen.

(e) Table 1. Characteristics of subjects at baseline. Table shows mean (SD) or percent.

Variable

      CHD cases
           Stroke cases          Random subset         full cohort

[image: image1.emf]
Using the available data in Table 1 for women only (n = 886) that is reproduced above, calculate the measure of association between having a sialic acid level greater than 87.4 mg/dl and the occurrence of CHD.  What kind of measure of association is this (e.g., prevalence ratio, risk ratio, risk difference, etc)? (1 pt)

Answer:  If having SA > 87.4 is considered the exposure, then the odds of exposure in the cases is 0.413/0.587 and the odds of exposure in the baseline sub-cohort is 0.332/0.668.  The odds ratio is hence (0.413/0.587)/(0.332/0.668) = 1.42.  This is an odds ratio, which when performed in the context of a case-cohort study is an unbiased estimate of a risk ratio.  

The 95% confidence interval is not required for credit.  In fact, although you can calculate the OR by hand or using STATA, you cannot accurately calculate the 95% confidence interval using logistic regression in STATA (or the method in the textbook appendix).  These methods do not take into account the sampling scheme used for case-cohort studies and will tend to under-estimate the width of the confidence intervals.  

(f) Calculate the association between sialic acid level greater than 87.4 mg/dl and the occurrence of stroke. (1 pt)

Answer:  For stroke cases, the odds of exposure ( SA>87.4) is 0.341/0.659 and the odds of exposure in the baseline sub-cohort is the same as in (e) 0.332/0.668.  The odds ratio is (0.341/0.659)/(0.332/0.668) =  1.04.

2.  Describe the study design used in the following abstract (1 pt).  Justify your decision by referencing specific wording in the abstract (1 pt).  

Cardiac autonomic activity, as assessed by heart rate variability, has been found to be associated with postmyocardial infarction mortality, sudden death, and all-cause mortality. However, the association of heart rate variability and the incidence of coronary heart disease (CHD) is not well described. The authors report on the association of baseline cardiac autonomic activity (1987-1989) with incident CHD after 3 years (1990-1992) of follow-up of the Atherosclerosis Risk in Communities Study cohort selected from four study centers in the United States. The authors examined 137 incident cases of CHD and a random sample of 2,252 examinees free of CHD at baseline.  Baseline beat-to-beat heart rate data were collected. High- (0.16-0.35 Hz) and low- (0.025-0.15 Hz) frequency spectral powers and high-/low-frequency power ratio, estimated from spectral analysis, and standard deviation of all normal R-R intervals, calculated from time domain analysis, were used as the conventional indices of cardiac parasympathetic, sympatho-parasympathetic, and their balance, respectively. Incident CHD was defined as hospitalized myocardial infarction, fatal CHD, or cardiac revascularization procedures during 3 years of follow-up. The age, race, gender, and other CHD risk factor-adjusted relative risks (and 95% confidence intervals) of incident CHD comparing the lowest quartile with the upper three quartiles of high-frequency power, low-frequency power, high-/low- frequency power ratio, and standard deviation of R-R intervals were 1.72 (95% confidence interval (CI) 1.17-2.51), 1.09 (95% CI 0.72-1.64), 1.25 (95% CI 0.84-1.86), and 1.39 (95% CI 0.94-2.04), respectively. The findings from this population-based, prospective study  suggest that altered cardiac autonomic activity, especially lower parasympathetic activity, is associated with the risk of developing CHD.

Answer: This is a case-cohort study.  

Keys to identifying this as a case-cohort study can be found in the sentences:

The authors examined 137 incident cases of CHD and a random sample of 2,252 examinees free of CHD at baseline.  Baseline beat-to-beat heart rate data were collected. High- (0.16-0.35 Hz) and low- (0.025-0.15 Hz) frequency . . . .

In other words, the authors identified 137 new diagnoses of CHD that developed in the ARIC study.  These are the cases.  Persons free of CHD at baseline made up the comparison population.  They were randomly sampled from the baseline of the ARIC cohort.  That baseline measurements were used on both the cases and comparison population can be determined by the phrase: “Baseline . . . . heart rate data collected. . . .”

3.  Read the following abstract.  What type of case-control sampling do you think was used (1 pt)?  Defend your choice by specific reference to wording in the abstract. (1 pt)

A case-control study was conducted to examine risk factors for HIV seroconversion (incident infection with HIV) in homosexual men between 1982 and 1994 who were enrolled in four cohorts in:  Amsterdam, the Netherlands; San Francisco, California; Vancouver, Canada; and Sydney, Australia.  In a case-control study, sexual behaviors, substance use, and presence of sexually transmitted disease were compared between 345 HIV-positive cases and 345 seronegative controls matched by study visit-number and site. Receptive anal intercourse was the sexual behavior most highly associated with seroconversion. The odds ratio (OR) per receptive anal intercourse partner increase was 1.05 (95% confidence interval (CI) 1.02-1.09). To more carefully examine risk associated with receptive oral intercourse, analyses were done in a subgroup of men who reported no or one receptive anal intercourse partner. The risk (OR) associated with receptive oral intercourse partner increase was 1.05 (95% CI 1.0-1.11). In multivariate conditional logistic regression analyses, presence of sexually transmitted disease (OR = 3.39, 95% CI 1.95-5.91) and amphetamine use (OR = 2.55, 95% CI 1.26-5.15) were independently associated with seroconversion.  

Answer:  This is a case-control study inside a cohort as the abstract reveals by referring first to “cohort visits” and then to “a case-control study.”  It is, therefore, a nested case-control design using all the cases and sampling the controls Although any case-control study within a cohort can be considered “nested,” the sampling method in this study is incidence density sampling.  This is indicated by the matching on “visit number”; i.e., on the study visit when a case’s HIV seroconversion occurred. Using conditional logistic regression also points to the matched design since conditional logistic is the multivariable regression model used for matched pairs with a binary outcome.

4. (a) Read the following abstract.  Can you identify the type of case-control design that was used, based on the abstract?  Describe the clues to different types of case-control sampling that you can find in the language of this abstract. (2 points)

    (b) Can you determine the measure of association the authors are reporting? What kind of measure of association is this? (1 point) 

OBJECTIVE: The molecular basis of sporadic medullary thyroid carcinoma (MTC) 

remains elusive. While germline gain-of-function mutations in the RET

proto-oncogene cause hereditary MTC, somatic activating RET mutations and loss

of heterozygosity of markers in various chromosomal regions representing

deletions of tumour suppressor genes, have been described in a variable number

of sporadic MTC. A previous report suggested that the presence of a germline

variant at RET codon 836 (S836S) was associated with the development of sporadic

MTC and, furthermore, that the presence of S836S was highly correlated with

somatic RET M918T mutation in the MTC. Thus, we sought to determine if the S836S

variant would be associated with sporadic MTC from a completely different

population base, that of Andalucia. DESIGN: This is a case-control study to

determine whether the presence of RET germline S836S is correlated with sporadic

MTC in Andalucia. PATIENTS: Thirty-two patients with sporadic MTC from the

Andalucia region of Spain, serviced by our University Hospital, were ascertained

throughout the period 1995-99. Sporadic MTC was defined as a lack of personal or

family history suggestive of multiple endocrine neoplasia type 2 (MEN 2) and

lack of germline RET mutations which define any MEN 2 subtype. A region and race

matched cohort of 250 controls was also obtained. MEASUREMENTS: The frequency of

the S836S allele was determined in cases and controls and compared using the

standard chi-squared statistic and Fisher's exact test. RESULTS: The polymorphic

allele frequency at codon 836 in the control population (18/500 chromosomes,

3.6%) differed significantly from the MTC case cohort, 9.3% of case chromosomes

(six of 64 alleles, Fisher's exact test, two-tailed, P = 0.043). CONCLUSIONS:

Germline RET S836S variant is associated with a two- to three-fold risk of

sporadic MTC in the Spanish population, in accordance with a previous study

based on German cases. Our observations suggest that this phenomenon might be

universal and not limited to Germany.

Answer:  (a) They refer first to “a case-control study” in a “population base” of Andalucia.  That doesn’t tell you what kind of sampling they used although the use of “population base” suggests they were defining a primary study base.  However, it appears the cases came from “our University Hospital,” so unless the hospital captures every case in Andalucia, you might question whether it is truly population-based.  Further on they describe the controls as “a region and race matched cohort of 250 controls”.  Region and race matching could be just a conventional prevalent control sampling but could also conceivably refer to incidence density sampling.   Finally, they use the term “case-cohort” although one cannot be sure what they mean by this.  You would have to conclude that you cannot tell what case-control design they used.  In fact, the design of this study was just a conventional hospital-based case-control study with cases and controls taken from their their hospital.  The Methods section of the paper describes the controls as selected from “healthy volunteer donors from our hospital.”  So the language of “cohorts” of cases and controls is misleading as is the use of “population base.”  
(b) The authors state that the “Germline RET S836S variant is associated with a two- to three-fold risk of sporadic MTC”.  Hence, the rough numeric measure of association is “two to three-fold”.  It is rarely useful to be so vague.  Instead, a clear statement of the actual point estimate is preferred.  It is not clear what kind of specific measure of association this is.  They compared the “frequency” of the allele of interest in cases versus the controls using chi-square and Fisher’s exact test, which implies they analyzed the data in a 2 x 2 table (see below).  It would reasonable to deduce that they calculated an odd ratio, which in the 2x2 table below equals 2.77, although you cannot be sure if they incorrectly calculated a prevalence ratio.  Note that the authors used both alleles from each participant (18/500 for controls and 6/64 for cases).  Since the associations between the two alleles and the outcome in each participant are not independent, a different analytic approach would be needed that takes this into account.  
	S836S allele
	Case
	Ctrl

	+
	6
	18

	-
	58
	482


5. In a study of pancreatic cancer and cigarette smoking, incident cases of pancreatic cancer were identified from the SEER cancer registries.  Within a month of the cancer diagnosis, two controls were identified from the population served by the registry where the case was identified.  The cases and controls were interviewed to determine their smoking status and categorized into “never,” “past,” and “current” smokers.   Of 135 cases, 24 were current, 83 were past, and 28 were never smokers.  Of 275 controls, 30 were current, 157 were past, 80 were never smokers, and 8 did not answer that question.  

(a) Calculate the odds ratio and 95% confidence interval (CI) that compares current smoking to never smoking for the occurrence of pancreatic cancer.  Calculate the odds ratio and 95% CI that compares past smoking to never smoking for the occurrence of pancreatic cancer.  (Hint:  Use the cci immediate command in Stata.)  (1 pt)

(b) Do these ORs estimate the risk ratio, rate ratio, or neither?  (1 pt)

(c) Describe the results for current smokers versus never smokers in a sentence.  (1 pt)

(d) Discuss how you should handle the 8 controls who did not answer the question about smoking status. (1 pt)

Answers follow:

(a)

	Smoking Status
	Cases
	Controls
	OR (95% CI)

	Current
	24
	30
	2.29  (1.08, 4.81)

	Past
	83
	157
	1.51   (0.89, 2.61)

	Never
	28
	80
	1.00

	No response *
	0
	8
	

	Total
	135
	275
	


*Exclude the 8 controls who did not respond from the analyses.

The “never” smokers are the reference group for both the “current” and “past” smokers.

Use Stata to calculate the two OR’s and 95% CI:

Comparing Current and Never smoker

. cci 24 28 30 80

                                                         Proportion

                 |   Exposed   Unexposed  |      Total     Exposed

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

           Cases |        24          28  |         52       0.4615

        Controls |        30          80  |        110       0.2727

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

           Total |        54         108  |        162       0.3333

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

                 |------------------------+------------------------

      Odds ratio |         2.285714       |      1.0819    4.805723 (exact)

 Attr. frac. ex. |            .5625       |    .0756998    .7919148 (exact)

 Attr. frac. pop |         .2596154       |

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

                               chi2(1) =     5.66  Pr>chi2 = 0.0173

                                                         Proportion

Comparing Past and Never Smokers

                                                         Proportion

. cci 83 28 157 80

                                                         Proportion

                 |   Exposed   Unexposed  |      Total     Exposed

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

           Cases |        83          28  |        111       0.7477

        Controls |       157          80  |        237       0.6624

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

           Total |       240         108  |        348       0.6897

                 |                        |

                 |      Point estimate    |    [95% Conf. Interval]

                 |------------------------+------------------------

      Odds ratio |         1.510464       |    .8884352    2.608562 (exact)

 Attr. frac. ex. |         .3379518       |   -.1255745     .616647 (exact)

 Attr. frac. pop |         .2527027       |

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

                               chi2(1) =     2.57  Pr>chi2 = 0.1089

(b) OR is calculated because this is a case control study.  The selection of controls uses the incidence density method.  Controls are taken from the risk set that gave rise to the cases, and are selected and interviewed at the time of the cancer diagnosis.  Since this is an incidence density design, the odds ratio is an unbiased estimate of the rate ratio.  Also acceptable for credit:  Because this is a rare outcome, it is also true that the odds ratio provides a close approximation of the risk ratio.  See earlier discussion of the risk ratio and rate ratio in the answer to Problem 1.  What is not clear is exactly what time period is associated with this risk ratio. 

(c) Current smokers have about twice the rate of pancreatic cancer compared with those who have never smoked cigarettes.  It is also acceptable to state:  “Current smokers have about twice the odds of pancreatic cancer compared with those who have never smoked cigarettes.”

(d) The handling of missing data is a complex topic.  What is important to realize is that missing data can have an important impact on measures of disease association.  One approach, which was used in the calculations above, was to entirely drop subjects with missing data when determining the measure of association.  This is valid if the mechanism that caused the missing data is random.  If the missing data is indeed random, then the 267 controls for whom you do have complete data can be considered a random subsample of all 275 controls.  If this is the case, then simply dropping the 8 persons without smoking data should not result in an invalid answer.  On the other hand, if the reason why those 8 persons did not answer is not random, then simply dropping them could cause problems.  Consider, for example, if all 8 persons were current smokers but did not want to answer the question because of concerns over social desirability of their response.  If this was the case, then the measure of association would change to OR = 1.8 (95% CI: 0.87 to 3.7, p = 0.08), which no longer meets the conventional definition of statistical significance.  In practice, it is typically the case that the authors don’t exactly know the mechanism of missingness.  Therefore, authors may need to compare subjects who are missing data to those who are not for various characteristics in order to evaluate potential non-random mechanisms.  Sensitivity analyses may sometimes help, but, in this particular example, they are not particularly reassuring.  
6.  In the Journal Club article by Grosso et al., consider the following questions:

(a) What is novel about PLoS One’s policy regarding the peer review process?  Do you agree with this policy? (1 pt)

Answer: Article acceptance is based only on the technical merit of publications, not an editorial assessment of the importance of the manuscript. Possible advantages of this include, but are not limited to: 1) leaving the decision of the importance of an article up to readers, rather than editors, 2) less time spent by authors in revising for different journals, 3) publication of more null findings and findings that go against current trends. Possible disadvantages include, but are not limited to reviewers having the perception that the journal does not have much scrutiny and hence they don’t show as much scrutiny when they review papers for this journal.  Hence, this may lead to reviewers not exhibiting a full effort when reviewing.  The end result is that there may be publication of some invalid work.  Stated slightly differently, most journals require valid work which is also “important” (at least in the eyes of the editors).  If you drop the “importance” requirement, this leaves only one barrier to publication.  Some observers do not believe that all articles in PLoS One are indeed valid.  Other reasonable advantages and disadvantages are acceptable.

(b) In the Introduction, the authors state that “Although evidence from randomized trials is less likely to be biased, the trials were not designed, or powered, to detect differences in the risk of AF.  Case-control studies have better power…”.  Do you agree with this statement?  (Explain your answer).  (1 pt)

Answer:  A variety of answers are acceptable here.  If you agreed with the authors, then the explanation is that case-control studies are assembled, if they are optimally conducted, by intentionally finding enough cases of a particular toxicity for sufficient power while trials may or may not have enough cases come forth to have enough power to detect anything but very large effect sizes.  It is therefore the ability of the investigators to gather enough cases in a case-control study that ensures sufficient power.  If you disagreed, then the explanation is that it is not technically correct to say that case-control studies are always better powered to detect an effect.  A case-control study could have less power than a randomized trial when looking for an adverse event of a drug if the case-control study has too few cases. 
(c) Succinctly state the primary research question in this article. (1 pt)
Answer:  What is the association of oral bisphosphonates and risk of atrial fibrillation in women?
(d) Succinctly describe the target population and the accessible population. Describe whether you believe these populations do or do not differ in terms of how bisphosphonate use may be associated with atrial fibrillation. (1 pt)
Answer:  It is not entirely clear who the target population is, but it reasonable to assume they intended their findings to at least apply to women. The accessible population is women included in the UK General Practice research Database (GPRD) who are identified as taking one of these medications between December 2004 and December 2006. These women come from 450 practices throughout the UK, and the patient population from this study comes from 187 general practices.  Multiple answers are acceptable for reasons why these populations may or may not differ, as long is there is a reasonable logic for why these women may have a similar association or not. A key point is that the authors did not do an adequate job of describing how these populations may vary – so one has to speculate about this. One reason the populations may not differ is that the GPRD is supposedly nationally representative as there is a single medical system in the U.K.  
(e) Accurate dating of the outcome is critical in getting the correct answer in this study design.  What did the authors do to ensure accurate dating? (1 pt)

Answer: First, date of onset was altered to date of first related symptoms, if the individual had consulted their physician within 6 weeks of the actual event or if drugs like digoxin were started in the prior 6 weeks. In addition, authors excluded individuals from the analysis for a number of criteria (e.g., recorded at a “well-person” visit or recorded at the same time a post-mortem report was filed) which would suggest that the AF was not a new event or was inaccurately dated.
(f) What is the measure of association used to depict the main results?  (1 pt)
Answer: The incidence rate ratio. 
(g) One aspect of this study design is that it cannot calculate absolute difference measures of association.  Do you see this as a limitation? (1 pt)
Answer: Yes. This is a study of negative effects of a drug, and being able to calculate number needed to harm from an absolute difference measure is very useful for understanding the negative impact of the drug. In particular, one would want to know if the absolute difference in harm was very small as compared to the absolute difference benefit for preventing osteoporotic fractures.
(h) Table 1 shows the adjusted incidence rate ratio (IRR) for total bisphosphonate use. Is it possible to calculate the unadjusted IRR from the data in this table? If not, describe the information that would be needed, and give an example of data that would result in an unadjusted IRR of 1.17 (2 pts)
Answer: It is not possible to calculate the unadjusted IRR from the table because the number of person-years is not given. The incidence rate for the exposed and unexposed is calculated by the number of events divided by person-time in each of these groups. The IRR is the ratio of the rate in the exposed to the unexposed. We would need to have the person-years in the “baseline” (“unexposed”) and “exposed” populations.  Simple algebra (1.17*1457/738) demonstrates that the person-years in the baseline/unexposed must be 2.31 times greater than the person-years in the exposed in order to get an IRR of 1.17.  This equates to the person-time in the unexposed group being 2.31/(1 + 2.31) = 0.698 of the total person-time.  Although not necessary for full credit, the authors state that there were “in excess” of 25,000 person-years. They also give the median, but we are not able to know the exact total number of person-years. But, using their approximation of 25,000 person-years total we could have 69.8% of the 25,000 person-years, or 17,447 person-years, while unexposed and the remainder (7,553 person-years) while exposed. To then check this, we can calculate the IRR by (738/7553)/(1457/17,447) = 0.0977/0.0835 = 1.17.
(i) What would be the effect in the measure of association in this study of having too small of a wash-out period?  How did the authors handle the wash-out period? (1 pt)
Answer: If the washout period was too small this would attenuate results towards the null (i.e. towards an IRR of 1.0). This is because events would be occurring due to the exposure in the time period when individuals were classified as nonexposed, thus artificially inflating the denominator of the IRR. The authors used a one month washout period after the prescription should have run out, and did sensitivity analyses to a 2 and 3 month wash-out period. Wash-out period time did not count towards at risk time among the exposed or non-exposed. 
(j) In the Discussion, the authors state “Moreover, as there are no established biological mechanisms that might link bisphosphonate therapy to cardiac arrhythmia, it is also difficult to know if this signal of an increased risk soon after initiation of therapy has biological plausibility.”  Here, the authors seem to imply that they don’t think their finding is real because there is no biological mechanism.  Do you agree with the authors? (1 pt)
Answer: As one of the criteria for causality presented by Sir Bradford Hill (the “Hill Criteria”), whether an association is biologically plausible is often cited as an important consideration. However, it should rarely be used as a limiting one, as long as there is an absence of complete biological knowledge of the exposure and the physiologic pathway under consideration. Hill did not intend his criteria as each being of absolute necessity for a causal association, merely each as one of a number of factors that should be considered. In reference specifically to the authors of this paper, the findings could be real even though a biological mechanism is not known. Many disease associations that were first uncovered by epidemiology were not yet understood biologically. It seems unreasonable for the authors to discount their finding simply because no biologic plausibility exists.
(k) A researcher at Kaiser tried to perform this study using data from the last half of 2008 and first half of 2009.  He found no effect but is having trouble getting his work published.  Why? (1 pt)
By the beginning of 2008, there was already publication regarding the putative role of these agents in causing atrial fibrillation.  Therefore, physicians may have altered their practices in late 2008 and 2009 when prescribing these agents by not prescribing to patients who might be at highest risk for developing atrial fibrillation.  Or, physicians may have discontinued bisphosphonate use in some high risk patients.  If a progressively lower risk group was getting these drugs in this time period, this would tend to lower the overall incidence, the total available number of cases, and the power to see an effect. Other acceptable answers include that he may have been criticized for being underpowered if he only used one year’s worth of data.  
(l) Would this study work well to investigate the occurrence of seizures after vaccination?  How about the occurrence of breast cancer after anti-depressant medication initiation? (1 pt)
Accurate dating of the exact time the outcome occurred is critical for this study design to derive correct answers.  The occurrence of seizures is typically abrupt and easily accurately dated with respect to the date of the vaccination.  Hence, this study design would be expected to work well.  On the other hand, the occurrence of breast cancer is very difficult to date because its onset is occult.  If we just relied upon the clinical diagnosis of breast cancer, we would expect a bias towards the null.  This study design would not be a very good choice to study breast cancer.  
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