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Abstract
Introduction—Population-based surveys are used to assess colorectal cancer (CRC) screening
rates, but may be subject to self-report biases. Clinical data from electronic health records (EHR)
are another data source for assessing screening rates and self-report bias; however, use of EHR
data for population research is relatively new. We sought to compare CRC screening rates from a
self-report survey, the 2007 California Health Interview Survey (CHIS), to EHR data from Palo
Alto Medical Foundation (PAMF), a multi-specialty healthcare organization serving three counties
in California.

Methods—Ever- and up-to-date CRC screening rates were compared between CHIS respondents
(N=18,748) and PAMF patients (N=26,283). Both samples were limited to English proficient
subjects aged 51–75 with health insurance and a physician visit in the past two years. PAMF rates
were age-sex standardized to the CHIS population. Analyses were stratified by racial/ethnic group.

Results—EHR data included PAMF internally completed tests (84%), and patient-reported
externally completed tests which were either confirmed (7%) or unconfirmed (9%) by a physician.
When excluding unconfirmed tests, PAMF screening rates were 6–14 percentage points lower than
CHIS rates, for both ever- and up-to-date CRC screening among Non-Hispanic White, Black,
Hispanic/Latino, Chinese, Filipino and Japanese subjects. When including unconfirmed tests,
differences in screening rates between the two data sets were minimal.

Conclusion—Comparability of CRC screening rates from survey data and clinic-based EHR
data depends on whether or not unconfirmed patient-reported tests in EHR are included. This
indicates a need for validated methods of calculating CRC screening rates in EHR data.
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Introduction
Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United States.1
Routine screening of all men and women aged 50 years or older could reduce CRC deaths
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by up to 60%,2 but screening is underutilized and disparities between some racial/ethnic
groups have been increasing rather than decreasing.3–6 Large-scale surveys such as the
National Health Interview Survey and the California Health Interview Survey (CHIS) are
periodically used to assess self-reported CRC screening to monitor trends in screening
utilization and draw attention to population groups with low screening rates. However,
surveillance of CRC screening through self-report surveys may be inaccurate due to recall
bias, social desirability bias and respondents’ lack of knowledge regarding screening tests.7–
8 Due to these factors, survey data are generally thought to overestimate cancer screening
utilization.9 Some studies with limited samples have included validation of self-report
through provider records to estimate the accuracy of self-reports.7, 10–12 However, it is
extremely challenging to verify self-reported CRC screening in a large population-based
sample with interviewees receiving medical care in many clinical settings10 and in many
cases from more than one provider.13 Due to Health Insurance Portability and
Accountability Act (HIPAA) regulations, each interviewee would have to provide a written
release allowing their provider to report their CRC screening history to a research group.
Thus, verification of self-reported CRC screening in a large population-based sample would
require multiple contacts by mail and phone with thousands of patients and physicians. In
addition, studies suggest that only a small proportion of survey participants agree to release
their medical information, which would introduce selection bias.10

Given these difficulties, there is a need for alternative approaches to assessing population
CRC screening rates and the accuracy of self-reported screening. One possible option is to
use clinical data in electronic health records (EHR). The use of EHR data for population
research is relatively nascent, and it is important to assess comparability of EHR data with
other more commonly used data sources for CRC screening rates. EHR data may be seen as
comparable to manual chart review, which is considered the gold standard for assessing
CRC screening. However, clinical data from EHR has its’ own inherent limitations,
including a highly selected, usually insured population. EHR data may also come from a
particular geographic region, and not fully represent all areas of a broader region, such as a
state. One could not expect to use EHR to validate self-report at the individual respondent
level; in most settings, it is not possible to match individual survey respondents with their
EHR. However, the survey and clinical samples could be made highly comparable on an
aggregate level using standardization techniques and restrictions on geographic location,
race/ethnicity, health insurance status and other characteristics. Comparison of screening
rates in the two similarly defined and circumscribed samples could provide insight as to the
magnitude of self-report bias in survey data.

To assess the feasibility of this approach, we compared rates of CRC screening reported by
CHIS participants to rates of screening based on the EHR of patients from the Palo Alto
Medical Foundation (PAMF), a multi-specialty healthcare organization serving three
counties in California. To promote comparability, both samples were restricted to adults
aged 51–75 years who had health insurance, were English proficient, and had visited a
physician in the past two years, and comparisons were made within racial/ethnic groups.
Both samples were racially/ethnically diverse, reflecting the population demographics of the
state of California.

Methods
CHIS 2007 (most recent year available) public use data were used to obtain population-
based estimates for the state of California. The CHIS is the largest state health survey in the
U.S. and is designed to provide population-based statewide estimates of health indicators for
all major racial/ethnic groups and several Asian racial/ethnic subgroups.14 The CHIS,
conducted biennially since 2001, employs a multi-stage sampling design in which
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households are selected by random-digit dialing to obtain a representative sample of the
California population. Interviews are conducted in English, Spanish, Cantonese, Mandarin,
Korean and Vietnamese. The CHIS 2007 surveyed over 53,000 households and over 51,000
adults.

To increase comparability between the CHIS and PAMF samples, analyses were confined to
respondents aged 51–75 years who were currently insured, Non-Hispanic White (NHW),
Black/African American, Asian or Hispanic/Latino, English proficient, and who reported
seeing a physician in the past two years about their health. Of 22,833 CHIS respondents
aged 51–75 years, 18,748 (82%) met these criteria. We used CHIS data from the state of
California rather than just the three counties of PAMF’s service area to obtain more
statistically stable estimates for smaller racial/ethnic groups. We used Office of
Management and Budget racial/ethnic categories for major racial/ethnic groups15 to match
PAMF categories. Asian racial/ethnic subgroups with sufficient sample size, Chinese,
Filipino, and Japanese, were also included in stratified analyses. Estimates for other Asian
subgroups could not be obtained from CHIS due to small sample sizes. Respondents were
classified as English proficient if they spoke English at home or, if another language was
spoken at home, reported that they spoke English well or very well.

CHIS respondents were asked several items regarding history of CRC screening tests. We
defined ever-screened for CRC as ever had a colonoscopy, sigmoidoscopy, or fecal occult
blood test (FOBT), and up-to-date with CRC screening as a colonoscopy within 10 years,
sigmoidoscopy within 5 years or FOBT in the past year.

Data from five PAMF clinics with established primary care services were used. Compared
to the underlying service area population (Alameda, Santa Clara, and San Mateo counties),
the demographic characteristics of PAMF patients aged 51–75 years are similar with respect
to the sex distribution, but have slightly more NHWs, and higher education and income
levels than the CHIS sample.16–17 Roughly 13% of residents in counties with PAMF
clinics are PAMF patients, and 10% of California’s population lives in these three counties.
The Epic EHR system18 has been in use at all PAMF clinics since 2000. Self-identified
race/ethnicity and language information has been collected at clinic visits and entered into
the Epic EHR system at PAMF since May 2008.19

At PAMF, a HIPAA-limited dataset20 of EHR of 26,283 patients aged 51–75 years with a
primary care physician, at least one primary care visit in the past two years, self-reported
race/ethnicity, and English proficient was used to determine rates of CRC screening.
Institutional Review Board approval was obtained to extract information from patients’ EHR
for this study. A patient was determined to have ever received screening if there was any
record of billing, completed procedure, or confirmed external completion for a colonoscopy,
sigmoidoscopy, or FOBT/fecal immunohistochemistry test (FIT) in the PAMF EHR. PAMF
switched from FOBT to FIT in July 2007. Similarly, up-to-date screening was defined as
record of billing, completed test, or confirmed external completion of a colonoscopy in the
past 10 years, sigmoidoscopy in the past 5 years, and FOBT/FIT in the past year. Year 2010
was used to calculate rates, to allow for 10 years (2000–2010) for accurate data capture. In
some analyses, unconfirmed patient-reported externally completed tests were included.

Estimates of the proportion of California residents who were ever-screened and up-to-date
with CRC screening were obtained using CHIS replicate weights and the survey proportion
command in Stata 11.21 Analyses were stratified by race/ethnicity and standardized to the
CHIS 2007 age and sex distribution. PAMF proportions were age-sex standardized to the
same distribution. All proportions are reported with 95% confidence intervals, and non-
overlapping confidence intervals were used to determine statistical significant differences
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for CHIS-PAMF comparisons. Type of CRC screening test obtained by up-to-date subjects
was also tabulated for both the CHIS and PAMF samples.

Results
Sample sizes are presented in Table 1. While the largest racial/ethnic group was NHWs,
there was sufficient representation of Black/African Americans, Asians and Hispanics/
Latinos to support comparisons. Among Asian racial/ethnic subgroups, there were sufficient
individuals in the Chinese, Filipino and Japanese subgroups to obtain stable estimates.

Age-sex standardized proportions of individuals ever-screened for CRC for CHIS and
PAMF by race/ethnicity are presented in Figure 1. CHIS proportions were 6–9 percentage
points higher than PAMF proportions for each racial/ethnic group, and statistically
significantly higher for the categories NHW, Black/African American, Asian (all), and
Hispanic/Latino (all). The relative differences between racial/ethnic groups were similar for
CHIS and for PAMF, with Japanese having the highest rates and Filipino having the lowest
rates. When unconfirmed screening procedures were included, the PAMF proportions
increased an additional 4–6 percentage points, and there were no statistically significantly
differences between PAMF and CHIS estimates.

Age-sex standardized proportions of individuals up-to-date with CRC screening for CHIS
and PAMF by race/ethnicity are presented in Figure 2. When unconfirmed tests were
excluded, CHIS proportions were 4–14 percentage points higher than PAMF proportions
across racial/ethnic groups, and statistically significantly higher in NHW, Black/African
American, Asian (all), Hispanic/Latino (all), and Filipino groups. PAMF NHWs had a
slightly lower CRC up-to-date screening rate (65%; CI: 64–65%) compared to CHIS NHWs
(70%; CI: 69–72%). Most of the relative differences between racial/ethnic groups were
similar between CHIS and PAMF (see Figure 2). When unconfirmed tests were included, the
PAMF proportions increased an additional 5–7 percentage points, and only the estimates for
Black/African Americans were statistically significantly different between CHIS and PAMF
(75%; CI: 71–78% and 67%; CI: 63–71%, respectively).

Among CHIS respondents who were up-to-date with CRC screening, 45% met screening
criteria via a colonoscopy, 11% via a sigmoidoscopy, 13% via an FOBT, 28% by a
combination of two tests, and 4% by a combination of all three tests. Among PAMF patients
up-to-date with screening, 84% met screening criteria via a colonoscopy, 2% via
sigmoidoscopy, 5% via FIT, 9% by two tests, and <1% by all three tests.

Conclusion
We compared CRC screening rates in two different samples, a statewide telephone health
survey and clinical data from EHR, with sample restrictions and standardization to promote
comparability. A striking finding was that these two different samples, with dissimilar
limitations, showed similar patterns across racial/ethnic groups and yielded similar estimates
of CRC screening rates when unconfirmed patient-reported tests were included in the EHR
data source. Possible explanations are that the biases in self report data and clinical data are
minimal, or that they occur in a similar direction. However, complexities remain. While
manual chart review may be regarded as the “gold standard” in terms of validation of
procedures received, our results highlight the fact that EHR data can contain some data
uncertainties, such as unconfirmed patient reports of externally completed tests. In PAMF
EHR, among patients that were considered ever-screened, 5.8% were considered ever-
screened exclusively by unconfirmed tests. Among patients that were considered up-to-date,
6.3% were considered up-to-date with CRC screening exclusively by unconfirmed tests.
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When excluding unconfirmed tests, our analysis suggests that screening prevalence based on
EHR is lower than self-reported CRC screening. Self-reported CRC screening corresponded
well with screening prevalence based on EHRs when unconfirmed tests are included. It is
unclear whether one should include or exclude patient-reported screening tests that are
unconfirmed by physicians for accurate calculation of screening rates in EHR. One of the
reasons for this uncertainty is that validated definitions for calculating CRC screening rates
using EHR data have not been developed. This is an important area for future research.

In interpreting our findings, it is important to note that there were several factors operating
that may have enhanced concordance. Our comparisons of ever-screened and up-to-date
with CRC screening included receipt of a CRC screening test for any reason (screening or
diagnostic). Reason for test was not asked in the 2007 CHIS and thus was unavailable.
Previous studies have shown discrepancies in self-report and medical records regarding the
reason for receipt of a CRC screening test.12 In addition, we compared CRC screening
during a rather long time period -- ever-- or, in the case of up-to-date for CRC screening, the
past 10 years, since most respondents were up-to-date due to a colonoscopy rather than a
stool blood test. Previous studies have shown that receipt of a screening test by itself is
recalled more accurately than the exact time at which the test was received12 and the long
time interval for up-to-date colonoscopy may have allowed more leeway in terms of
accuracy of recall. We compared any type of CRC screening, without distinguishing
colonoscopy, sigmoidoscopy or stool blood test. This eliminates incorrect recall of type of
test (e.g., sigmoidoscopy versus colonoscopy) which in some studies lowers accuracy of
self-report.12, 22 There were differences in the type of screening test reported, however, the
majority of subjects in both samples reported a colonoscopy rather than a stool blood test.
This is consistent with the observed trend that colonoscopy is currently the most widely used
screening test.23 Several studies have shown that colonoscopy is recalled more accurately
and may be more likely to be documented in a patients’ chart than a stool blood test.10, 22,
24 All of these factors may have contributed to similar estimates of CRC screening in the
two samples when including unconfirmed tests in the EHR.

One of the strengths of this study is the large sample sizes for less well-studied racial/ethnic
subgroups. Few studies have compared self-reported CRC screening and provider records
among non-NHW subjects, which are often limited by small sample sizes.10, 12, 22 Our
comparisons show similar estimates of CRC screening based on self-report and EHRs in all
racial/ethnic groups that were compared, except for a lower rate for up-to-date screening in
Black/African Americans at PAMF (Figure 2). An important weakness of this study is that it
excludes respondents without health insurance and those who are not fluent in English.
These are typically groups with low levels of CRC screening6, 25 and they may be more
likely to self-report CRC screening incorrectly due to social desirability bias or lack of
knowledge of screening tests. The two samples were also from different years (CHIS 2007,
PAMF 2010) due to data availability (CHIS) and completeness (PAMF) issues. We may
have expected the PAMF rates to be slightly higher due to anticipated temporal trends in
CHIS, though this will be impossible to predict. In addition, PAMF EHR data on CRC
screening may not be completely accurate. We used PAMF billing data to capture CRC
screening tests completed in the PAMF clinics, which may underestimate tests performed at
outside clinics. These screening tests in outside clinics may be captured in the patient-
reported externally completed category, but with less accuracy than the billing data.

In summary, comparison of self-reported CRC screening rates in samples of survey
respondents with screening rates in clinical samples based on EHR, with sample restriction,
stratification and standardization to promote comparability, can provide insights on the
accuracy of self-report data. Strengths of this approach include low cost, large sample sizes,
and avoidance of selection bias that can occur when respondents must consent to medical
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records release, while limitations include difficulties in aligning clinical and survey samples,
the presence of unconfirmed patient-reported tests in EHR, and inability to include
individuals without health insurance. There is a need for further research on the use of EHR
data to estimate CRC screening rates, including validated definitions of screening in the
presence of unconfirmed patient-reported external completion of tests.
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Figure 1.
Proportions ever-screened for colorectal cancer (95% CI) based on California Health
Interview Survey (CHIS) and Palo Alto Medical Foundation (PAMF) data. Left: PAMF
unconfirmed patient-reported tests not included. Right: PAMF unconfirmed patient-reported
tests included.
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Figure 2.
Proportions up-to-date with colorectal cancer screening (95% CI) based on California Health
Interview Survey (CHIS) and Palo Alto Medical Foundation (PAMF) data. Left: PAMF
unconfirmed patient-reported tests not included. Right: PAMF unconfirmed patient-report
tests included.
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Table 1

California Health Interview Survey (CHIS) and Palo Alto Medical Foundation (PAMF) samples by racial/
ethnic group.

CHIS (N = 18,748) PAMF (N = 26,283)

Non-Hispanic White 15,179 (81.0%) 19,676 (74.9%)

Black/African American 992 (5.3%) 635 (2.4%)

Hispanic/Latino 1,604 (8.6%) 1,489 (5.7%)

Asian 973 (5.2%) 4,483 (17.0%)

Asian subgroups

 Chinese 307 (1.6%) 2,110 (8.0%)

 Filipino 235 (1.3%) 713 (2.7%)

 Japanese 191 (1.0%) 458 (1.7%)
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