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Abstract
Background—Patient preferences can affect colorectal cancer screening test use. We compared
utility-based preferences for alternative CRC screening tests from a stated-preference discrete-
choice survey of the general population and physicians in Canada and the United States.

Methods—General population respondents (Canada, n=501; US, n=1087) participated in a
survey with twelve choice scenarios and nine CRC screening test attributes. Physicians (n=100,
both Canada and US) reported expected patient preferences. We estimated relative importance of
attributes using bivariate probit regression analysis and calculated willingness-to-pay for various
CRC screening tests.

Results—In 28% and 31% of scenarios, Canadian and US respondents, respectively, chose no
screening over a hypothetical test. Canadian (45%) and US (46%) physicians expected patients to
choose no screening more often.

For all groups the most important attribute was sensitivity, but physicians’ perception of patients’
preferences are significantly different from actual preferences. Other key attributes are those
related to test performance or the testing process. Fecal DNA, colonoscopy, and virtual
colonoscopy were the most preferred tests by all groups, but respondents were willing-to-pay
more than physicians predicted.

Conclusion—Physicians’ perception of patients’ preferences are quite different from those of
the general population. However, among general population and physicians, Canadian and US
preferences were similar.
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Introduction
As the third most commonly diagnosed cancer and with a long premalignant phase and a
more favourable prognosis when detected early (American Cancer Society, 2007; Canadian
Cancer Society and National Cancer Institute of Canada, 2007), colorectal cancer (CRC) is a
promising target for population-based screening. CRC screening is recommended in both the
US and Canada (McLeod et al., 2001; U.S. Preventive Services Task Force, 2002).
Increasing the number of individuals who receive CRC screening has been identified as a
health priority in both Canada and the US. Several CRC screening modalities are available
and recommended, including fecal occult blood testing (FOBT), flexible sigmoidoscopy
(SIG), colonoscopy (COL), and double-contrast barium enema (DCBE). These strategies
vary considerably in aspects of their process (e.g., preparation and procedure) and
performance (sensitivity and specificity). Given this wide range of options, physician and
patients must appreciate and weigh multiple dimensions in choosing a CRC screening test
(Marshall, 2000). A better understanding of general population preferences for alternative
CRC screening tests can help to inform future programs and policies since a key factor
driving the success or failure of any screening program is the patient’s willingness to
undergo the test.

The objectives of this study were to measure and compare preferences for attributes of CRC
screening tests (both those currently in use and on the horizon) and the alternative of not
undergoing screening (Louviere et al., 2000; Ryan et al., 1998; Ryan and Farrar, 2000b). It
is critical to distinguish here between preferences and attitudes (Phillips et al., 2002a).
Preferences in this paper reflect economic theory, wherein utility is maximized subject to a
budget constraint (Drummond et al., 2005). Attitude surveys rate respondents’ opinion about
alternatives but provide no insight into how they trade off risks and benefits. This study
followed an empirical, utility-based preference approach, using a stated-preference, discrete-
choice survey to measure preferences. We also examined the relationship between the
demographic variables (gender, income, age) on the choice to opt out of screening.

Increased emphasis on patient involvement in healthcare decisions underscores the
importance of understanding preferences (Marshall, 2000; Walsh and Terdiman, 2003;
Woolf, 2000). Patient preferences have been found to have a significant impact on their
willingness to use health care services (Dominitz and Provenzale, 1997; Gyrd-Hansen and
Sogaard, 2001; Ling et al., 2001; Marshall, 2000; Woolf, 2000). Previous studies have
described attitudes to CRC screening (Greisinger et al., 2006; Ling et al., 2001; Messina et
al., 2005; O’Malley et al., 2004; Salkeld et al., 2003) but there has been little empiric
measurement of preferences for cancer screening. A systematic review published in 2006
identified only 8 studies that measured preferences for cancer screening programs, of which
only three assessed CRC screening and none were conducted in North America (Phillips et
al., 2006). To date, no study has evaluated physicians’ preferences or physicians’
perceptions of patients’ preferences. As physicians’ recommendations are strong predictors
of screening utilization (Federici et al., 2006; Lewis et al., 2006; Ross et al., 2006; Shokar et
al., 2006; Zapka et al., 2004), their perception of their patients’ preferences may be
important in influencing whether or not they recommend screening to their patients.
Discrepancies between the physicians’ perception of patient preferences and actual patient
preferences are relevant for clinical and public communications intended to promote
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screening uptake. Thus, we studied preferences in samples of both the general population
and physicians.

Health care systems and CRC screening programs differ significantly between the US and
Canada. CRC screening is recommended by US and Canadian professional societies (Leddin
et al., 2004; Smith et al., 2003; U.S. Preventive Services Task Force, 2002; Winawer et al.,
2003) using any of several available methods. Despite promoting and reimbursing all of
these modalities, however, uptake of CRC screening remains poor – only 50% of Americans
over 50 years of age have ever been screened (Nagamine et al., 2005). Health Canada
established a National Committee on CRC screening and recommended FOBT testing every
two years as the modality of choice in 50- to 74- year olds (Coombs et al., 2002)
Nonetheless, only Ontario has announced province-wide population-based (FOBT)
screening (Ontario Ministry of Health and Long-Term Care, 2007). Several other Canadian
provinces are considering screening programs, and all endorse FOBT as the preferred
modality (Barkun et al., 2004; BC Cancer Agency, 2003; Cancer Care Ontario and Action
Cancer Ontario, 2004; Cancer Care Ontario and Canadian Cancer Society, 2003).

Thus, in this study, we have used an empirical, utility-based preference approach with
discrete-choice stated-preference survey to measure and compare general-population and
physician preferences in Canada and the US. These findings highlight differences in these
groups and can help to inform policy decisions on the implementation of CRC screening
programs.

Methods
Stated-Preference Approach to Elicit Preferences

Conventional strategies for CRC screening vary considerably in aspects of both process
(e.g., invasiveness and preparation) and outcome (e.g., accuracy and complications)
(Lieberman, 1995; Marshall, 1996a; Marshall, 1996b; Marshall, 2000; Thomas et al., 1995;
Vernon, 1995; Vernon, 1997). Process attributes are not captured by more conventional
preference-based outcome measures such as the quality-adjusted life year, which has been
used previously to evaluate CRC screening (Dominitz and Provenzale, 1997). Stated-
preference methods can model preferences for individual attributes, estimate relationships
among attributes, and estimate utility of combinations of attributes that represent real or
hypothetical CRC screening programs. The key advantage of stated-preference methods
(Bryan et al., 2000; Ryan et al., 1998; Ryan and Farrar, 2000a) is that it is possible to
quantify preferences based on the trade-offs made amongst multiattribute choices.

Undertaking a choice-format stated-preference survey entails several steps: (a) identifying
key attributes and assigning levels to the attributes; (b) selecting the format of the survey
and developing scenarios that describe services defined by various combinations of
attributes and levels; (c) eliciting preferences; and (d) analyzing choice data to quantify the
benefit of offering more favourable testing options (Louviere et al., 2000; Maddala et al.,
2003a; Phillips et al., 2002b; Phillips et al., 2002a; Ryan and Farrar, 2000b). These steps
provide a framework for our approach (Phillips et al., 2002b; Phillips et al., 2002a) and are
summarized briefly below in the context of our study.

This study received approval from the St Joseph’s Healthcare Research Ethics Board,
Hamilton, Ontario, Canada (04-2369) and the UCSF Committee on Human Research
(H10284-2479-01).

Identifying Key Attributes of CRC Screening Tests and Assigning Levels—A
literature review, focus groups and the results of a Canadian stated-preference discrete-
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choice survey (Marshall et al., 2007), were used to select 18 potential attributes for inclusion
in the survey. This list was further refined based on clinical and methodological input that
balanced the completeness of the test attribute descriptions with survey feasibility. The final
survey included nine attributes (Table 1): test process, test frequency, requirement for a
follow-up test if the initial screening test is positive, test-related pain or discomfort,
preparation for the test, risk of complications, and test accuracy as measured by sensitivity
and specificity. To compare subjects’ willingness to accept tradeoffs amongst these
attributes using a common metric, cost was included as an attribute to estimate willingness-
to-pay for each attribute and attribute combination. The survey was pilot-tested on a sample
of patients and physicians attending clinics at the University of California at San Francisco
(UCSF) before fielding.

Survey Format and Scenario Development—The survey used a conditional two-
alternative discrete-choice format with binary responses (Savage and Waldman, 2004).
Given the large number of possible combinations of attributes and levels, we used a
fractional factorial design. There were no a priori restrictions regarding allowable
combination of attribute levels, including implausible combinations (e.g., FOBT requiring
sedative for pain).

The experimental design was constructed using an adaptation of the search algorithm
outlined in Huber and Zwerina (1996). The algorithm conducts a randomized search over
the candidate design space for a design that maximizes D-efficiency. The search is
constrained by the requirement that each choice set include 2 overlaps and that the larger
choice probability in each profile pair never exceed 0.85 (Kanninen B, 2002). Probabilities
were based on beta priors derived from a previous study. Overlaps reduce the statistical
efficiency of the design but also reduce measurement error related to the difficulty of
simultaneously evaluating 9 attributes (Maddala et al., 2003b). This inefficiency is offset by
avoiding nearly dominated pairs that often occur using other design methods.

After screening dominated and nearly dominated profile pairs out of the candidate design
space, the program evaluates 10,000 designs (the 1000 design number in the manuscript was
a typographical error), and provides diagnostics for the best 6 designs. These designs had
very similar D-scores. The final design was selected on the basis of: a) number of larger
choice probabilities less than 0.85; b) smallest imbalance in level counts; c) smallest
pairwise correlations; and d) smallest number of scenarios with technically implausible
combinations. The resulting 33-row design was randomly divided into three blocks of 11
choice sets to reduce the number of choice tasks each respondent was required to evaluate.
The sequence of questions was randomized, with the first choice set repeated as the last
choice set for a total of 12 choice tasks. The repeated question provided a check of response
consistency.

For each choice task, respondents were first asked to identify which of two hypothetical
screening tests they would prefer (Choice 1 of A vs. B) (Johnson et al., 2000). Respondents
were then asked to choose between that preferred screening test (A or B) and no screening
(Choice 2). This design maximizes the information obtained on both the marginal rates of
substitution among test attributes and conditional uptake rates. An example of a choice task
from the survey is provided in Appendix A. Physicians were asked about their expectations
of preferences for a “typical patient, who is an otherwise healthy 50-year old with no family/
personal history of colorectal cancer”. We did not have preference data from the physician’s
actual patients, and thus all of our comparisons are based on independent samples.

Survey Administration to Elicit Preferences—This survey was conducted using an
online format during February and March 2005. Harris Interactive Inc. (Harris), an online
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research company administered the survey. Harris maintains panels of potential participants
who have previously agreed to be surveyed. Panels include a U.S. general population panel
and a specialty panel of physicians (http://www.harrisinteractive.com/partner/
hpolpanel.asp). Although the panel members have agreed to participate in Harris surveys,
consent was specifically obtained from all respondents for this study.

The Harris general-population is panel recruited from over 35 sources that can be weighted
to produce nationally representative estimates. Panel members from the general-population
panel were eligible if they were Canadian or US residents aged 45-70 years, able to read and
understand English and with no history of CRC. The eligible age range started at 45 years to
capture individuals who were starting to think about screening. The target sample size was
1000 US and 500 Canadian respondents from the general population. The survey was sent to
general population and physician panel members, and the survey was subsequently closed
after the quota was met.

Harris also maintains a panel of US physicians (over 23,000 in 2003), appended to the AMA
master files. Survey invitations were emailed randomly to general practitioners in this panel.
Physicians were asked to report their expectations of patients’ preferences, not what the
physician himself preferred. Since Harris does not have a Canadian physician panel,
invitations to the online survey were mailed to a random sample of general practitioners
listed in the Canadian Medical Directory. Physician panel members were eligible if they
currently practiced in the US or Canada for at least one year, were general practitioners,
internists, or practiced family medicine, and saw at least 6 patients/week who are 50 years of
age or older. In the US, respondents included internists and family practitioners. However,
in Canada internal medicine is not a primary-care specialty, so all the Canadian physicians
were general practitioners.

Respondents did not receive incentives directly from either UCSF or McMaster, but did
receive the usual incentives that Harris offers. General population panel members receive
points that can be accumulated and used to “purchase” goods and a chance to win a monthly
prize drawing. Both US and Canadian physicians were sent invitations offering a US $50
honorarium upon completion of the survey.

Consistency Tests—Testing the consistency of respondents’ responses to the series of
trade-off questions establishes the internal validity of the stated-preference data. Based on
our findings, we retained all respondents in the final analysis, and dropped the responses to
the first scenario, which served as a warm-up question.

We assessed consistency in the following ways. First, we tested individual responses for
monotonic preferences, which simply requires that respondents prefer more of any positive
test feature. Thus if respondents prefer scenario B to scenario A in one question, they should
prefer scenario C to scenario A in another question if C is better than B for at least one
attribute, and at least as good as B for all other attributes. Our design with an optout
alternative allowed us to test monotonic preferences across choice sets. If someone had a
preference of optout>A>B in one choice set, but then had a preference of C>optout>D while
C is worse than A, then he fails the monotonicity test. In short, when you have an optout
alternative, you are only comparing A and C. If you didn’t have an optout alternative, then
you would need to compare all four alternatives.

Second, individual responses were assessed for stability of their preferences. Stability of
preferences assumes that respondents will have same preferences at any two points during
the survey. In our survey, the first scenario was repeated as the final scenario in each survey.
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This particular approach is a weak test of stability because answers to the first question
generally are noisy as respondents learn how to do the trade-off task.

In addition to monotonicity and stability, valid stated-preferences assume non-satiation—
that is, respondents are willing to accept some decrease in one attribute for an improvement
in some other attribute for all attributes in the experimental design. We identified
respondents who always or nearly always chose the alternative with the better level of one
attribute (dominant attribute). A respondent was considered unwilling to trade if they made
the same choices in at least nine (that is, nine or more) of twelve scenarios with that
attribute. We assessed the influence of dominant preferences by creating and interacting a
dummy variable with the dominant attribute and running a regression analysis.

Model Estimation—Stochastic utility maximization theory provides a well-established
conceptual framework for modeling individual preferences. Random utility models were
used to define the utility of choice alternatives defined as a function of the attributes
(McFadden, 1981). Respondent’s utility or satisfaction from testing is specified as linear in
test features and the utility of not testing is an alternative-specific constant:

(1)

The Vtest β parameters can be interpreted as relative importance weights.

We estimated the parameters using bivariate probit because the choice between two
hypothetical tests followed by a test/no test choice question are correlated. Because
individual-specific characteristics are constant for any pair of test alternatives, they vanish
from the utility differences that determine choices among competing tests unless they are
interacted with one or more test features. In this model specification, demographic variables
(defined below) were interacted with Dnotest, a dummy variable indicating that the
respondent picked the no-test option. These parameters indicate the effect of individual
characteristics on testing uptake. Additional interactions were tested, but were not
significant.

(2a)

(2b)

Responses to the forced-choice and the test/no-test questions clearly are correlated.
Following Savage and Waldman, 2004, the variance of εtest in equation 1 is assumed to be 1,
the variance of εnotest in equations 2a and 2b is assumed to be λ, and their covariance is
estimated as 1/(2λ).

Categorical test characteristics were effects coded,1 while cost was treated as a continuous
variable. Standard maximum-likelihood techniques were used to estimate the parameters for
this model.
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The following personal characteristics were included in the final regression model: an
indicator variable for gender, a continuous annual household income variable, two age
dummy variables (age < 51 years-omitted category, age = 51-60 years, age >60 years) in the
general population model; and years of experience and number of patients per week
variables in physicians model. These variables were interacted with Dnotest, a dummy
variable indicating that the respondent selected the no-test option.

Models were evaluated for goodness of fit using the likelihood-ratio chi-square statistic for
the global test of zero model coefficients and McFadden’s pseudo R-square. The model
results are expressed as estimates, corresponding 95% confidence intervals, and p-values.
All statistical analyses were performed using GAUSS version 7.0.

The final model results were used to evaluate the relative importance of the attributes. Based
on our previous findings (Marshall et al., 2007), it was expected that the most important
attributes (given how the levels of each attribute were defined) would be sensitivity and
specificity, followed by pain, preparation and cost and that respondents would prefer CRC
screening modalities that had high sensitivity and specificity, were non-invasive with no
pain or preparation, and had a small cost.

For ease of presentation and interpretation, the model results were rescaled from 0 to 10
using a linear transformation of β coefficients from 0 (the least desirable attribute level) to
10 (the most desirable attribute level). These rescaled results are presented in Figure 1 to
illustrate relative attribute-level importance.

Calculating Willingness to Pay
The final model coefficients were used to calculate the respondents’ predicted willingness-
to-pay (WTP) for various CRC screening tests. The WTP of commonly available CRC
screening modalities (FOBT, DCBE, SIG and COL) and two modalities that may soon be
commonly available (DNA stool tests and virtual COL) was estimated using the model
coefficients for attribute levels that most closely approximated those testing modalities.
Following standard methods for stated-preference discrete-choice surveys, the available
attribute levels in the survey are not always complete and accurate clinical descriptions of
the actual CRC screening tests due to the practical limitations of the survey format. The
attribute levels in the survey therefore focus on the most important features that distinguish
the alternative CRC screening tests, and do not provide an exhaustive and complete
description of all aspects of the tests. In consultation with our clinical collaborators, we
mapped the characteristics for each CRC screening test to the closest attribute levels
available in our survey.

For estimating WTP, the primary role of the price attribute is to obtain an accurate measure
of the marginal utility of money for scaling non-price utility differences in money
equivalents.

We calculated unconditional, expected WTP (EWTP) to incorporate the probability that
survey respondents actually would select one of the test options. In a choice model with
more than two alternatives, expected utility E(U) is:

1Choice-format stated-preference studies conventionally employ effects coding rather than dummy coding of categorical attribute
levels. Dummy coding combines all the omitted categories in a single constant or intercept that is confounded with the grand mean of
the latent utility function. Effects coding avoids this problem by replacing the 0 code for omitted categories with -1. Thus the
coefficient for each omitted category is the negative sum of the included categories and the mean effect is 0 (Bech and Gyrd-Hansen,
2005; Hensher et al., 2005).
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(3)

where C is a constant indicating that U is defined up to an affine2 transform. EWTP for a
new test is the difference in expected utility with and without a given test alternative in the
choice set, scaled by the absolute value of the price coefficient. C falls out of the utility
difference.

(4)

That is, EWTP is the unconditional value of having alternative N+1 in the choice set relative
to not having it in the choice set, whether the test actually is chosen or not.

EWTP for general-population respondents and physician estimates of patients’ EWTP were
compared using a Wald Test to determine if differences were statistically significant.
Confidence intervals were estimated from 10,000 Krinsky-Robb draws on the joint
parameter distribution (Krinsky and Robb, 1986).

Results
Consistency Tests

The proportion of respondents in the Canadian and US general population that passed the
test for monotonicity was 98% and 99%, respectively, and it was 100% for both Canadian
and US physicians. Including the inconsistent observations did not affect the parameter
estimates, so we retained all observations in the final analysis.

The stability tests confirmed that the responses differed between the first and last question.
We treated the first question as a warm-up question and dropped the responses to the first
choice question.

The dummy-variable interaction estimates for dominant preferences were statistically
insignificant, even using our conservative definition for unwillingness to accept tradeoffs.
Thus, we did not include interaction terms to control for dominance in the final analysis and
we included all respondents and observations.

Model Fit
Overall, the final model fit is good. The likelihood ratio chi-square statistic for global test of
zero model coefficients is -6,003 and -12,688 for Canadian and US sample of the general
populations sample, respectively, and -1,218 and -1,261 for Canadian and US physician
sample respectively. The chi-square statistic for likelihood ratio is p< 0.0001 for all samples.

Respondent Demographics
The survey was completed by 501 Canadian and 1,087 US general population respondents
with average age 57 years (SD = 6.6 y) and 55 years (SD = 6.7 y), respectively (Table 2).
The respondents were highly educated with 15 and 11 years of education, respectively, and

2An affine transform is the sum of any linear transformation of utility arguments and a constant. Ordinal utility is unaffected by
adding a constant and or any linear transformation of the arguments.
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high mean income ($51,000 and $48,000, respectively). The majority of US respondents
(53%) had at least some private health insurance. A family history of CRC was reported by
12% and 14%, respectively.

One-half (48%) of Canadian and 70% of US respondents reported having ever been
screened for CRC, with FOBT being the most common test in both the US (51%) and
Canada (31%). Seventy six and 71 per cent, respectively, stating they were “somewhat” or
“very” likely to get screened when due.

The 100 participating physicians in Canada and the US had a mean ages of 42 and 45 years,
respectively, and were mostly male (67% and 78%, respectively) (Table 3). The average
number of years in practice was 14 for both groups, and mean numbers of patients over 50
years of age seen per week were 64 and 74, respectively. Approximately half of physicians
(52%) ordered FOBT and COL 11-40 times in a typical month (48% and 52% respectively).
In contrast, 81% of physicians reported they ordered or performed SIG ten or fewer times
per month.

Stated-Preference Survey Results
Preferences for No Colorectal Cancer Screening—No screening was preferred over
the screening test described in 28% and 31% of scenarios presented to Canadian and US
general population respondents respectively (p<0.00001). This means that about 28% and
31% of the time respectively, respondents would rather have no screening than undergo their
preferred screening test from the initial choice task. Physicians expected their patients to
choose no screening more often (55% in Canada vs. 46% in the US p <0.0001). This
difference between physicians and general population respondents was also statistically
significant within each country (p<0.05).

General Population Sample Preferences for Colorectal Cancer Screening –
Bivariate Probit Regression Model Results—In general, respondents preferred test
processes that were non-invasive (e.g., CT scan), did not require repeated measurements
over time, were associated with no pain, required no preparation, caused no complications,
and had high accuracy (sensitivity 90% and specificity 100%) (Table 4, Figure 1). These
results are consistent with expected directions of effect.

The attribute levels are generally well ordered and most are statistically significant (p<0.05).
Only some levels for the frequency (every 5 years) and follow-up (need for an additional test
to confirm a positive test result, no follow up needed) attributes, were not statistically
significant. These findings were consistent between Canadian and US respondents.

Parameter estimates for interactions between income and no screening, and age and no
screening, were statistically significant (p < 0.05) for both Canadian and US respondents.
Respondents with a higher income level and older than 60 years were less likely to choose
no screening. Among US respondents (but not Canadians), males were also less likely to
choose no screening (p < 0.001).

Figure 1 illustrates the relative importance of the attribute levels on a standardized scale,
given the levels specified in this study. The utility of moving from 40% sensitivity to 90%
sensitivity exceeds that for any other change between attribute levels. The smallest utility
difference was between needing vs. not needing an additional confirmatory test. The
difference between 40% sensitivity and 90% sensitivity is about three times greater than the
difference between laxative vs. no preparation and between annual testing vs. one-time
testing. Utility differences for pain (mild pain level and no pain level), process (DCBE and
CT scan), specificity (50% level and 90% level) and complication risk (1 in 100 and none)
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are about 70-80% of the difference between 40% and 90% sensitivity. This was consistent
between Canadian and US respondents in the general population.

Physician Estimates of Patient Preferences for Colorectal Cancer Screening –
Bivariate Probit Regression Model Results—Physicians’ estimates of patient
preference for attribute levels were generally well ordered and statistically significant (p
<0.05), with the exception of the need for a confirmatory test (Table 4).

The parameter estimates for interactions between physicians’ years in practice and choice of
no screening were statistically significant (p < 0.05) in both Canada and the US. There was
also a significant interaction between the volume of patients seen aged over 50 years and
choice of no screening in Canada, where physicians with greater volume were more likely to
choose screening.

Physicians in Canada and the US valued a change in sensitivity from 40% to 90% more than
any other change between attribute levels (Figure 1). The smallest utility difference was
between needing or not needing an additional confirmatory test. Differences for pain (mild
pain level and no pain level), process (DCBE and CT scan), specificity (50% level and 90%
level), complication risk (1 in 100 and none), preparation (diet or laxative and no
preparation) and testing frequency (annually and once only) were 50 to 80% of the
difference between 40% and 90% sensitivity levels.

Predicted Willingness to Pay for Alternative CRC Screening Tests
Sample of the General Population Estimates—EWTP among general population
respondents for various CRC screening tests was estimated using the results from the
regression model analyses (Table 4). Estimates of EWTP were similar between Canadian
and US respondents (p<0.05) (Figure 2). For both Canadian and US respondents, DNA stool
testing, COL, and virtual COL were the most preferred screening tests. The most valued test
among Canadian respondents (assuming average values for all personal characteristics) was
virtual COL with estimated EWTP $232. The most valued test among US respondents was
fecal DNA testing, with EWTP $222, but this differed by only a few dollars from EWTP for
virtual COL. The high sensitivity of COL and virtual COL appeared to drive preferences
despite their requirements for preparation with laxatives and some pain. The low sensitivity
(40%) of DNA stool testing is offset by positive attributes such as lack of pain, lack of
complication risk and lack of preparation.

We also explored EWTP for CRC screening tests (relative to no screening) within specific
subpopulations. The EWTP estimates for females under 51 years old with low income
($25K) were lower than those for males over 60 years old with high income ($80K).
However, willingness-to-pay values were not significantly different (p>0.05).

Physician Estimates—Physicians’ predictions of EWTP for CRC screening tests were
estimated using the result of regression analyses in Table 4. For both Canadian and US
physicians, the most valued tests are colonoscopy, virtual COL, and DNA stool testing
(Figure 2). Colonoscopy with an estimate of EWTP of $167 for Canadian physicians and
$148 for US physicians. All estimates of EWTP for physicians were lower than equivalent
values for the general population.

We also investigated the influence of physician characteristics on their estimates of patients’
EWTP for alternative CRC screening tests. The EWTP estimates for physicians with an
average of 20 years of experience and an average of 40 patients over 50 years old per week
were lower than those for physicians with an average of 8 years of experience and an
average of 100 patients over 50 years old per week. Willingness-to-pay values were not
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significantly different (p>0.05), except for the DNA test, for which Canadian physicians
thought their patients would be willing to pay significantly less ($57) than US physicians
($93).

Comparison of Estimates of EWTP—Significant differences in EWTP for all CRC
screening tests were noted between general population responses and physicians’ estimates
(Table 5). General population respondents were willing to pay much more than physicians
predicted for each CRC screening test (p<0.05), except for COL in the Canadian sample
(p=0.1940).

No significant differences in EWTP were found between Canadian and US respondents in
the general population or the physician sample except for fecal DNA testing, which was
valued more by US physicians.

Discussion and Conclusions
Given the poor uptake of CRC screening, the increased focus on the patients’ role in health
care decisions, and the variety of screening choices available, this study sought to measure
preferences for CRC screening tests to inform health policy decisions about the
implementation of screening programs. We assessed and compared preferences among
members of the general population and physicians in Canada and the US, using a stated-
preference discrete-choice survey administered through the internet.

One key finding of this study is that physician assessments of patients’ willingness to
undergo CRC screening appear to be closer to actual uptake rates (approximately 44%)
(Meissner et al., 2006) than respondents in our general population sample indicated. This is
consistent with the stated preferences literature where estimates of stated preference have
been shown to differ from estimates of revealed preferences based on actual behaviours
(Carson et al., 1996). Two other stated-preference surveys conducted in general population
samples have estimated willingness to undergo CRC screening of 66% for Danes and 88%
for Australians (Gyrd-Hansen and Sogaard, 2001; Salkeld et al., 2003). This has serious
implications for CRC screening uptake. Given that physicians influence decisions about
health care treatment, and especially screening programs (Federici et al., 2006; Lewis et al.,
2006; Ross et al., 2006; Shokar et al., 2006; Zapka et al., 2004), physicians need to help
convert patients’ apparent willingness to be screened into actual behavior. It may help
physicians motivate their patients to be screened if they better understand what features of
CRC screening are important to patients.

Another key finding of this study is that physicians’ perceptions of patients’ preferences are
often inaccurate. Both physicians and the general population rated test accuracy (sensitivity
and specificity) as the most important attribute. There has been little previous research on
this topic (Phillips et al., 2006). Ling et al. used a qualitative survey to assess physician and
patient attitudes (not utility-based preferences), as well as physicians’ perceptions of patient
attitudes (Ling et al., 2001). While patient and physician attitudes were similar, physicians
underestimated the importance of test accuracy and overestimated that of discomfort. In that
study, patients preferred FOBT the most (43%), followed by COL (40%), FOBT combined
with SIG (12%), DCBE (3%), and SIG alone (2%) (Ling et al., 2001). Despite this,
physicians recommended FOBT and SIG most often (54%), followed by FOBT (23%), SIG
(15%), and COL (3%) (none recommended DCBE). A US study of attitudes towards CRC
screening (n = 2,119) found that respondents who prefer to let their physicians make all
decisions (n = 316) were more likely to consider COL and SIG too uncomfortable than those
who prefer to make their own decisions (n = 300) (Messina et al., 2005). In our study,
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physicians believed that their patients would be willing-to-pay the most for COL and the
least for FOBT.

We also found that for all patient and physician groups, sensitivity is the key driver of
preference for CRC screening tests. Attributes regarding the frequency of testing and the
need for follow up testing are least important. These results are consistent with previous
studies of preferences for CRC screening for patients (Gyrd-Hansen and Sogaard, 2001;
Marshall et al., 2007). In a previous discrete-choice preferences study, we found that
Canadian patients valued accuracy attributes (sensitivity and specificity) over preparation,
process, and pain (Marshall et al., 2007). Using a simple survey with responses on a Likert
scale, Australian respondents would consider a CRC screening tests if it had 99.9%
sensitivity (92%), they would not experience pain (76%), they would need to avoid certain
foods and medications for 3 days prior to the test (77%), and it required a stool sample
(74%) (Salkeld et al., 2003).

Given the preferences regarding the individual attributes of CRC screening tests, it was not
surprising that fecal DNA testing, COL and virtual COL are the most preferred tests when
we use the model results to estimate preferences for a variety of actual CRC screening tests.
Consistent with our findings regarding the differences in preferences between physicians
and general population respondents, estimates of ex-ante WTP were remarkably similar for
the analogous Canadian and US groups, but produced significantly higher estimates (by a
factor of 6 to 8 times) for the general population samples than the physician samples.

Our results suggest that both physicians and members of the general population prefer CRC
screening tests with high sensitivity. Hence, programs based on FOBT may not optimize
uptake in a fully informed public. Alternatives with better performance characteristics could
be offered (e.g., COL), and emerging techniques like fecal DNA testing and virtual COL
should be pursued as attractive options for future.

We collected these data successfully using an online panel through the internet. Use of
internet for survey research in health care is growing in popularity (Chen et al., 2005;
Granger et al., 2006; Johanson and Kralstein, 2007; Lembo and Lembo, 2004; Pasternak et
al., 2004; West et al., 2006). Online panels have the advantages of being easier, cheaper, and
quicker to conduct compared to mail-based or telephone surveys (Dillman, 2007). However,
there are concerns raised about the use of the internet in research, primarily because of the
biases introduced by the selection of the sample. Weighting was used to make these panels
more representative of the national populations and decrease the effects of non-sampling
error, (Terhanian et al., 2000) but this does not guarantee that there are no biases since the
weighting only reduces biases if the observed characteristics are correlated with the
preferences.

In this study, we report estimates unconditional (ex ante) willingness-to-pay (EWTP)
because there is uncertainty about whether respondents would actually choose one of the
two CRC screening tests offered in each discrete-choice scenario if they could choose no
screening. The difference between conditional and unconditional estimates of WTP can be
explained by an example by Freeman et al. (Freeman, 1993). Suppose air pollution increases
the risk of chronic lung disease. An unconditional analysis would ask healthy respondents
their WTP to reduce the risk of chronic lung disease at some time in the future, that is,
unconditional WTP analysis. However, a conditional analysis would ask respondents their
WTP to be restored to a health state if they are already suffering from chronic lung disease.

Lancsar and Savage (2004) advocate an unconditional perspective to be consistent with
welfare and random-utility theory, although there is currently debate in the health economics
literature about whether conditional (Ryan, 2004; Santos Silva, 2004) or unconditional WTP
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results should be reported. Which perspective is appropriate depends on the nature of the
problem being analyzed. In the case of optional screening tests, the societal policy context
requires accounting for the likelihood that a person will choose a given test or no test at all.
Unconditional values, accounting for both the effects of perceived utility and the probability
of testing, are the relevant results for this study, and are reported as the main analysis.

There are several possible policy implications of this study. Similar preferences amongst
physicians and general population respondents in Canada and the US were observed despite
the differences in the respective health care systems and level of diffusion of CRC
screening. Both physicians and the general population need to be motivated to increase CRC
screening uptake, given the low participation rate in current programs. Physicians generally
exert substantial influence on decisions about health care treatment, and especially
participation in screening. Understanding what is important to patients for choosing CRC
screening through such quantitative stated-preference research methods as this study may
help physicians better motivate their patients to undertake screening.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Relative importance of CRC screening test attributes and attribute levels for sample of the
general population and physician respondents.
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Figure 2.
Predicted Willingness to Pay for Alternative Colorectal Cancer Screening Tests
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Table 2

Self-reported characteristics and history of general population respondents (n=1588)

characteristic distribution

Canada US

number of general populations (n) 501 1087

% white 97% 86%

% male 45% 48%

age, mean (SD) 55 ± 6.7 y 57 ± 6.6 y

years of education, mean (SD) 14 years ± 2.2 15 years ± 2.6

annual income, mean (SD) CA $48,214 ± $24,925 US $50,972 ± $26,071

health history

non-cancer chronic health condition* 82% yes 83% yes

cancer (non-CRC)‡ 7% yes 9% yes

relatives with colorectal cancer 14% 12%

test history

any genetic test 4% yes 6% yes

ever screened for CRC‡ 48% yes 70% yes

FOBT 31% yes 51% yes

sigmoidoscopy 19% yes 34% yes

colonoscopy 24% yes 46% yes

plans to have CRC screening when due

very unlikely 16% 12%

somewhat unlikely 13% 12%

somewhat likely 36% 29%

very likely 35% 47%

health insurance§

public∥ 88% 31%

private 52% 74%

none 2% 8%

not sure 0% 2%

*
Includes: hypertension, high cholesterol, depression, asthma, ulcer, arthritis, diabetes, and chronic back pain

†
General populations reporting having had CRC were excluded from participating in the survey.

‡
Reported ever having FOBT, sigmoidoscopy, or colonoscopy.

§
Totals sum to more than 100% since some general populations had both public and private insurance

∥
For Canada, includes universal health care and federal or provincial government prescription drug plans. For US, includes: Medicaid, Medicare,

Medigap, military, and Indian health service.
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Table 3

Physicians’ Characteristics

Characteristic

Distribution

Canada US

number of physicians 100 100

% male 67% 78%

age (years, mean (SD)) 42 ± 8.9 45 ± 8.3

years of experience 14 ± 9.0 14 ± 7.6

number of patients ≥ 50 years seen in a week 64 ± 33.2 74 ± 27.1

primary medical specialty
91% family medicine 47% internist

9% general practitioner 53% family medicine
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