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4. Rationale:

In epidemiological studies, study population is somewhat conditioned on selected
participants or respondents and thus may not completely represent target population. This
natural selection process can bias our estimate of interest. The consequence of selection
bias can vary according to different study designs. For prevalence estimates, selection
would be more related to external validity (referred to as “selection effect”). For
association measures, selection would impact internal validity (referred as “selection
bias” 1). Usually, epidemiological studies don’t specifically differentiate these two terms
and use “selection bias” to refer both. However, we think it is important to distinguish
these two levels of selection impact with different terminologies. We are going to mainly
focused on the impact of selection effect and its implication of external validity in long-
lasting cohort studies.

Selection literally can happen at all stages of a cohort study, including design stage
(defining selection criteria), recruiting stage, examination stage, and follow-up stage.
Selection is usually regarded as a fixed component in longitudinal studies and beyond the
capability of statistical adjustment. However, we suspect that the effect of selection
changes over follow-up time in a cohort towards the less biased direction, which leads to
a better generalizability of conclusions at later times compared to the beginning of the
cohort.

The most common selection biases in cohort studies are healthy volunteer bias, survival
bias, non-response bias, and loss to follow-up bias . To our knowledge, the change of
these biases due to selection effect over follow-up time hasn’t been well studied. It is
important to understand the dynamics of study population and be able to evaluate how
much confidence we have for generalizing the conclusion at different times. Given the
quantitative knowledge of corresponding selection effect we would get from this study,
we will be able to assess the change of external validity over follow-up time.

Comparing difference of baseline and demographic characteristics and risk factor profiles
that result from non-participation or non-response have been done ** 2. The ARIC and
CLUE cohort profiles of over- or under-representation of specific types of population had
been published in previous study®, but the quantitative survival profiles of participants
and non-participants over more than two decades of follow-up time haven’t been
reported.

Among multiple cohort studies with long-term follow-up, a single measure of survival
advantage measured by all cause mortality has been observed among participants
compared to non-participants, which is partially attributed to selection effect 2%, We
found there is higher total mortality among cohort respondents compared to non-
respondents reported in one study’.



In general, selection and selection bias have not been well studied due to the lack of data
on non-participants, non-respondents or people who are lost to follow-up. However, our
study has the information of baseline population demographics and vital statistic for both
participants and non-participants with the unique linkage among Washington County
private census data, Atherosclerosis Risk in Communities (ARIC) study data and
Campaign Against Cancer and Heart Disease (CLUE | & I1) studies data. We will be the
first one to quantify the selection effect in multiple cohorts, and track its change and
dynamic impacts on these cohorts’ external validity.

5. Main Hypothesis/Study Questions:
Main hypotheses:
1) Volunteering for a cohort study is associated with a survival advantage.
Participants have lower mortality than the general population in the community.
2) This quantifiable advantage will have same direction across two different cohorts.
3) The participation survival advantage diminishes over time due to natural dilution
of cohort selection effect, but less rapidly for those who attended follow-up visits
or returned questionnaires. The study participants will form a less biased cohort
compared to what they were at the beginning.

The aim of our study is to quantify the cohort selection effect through the following
measures:
1) Comparing the prevalence estimate of demographic factors and health risk factors
between cohort participants and census population and its change over time

2) ldentifying determinants of different subtypes of participation (initial, complete,
partial and across-cohort participation; visit(s) examination, follow-up questionnaires
and annual telephone interview participation) with census data

3) Quantifying potential survival advantage due to selection effect and its change over
follow-up time

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodological limitations or challenges if
present).

Data source

This study will use data from three cohorts (ARIC; CLUE I; and CLUE II), participants
of which were recruited in Washington County, MD. Washington County Private Census
data in 1975 is used as the reference/general population in our study for analyzing
selection effect in large cohort studies. The linkage between cohort and census data
constructs the basic framework of identifying participants, non-participants and general
population (Figure.1).



For ARIC cohort in Washington County, participants aged 45-64 were recruited for visit
examination after enumeration and at-home interviews between 1987-1989 (first visit).
Among the 6177 potential eligible individuals, 4023 completed both the home interview
and visit examination, which gave a response rate of 65% at baseline visit >. Three visits
of re-examination happened every three years after first visit in 1990-1992, 1993-1995
and 1996-1998 and the fifth visit occurred recently from 2011-2013. To maintain contact
and gather health information, annual follow-up of the cohort had been conducted since
1987 through telephone interviews, which changed to semi-annual calls starting in 2012,
More details about study design and implementation have been published elsewhere *2.

In the CLUE | study conducted in 1974, 23,950 Washington County residents, aged 12-
97, were recruited with mobile office trailers went through the study area. Brief health
history questionnaire and blood pressures were taken and 15ml of blood was drawn at the
time of enrollment. Almost a third of the adult population of the county participated in
CLUE 1. There was no follow-up for this population.

In the CLUE 11 study conducted in 1989, 25,076 Washington County residents, aged 2-
98, were recruited with the same approach used in CLUE | study. Participants were asked
to complete a brief health history questionnaire, and donate 20ml blood sample. A food
frequency questionnaire was given to participants to complete at home with a request for
including a toenail clipping when returning the questionnaire. Five follow-ups with
mailed questionnaires were conducted after baseline visit: 1996 (Response Rate = 70%),
1998 (64%), 2000 (64%), 2003 (62%) and 2007 (56%). The last questionnaire was only
sent to participants who responded to at least 1 previous questionnaire. Approximately 30
percent of the adult residents participated in CLUE II, with 8400 Washington County
residents participating in both studies.

To identify participants and non-participants populations, study participants in ARIC and
CLUE have been linked to 1975 Washington County Private Census data by first, last
and maiden name and birthdate. (The number of linked participants for ARIC is 3008, for
CLUE I'is 19,932 and for CLUE Il is 16,528). Linkage of death and causes of death were
obtained from Washington County Health Department, State of Maryland Vital Statistics
and National Death Index from 1975 to April 2015. Obituaries are checked daily from the
local newspaper. (The data of CLUE participants is also linked to Maryland Cancer
Registry (MCR). Six past linkages were done in 1996, 1998, 2005, 2007, 2011 and 2013.)

Analysis Plan

Inclusions/Exclusions:

Linkage will be established by identifying cohort participants (ARIC and CLUE) in the
whole census population. People are removed from analysis if they have missing data in
any one of the linkage variables, last name, first name, or date of birth. Participants of
ARIC or CLUE cohort that were not included in census were mainly non-Washington
County residents thus are excluded from the analysis.



All the comparison between participants, non-participants and census (general)
population will be matched on age and other main cohort characteristics, considering the
different eligibility criteria for each cohort.

Variables of Interest

The prevalence estimates of 1975 census demographic factors and health risk factors are
compared between dynamic cohort participants, non-participants and census population
alive at each time point of recruitment and follow-up visits for ARIC and CLUE studies
respectively. These census variables are sex, race, education, marital status, years of
residence in the county, smoking history, degree of disability, employment status, history
of cancer, possession of a driver’s license, and enumeration district. At each time point of
interest, participants are defined as people who have date of visit data in the dataset; non-
participants are defined as census population who don’t have date of visit data and are
still alive at that point of time; general population will be the sum of the two.

Death ascertainment will be based on census data and its linkage with multiple sources of
vital statistics. Comparison between census and ARIC/CLUE death ascertainment will be
conducted to evaluate the validation and potential bias of census death ascertainment.

For continuous variables, mean value and standard deviation will be calculated. Unpaired
student t-test will be used for the comparison between participants and non-participants.
For categorical variables, difference between participants and non-participants will be
tested using chi-square. Relative volunteer bias in descriptive statistics will be calculated
for each census variable as the difference in mean for continuous variables and
proportion for categorical variables between participants and non participants divided by
the relevant value of general population multiplied by 100 2.

Outcome of Interest: Participation determinants

Logistic regression will be used to identify the major determinants of cohort participation
at recruitment. In addition, participation is defined as four subtypes: 1) Initial
participation: participants attended the baseline visit; 2) Complete participation:
participants completed all the follow-up visits (ARIC: participants have visit date data for
all visit 1 to visit 5 and records of annual telephone interviews; CLUE II: participants
attended the baseline screen and returned all five follow-up questionnaires); 3) Partial
participation: the difference in participants between initial participation and complete
participation; 4) cross-cohort participation: participants attended both the ARIC and
CLUE studies.

Within ARIC cohort, degree of participation will be further classified based on the
participation of either annual telephone follow-up interview or five clinical examinations
or both.

Outcome of Interest: Survival advantages

Comparing the all-cause mortality and disease specific mortality (CVD and cancer)
between participants, non-participants and general population for each study. Cox
regression model will be used to calculate the hazard of death. Adjusted Kaplan-Maier



will be used for graphical survival comparison *3. The analysis will first stratify by study
cohorts then by participation subtypes to compare the difference of survival among
people with different level of participation and the change of selection effect over follow-
up time. Interaction of participation type/degree with follow-up time (the length of
follow-up time at each point of visit examinations, questionnaires or telephone
interviews) will be used to examine the change of survival advantage over follow-up
time. The main predictor variables will be drawn from the census since it has the most
data on non-participants.

Limitations and Challenges

1) Linkage establishment: we adapted a relative stringent criteria for linkage
establishment between two cohort studies and census data, which could lead to a
lose of participants when we try to identify them in census population if any one
of their 3 linkage variables (first name, last name, or date of birth) is missing in
the census data.

2) Death ascertainment difference: either ARIC or CLUE cohort has better death
ascertainment quality than the census vital statistics, which could lead to potential
bias of the survival advantage estimation. This death ascertainment difference is
inevitable due to our study design, but we will exam and quantify the magnitude
of this difference by comparing vital statistics for those who have more than one
data source.
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Figure 1. Flow Chart of Cohort Structure

30 45 64

AY \

1975 Census, 92% Washington County 86/94,881

-

90

*. ARIC population
\in Census and'y
GLUE .
87

\

13

Washinaton County Mortality Follow-up

D - -

ARIC
Visit 5

‘u
\



Inclusion criteria
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