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Abstract
Objective—To assess participation bias in the assembly of a specimen repository for genetic studies
and to examine the association of participation with outcome within the Olmsted County myocardial
infarction (MI) cohort.

Participants and Methods—From January 1, 1979, to May 31, 2006, 3081 persons had MI in
Olmsted County, MN. Face-to-face contact was used to recruit patients who were hospitalized for
an acute event. Persons who had had an MI before establishment of this repository were contacted
by mail. At initial contact, we sought consent to use blood samples for genetic studies. Persons who
refused were contacted by mail and were asked to consent to the use of stored tissue samples. For
deceased subjects, stored tissue was collected when available.

Results—Of the 3081 persons in the Olmsted County MI cohort, 1994 participated in the study;
1007 (50.5%) blood and 987 (49.5%) tissue specimens were provided. Participants were more likely
to be younger men with hypertension, comorbidities, and non–ST-segment elevation MI (all, P<.
05). Participants who provided blood specimens were more likely to have non–ST-segment elevation
MI and lower Killip class than those who provided tissue. After adjustment for age, sex, hypertension,
ST-segment elevation, Killip class, and comorbidities, participation was not associated with outcome.
Participants who provided blood specimens were less likely to have heart failure (hazard ratio, 0.49;
95% confidence interval, 0.40-0.59; P<.01) or to die (hazard ratio, 0.16; 95% confidence interval,
0.12-0.21; P<.01) than those who provided tissue.

Conclusions—A variety of sources can be used to assemble community specimen repositories.
Baseline characteristics differed between participants and nonparticipants and, among participants,
by specimen source. Participants who provided blood specimens had better outcomes than those who
provided tissue specimens. No survival advantage was observed for participants after combining
blood and tissue specimens.

Participation bias occurs when comparisons are made between groups of patients who differ
in determinants of outcome and when the differences are themselves related to the outcome.
1 Studies that require enrollment of participants are inherently affected by participation bias.
2 Because selective participation can threaten the external validity of studies, assessment of
the magnitude of participation bias is essential to optimize the inference from these studies.

Few studies in the community have examined the effect of participation bias. In one population-
based study of myocardial infarction (MI), nonparticipants were older, had greater
comorbidity, and experienced poorer survival than participants.3 A population-based study of
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left ventricular function reported that participation rates were lowest among the oldest, the
youngest, and those with chronic obstructive pulmonary disease.4 However, those studies did
not examine the effects of participation on genetic studies of heart diseases.

Population-based studies, using both established and new cohorts, are needed to evaluate the
usefulness of genetic risk factors for genetically complex diseases.5,6 However, participation
bias may affect studies that require collection of biological specimens for evaluation of genetic
variants that contribute to common diseases such as heart disease.7 Accordingly, we set out to
examine the influence of participation on the assembly of a specimen repository within a
geographically defined cohort of participants who had experienced an MI. We did so by
comparing participant and nonparticipant characteristics and by determining whether
participation was associated with survival outcomes.

Participants and Methods
From January 1, 1979, to May 31, 2006, 3081 persons experienced a validated MI in Olmsted
County, MN. Of those 3081 persons, 1994 provided specimens for this study. Samples were
obtained both from living participants and, via a tissue repository or autopsy, from the deceased.
All aspects of this study were approved by the Mayo Foundation Institutional Review Board.
Throughout the article, participation is defined as the providing of specimens for the purpose
of genetic study.

Myocardial Infarction Case Ascertainment
The parent study that enabled the current investigation was an observational study of a cohort
of patients with MI within the geographically defined population of Olmsted County, MN,
where Mayo Clinic Rochester and Olmsted Medical Center provide medical care for all county
residents. These facilities use a unified record linkage system that compiles comprehensive
clinical records collected by physicians. The Rochester Epidemiology Project enables these
records to be easily retrieved.8 Most residents of Olmsted County are white.

This MI cohort includes a retrospective and a prospective component. The methodologies used
to assemble the retrospective cohort and to enroll participants in the prospective component
have been previously reported.9,10 Briefly, for the retrospective component, lists of patients
discharged from Olmsted County hospitals with diagnoses compatible with an MI were
obtained from the Hospital Utilization Review Database.9 The Rochester Epidemiology
Project Index of Diagnosis was also used to locate cases.8 For this study, the target codes from
the International Classification of Diseases, Ninth Revision included 410 (acute MI), 411 (other
acute and subacute forms of ischemic heart disease), 412 (old MI), 413 (angina pectoris), and
414 (other forms of ischemic heart disease).9 For the prospective component of the cohort, all
persons who presented to an Olmsted County medical facility with a cardiac troponin T level
greater than or equal to 0.03 ng/mL (reference range, ≤0.03 ng/mL) were identified within 12
hours of the blood draw through electronic files of the Department of Laboratory Medicine.
10 Nurse abstractors reviewed cases that met criteria for residency and collected information
to classify the MI event.9 The criteria used to diagnose MI included cardiac pain, the Minnesota
Code of the electrocardiogram, and biomarker levels.11-13

Recruitment for Participation in the Specimen Repository
A stepwise process, summarized in Figure 1, was implemented to recruit living participants
into the study. Participants who were hospitalized for acute MI were recruited face-to-face; if
they refused, they were contacted by mail. Those who had experienced MI before the initiation
of the study were also contacted by mail. For this study we used blood samples that had been
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initially stored for clinical need, if available. If stored blood samples were not available, we
drew another blood sample in conjunction with a clinically indicated draw.

When persons did not consent to use of blood specimens, we reviewed the medical records to
determine the availability of stored tissue specimens. Available specimens, stored at the Mayo
Clinic Tissue Registry, had been previously obtained during medically indicated procedures.
We contacted persons for whom tissue specimens were available and sought authorization to
use those specimens for genetic studies. If stored tissue was not available, no further contact
was attempted.

We reviewed the records of persons who died before the initiation of this study for availability
of tissue samples stored at the Mayo Clinic Tissue Registry. When available, tissue specimens
obtained from autopsy were also used.

Data Collection Among Participants
Nurse abstractors reviewed medical records to ascertain risk factors. Risk factors included
smoking, current and noncurrent; diabetes mellitus; systemic hypertension; and a familial
history of coronary artery disease. We defined familial coronary artery disease as parental
cardiovascular disease diagnosed before the age of 55 years in a father or before the age of 65
years in a mother.14 We also recorded MI characteristics, which included ST-segment
elevation MI, Q waves on electrocardiogram, MI location, and Killip class, as well as comorbid
conditions, which were scored using the Charlson Index.15

Data Collection Among Nonparticipants
Since August 1997, Minnesota law has required general research authorization from every
study participant before the release of information from medical records.16 For persons
providing this general research authorization, extensive data are available for research
irrespective of their consent to a specific study. We included patients from the MI cohort who
did not provide consent but who had given general research authorization in this study and
reviewed their medical records, applying the same methods and definitions used for
participants who had given consent.

Follow-Up
Inpatient and outpatient records were reviewed by nurse abstractors who collected clinical data
and validated the diagnosis of heart failure after MI using the Framingham criteria.17 In our
experience, use of these criteria is excellent for verification of heart failure.18

Follow-up was completed by passive surveillance of the community medical records. Death
was ascertained through death certificates filed in Olmsted County, autopsy reports, obituary
notices, and electronic files of death certificates obtained from the State of Minnesota
Department of Vital and Health Statistics.19

Statistical Analyses
Persons were classified as participants or nonparticipants. Logistic regression was used to
examine the association between participation and demographics, cardiovascular risk factors,
MI characteristics, and comorbidities. A nonlinear effect of age was examined by including a
quadratic term in the model. The effect of age on participation was compared between sexes
by including an interaction term between age and sex. Cox proportional hazards regression
models were constructed to evaluate the unadjusted and covariate-adjusted hazard ratios and
95% confidence intervals for death and post-MI heart failure associated with participation. For
participants only, all analyses were repeated to compare the specimen source (blood vs tissue).
The assumption of proportionality was met after examining Schoenfeld residuals. The
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threshold for statistical significance was P=.05, except when testing for quadratic effects and
interactions, in which case P=.10.

Results
Characteristics Associated With Participation

Of the 3081 persons who had experienced MI in Olmsted County from January 1, 1979, to
May 31, 2006, 1470 (48%) were deceased at the start of our study. Of those, 852 (58%) had
stored tissue available. The study enrolled 1994 participants, 1171 (59%) of whom were men;
the mean ± SD age of study participants was 68±14 years. Of the 1087 nonparticipants, 569
(52%) were men; the mean ± SD age for nonparticipants was 68±15 years.

Overall, men were more likely to participate than women (Table 1). The effect of sex on
participation differed according to age (P=.04 for the sex-by-age interaction term). Men aged
60 to 79 years were more likely to participate than their younger or older counterparts. Among
women, participation did not change significantly until the age of 80 years or greater, when a
decrease in participation occurred.

Baseline characteristics differed by participation (Table 2). Participants were more likely to
have a history of hypertension and smoking. Adjustment for age and sex attenuated the
association with smoking and strengthened the association with hypertension. Participants
were more likely to have non–ST-segment elevation MI. Adjustment for age and sex did not
affect the association between participation and non–ST-segment elevation MI status. The
comorbidity burden was higher among participants, despite adjustment for age and sex.

Role of Specimen Source
Blood specimens were obtained from 1007 participants (50.5%), tissue specimens from 987
(49.5%). Baseline characteristics differed by specimen source (Table 3). Participants who
provided blood were more likely to have familial coronary disease and non–ST-segment
elevation MI. Participants who provided blood specimens were less likely to have Killip class
greater than 1. The comorbidity burden was less for participants who provided blood
specimens. Adjustment for age and sex strengthened the association between blood specimens
and hypertension but attenuated the association between blood specimens and familial coronary
disease and comorbidity burden. The associations between blood specimens and non–ST-
segment elevation MI and Killip class remained unchanged.

Outcomes
Outcomes were associated with specimen source but not participation (Table 4). Participation
was not associated with heart failure or death after MI, despite adjustment for age, sex,
hypertension, ST-segment elevation, Killip class, and Charlson Index. Participants who
provided blood specimens had better outcomes after MI for both heart failure and death vs
subjects who provided tissue specimens. The strength of the associations did not change after
adjustment for age, sex, hypertension, ST-segment elevation, Killip class, and Charlson Index
for either heart failure or death.

Discussion
The current study documents the feasibility of assembling a specimen repository for the
purpose of conducting genetic studies among community-dwelling subjects who experienced
an MI. Baseline characteristics differed between participants and nonparticipants; among
participants, they differed by specimen source. Whereas participants who provided blood
specimens had better outcomes than those who provided tissue specimens, no survival
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difference was associated with participation when all specimens from all sources were
combined in one single cohort. This finding underscores the importance of examining how the
composition of specimen-based cohorts can be associated with outcomes, thereby affecting the
inferences that can be drawn from these studies.

Feasibility of Assembling a Community Specimen Repository
When a collection of blood samples is necessary, initial face-to-face contact achieves higher
recruitment rates than mail contact.20 Thus, we first attempted to recruit patients via face-to-
face contact and then, if necessary, made contact by mail.

Half of the specimens included in the study were obtained from the Mayo Clinic Tissue
Registry, allowing the inclusion of participants who were deceased at the initiation of this study
and thereby reducing the effect of survival bias. For living participants who initially did not
consent to the use of blood specimens, the tissue repository also provided the option to use
stored tissue specimens, thereby increasing participation.

With this recruitment strategy, we achieved a participation rate of 65%, which is well within
the range of participation rates for studies that did not involve the use of biological specimens
and higher than those that did. Participation rates varied: epidemiological studies that used
questionnaires had participation rates from 49% to 82%21-23; studies that used interviews,
from 56% to 67%24,25; and studies that required a physical examination, from 51% to 71%.
4,26-28 Our study obtained higher participation rates than other studies that required collection
of specimens from buccal swabs (53%) or blood lymphocytes (58%).29

Because all nucleated cells are suitable specimens for DNA analysis,5,30 noninvasive methods
that minimize participant burden should be the first choice for sample collection.30 Thus, for
this repository, we chose to rely on stored specimens before resorting to blood draws, a strategy
that contributed to our high participation rates.

Participation, Clinical Characteristics, and Outcome
Whereas epidemiological studies increasingly rely on the collection of biological specimens,
participation in such studies has been declining, possibly because of study design, recruitment
methods, participant burden, and societal factors.2,31 The progressive decline in participation
rates underscores the importance of examining how participation influences cohort
composition and subsequent outcomes results. Such an assessment is needed to properly draw
inferences to the population as a whole. This methodological step, although crucial, is often
omitted.2

In our study, which included both men and women, we observed lower participation rates for
women than for men, particularly for older women. Lower participation rates of older4,25 and
younger persons20 have been reported. Studies that included only men 28 or only women26,
32 reported lower participation rates among older participants.

Participants had more hypertension, non–ST-segment elevation MI, and comorbidities than
nonparticipants. Participation-associated differences in such characteristics vary across
studies. For example, in a study of persons with osteoporosis, nonparticipants had higher
systolic blood pressure than participants.33 The impact of such clinical differences on
outcomes likely will also vary across cohorts. Indeed, in our parent community-based cohort
of participants with MI, those with non–ST-segment elevation MI had similar survival to
subjects with ST-segment elevation MI, thereby providing reassurance that the prevalence of
ST-segment elevation MI in participants and nonparticipants did not affect outcome.34
Because participation-associated characteristics may vary across studies, they should be
systematically examined in each study to determine how they affect outcome and inference.
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In our study, participants who provided blood specimens had better outcomes than their
counterparts who provided tissue specimens. However, when both groups of participants were
combined, participation was not associated with outcomes despite differences in baseline
characteristics. This finding emphasizes the importance of complementary approaches to
specimen collection when feasible to optimize external validity.

Implications for Future Studies
Studies should use strategies that minimize participant burden and obtain specimens by the
least invasive approach. The choice of specimen source will vary according to the resources
available in each institution. When possible, it is important to assess the influence of
nonparticipation on the robustness of the inference that is drawn.

Limitations and Strengths
Some differences between participants and nonparticipants may not have been detected
because of sample size. Given the demographic homogeneity of the study population, ie, mainly
white, our findings require confirmation in other cohorts and in more diverse racial and ethnic
groups.

Our study addressed the advantages of combining different sources of DNA to assemble a
repository. However, DNA extraction from tissue may lead to DNA fragmentation.35 To
overcome this limitation, genotyping (Golden Gate assay; Illumina, San Diego, CA) may be
used with fragmented DNA.35

Strengths of our study include its community-based nature, whereby all consecutive patients
in a geographically defined population were considered for participation; its cohort design7;
and its ability to examine the influence of nonparticipation. The research authorization required
by Minnesota law enabled the review of medical records of persons who were unwilling to
provide biological specimens for our study, allowing participants and nonparticipants to be
compared. The rigorous ascertainment of MI, the comprehensive nature of the clinical and
outcome data, and the unique ability to retrieve tissue specimens all strengthened our study.

Conclusions
A variety of sources can be used to assemble a community specimen repository. Baseline
characteristics of participants differ from nonparticipants, and among participants, those
characteristics differ by specimen source. Whereas participants who provided blood specimens
had better outcomes than participants who provided tissue specimens, no survival advantage
was detected for participants after combining both specimens. This finding underscores the
importance of analyzing clinical characteristics and survival according to participation and
specimen source.
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Figure 1.
Recruitment process for living participants in myocardial infarction (MI) cohort.
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Table 1
Participation Rates and OR, Stratified by Age and Sex*

Men Women

Age (y) Participation rate (%) OR (95% CI) Participation rate (%) OR (95% CI)

<60 425/678 (63) 1.00 142/222 (64) 1.06 (0.77-1.45)
60-69 299/420 (71) 1.47 (1.13-1.91) 138/212 (65) 1.11 (0.80-1.53)
70-79 277/380 (73) 1.60 (1.22-2.11) 261/401 (65) 1.11 (0.86-1.44)
≥80 170/262 (65) 1.10 (0.82-1.48) 282/506 (56) 0.75 (0.59-0.95)

*
CI = confidence interval; OR= odds ratios.
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