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Abstract

Little is known about the validity of self-reported
colorectal cancer screening. To date, few published
studies have validated all four screening modalities per
recommended guidelines or included a general popu-
lation-based sample, and none has assessed validity
over time and by intervention condition. To estimate
the validity of self-reported screening, a random
sample of 200 adults, ages z50 years, was selected from
those completing annual surveys on screening behavior
as part of an intervention study. Approximately 60%
of the validation sample authorized medical record
review. Sensitivity, specificity, and positive and nega-
tive predictive values were calculated for baseline and
year 1 follow-up reports for each test and for overall
screening adherence. Sensitivity at baseline ranged
from 86.9% (flexible sigmoidoscopy) to 100% (colono-
scopy). Sensitivity at follow-up was slightly lower.

Adjusting for validity measures, the sample over-
reported screening prevalence at baseline for each of
the four modalities. At follow-up, overreporting was
greatest for fecal occult blood test (13.0%). Overreport-
ing across intervention conditions was highest for fecal
occult blood test (10.8% for control; 24.8% for the most
intense intervention) and overall screening adherence
(10.9% for control; 14.3% for the most intense interven-
tion). Sensitivity and specificity of self-reported colo-
rectal cancer screening compared with medical records
were high; however, adjusting self-reported screening
rates based on relative error rates reduced screening
prevalence estimates. Those exposed to more intense
interventions to modify screening behavior seemed
more likely to overestimate their screening rates
compared with those who were not exposed. (Cancer
Epidemiol Biomarkers Prev 2008;17(4):777–84)

Introduction

Compared with the information on mammography and
Pap smear, less is known about the validity of self-
reported colorectal cancer screening. Further, of the 10
previously published studies (1-10) examining the
accuracy of colorectal cancer screening self-report, only
1 has included a general population-based sample (1),
and none has assessed validity of self-report over time.
Further, until now (11, 12), none has attempted to
validate all modalities of colorectal cancer screening
currently recommended for average-risk adults by the
American Gastroenterological Association and American
Cancer Society [i.e., annual fecal occult blood test (FOBT),
flexible sigmoidoscopy within 5 years, colonoscopy

within 10 years, or barium enema within 5 years; refs.
13, 14]. Consequently, with the exception of the study by
Partin et al. (11) in this issue of Cancer Epidemiology,
Biomarkers & Prevention , the validity of a composite
measure of overall screening adherence according to
recommended frequency has not been estimated.

The evaluation of the validity of self-report is critical
as most epidemiologic and behavioral intervention
studies rely on self-reported data to estimate the
prevalence of screening and to assess the effectiveness
of interventions. In addition, self-report is the means by
which surveys such as the National Health Interview
Survey and the Behavioral Risk Factor Surveillance
System monitor screening prevalence in the United
States. The reliance on self-report has become even more
essential since the adoption of the Health Insurance
Portability and Accountability Act of 1996 (HIPAA) and
additional restrictions associated with the Act, which
took effect in 2003, making access to medical records
more difficult.

Validation studies of self-reported screening that have
been published show that men and women do not
accurately recall whether they have had the tests (2-6, 8).
In addition, forward telescoping—the act of recalling that
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screening was obtained more recently than it actually
was—has been documented (8, 10). If screening behavior
is overestimated by self-reports due to telescoping or
other factors, inaccurate conclusions may be drawn
about screening prevalence or intervention effects.

Although most studies find overreporting, we do not
know much about the potential causes and effects of
overreporting. Participation in an intervention study
could influence participants’ recall and result in differ-
entially biased reporting. Two studies with conflicting
information have been published examining differential
self-report by intervention assignment (7, 15). The
findings of Paskett et al. (15) suggest that there may be
differential overreporting such that intervention group
participants are more likely to overreport mammography
screening compared with controls.

In this study, we compared self-reports for four
different colorectal cancer screening modalities at two
points in time with information obtained from medical
records in a subsample of subjects who participated in
a colorectal cancer screening intervention study. We
addressed the following questions: (a) Are self-reports of
the four commonly recommended colorectal cancer
screening modalities accurately recalled compared with
medical records? (b) Is a composite measure of having
any type of screening according to guidelines (i.e., overall
adherence) a valid measure of actual screening behavior?
(c) What are the estimated screening rates for each
modality across time and by intervention condition after
adjusting for misclassification of self-reported screening
relative to medical records?

Materials and Methods

Wright County Colorectal Cancer Screening Project.
The Wright County Colorectal Cancer Screening Project
(i.e., parent study) was a community-based intervention
study to increase colorectal cancer screening rates among
average-risk adults ages z50 years conducted in five
greater Minnesota counties beginning in March 2000 (16).
The 1999 Minnesota State Driver’s License and Identifi-
cation Card data tape was used to randomly select 2,600
adults, ages z50 years, living in the five rural study
counties. A single county received the intervention as the
community health foundation of that county agreed to
implement the county-wide education and screening
promotion campaign that blanketed the county. Partic-
ipants within the intervention county were randomly
assigned to one of three conditions: (a) county-wide
education and promotion, (b) county-wide education and
promotion with direct mailing of FOBT kits without
reminders, and (c) county-wide education and promo-
tion with direct mailing of FOBT kits and reminder
mailings of FOBT kits. Four other counties were selected
as control counties because they, too, were largely rural
and had a relatively similar proportion of residents ages
z50 years. To limit contamination, control counties were
not contiguous with the intervention county. The main
goal of the intervention was to increase overall colorectal
cancer screening rates among those who were ages z50
years, regardless of their access to or use of medical
services.

All participants in the parent study completed amailed,
self-administered questionnaire at baseline and 12months

later, with telephone follow-up if the self-administered
survey was not received (16, 17). Using these two
methods, 80.0% of the eligible parent study cohort
completed the baseline survey (1,698 of 2,099 estimated
eligible), and 1,558 responded to the follow-up survey.
More specifically, f63.0% of the eligible parent study
cohort completed self-administered surveys at baseline
and follow-up, whereas f20.0% completed telephone-
administered questionnaires at baseline and follow-up.
The follow-up intervention results are published else-
where (17). Briefly, the 1-year absolute percentage
changes (i.e., increases from baseline to 1-year follow-
up) for self-reported adherence to FOBT use were 16.9%
for the direct-mail-FOBT-with-no-reminders group and
23.2% for the direct-mail-FOBT-with-reminders group.

Validation Sample. The original sample of 1,698
parent study respondents was stratified by whether they
reported adherence to any colorectal cancer screening
modality at baseline. From each of these two strata,
100 were randomly selected for the validation study in
proportion to the representation of the counties in the
parent study, yielding 200 subjects overall. This study
was approved by the University of Minnesota Institu-
tional Review Board.

Data Collection

Self-report Questionnaire. The questionnaire, developed
to assess the effectiveness of the parent study interven-
tion, included questions about the four commonly
recommended colorectal cancer screening tests and
procedures (questionnaire available online).6 To help
participants differentiate among tests, screening ques-
tions were prefaced with a succinct, but distinctive,
description of the test. Individuals were asked to report
whether they had (a) ever had a stool blood test (home
based), (b) ever had a flexible sigmoidoscopy, (c) ever
had a colonoscopy, and (d) ever had a barium enema.
Each question had seven response categories: (a) no,
have never had one; (b) yes, within the last 12 months; (c)
yes, more than 1 but less than 5 years ago; (d) yes, more
than 5 but less than 10 years ago; (e) yes, 10 or more years
ago; (f) yes, but not sure when; or (g) don’t know if I
have. Although our screening questions were created
before the 2004 publication of the National Cancer
Institute–recommended core colorectal cancer screening
measures (18), they were similar in content and format.

Obtaining Authorization for Release of Medical Records.
Participants in the validation study were contacted by
telephone to obtain the names and addresses of all health
care facilities they had visited and the length of time
they had received services from each facility. A HIPAA
authorization form was then mailed to respondents
who agreed to participate and reminder calls were
made if the authorization form was not received within
2 weeks. Of the 200 selected participants, 120 (60.0%)
returned a signed form. Responders and nonresponders
were similar according to age, sex, marital status, edu-
cation, income, and intervention condition assignment.

6 http://jncicancerspectrum.oupjournals.org/cgi/content/full/jnci;96/
10/770/DC1
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However, self-reported colorectal cancer screening
according to guidelines was more common among
responders than nonresponders at baseline (59.2% versus
36.3%; P = 0.001) and at follow-up (66.7% versus 52.5%;
P = 0.044).

Medical Record Abstraction. Each Minnesota health
care facility identified by consenting participants was
visited by research staff to abstract medical records. The
entire medical record, both paper and electronic, was
made available for the abstractor. If a facility refused
on-site abstraction or was located in another state, copies
of medical records were obtained by mail or fax. The
medical record abstractor and all clinic staff were
unaware of each participant’s reported screening history.

Data collection forms for the medical record abstrac-
tion included preprinted information with each partic-
ipant’s baseline and follow-up survey completion dates.
Dates of service for each of the four screening modalities
conducted before the survey completion dates were
recorded by the abstractor in relation to the baseline and
year 1 follow-up self-report survey completion dates. For
example, for an individual who completed the baseline
and follow-up questionnaires on March 1, 2000 and April
1, 2001, respectively, the abstractor would record the
most recent date of each modality before March 1, 2000
and before April 1, 2001. The abstractor reviewed the
entire chart to find any documentation of the four
procedures.

The mean number of unique medical health systems/
clinics from which charts were reviewed per participant
was 1.5 (range, 1-4). A total of 93.2% of medical records
were directly abstracted on site by study staff, whereas
the remainder were obtained from copies provided by
health care facilities. The majority (70.8%) of participants
had 10 or more years of records available for review. On
average, 19.1 years (range, 4-56 years) of appointments
and services were available for review per participant.

Statistical Analysis. To assess whether self-reports of
the four commonly recommended colorectal cancer
screening modalities were accurately recalled compared
with medical records as well as whether a composite
measure of having any type of screening according to
guidelines (i.e., overall adherence) is a valid measure of
actual screening behavior, we calculated sensitivity, spe-
cificity, positive predictive value (PPV), and negative
predictive value (NPV). The PPV was determined by
assessing, for example, the proportion of all FOBTs
reported to have occurred within the last 12 months (per
recommendations) that were subsequently confirmed by
medical records. The NPV for FOBT, for example, was
the proportion of all reports of no tests within the last 12
months that were confirmed by medical records. Because
the parent study sample was stratified by whether parti-
cipants reported any screening adherence at baseline or
not before being randomly selected for the validation
study, sensitivity and specificity were calculated using
the parent study screening positivity rate (p) and the
validation sample PPV and NPV. Appendix A provides
an explanation of the use of the parent study screening
positivity rate to calculate sensitivity and specificity.
PPV, NPV, sensitivity, and specificity, for flexible
sigmoidoscopy, colonoscopy, and barium enema, were
calculated similarly, relative to the time frame of each
recommendation (i.e., flexible sigmoidoscopy within the

last 5 years, colonoscopy within the last 10 years, and
barium enema within the last 5 years). Dates of screening
procedures obtained from medical records were coded so
they mirrored the survey response categories for time
since the test was completed. Thus, the definition and
ultimate coding of screening adherence were identical for
the self-reported measures and those obtained from
medical records. Specifically, an individual was consid-
ered adherent to guidelines if (a) FOBT was completed
within the last year, (b) flexible sigmoidoscopy was done
within the last 5 years, (c) colonoscopy was done within
the last 10 years, or (d) barium enema was done within
the last 5 years. Overall adherence was defined as
screening by any of the four modalities according to
guidelines. Ambiguous survey screening responses for
screening done per guidelines (i.e., ‘‘yes, but not sure
when’’ and ‘‘don’t know if I have’’) were coded as not
screened. Overall, f5% had an ambiguous response
depending on the screening end point.

The frequency of telescoping, the act of reporting that
screening was obtained in a more recent time interval
than documented in the medical records, was also
calculated. We compared the self-reported time because
each test was completed to the medical record dates of
screening, which were coded so they mirrored the survey
response categories (i.e., never had test, had test within
the last 12 months, had test more than 1 but less than 5
years ago, had test more than 5 but less than 10 years ago,
and had test 10 or more years ago). Note that only
telescoping that would change the time intervals as
reported on the questionnaire can be observed; telescop-
ing within an interval would not be detected.

The adjustment for misclassification was done for each
modality and overall adherence across time and by
intervention condition across time. We used the self-
reported screening rates in the parent study, which were
adjusted for nonresponse and eligibility [methods de-
scribed in detail elsewhere (17, 19, 20)], and applied the
PPV and NPV of each test to further adjust the parent
study self-reported screening rates to estimate the rates
expected from medical record reviews [corrected screen-
ing rate = self-report rate � PPV + (1 � self-report rate) �
(1 � NPV); refs. 21, 22]. This approach (i.e., adjusting for
validity measures) quantifies how the validity changes
the screening rates in question and provides estimated
screening rates for each modality and overall adherence
after adjusting for misclassification of self-reported
screening relative to medical records. Note, however,
that the PPV and NPV are not adjusted for nonresponse.
We also calculated the report-to-records ratio using the
estimated parent study self-report rates divided by the
‘‘corrected’’ rates (to medical records), which is analogous
to that presented by Warnecke et al. (23) where values
>1.0 indicate overreporting [report-to-records ratio = (true
positives + false positives) / (true positives + false
negatives)]. We did not calculate the report-to-records
ratio directly from the 2 � 2 tables of the validation
study counts [as did Warnecke et al. (23)] because our
validation sample was selected from the parent
sample, which had been stratified according to survey-
reported screening adherence status at baseline. Thus,
our report-to-records ratios incorporate adjustment. All
statistical analyses were done using Statistical Analysis
System 8.2.
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Results

At baseline, 50.0% of the validation study participants
were female and 39.2% were ages z65 years (mean age
was 63.9 years). The majority of the sample (77.0%) was
married. Roughly 17.0% had a college degree or higher
education, 17.4% had annual household incomes
<$15,000, and 2.3% reported not having any type of
health care coverage. Approximately 74.2% of the vali-
dation sample was in the parent study intervention
condition. Overall, at baseline, 29.2% of the sample was
adherent to only one test and 20.8% of the sample was
adherent to more than one test.

Self-reported Screening Compared with Medical
Records. At baseline and follow-up, sensitivity was
lowest for barium enema and highest for colonoscopy,
whereas specificity was lowest for overall adherence and
highest for barium enema (Table 1). PPV was highest for
overall adherence at baseline and follow-up, whereas
NPV was highest for colonoscopy (Table 1).

At baseline, 17.5% of all validation sample participants
reported having FOBT more recently than confirmed by
medical records, whereas 22.5% had evidence of this
telescoping at follow-up. Roughly 12.5% reported more
recent baseline flexible sigmoidoscopy and 10.8% had
telescoping at follow-up. Similarly, for colonoscopy,
there was evidence of telescoping at baseline (6.7%)
and follow-up (7.5%). At both baseline and follow-up,
10.8% reported having barium enema more recently than
according to medical records.

Estimated Screening Rates across Time and by
Intervention Condition after Adjustment for Misclas-
sification. For all screening procedures, the direction in
reporting errors resulted in an overestimate of actual
screening done as determined from medical records
(Table 2). At baseline, the highest percent change (i.e.,
percent of overreporting) after adjustment was 10.9% for
colonoscopy, and at follow-up, the highest percent
change was 13.0% for FOBT. The report-to-records ratio
was >1.0 for all screening modalities and overall
adherence to screening per recommendations.

Table 3 provides an example of estimating the differ-
ences in overreporting by treatment condition assign-

ment in the overall Wright County Colorectal Cancer
Screening Project sample by applying the overall esti-
mated PPV and NPV. When these estimates are taken
at face value, at baseline, overreporting across treatment
conditions seems to be similar within each modality, but
at follow-up, overreporting across treatment conditions
is highest for FOBT and overall screening adherence.
Overreporting of FOBT and overall adherence seem to be
greater at follow-up than at baseline. Similarly, a dose-
response relationship seems to exist for overreporting
FOBT at follow-up by intensity of intervention assign-
ment within the parent study.

Discussion

This is one of the first studies to assess simultaneously
the accuracy of self-report relative to medical records for
all four modalities of colorectal cancer screening and to
consider screening in relation to recommended guide-
lines for the time frame within which each test should be
done. Further, this is the first study to use validity
measures to examine the relative accuracy of colorectal
cancer screening self-report across time and by the
treatment condition assignment.

Self-reported Screening Compared with Medical
Records. Direct comparisons of validity measures are
difficult because accuracy in most previous studies was
not assessed according to the recommended time frame
for each modality as it is in the current study or others in
this issue of Cancer Epidemiology, Biomarkers & Prevention
(11, 12). Given that caveat, the sensitivity of self-reported
data in our study is higher (particularly at baseline) than
that reported in the meta-analysis by Rauscher et al. (24)
in this issue of Cancer Epidemiology, Biomarkers &
Prevention as well as those reported by Partin et al. (11)
and Vernon et al. (12). Similarly, our specificity of self-
report is generally higher (particularly at baseline) than
found by others (1-3, 5, 9, 24), with the exceptions of
Baier et al. (6), Madlensky et al. (8), and Vernon et al. (12)
who reported higher specificity for colonoscopy. Partin
et al. (11) and Vernon et al. (12) also reported higher
specificity for barium enema. In addition, our PPV for

Table 1. Validity of self-reported screening of each type according to recommendations: sensitivity, specificity,
PPV, and NPV at baseline and follow-up

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Baseline (%)
FOBT (n = 119) 93.0 (75.1-99.6) 89.7 (85.7-93.6) 60.0 (42.6-75.9) 98.9 (94.8-100.0)
Flexible sigmoidoscopy (n = 118) 86.9 (74.4-95.4) 87.1 (81.4-92.4) 72.5 (57.8-84.5) 94.9 (88.4-98.4)
Colonoscopy (n = 120) 100.0 (85.6-100.0) 86.6 (82.4-90.9) 60.5 (45.8-74.0) 100.0 (96.2-100.0)
Barium enema (n = 120) 73.5 (50.3-90.8) 92.7 (89.5-96.0) 55.0 (34.3-74.6) 97.0 (92.3-99.3)
Overall adherence (n = 120)* 95.8 (88.7-99.4) 80.6 (72.8-87.9) 81.7 (71.6-89.5) 95.9 (87.7-99.4)

Year 1 follow-up (%)
FOBT (n = 119) 77.3 (56.8-92.7) 81.4 (77.8-85.6) 40.5 (26.7-55.3) 96.1 (90.1-99.1)
Flexible sigmoidoscopy (n = 120) 79.8 (67.2-90.0) 81.1 (75.0-87.3) 64.3 (49.5-77.5) 91.0 (83.4-96.1)
Colonoscopy (n = 118) 91.8 (78.8-98.5) 86.0 (80.8-91.2) 66.7 (51.4-79.9) 97.5 (92.2-100.0)
Barium enema (n = 117) 48.8 (27.6-71.4) 90.3 (87.3-93.8) 38.9 (19.6-61.0) 93.9 (88.1-97.6)
Overall adherence (n = 120)* 93.9 (86.4-98.4) 70.2 (62.0-78.5) 76.3 (66.3-84.6) 92.5 (81.7-98.1)

NOTE: Sensitivity (Se) and specificity (Sp) can then be computed by the following formulae: Se = (PPV � p ) / [PPV � p + (1 � NPV)(1 � p )]; Sp = [NPV �
(1 � p )] / [(1 � PPV) p + NPV (1 � p )].
Abbreviation: 95% CI, 95% confidence interval.
*Overall screening adherence via any one of the four tests per recommendations.
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FOBT is similar to the results in the meta-analysis by
Rauscher et al. (24); however, our PPV is higher for
flexible sigmoidoscopy and colonoscopy compared with
their PPV for endoscopy.

In our study, as in others, sensitivity was highest for
colonoscopy (100.0 and 91.8, respectively, at baseline and
follow-up). The invasive nature of colonoscopy may
ensure that those who had the procedure would better
remember having the exam. Further, because a colono-
scopy within the last 10 years is considered done
according to guidelines, people have a larger window
of time within which to report screening and hence need
to be less accurate in the timing. Conversely, barium
enema had the lowest sensitivity at baseline and year 1
follow-up (73.5 and 48.8). Although care was taken to
provide a succinct description of all tests, this finding
could be a result of people confusing a barium enema

with barium X-rays for upper gastrointestinal diagnostic
purposes. Anecdotally, in the review of medical records,
we did see reports for upper gastrointestinal procedures;
however, we did not collect such data for this study.

On average, all validity measures were lower at
follow-up than at baseline. As discussed in detail later,
a possible explanation could be that there was a different
pattern of overreporting by intervention group compared
with control.

Overall Adherence Compared with Medical Records.
Although the sensitivity for overall adherence per
recommendations is high (i.e., >93.9), overall adherence
specificity in our study is rather low. Our overall
adherence sensitivity (with ambiguous responses coded
as not screened) is similar to that of Partin et al. (where
ambiguous answers were coded as noncompliant).

Table 3. Example of using PPV and NPV to compute percent overreporting by applying them to the intervention
study screening rates per recommendations by treatment group

Baseline Year 1 follow-up

Percent overreporting Percent overreporting

Rx0*
(n = 436)

Rx1
c

(n = 423)
Rx2

b

(n = 436)
Rx3x

(n = 403)
Rx0*

(n = 409)
Rx1

c

(n = 404)
Rx2

b

(n = 389)
Rx3x

(n = 351)

FOBT 7.9 7.6 7.1 8.2 10.8 10.6 19.5 24.8
Flexible sigmoidoscopy 5.7 6.1 5.2 6.0 7.5 7.1 6.9 7.4
Colonoscopy 11.0 11.5 9.7 11.3 8.8 8.7 7.2 10.6
Barium enema 3.9 5.4 3.1 3.3 3.5 3.8 2.7 2.4
Overall adherencek 8.1 8.6 7.8 8.7 10.9 12.7 13.3 14.3

NOTE: Predictive values used in computations are averaged over all treatment groups rather than specific to treatment and are not themselves adjusted
for nonresponse.
*Rx0 = control counties (in Wright County Colorectal Cancer Screening Project sample).
cRx1 = intervention county, community intervention only (in Wright County Colorectal Cancer Screening Project sample).
bRx2 = intervention county, direct mailing of FOBT kits with no reminders plus community intervention (in Wright County Colorectal Cancer Screening
Project sample).
xRx3 = intervention county, direct mailing of FOBT kits with reminders plus community intervention (in Wright County Colorectal Cancer Screening
Project sample).
kOverall screening adherence via any one of the four tests per recommendations.

Table 2. Estimated self-reported screening rates per recommendations: estimated parent study self-reported rates
and corrected rates using the PPV and NPV

Self-report rate* Corrected rate (to medical record)
c Db

Report-to-records ratiox

Baseline (%)
FOBT (n = 1,697) 21.8 13.9 7.8 1.57
Flexible sigmoidoscopy (n = 1,695) 33.2 27.5 5.7 1.21
Colonoscopy (n = 1,690) 27.7 16.7 10.9 1.66
Barium enema (n = 1,691) 14.4 10.5 3.9 1.37
Overall adherence (n = 1,698)k 54.8 46.6 8.2 1.18

Year 1 follow-up (%)
FOBT (n = 1,558) 26.6 13.6 13.0 1.96
Flexible sigmoidoscopy (n = 1,556) 36.6 29.2 7.4 1.25
Colonoscopy (n = 1,544) 31.6 22.8 8.8 1.39
Barium enema (n = 1,544) 14.1 10.7 3.4 1.32
Overall adherence (n = 1,553)k 61.3 49.7 11.7 1.23

*Estimated self-reported screening rates adjusted for parent study eligibility and nonresponse.
cScreening rates ‘‘corrected’’ (adjusted) for PPV and NPV of self-reported screening relative to medical records; predictive values were unadjusted for
validity study nonresponse due to small sample size.
bReduction in screening rate after ‘‘correction’’ (adjustment) = D = (estimated self-reported screening rate � medical record screening rate).
xBecause our validation study sample was stratified by survey-reported screening adherence status, the report-to-records ratio was not derived directly
from the 2 � 2 table of validation study counts [e.g., as in Warnecke et al. (23)]. Instead, it is the estimated self-report rate divided by the corrected rate
(to medical record), which incorporates adjustment.
kOverall screening adherence via any one of the four tests per recommendations.
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However, our baseline and year 1 follow-up specificity
are higher than Partin et al.’s (80.6 and 70.2, respectively,
versus 65; ref. 11).

When participants stated they had not had any test
done according to recommendations, evidence to the
contrary was confirmed by medical records. Thus, over-
all adherence is perhaps more accurate for people who
state they have had some type of screening according to
recommendations than for those who report not screen-
ing according to guidelines for any exam.

Estimated Screening Rates across Time and by
Intervention Condition after Adjustment for Misclas-
sification. The report-to-records ratio showed over-
reporting bias (i.e., net values >1.0) for all of the
screening modalities and overall adherence at baseline
and follow-up. In general, our baseline report-to-records
ratio calculations for FOBT and flexible sigmoidoscopy
are similar to those reported by others in this issue of
Cancer Epidemiology, Biomarkers & Prevention (11, 12).
Conversely, whereas Vernon et al. (12) reported under-
reporting of barium enema, we found overreporting but
to a much lesser extent than reported by Partin et al. (11).

Rothman and Greenland (25) suggest that the actual
misclassification probabilities should be assessed by their
effect on the outcomes of interest. Thus, a more
informative approach that quantifies how the validity
actually changes screening rates based on self-report was
included here as a more useful examination of the effect
of reporting errors on screening prevalence.

After ‘‘correcting’’ the self-reported screening rates
given the validity measures (PPV and NPV), we found
that self-reported FOBT screening rates exceeded those
estimated by the medical records by 7.8% to 13.0%.
Similarly, Rauscher et al. (24) found that self-reported
FOBT prevalence exceeded adjusted prevalence by 16%
for women and 18% for men. Some caution must be used
in interpreting these rates, as FOBT may be more likely to
be omitted from the medical record than the other
procedures.

The fact that overreporting increased from baseline to
follow-up for three (FOBT, flexible sigmoidoscopy, and
overall adherence) of the five screening measures and
given that the majority of the validation sample was
assigned to an intervention group within the parent
study, it is important to look at overreporting by treat-
ment condition to evaluate whether differential mis-
classification exists. We found greater discrepancy with
more intense intervention, intended to increase overall
screening adherence via FOBT promotion. Specifically,
at baseline, FOBT self-report exceeded the rate in the
medical records similarly for all conditions in the Wright
County Colorectal Cancer Screening Project; however, at
year 1 follow-up after the implementation of intervention
activities, overreporting increased by increasing intensity
of intervention activity. Paskett et al. (15) also found
differential overreporting in self-report of mammogra-
phy among the screening intervention group compared
with the control group. However, mammography self-
report data were collected by the interventionists imme-
diately after conducting the intervention; thus, there is
the likelihood that social desirability influenced respond-
ents’ self-reports.

Our findings could be due to differential social
desirability or differential recall because the parent study

intervention promoted FOBT. Between baseline and
follow-up, the majority of participants in this parent
study were exposed to a community intervention to
increase colorectal cancer screening rates. Those in the
intervention county who were randomized to the
community-only intervention were exposed to messages
about the importance of colorectal cancer screening;
however, in addition to the community intervention,
those in the direct mail group without reminders
received a FOBT kit and promotional materials and
those in the direct mail group with reminders received
multiple mailings of FOBT kits and promotional materi-
als. People, who heard messages about the importance
of colorectal cancer screening for adults ages z50 years
and received FOBT kits in the mail, could have falsely
reported screening at follow-up because they perceived it
to be the ‘‘correct’’ or acceptable response.

In adjusting for parent study nonresponse, especially
in year 1 follow-up for FOBT, the up-weighting for
nonresponders yields a lower estimate of the corrected
self-report rate than we find without adjusting for parent
study nonresponse. This suggests that if we could have
convinced parent study nonresponders to respond, they
would have tended to report that they were not adherent
to screening recommendations or were less adherent
than the parent study responders. It is possible that,
rather than admit this fact, they chose to not respond.

Some caution must be used in interpreting these
results as our study has some limitations. First, although
medical records are generally considered the ‘‘gold
standard,’’ they are not a perfect tool for assessing
screening behavior. If the medical record does not
contain all pertinent information, a respondent could
indeed report accurately, but the medical record would
not be able to confirm screening. During the record
review, we found a few progress notes suggesting the
completion of an exam; however, no confirmation or test
result was found. In addition, due to the lack of pro-
ximity of certain health care facilities to the University of
Minnesota, some medical records were copied by clinic
staff and sent to the research staff. Clinic staff were asked
to review the entire chart and send all records pertaining
to colorectal cancer screening. Given various time
demands, medical records staff could potentially miss
pertinent records; however, very few charts (6.8%) were
abstracted in this way. Further, we were not able to
obtain records covering at least 10 years of service for
29.1% of participants, but we were able to confirm overall
screening per recommendations for 87.5% of all partic-
ipants and had at least 5 years of records for 91.7%.
Collecting clinic information and abstracting records for
any facility where the participant stated they ever had
screening and any other facility they had visited in the
last 15 years allowed more complete ascertainment of
any procedure done.

Second, although f90.0% of the validation study
participants completed the phone interview and provid-
ed health care facility information, only 60.0% provided
HIPAA consent, resulting in a sample size of 120.
Although the validation study response rate was not
high, it is on par with response rates for other
population-based studies and could be considered quite
good given the request for HIPAA authorization (26).
Further, based on a priori calculations, we determined
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that a total sample of 100 to 120 participants would be an
adequate sample size for SD of 0.14 to 0.16 based on a
hypothesized 80% observed agreement given a binomial
distribution with 50% expected agreement.

Third, selection or nonresponse bias for the validity
sample is an issue. For example, validation study
participants were more likely, than nonresponders, to
report screening per guidelines at baseline (59.2% versus
36.3%; P = 0.001); however, validity study responders
were not statistically significantly different from the
overall parent study responders. If those who were most
likely to erroneously report screening behavior did not
agree to participate in the validation study because
they felt they were being ‘‘tested’’ or that their original
self-report was under suspicion and did not want
the investigators to learn their true screening status, the
validity of self-report could be overestimated. On the
other hand, if those who were most susceptible to social
desirability gave HIPAA consent, validity could be
underestimated. Given the smaller sample size and the
fact that we could not find specific evidence to support
the notion that validation study responders would or
would not be more accurate than nonresponders, we did
not adjust for validity study nonresponse. Thus, al-
though we corrected the self-reported screening rates by
adjusting for validity measures as well as parent study
eligibility and nonresponse, these conclusions should be
interpreted with caution in the absence of all sources of
variability of the estimates and the potential effect of
validation study nonresponse bias, neither of which is a
topic of this article.

Fourth, the percent of ambiguous responses overall
was f5%, depending on the screening end point. Some
bias was probably introduced by coding these as not
screened; however, the effect of this assumption on
discrepancies, as measured by D in Table 2, is probably
to attenuate them. Because NPVs are generally high, the
right-hand side of the equation [corrected screening
rate = self-report rate � PPV + (1 � self-report rate) �
(1 � NPV)] is dominated by the first term, self-report
rate � PPV, which is an estimate of the true positive rate.
If some proportion of ambiguous cases should instead be
coded as screened, we expect the estimated true positive
rate to increase by the same proportion as the self-report
rate because ambiguous cases were included in the vali-
dation sample. Proportionate increases in both of these
rates can only increase the absolute difference, D . We are
assuming that the actual state of such ambiguous cases is
not greatly different between the validation set and its
complement. Thus, our assumption of underlying neg-
ativity tends to reduce the estimated discrepancy pro-
ducing a more conservative estimate of overreporting.

Fifth, although this study sample may be more
representative of the general population than partic-
ipants in other studies assessing the validity of self-
report, which were done in more narrowly defined
populations (e.g., health maintenance organization sam-
ples or a specific occupational group; refs. 2-12), it is not
likely to be representative of all adults ages z50 years,
which may influence the generalizability. These study
participants are unique because they responded to a
request to participate in an annual colorectal cancer
screening questionnaire and subsequently agreed to
release their medical records.

Last, although all measures were self-reported and
most were self-administered, f25% of completed sur-
veys were telephone administered at both baseline and
follow-up. Although different modes of survey admin-
istration may increase the possibility for a variant of
differential misclassification bias, Vernon et al. (12)
found that reliability and validity were similar for
mail, telephone, and face-to-face modes of survey
administration.

Conclusions

Despite limitations, our findings suggest that, whereas
sensitivity and specificity measures of self-reported
colorectal cancer screening, compared with medical
records, can be quite high and deemed within an
acceptable range, adjusting self-reported screening rates
based on relative error rates can reduce the estimates of
screening prevalence. Further, those exposed to more
intense interventions to modify behavior seem to be
more likely, than those who are not exposed to intense
interventions, to overestimate their FOBT screening rates.
Researchers who use self-reported data to determine
screening prevalence or the effectiveness of an interven-
tion must consider the implications of differential bias
and should conduct validation studies to obtain esti-
mates of measurement error, which can be used to assess
misclassification and provide more precise estimates of
actual population screening rates.

Appendix A

Certain parameters, such as sensitivity, are of interest as
they apply to the parent study cohort because this cohort
is more representative of the target population. For
brevity, let ‘‘truth’’ denote the medical record and ‘‘test’’
refer to the self-reported survey response. Due to the
validation study sampling design, survey sensitivity in
this larger parent study cohort cannot be estimated solely
from the 2 � 2 ‘‘truth versus test’’ contingency table of
counts from the validation sample because the numbers
of positive survey responses (‘‘test positive’’; i.e., report-
ing adherence with any screening) and negative survey
responses (‘‘test negative’’; i.e., not reporting adherence)
were fixed by the study design at 100 of each response.
Fixing these counts along the test margin of the 2 � 2
table affects what the subcounts will be, conditional on
each level of truth.

Without such a constraint, assuming that the valida-
tion sample of 200 was obtained completely at random,
sensitivity could be estimated directly and without bias
from the two cells of the 2 � 2 table where truth is at the
positive level. However, with the constraint, estimates of
sensitivity will generally be biased. The same issues
apply to specificity and the report-to-records ratio. The
reason for the constraint (i.e., fixing the test distribution
at 100 of each response) was to ensure sufficient quan-
tities of responses for estimating both predictive values
(positive and negative), which in turn [via the following
equation: corrected screening rate = self-report rate �
PPV + (1 � self-report rate) � (1 � NPV)] provide
optimal estimates of the actual screening rate (per
medical records) in the parent study cohort.
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