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Abstract
Background—To evaluate long-term health outcomes among childhood cancer survivors, St.
Jude Children’s Research Hospital (SJCRH) has established the St. Jude Lifetime Cohort
(SJLIFE), comprised of adult survivors who undergo risk-directed clinical assessments. As in any
human research study, SJLIFE participants are volunteers who may not represent the source
population from which they were recruited. A lack of proportional representation could result in
biased estimates of exposure-outcome associations. We compared available demographic, disease,
and neighborhood level characteristics between participants and the source population to assess
the potential for selection bias.

Procedures—Potentially eligible patients for SJLIFE were enumerated as of October 31, 2011.
Data from electronic medical records were combined with geocoded census data to develop an
analytic data set of 3,108 patients (the evaluable source population) of whom 1766 (57%)
underwent clinical assessment (participants). The ratio of relative frequencies (RRF) for
characteristics was compared between participants and the source population, where RRF=1.0
indicates equal frequency of the characteristic.

Results—Participants and the source population had similar frequencies for most characteristics.
Characteristics with modest relative differences (RRFs between 0.86 and 1.11) included sex,
distance from SJCRH, primary diagnosis, median household income, median home value, and
urbanicity.

Conclusions—Our results indicate a lack of substantive differences in the relative frequencies
of demographic, disease, or neighborhood characteristics between participants and the source
population in SJLIFE, thus alleviating serious concerns about selective non-participation in this
cohort. Bias in specific exposure-outcome relations is still possible and will be considered in
individual analyses.
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INTRODUCTION
Survival rates for most childhood cancers have increased dramatically over the past 40
years[1]. More than 363,000 individuals who were diagnosed with cancer as a child or
adolescent were alive in the United States as of January 1, 2009 [2]. Long-term follow-up of
survivors is essential for identifying evolving conditions that affect health and functioning
throughout the life course [3]. Seminal cohort studies, including the Childhood Cancer
Survivor Study (CCSS) [4], have been able to identify treatment- and diagnosis-specific
long-term adverse effects of childhood cancer. Nevertheless, the depth of knowledge and
interpretation of findings offered from survey-based studies such as CCSS is somewhat
limited because of the nature of self-reported data. To facilitate the evaluation of long-term
health outcomes among childhood cancer survivors, St. Jude Children’s Research Hospital
(SJCRH) recently established a cohort of adult survivors, the St. Jude Lifetime Cohort Study
(SJLIFE). This study involves risk-directed clinical assessment for prevalent health-related
conditions, medical record review, and survey-based data collection [5]. As of October 31,
2011, SJLIFE had recruited more than 1,700 adult survivors of childhood cancer for
comprehensive clinical evaluations.

Participants in any human research study are select volunteers who may or may not
accurately represent the distribution of characteristics in the source population (i.e. eligible
participants) from which they were identified and recruited. A study population comprised
of participants that are systematically different (i.e., the differences are non-random) from
the source population raises concerns about potential selection bias [6–9]. The consequence
of selection bias is that the estimate of an exposure-outcome association of interest among
study participants may be over- or underestimated relative to what would have been found if
all eligible individuals participated in the study. Such bias is particularly important to
consider in light of the declining participation rates in epidemiologic cohort studies over the
past 30 years – from 80% to 30–40% on average [10,11]. Unfortunately, direct assessment
of the magnitude of bias from differential participation is rarely possible because
information on exposures, outcomes, and relevant covariates are generally unavailable for
eligible non-participants. However, when source population data are available, the
frequencies of general characteristics can be compared between participants and the source
population to broadly assess differential representation in the study [8,12]. The aim of our
analysis was to compare the frequency of demographic, disease, and neighborhood
characteristics among SJLIFE participants relative to the source population. Additionally,
we explored whether a combination of these characteristics could predict participation in an
intensive multiple-day clinical research study.

METHODS
St. Jude Lifetime Cohort (SJLIFE)

The study design and cohort characteristics of SJLIFE have been described previously [5].
Briefly, SJLIFE is an IRB-approved institutional cohort study at SJCRH with medical,
physical, psychosocial, and neurocognitive assessments conducted to characterize health-
related outcomes among adult survivors of childhood cancer [5]. Eligible participants who
comprise the source population include living individuals 18 years of age or older who were
treated for a pediatric malignancy at SJCRH, and who were diagnosed at least 10 years
before enrollment [5]. Individuals who consent to participation in SJLIFE undergo a core
battery of evaluations including history and physical examination with resting heart rate,
blood pressure, and 12-lead electrocardiography, and laboratory assessments including a
complete blood count/differential, comprehensive metabolic panel, urinalysis, and physical
performance assessment including formal evaluations of anthropometrics, body
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composition, aerobic capacity, sensation, flexibility, balance, muscle strength, mobility, and
gross and fine motor function. In addition participants received risk-directed clinical and
laboratory evaluations according to the Children’s Oncology Group Long Term Follow-up
Guidelines [13,14].

Outcome
Our outcome of interest for this analysis was participation in SJLIFE. The SJLIFE study
uses a dynamic cohort design [7], which is characterized by a rolling admission process. For
example, individuals can become eligible for enrollment in SJLIFE when the eligibility
criteria are satisfied even if they were ineligible at study initiation, and eligible participants
can consent to enrollment regardless of time since initial eligibility or initial contact. Given
the potential for ambiguity about what constitutes a participant in a dynamic cohort, we
explicitly defined a participant as an eligible individual who completed the comprehensive
on-site medical assessments by October 31, 2011. Non-participants thus included
individuals who declined to participate, who completed the survey questionnaires but
declined to participate in the on-site medical assessments, who were lost to follow-up, or
who were contacted before September 1, 2011 but had not completed a clinical assessment
as of October 31, 2011.

Variables
Institutional medical records that contained demographic data, information on childhood
cancer diagnosis, and most recent contact information were available for all individuals
eligible for SJLIFE (i.e. the source population). Therefore, we were able to designate and
ascertain a common set of variables, which included demographic, disease, and
neighborhood-level characteristics, for participants and non-participants, which were then
de-identified for statistical analysis. We ascertained individual-level demographic
characteristics including age of the individual at the original contact mailing date, sex, and
race. Individual-level characteristics about childhood cancer diagnosis included primary
cancer diagnosis group, age at primary cancer diagnosis, years from primary cancer
diagnosis to the contact mailing date, and treatment era.

To enhance the lack of complete individual-level socioeconomic information in the
institutional medical records, we used geographic information systems (GIS) mapping
software to derive neighborhood-level socioeconomic characteristics based on the most
recent contact address for each eligible individual. Briefly, we used ArcGIS software
(Environmental Systems Research Institute [ESRI], Redlands, CA) [15] to geolocate
residential addresses for eligible individuals. We subsequently linked the geolocation with
U.S. census block group-level data from the 2005–2009 American Community Survey
(ACS) [16] for each eligible individual with a United States address. Census block groups,
subsets of census tracts generally comprised of 600–3000 individuals, provide the most
detailed small-area census data publically available [17]. Linkage with the ACS data
allowed us to ascertain neighborhood-level educational attainment, household income, home
value, and distance in miles from the individual’s reported address to SJCRH. Additionally,
we linked geolocations with Rural-Urban Commuting Area (RUCA) data [18] based on zip
code information to classify urbanicity [19] for each eligible individual. Post office box
addresses, military post office box addresses, and international addresses could not be
geocoded and thus were not included in this analysis.

Data analysis
To compare the frequency of demographic, disease, and neighborhood characteristics among
SJLIFE participants relative to the source population of SJLIFE, we first computed the
relative frequencies (RFs) of these characteristics in the participant and source populations,
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respectively (i.e. the proportion of the characteristic within each population). We
subsequently computed the ratio of relative frequencies (RRFs) for each characteristic,
where RRF=RFParticipants/RFSourcePopulation. An RRF=1 indicates that a particular
characteristic had equal frequency within the participant and source populations.
Nonparametric bootstraps with replacement (n=1,000 random samples of the observed data)
were used to estimate 95% confidence limits (CL) for each RRF [20].

To explore whether the combination of demographic, disease, and neighborhood
characteristics could predict participation in SJLIFE, we fitted overall and sex-specific
unconditional logistic regression models comparing participants and non-participants. These
models included individual-level characteristics such as sex (for the overall model), race,
age at childhood cancer diagnosis, primary childhood cancer diagnosis group, treatment era,
distance in miles from the individual’s reported address to SJCRH, and neighborhood-level
characteristics such as educational attainment, median household income, median home
value, and urbanicity. We assessed performance of the overall and sex-specific prediction
models with estimates of discrimination (i.e. differentiation of participants from non-
participants) and calibration (i.e. accuracy of predicted probabilities) [21]. Discrimination
was evaluated by estimating the area under the receiver operator curve (AUC), where
AUC=1.0 indicates perfect discrimination [21]. Calibration was evaluated by examining the
Hosmer-Lemeshow goodness of fit statistic, where P<0.05 suggests poor calibration [21].

Sensitivity analysis
We recognized the potential for the RRFs to be sensitive to the exclusion of eligible
individuals with uninformative addresses from the analysis. Although uninformative
addresses (including post office boxes and international addresses) precluded determining
neighborhood-level characteristics for these individuals, demographic and disease
characteristics were available for analysis. Therefore, we used available data to estimate
RRFs that compared the relative frequencies of demographic and disease characteristics
between participants and the complete source population. The resulting RRFs were
compared to the RRFs from the main analysis, which was restricted to eligible individuals
for whom neighborhood-level characteristics could be determined, to assess sensitivity to
the exclusion of eligible individuals with uninformative addresses.

RESULTS
Figure 1 describes the derivation of participants and non-participants from all individuals
potentially eligible for SJLIFE. Briefly, 4,234 childhood cancer survivors were identified
through institutional records as potentially eligible as of October 31, 2011, but 686 (16%)
were determined to be ineligible or had not yet been contacted for recruited. Thus, 3,548
individuals comprised the source population for this analysis. We were unable to determine
geolocations for 440 (12%) individuals in the source population because of international
(n=79) or uninformative addresses (e.g., post office boxes; n=361). Therefore, our evaluable
source population comprised 3,108 individuals eligible for SJLIFE, of whom 1,766 (57%)
were complete participants (i.e. completed the on-site medical assessments and the primary
health survey).

Table I summarizes overall RRFs comparing the relative frequencies of demographic,
disease, and neighborhood characteristics between participants and the evaluable source
population. Most characteristics of the participants and the evaluable source population had
similar frequencies (i.e. RRF~1). Notable differences in the magnitude of relative
frequencies were observed for sex (males: RRF=0.93, 95% CL: 0.90, 0.96; females:
RRF=1.08, 95% CL: 1.04, 1.12), distance from SJCRH (0–100 miles: RRF=1.08, 95% CL:
1.02, 1.15), primary diagnosis group (leukemia: RRF=1.11, 95% CL: 1.07, 1.16), treatment
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era (1970–1979: RRF=1.06, 95% CL: 1.00, 1.12), neighborhood median household income
(≥$60,000: RRF=1.08, 95% CL: 1.02, 1.13), neighborhood median home value ($150,000-
$199,000: RRF=1.09, 1.01, 1.16), and urbanicity (Rural: RRF=0.86, 95% CL: 0.71, 1.01).

Tables II and III summarize sex-specific RRFs that compare the relative frequencies of
demographic, disease, and neighborhood characteristics between participants and the
evaluable source population. The pattern of RRFs observed among males was similar to the
pattern of RRFs observed overall. The results among females were notably different from
the overall results only for age at primary cancer diagnosis (aged 15–17 years: RRF=1.13,
95% CL: 1.01, 1.27), primary diagnosis group (embryonal tumors: RRF=0.89, 95% CL:
0.80, 0.99), and neighborhood median educational attainment (more than high school
diploma: RRF=1.08, 95% CL: 1.01, 1.16).

Table IV summarizes the performance of the overall and sex-specific multivariable models
(inclusive of all available demographic, disease, and neighborhood characteristics) for
predicting participation in SJLIFE. These selected characteristics had only modest
discrimination between participants and non-participants in the overall model (AUC=0.61,
95% CL: 0.59, 0.63) but were well-calibrated (Hosmer-Lemeshow goodness of fit: P=0.38).
Discrimination did not improve when models were stratified by sex (females: AUC=0.62,
95% CL: 0.59, 0.65; males: AUC=0.60, 95% CL: 0.58, 0.63) despite the sex -stratified
models also being well-calibrated.

Table V summarizes RRFs of demographic and disease characteristics for participants and
the complete source population (n=3,548), which included the 440 eligible individuals who
were excluded from the analysis because of uninformative addresses and thus undetermined
neighborhood-level characteristics. These 440 individuals comprised 158 (36%) participants
and 282 (64%) non-participants. The inclusion of these individuals in the analysis had
negligible effect on the RRFs compared to the analysis of individuals for whom
neighborhood-level characteristics could be determined; most RRF estimates remain
unchanged and some RRF point estimates further approached the null value of 1.0.

DISCUSSION
The SJLIFE protocol was designed to maximize participation among eligible subjects by
eliminating many barriers to participation (e.g., providing transportation, housing, meals,
cost-free clinical evaluation, and monetary compensation) [5]. The results from our analysis
of SJLIFE participants generally indicate a lack of substantive differences in the relative
frequencies of demographic, disease, or neighborhood characteristics between participants
and the source population. The sex-specific results are largely consistent with these overall
results. Additionally, the combination of available demographic, disease, and neighborhood
characteristics had only modest ability to discriminate between participants and non-
participants, which further support a lack of substantive differences between participants and
the source population based on these characteristics. These results support the view that,
while challenging, it is possible to recruit a population of childhood cancer survivors for
clinically-based research who do not differ markedly from the overall eligible population.
Nonetheless, our analysis used a limited set of characteristics, and other factors might
improve discrimination between participants and non-participants. For example, recent
evidence suggests that practical concerns such as time commitment required by the
participant may be an important consideration for participation in long-term cohort studies
[22], but this specific information was unavailable for our analysis.

Our study was unable to assess potential reasons that some characteristics, such as disease
group and sex, were modestly different between the participants and the source population.
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Furthermore, although we enriched the individual-level demographic and disease data with
GIS-linked neighborhood-level socioeconomic data for more extensive comparisons, the
possibility of differences in individual-level, rather than neighborhood-level, socioeconomic
characteristics between participants and the source population cannot be excluded. Our
results suggest a somewhat greater relative frequency of high socioeconomic status (e.g.
higher neighborhood household income and home value) among participants compared to
the source population, which is directionally consistent with reports of participation studies
that use individual-level socioeconomic data [23–28]. Furthermore, our use of neighborhood
data restricted our source population to eligible individuals for whom the last available
contact addresses could be geocoded for U.S. census block-group data. We referred to these
individuals as the evaluable source population, who comprised 88% of the complete source
population. Selectively uninformative addresses could have biased the RRF estimates.
However, demographic and disease characteristic were still available for eligible individuals
without GIS-linked neighborhood characteristics, and the sensitivity comparison of
participants to the complete source population across this reduced set of characteristics did
not change the interpretation of our results.

Non-participation bias is frequently assessed by simply estimating the participation rate
[12]. A participation rate of 60% or 70% is often considered a threshold of acceptability, but
this rate is not based on any particular theoretical or empirical evidence [12]. In fact, low
participation rates do not inevitably imply that exposure-outcome estimates are biased from
non-participation [10–12]. For example, studies with participation rates of 30% [10,29] have
yielded effect estimates that are virtually unbiased by non-participation. Minimal bias from
non-participation, despite a low participation rate, is possible if the study population
comprises a proportional representation of characteristics in the source population for the
specific exposure-outcome under study.

An ideal assessment of bias from non-participation would involve estimating the magnitude
of a specific exposure-outcome relation among participants and non-participants.
Unfortunately, this ideal is rarely feasible because it would require exposure, outcome, and
covariate measurements among non-participants. Alternatively, assessments of potential bias
from non-participation can compare characteristic frequencies between participants and the
source population [10,12], as in this study. If substantial differences in relative frequencies
of particular characteristics between participants and the source population are observed,
targeted recruitment of non-participants (e.g., passive refusers) during accrual of a dynamic
cohort or at the end of a fixed cohort study might seem an appealing solution to attenuate
selective participation. However, this approach may be flawed and result in unnecessary
expenditure of valuable resources. The exposure-outcome estimates from study populations
subject to such recruitment strategies could be more sensitive to bias than the estimates from
unmitigated non-participation [11,27]. Although equivalent marginal distributions of
characteristics between cohort participants and the source population (i.e. RRFs=1) do not
preclude bias if other factors for non-participation are related to an exposure and outcome of
interest [30], empirical evidence suggests that non-participation bias may not be substantial
for most exposure-outcome relations [11]. In fact, prevalence estimates are more sensitive to
bias from non-participation than effect estimates for exposure-outcome relations [26,31,32].

In summary, our institutional cohort with well-annotated medical records for eligible
individuals provided an opportunity to assess differences in characteristics between
participants and the source population that could indicate conditional participation, and thus
a potential for bias in specific exposure-outcome relations. Although the generalizability of
the SJLIFE source population to the general population of long-term childhood cancer
survivors requires further exploration, the results from our analysis indicate a lack of
substantive differences in the relative frequencies of demographic, disease, or neighborhood
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characteristics between SJLIFE participants and the SJLIFE source population. Our results
generally alleviate serious concerns about selective non-participation, although bias in
specific exposure-outcome relations is still possible and may need to be considered in
individual analyses. Ultimately, bias from non-participation may be minor and better
addressed through sensitivity analysis or statistical adjustment [33,34] than expenditure of
valuable resources for targeted recruitment of non-participants.
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Figure 1.
Consort diagram
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Table IV

Performance characteristics of overall and sex-specific multivariable models for predicting participation in
SJLIFE.

Discrimination Calibration

Model AUCa
95% confidence

limits Hosmer -Lemeshow
P-value

Lower Upper

Overall 0.61 0.59 0.63 0.38

Females 0.62 0.59 0.65 0.68

Males 0.60 0.58 0.63 0.85

a
Area under the receiver operating characteristic curve
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