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Summary
The authors report empirical data on the use of friend controls, specifically response rates, case-
control concordance, and analytic approaches. The data derive from a North American multi-
institutional study of childhood cancer that was conducted in 2002–2007 and that focused on
paternal exposures. Case parents nominated friends as potential controls; up to 3 controls
participated per case. For 137 (69%) of the 199 case families, at least 1 control participated. Of
374 potential controls contacted, 247 (66%) participated. Case fathers with controls were
markedly more likely to be non-Hispanic white, college graduates, and non-smokers compared to
case fathers without controls. Odds ratios adjusted for demographic characteristics were generally
similar but occasionally differed between analyses that included only members of matched sets
and those that included all participants, i.e. controls and cases with and without controls. For
demographic characteristics, simulations demonstrated that the observed concordance of cases and
controls within matched sets exceeded that expected under random ascertainment, indicating
probable overmatching. However, the observed concordance of smoking and other exposures was
similar to the expectation under random ascertainment suggesting little overmatching on
exposures. Although not ideal, friend controls were convenient, had a reasonably high response
rate, and provided controls closely matched on race/ethnicity, education, and age.

Friend controls are convenient as researchers need expend little effort to identify them
through the cases.1 Friends are presumed to be more motivated and have higher response
rates compared to general population controls who do not know the case.1 However,
selection bias may occur because, if we think of individuals as having rosters of friends,
more sociable individuals will appear on more rosters and introverted individuals on fewer
or even no such rosters.1 Thus, extroverts are more likely, and introverts less likely, to
become friend controls. To the extent that the exposures of interest are associated with
sociability or personality, selection bias that affects the results will occur.

Friend controls are, by definition, individually matched to cases, even when the choice of
control group is made primarily for convenience and not purposefully as a method for
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controlling for likely confounders.2 In other words, cases and controls may be inadvertently
matched on characteristics not intended as matching factors. For example, friend controls
may be matched on demographic factors such as socioeconomic status (SES) and on
exposures such as smoking, drinking, and occupational substances, as these may be the basis
of friendship or activities done as friends.1, 3 Both intentional and unintentional matching
factors may be correlated with exposure but not disease, i.e., the cases and controls may be
matched on a factor that is not a confounder. If a matching factor is strongly associated with
exposure, many case-control sets may be concordant for the exposure.1, 4 This overmatching
reduces power because concordant sets do not contribute to the estimation of risk ratios.
Moreover, when cases and controls are closely matched, whether intentionally or
unintentionally, the effect of the matching factors on disease cannot be examined.

In recent decades, epidemiologists have not considered friend controls as first choice
controls because of their limitations. However, as approaches to obtaining general
population controls such as random digit dialing (RDD) have become less feasible in recent
years,5 we have anecdotally observed increased interest in using friend controls, particularly
for studies investigating the role of genetic polymorphisms. In addition, the use of friend
controls may be particularly appealing for studies of parents’ exposures in relation to
childhood disease because some other possible sources of controls are less feasible for
studying children compared to adults. For example, the use of population registries or
driver’s license files are less efficient in identifying and recruiting parents, as many non-
parents have to be contacted in the process. A number of recent case-control studies of
fertility, cancer, Alzheimer’s disease, menstrual disturbances, epilepsy in children, and other
conditions, many of which focused on genetic polymorphisms, have used friend
controls.6–23 The list of conditions demonstrates that friend controls have been used for all
age groups, from children to the elderly.

Although the theoretical advantages and limitations of friend controls are well described,
few publications report empirical data on proportion of cases for whom a friend control can
be recruited, response rates, degree of concordance, and practical analytic issues. We report
here on these topics based on our experience in a recent study of retinoblastoma, a cancer of
young children.

METHODS
Study population

The institutional review boards (IRBs) of all institutions that recruited participants approved
the study and all participants gave informed consent.

Children with retinoblastoma, a rare cancer of the retina occurring in young children, who
were diagnosed from January 1998 – May 2006 were identified through 9 institutions in the
US and Canada. We restricted the cases to those having the sporadic bilateral form of the
disease, which develops as a result of a new mutation in the RB1 gene that occurs before the
child’s conception. Although the new mutation may occur in either the sperm or egg, it most
often occurs in the sperm.24 Based on these facts, we hypothesized that parental exposures,
particularly those of the father, prior to the child’s conception increase the risk of the child
developing retinoblastoma.

In addition to having a diagnosis of sporadic bilateral retinoblastoma, eligible cases lived in
North America, had at least one parent who spoke English or Spanish, had at least one
biological parent available (i.e., child not adopted or in foster care), and had at least one
parent with phone service. Case mothers and fathers were interviewed by telephone in 2002
– 2007 about a variety of exposures and demographic characteristics including self-
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identified race (using the standard US Census categories: white, African-American, Asian,
American Indian/Alaska native, native Hawaiian/other Pacific Islander) and ethnicity
(Hispanic/Latino vs. non-Hispanic/Latino). Race/ethnicity as well as education, income, and
age were included as possible confounders of the relationship between exposure and disease.
During the interview, the parent was asked to enumerate and provide the age of potentially
eligible friends and cousins or other blood relatives of the case who were under the age of
15.

After the interview, study personnel chose up to 3 friends and up to 3 relatives who were in
the same or adjacent age group (0–1, 2–4, 5–6, 7–9, 10–12 years) as the case and met the
same eligibility criteria as the cases except for diagnosis of retinoblastoma. For relatives, we
selected those families in which the father of the control was not a blood relative of the case
father. Thus, the control fathers, whether of friends or relatives, were not biologically related
to the case fathers and can be considered friend controls as described in the literature. If
there were more than 3 friends or more than 3 relatives, 3 of each were chosen randomly.
The interviewer re-contacted the parents and requested that they ask the selected friends and
relatives if study personnel could contact them about the study. The interviewer contacted
the parents again to obtain names, addresses, and phone numbers of the friends and relatives
who agreed to be contacted about the study. We aimed to enroll 1 relative and 1 – 2 friends
per case. If there was more than 1 potential control in a category (relative or friend), we
randomly selected one to be contacted first. If the first potential control did not participate,
we randomly selected another for contact. This process continued until a control was
interviewed or contact had been attempted for all potential controls. For the remainder of
this report, we will refer to all the controls as friend controls.

When contact information was obtained, study personnel mailed introductory letters to the
potential control parents and followed up with a phone call during which the interviewer
confirmed eligibility. An interviewer administered the risk factor questionnaire by phone to
consenting parents of cases and controls. When a parent was not available, the other parent
was asked to act as a proxy and complete the interview. Parents were offered $25 as
reimbursement for their time and effort.

Modeling Approaches
If epidemiologists were asked to analyze data from a study with matched friend controls, we
conjectured that most would use one of 3 approaches for estimating odds ratios (ORs) and
95% confidence intervals (CIs) for the relationships between the disease and selected
exposures and characteristics. The first approach (referred to as ‘matched’) is a matched
analysis of the case-control sets using conditional logistic regression. This approach discards
all cases that do not have a control. The second approach (referred to as ‘restricted
unmatched’) is an analysis that again only uses cases that have matched controls but models
the data without consideration of matching by using unconditional logistic regression. The
third analysis which we refer to as ‘unrestricted unmatched’ includes all participants, i.e.
controls and all cases regardless of whether they had any controls, and uses unconditional
logistic regression to model the data. We used all 3 approaches and compared the results.

Data analysis
The analysis reported here focused on fathers because the study focused on paternal
exposures. Cases who had an interviewed control and those who did not were compared on
demographic characteristics and selected exposures using chi-squared tests for dichotomous
variables and Student’s t-tests for continuous variables.
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Unadjusted and adjusted regression analyses were performed; the adjusted analyses included
race/ethnicity (non-Hispanic white, other), educational level (less than high school, high
school diploma or some post high school, college degree or greater), and child’s birth year.
Race/ethnicity and educational level were included as routine potential confounders and
because they differed between cases with and without controls. Other covariates, such as
income level, paternal age at child’s birth, marital status, and whether the father’s interview
was conducted by proxy, did not alter ORs by more than 10% and were therefore not
included in the final models.

Simulations
In order to investigate the extent of matching of cases and controls, we compared the
observed concordance of selected demographic and exposure variables between cases and
controls with concordance rates that would be expected under random selection of controls
without matching. We accomplished this by using simulated datasets generated by
permutation methods. We simulated 1000 datasets in which the case- control status for each
individual was held fixed but the binary variable of interest in the control group was
randomly assigned in order to mimic random population ascertainment where the variable is
unrelated to control selection. This approach kept the total number of controls with and
without the exposure the same as in the original data, but it often changed the number of
controls with the exposure within a case-control set.

Using these 1000 simulated datasets, we calculated 2 different measures of concordance. For
the first measure, each case-control set was scored as concordant if all the controls had the
same value of the binary demographic or exposure variable as the case. The proportion of all
sets that were concordant by this definition was calculated and is referred to as the perfect
concordance rate. In order to consider the variable number of controls per set, we calculated
a second measure: the proportion of controls that had the same value of the variable as the
case. The mean of this proportion was calculated across all sets and is referred to as the
proportional concordance rate. Concordance rates calculated for the original study data were
then compared to the simulated distributions of the concordance rates. Evidence of
overmatching is suggested if the concordance rate computed from the original data lies in
the extreme tails of the simulated concordance distribution.

Analyses were performed using SPSS (version 16.0, SPSS, Inc., Chicago, Illinois) and
STATA/IC (version 10.0, Stata Corp., College Station, Texas) software. SAS version 9.1
(SAS Institute, Inc., Cary, North Carolina) was used for simulations and concordance
calculations.

RESULTS
Control recruitment in the retinoblastoma study

We had planned to randomly select friends from the parents’ lists. However, parents did not
have contact information on all friends and were not willing to contact all friends for the
study. Rather, parents were willing to contact for the study only friends that they chose and,
therefore, we had to abandon random selection.

In this study, 199 interviewed case families were asked to nominate friends as potential
controls. Of these, 163 (82%) nominated and provided contact information on at least 1
potential control. For 137 (69%) cases, the father of at least 1 control completed the father’s
interview directly or by proxy (Table 1); 56 cases had 1 control, 52 had 2 controls and 29
had 3 controls. Cases were slightly more likely to have an interviewed control mother than
control father; 142 (71%) cases had an interviewed control mother.

Bunin et al. Page 4

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2012 October 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Of the 62 case families without an interviewed control, 36 case families did not nominate a
control or did not provide contact information for nominated controls. For the remaining 26
families without controls, the failure to find a control occurred after contact with the
potential controls began; controls of 13 cases actively refused, 11 did not schedule or did not
keep an interview appointment before the study ended, and 2 were ineligible due to the
child’s adoption or parents’ not speaking English or Spanish.

The description above uses the case as the reference for determining response. However, for
some cases, we attempted to contact additional controls who did not participate. Of the 374
potential friend controls we were able to contact, the fathers of 247 (66%) participated. The
others were ineligible (n=12, 3%) due to the child’s age or adoption, lack of phone service,
or parents’ language other than English or Spanish; refused (n=72, 19%); or could not be
interviewed before the study ended (n=42, 11%). The response proportion for mothers was
slightly higher at 70%.

Comparison of cases with and without controls
Cases with a control that completed the study interview and cases without an interviewed
control differed markedly in demographic characteristics and smoking history (Table 2). Of
the case fathers without controls, 37% were non-Hispanic white compared to 76% of cases
with controls. Case fathers without controls also had less education, lower incomes, were
less likely to be married, more likely to have smoked in the year before the pregnancy, and
more likely to have been interviewed by proxy. Comparison of case and control fathers on
other exposures, such as binge drinking, apple consumption, cured meat intake, body mass
index, and father’s age at the index child’s birth, generally showed smaller differences.

Comparison of analytic approaches
Table 3 presents unadjusted and adjusted ORs for selected exposures determined by the 3
analytic approaches: matched, restricted unmatched, and full unmatched.

Overall, the unadjusted ORs from the matched and restricted unmatched analyses were
similar, while those from the full unmatched analyses were substantially different. For
example, for smoking, the ORs were 1.2 [95% CI 0.8, 2.0], 1.3 [95% CI 0.8, 2.2], and 2.0
[95% CI 1.3, 3.0] for the matched, restricted unmatched, and full unmatched analyses,
respectively. Although the unadjusted ORs from matched and restricted unmatched analyses
(i.e. the analyses that discarded cases without controls) were similar, there were slight to
moderate differences. One of the largest differences occurred for father’s age ≥ 30 with an
OR of 1.7 [95% CI 0.9, 3.0] in the matched analysis compared to 1.3 [95% CI 0.8, 2.1] in
the restricted unmatched analysis.

When adjusted for race/ethnicity, education, and birth year, the differences between the full
unmatched ORs and those from the other 2 analyses were reduced compared to the
unadjusted analyses; the differences were often minimal, but slight to moderate differences
remained for some factors. For example, the ORs for smoking in the year before the
pregnancy were 1.2 [95% CIs 0.7, 2.1 and 0.7, 2.0] for both the matched and restricted
unmatched analyses and 1.5 [95% CI 1.0, 2.4] from the full unmatched analysis. In contrast,
the ORs for multivitamin use differed minimally by analytic approach; the ORs were 1.5
[95% CI 0.9, 2.5], 1.5 [95% CI 0.9, 2.3], and 1.4 [95% CI 0.9, 2.1] for the matched,
restricted unmatched, and full unmatched analyses, respectively.

We calculated ORs for race/ethnicity, educational level, and income to estimate their effect
on disease. In both adjusted and unadjusted analyses, the ORs from the matched and
restricted unmatched analyses were similar while those from the full unmatched analyses
differed. Compared to the matched and restricted unmatched ORs, the full unmatched ORs
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for race/ethnicity and education were more extreme and statistically significant. For income,
a pattern was difficult to discern with the unadjusted full unmatched OR significantly less
than 1.0 and the adjusted full unmatched OR close to 1.0. For age at child’s birth, the results
from adjusted matched, restricted unmatched, and full unmatched analyses did not differ
appreciably.

Concordance rates
For the demographic factors studied, the perfect and proportional concordance rates in case-
control sets in the original data exceeded the mean concordance rates from the simulated
data in which random assignment of control exposure status was assumed (Figure 1A and
1B). The differences between the original and simulated concordances were generally large.
For example, the perfect concordance rate for educational level was 60% in the original data
and 32% in the simulated data. All of the observed rates fell outside or nearly outside the
distribution of the simulated data.

For the exposures, the observed concordances exceeded the mean simulated concordances
except for binge drinking (Figure 2A and 2B). The interquartile ranges of the simulated
concordance distributions were narrow, for example from 0.35 to 0.40 for perfect
concordance of multivitamin use. Thus, the observed concordances, which fell mostly
beyond the 75th percentile and often beyond the 95th percentile of the simulated
concordance distribution, did not differ greatly in magnitude from the mean simulated
concordance. For example, the observed and mean simulated perfect concordances for
smoking were 0.52 and 0.50, respectively. The largest difference was that for weekly apple
consumption with observed and mean simulated proportional concordances of 0.58 and
0.49, respectively.

DISCUSSION
In our retinoblastoma study, we found the selection and recruitment of friend controls to be
convenient and feasible. As presumed by many, the response rate was reasonably high, an
appealing characteristic given that control recruitment is difficult. However, we were not
able to follow the recommendation of randomly selecting controls from the case’s friends
because the cases chose who to name and who they were willing to contact and have us
contact. Our combined group of friend and relative controls is comparable to many friend
control groups described in the literature in that the control groups include non-biological
relatives. In the literature, the most common non-biological relative used as a friend control
is a spouse while in our study it was a brother-in-law.

Epidemiologists have assumed that the response rate among friend controls is higher than
that among general population controls. Our experience and other reports generally confirm
that the proportion of friends who participate is reasonably high, although without a direct
comparison we cannot say our study response rate is higher than it would have been if we
had attempted to obtain a population control group. Of potential controls for whom we had
contact information, 66% completed interviews. Other researchers have reported response
rates among friend controls of 63 – 100% for mailed questionnaires, mailed questionnaires
with telephone follow-up, and in-person interviews,7, 9, 16, 18, 19, 23 although the definition of
the response rate is not always clear and may differ among reports. The response rate in this
study, although reasonably high by today’s standards, leaves considerable room for
improvement. Although a detailed discussion is beyond the scope of this paper, researchers
should consider attempts to increase the response rate, such as providing a small financial
token prior to participation 25.
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We did not anticipate the substantial proportion of cases, about 30%, for whom we were not
able to recruit a control. In a search meant to be illustrative but not exhaustive, we identified
16 studies that used friend controls since 2000.6–17, 19–21, 23 About one-third of these studies
did not report the proportion of cases that nominated a control and/or had a control who
completed participation. The proportion of cases with controls will vary depending on, for
example, whether the control must be the same sex, the closeness of the age matching, and
whether proxy interviews are acceptable. Thus, it is not appropriate to directly compare the
proportion of cases with controls among studies. Nevertheless, it is worthwhile to note that
the proportion of cases with a friend control who completed study participation ranged
widely from 17 to 96%.6, 8, 9, 11, 17, 19 Although we do not have specific recommendations,
epidemiologists should consider efforts to increase the proportion of cases that nominate
controls and, based on our results, target those efforts to cases of minority ethnicity and low
SES. If successful, these efforts would improve the generalizability of results in addition to
increasing the sample size of case-control sets.

In our study, cases without a matched control differed dramatically in race/ethnicity and
SES from other cases. Few previous studies reported whether cases with and without friend
controls differed. Worrall noted, as we did, that cases who did not nominate a control were
much more likely to be non-white22 and Kaplan et al. reported that cases without controls
were older than cases with controls.26 In addition to demographic characteristics, in our
study, many but not all exposures differed substantially between cases with and without
controls. In a study of melanoma in which all cases and controls were non-Hispanic white,
Kanetsky et al. observed that cases with and without controls were generally similar in
exposures and characteristics such as freckling and recreational sun exposure.13 When we
considered only non-Hispanic whites in our study, the differences between cases with and
without controls were substantially smaller (data not shown) than in the whole study
population. Thus, whether cases with and without friend controls differ in exposures may
depend on the level of diversity in race/ethnicity and other characteristics in the study
population.

Rothman and Greenland4 recommend that when using a matched design, the matching
factor(s) should be adjusted for in the analysis to avoid a biased estimate due to
ascertainment; hence our matched analysis would be indicated. On the other hand, when
using friend controls, the matching is not perfect since it is unintentional matching; hence a
strong case could be made for conducting the unmatched restricted analyses as well. In our
study, both analytic methods gave very similar results. However, from a practical
standpoint, most epidemiologists would want to conduct the full unmatched analyses in
order to be able to include all the participating cases, i.e. those with controls and those who
do not have controls. When cases without controls were included and the analyses adjusted
for the planned and inadvertent matching factors, the results for many exposures including
binge drinking, multivitamin use, and paternal age were similar to those from the matched
and restricted unmatched analyses. However, the results of the full unmatched analyses
differed from the matched analyses for smoking. The direction of the differences was as
expected from the demographic characteristics of the cases without controls. For example,
as more of the cases without controls were of low SES which is associated with smoking,
the OR for smoking in the full unmatched analysis was higher than the ORs from the other
analyses. The exposures for which the ORs differed between the full unmatched and the
other two analyses did not seem to follow a pattern. Multivitamin use and paternal age were
associated with education but the ORs did not differ appreciably when cases without
controls were included. Smoking status was also associated with education and the ORs
differed depending on whether cases without controls were included. It seems that
adjustment for the demographic factors did not completely eliminate the effect of the
differences between cases with and without controls. Hence, we feel that the analyses that
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include only cases with controls and their controls (matched or restricted unmatched) are the
most appropriate. Excluding data on a substantial proportion of subjects, i.e. the cases
without controls, is inefficient and the generalizability of the results may also suffer. In our
study, the cases with and without controls differed demographically and excluding those
without controls limits our ability to make inferences about individuals of minority ethnicity
and lower SES. However, the data collected on the excluded cases may not have to be
discarded as it may be used to address auxiliary aims, such as investigation of gene-
environment interactions using case-case comparisons.

We compared observed concordance to that from simulated data that randomly permuted the
controls’ demographic factors and exposures. We interpreted the difference between the
observed and simulated concordance rates as evidence for overmatching. However, without
a randomly ascertained independent control group for comparison, we cannot definitively
say that our friend controls are overmatched to the cases; instead, we can say they are highly
concordant on several demographic characteristics, namely race/ethnicity, education,
income, and paternal age. Perfectly concordant case-control sets do not contribute any
information to the analysis of the concordant factor. Thus, the high concordance reduced our
power to study the role of race/ethnicity, SES, and paternal age and one would not choose
friend controls to assess the role of these factors on disease risk. However, one can argue
that the inability to study the role of demographic characteristics is not a limitation of friend
controls as case-control studies are not the ideal method for studying SES and race/ethnicity
as risk factors because of the potential for response rates that differ by these factors. For
example, population controls chosen by RDD and through birth certificates differed from the
general population in race and SES, potentially biasing study results.27 The high
concordance of cases and friend controls on SES provides an advantage: any observed
associations are unlikely to be confounded by SES.

Although cases and controls were highly concordant on demographic factors, we observed
little evidence of greater than random case-control concordance for the exposures analyzed.
This was true even for exposures such as smoking that were strongly associated with
education and the other demographic factors. This observation suggests that high
concordance for demographic factors does not necessarily result in increased concordance
for exposures associated with those factors.

We cannot assess the validity of the observed results, i.e., whether the use of friend controls
provided an unbiased estimate of the OR. The comparison of ORs observed with friends and
those observed with another control group in the same study or with ORs observed in other
studies with different designs or control groups might address the issue of validity. For
retinoblastoma, few other data exist on possible risk factors with which to compare our
results. However, the elevated OR we observed for paternal history of lower GI series is
consistent with the result of a previous study that used RDD controls,28 suggesting the
validity of our results using friend controls for at least one exposure.

Friend controls are not ideal and may not work for every study. However, when population
controls are not feasible or not appropriate for the study design, friend controls may
represent a viable option. In our study of retinoblastoma, we observed friend controls to be a
convenient source of SES-matched controls with an acceptable response rate and without
notable overmatching on exposures. It seems likely that use of friend controls in other
studies will require, as it did here, careful attention to the possibility of demographic
differences between cases with and without controls and to the implications of such
differences in choosing an analytic approach. Successful efforts to increase the proportion of
cases nominating friend controls and the proportion of friend controls participating would
improve the efficiency of these studies and the generalizability of the results.
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Figure 1. Box-and-whisker plots show distribution of concordance rates from simulated data for
cases and friend controls within case-control sets (n=137) for selected demographic
characteristics
Boxes show the median and interquartile range of the concordance rates from simulated
data; the vertical extensions indicate the minimum and maximum values. Dots show the
observed concordance rate from the case-control study. The demographic characteristics
were dichotomized as follows: race/ethnicity (non-Hispanic white, other); education level
(<college graduate, ≥college graduate); annual household income (<$35,000, ≥$35,000); age
at child’s birth (<30 years, ≥30 years).
A. Perfect concordance rates
From left to right, the concordances from the original data (percentile values) are: 0.66
(100), 0.60 (100), 0.74 (99.8) and 0.61(100). From left to right, the mean concordances from
the simulated data are: 0.52, 0.32, 0.65 and 0.40.
B. Proportional concordance rates
From left to right, the concordances from the original data (percentile values) are: 0.86
(100), 0.70 (100), 0.67 (100) and 0.72 (100). From left to right, the mean concordances from
the simulated data are: 0.66, 0.49, 0.56 and 0.55.
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Figure 2. Box-and-whisker plots show distribution of concordance rates from simulated data for
cases and friend controls within case-control sets (n=137) for selected exposures
Boxes show the median and interquartile range of the concordance rates from simulated
data; the vertical extensions indicate the minimum and maximum values. Dots show the
observed concordance rate from the case-control study. The exposures were dichotomized as
follows: smoking (yes, no); binge drinking (<1 time/month, ≥1 time/month); multivitamin
use (yes, no); vitamin C supplement use (yes, no); apple consumption (<1/week, ≥1/week);
cured meat consumption (≤2 servings/week, >2 servings/week); body mass index (<25,
≥25); history of lower gastrointestinal series (yes, no).
A. Perfect concordance rates
From left to right, the concordances from the original data (percentile values) are: 0.52 (81),
0.62 (6), 0.42 (89), 0.54 (48), 0.45 (97), 0.41(80), 0.47(69) and 0.88 (95). From left to right,
the mean concordances from the simulated data are: 0.50, 0.62, 0.37, 0.54, 0.37, 0.38, 0.45
and 0.86.
B. Proportional concordance rates
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From left to right, the concordances from the original data (percentile values) are: 0.65 (84),
0.71 (1), 0.60 (98), 0.62 (57), 0.58 (99), 0.56 (95), 0.59 (75) and 0.90 (97). From left to
right, the mean concordances from the simulated data are: 0.62, 0.75, 0.53, 0.62, 0.49, 0.50,
0.57 and 0.88.
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Table 1

Outcome of Selection of Friend Control Fathers for 199 Case Fathers in a Case-control Study of
Retinoblastoma, United States, 2002 – 2007

Any control

# %

Total cases 199 100

At least 1 control interviewed 137 69

Case did not nominate control and provide correct contact information 36 18

 Case declined to nominate control 7 4

 Case had no eligible friend 17 9

 Case nominated control but never provided contact information 11 6

 Case provided Incorrect contact information 1 1

Contacted control did not participate 26 13

 Control ineligible 2 1

 Control refused 13 7

 Father’s interview not completed before study ended 11 6
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