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Abstract

Background Health information reaching the public today is often

characterized by what decision theorists have termed �ambiguity� – i.e.

uncertainty regarding the information�s reliability, credibility or ade-

quacy. This is a critical problem, as growing research suggests that

ambiguityhas importanteffects–promotingpessimistic judgmentsabout

risks and potential outcomes of risk-reducing behaviours, and lowering

adoptionof thesebehaviours.However, little isknownabout thepublic�s
perceptions of ambiguity in thehealth informationdomain, the effects of

these perceptions, and the factors that influence these effects.

Objective To examine associations between perceived ambiguity

regarding cancer prevention recommendations and prevention-

related perceptions and behaviours, and to explore how these

associations differ by cancer type.

Study design and participants Cross-sectional analysis of data on

4070 adults participating in the 2005 US Health Information

National Trends Survey.

Main variables and outcome measures We examined associations

between perceived ambiguity about colon, skin and lung cancer

prevention recommendations and two main outcome variables: (i)

risk-related cognitions (perceived cancer risk and preventability,

cancer-related worry) and (ii) risk-modifying behaviours (colon

cancer screening, sunscreen use and smoking abstinence).

Results Perceived ambiguity was inversely associated with percep-

tions of the preventability of all three cancers, andwith cancer-specific

risk-modifying behaviours including sigmoidoscopy–colonoscopy

testing, sunscreen use and smoking abstinence. Relationships with

cancer risk perceptions andworry varied across different cancer types.

Conclusions Perceived ambiguity about cancer prevention recom-

mendations has significant and predictable associations with cancer

prevention-related cognitions and behaviours, and some associa-

tions differ by cancer type. These findings have implications for

future research and communication efforts.
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Introduction

Health information reaching the public today

through various channels is increasing in both

magnitude and complexity. Popular media cov-

erage of both breakthroughs and controversies

in health care has exploded in recent years,1–3

while promotional activities of pharmaceutical

companies and health advocacy groups have

grown in number, diversity and influence.4,5 At

the same time, the medical profession has

devoted increasing attention to disseminating

complex health information to the lay public. A

growing emphasis on informing and involving

patients in health-care decisions–goals arti-

culated through the ideals of informed and

shared decision making6–11–has fuelled con-

certed efforts to educate the public about the

benefits, risks and uncertainties surrounding

various medical interventions.12

What are the effects of these trends? Ideally,

greater exposure to health information should

enable people to be more educated, competent

consumers of health care, and better equipped to

make reasoned choices. This potential outcome

is a central justification for health communica-

tion efforts as well as patient education and

counselling interventions such as health decision

aids.11,13–17 To what extent this outcome is

actually attained, however, is not known.

Although the provision of health information

through formal educational interventions has

been shown to improve patient knowledge,13 it

may have mixed psychological effects.

For example, research in other decision-

making domains suggest that exposure to com-

plex information may overwhelm, frighten or

confuse people, rather than empowering them.

Multiple options have been shown to impose a

heavy cognitive burden that may hinder optimal

decision making.18–21 Furthermore, the presence

of what decision theorists have termed �ambi-

guity� – i.e. uncertainty regarding the reliability,

credibility or adequacy of information about

risks and the potential outcomes of decisions22–

has been shown to have distinct psychological

and behavioural effects. Specifically, ambiguity

causes people to judge risks and choice out-

comes pessimistically, and to avoid decision

making.22–26

This response to ambiguity, known as �ambi-

guity aversion�, pertains to information con-

cerning various types of risks; however, it has

particular relevance for understanding the out-

comes of exposure to complex health informa-

tion. The health interventions that often receive

the greatest attention in informed decision-

making efforts are those that are the most

ambiguous – for which existing evidence on the

balance of benefits and harms is unclear

and more than one reasonable course of action

exists – e.g. hormone replacement therapy and

prostate-specific antigen screening.7,9,10,27,28 At

the same time, it is ambiguity that defines the

complex nature of the information presented to

patients. Informed decision making entails the

provision of comprehensive information

regarding not only the projected risks and ben-

efits of a health service, but the uncertainties

surrounding these projections and the range of

clinical options available.6,7,9,12 An instrumental

goal of informed decision making, in other

words, is to increase patients� awareness of

ambiguity.

For this reason, it is important to understand

the effects of ambiguity in health decisions.

Relatively little research has been devoted to this

problem, although past work suggests that

ambiguity aversion pertains to at least some

health decision-making domains. In a previous

study, we focused on the domain of cancer

prevention and explored how perceptions of

ambiguity regarding cancer prevention recom-

mendations relate to other risk-related cogni-

tions known to influence health-related decisions

and behaviours.29 In that study, we analysed

cross-sectional data from a large nationally

representative survey of the US public, the

National Cancer Institute�s 2003 Health Infor-

mation National Trends Survey (HINTS 2003).

We found that perceptions of ambiguity about

cancer prevention recommendations were

related to other important psychological vari-

ables in ways consistent with the phenomenon of

ambiguity aversion (Fig. 1)29. Higher percep-

tions of ambiguity were associated with lower
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perceptions of the preventability of cancer,

higher perceived cancer risk, and higher cancer-

related worry. Also consistent with predictions,

cancer-related worry moderated the degree of

ambiguity aversion–higher worry being associ-

ated with a more negative relationship between

perceptions of ambiguity and cancer prevent-

ability. Finally, the association between per-

ceived ambiguity and worry appeared to be

partially mediated by perceived risk – i.e. per-

ceived ambiguity influenced worry not only

directly, but indirectly through its influence

upon perceived risk. Although the cross-sec-

tional nature of this study restricted inferences

about causality, the results supported theory-

based predictions and the findings of related

research, and raised the possibility that exposure

to ambiguous health information may indeed

have negative psychological consequences.

To what extent these findings can be repli-

cated in other samples and health information

domains, and with respect to actual health risk-

modifying behaviours – i.e. behaviours aimed at

either primary or secondary prevention –

remains to be seen. Limited evidence from

studies utilizing hypothetical scenarios has sug-

gested that ambiguity of information concerning

environmental health risks and the outcomes of

primary prevention measures such as immuni-

zations lead people to heightened perceptions of

these health risks and lowered interest in these

measures.30–33 Similarly, in the domain of sec-

ondary prevention, intervention studies have

demonstrated that educating people about

uncertainties surrounding particular controver-

sial cancer screening measures decreases their

interest in screening, further implying that

people are ambiguity averse.34–37

In the current study, we attempted to build

upon this work and to replicate and expand

upon our earlier findings regarding the potential

outcomes of perceived ambiguity about cancer

prevention recommendations. Applying meth-

ods similar to those used in our previous study,29

we analysed data on the new sample population

surveyed by the most recent HINTS (2005).

Furthermore, because the 2005 HINTS – unlike

the earlier survey – measured cognitions per-

taining to the prevention of specific malignancies

(colon, skin and lung cancer) rather than to

cancer in general, we were able to expand our

analysis to how ambiguity perceptions relate to

specific cancer risk-modifying behaviours (e.g.

colon cancer screening, sunscreen use and

smoking abstinence), as well as cognitions, and

to determine how cancer type influences these

relationships.

Methods

Data source and study population

The HINTS is a biennial telephone-based

nationwide survey conducted by the National

Cancer Institute and aimed at tracking trends in

the public�s cancer-related knowledge, attitudes

and behaviours. The HINTS surveys a nation-

ally representative sample of US adults aged 18

and older, utilizing a complex stratified sampling

design with oversampling of African-American

and Hispanic households.38 For the HINTS

2005, interviews were completed with a total of

5586 adults aged 18 and older; the overall

response rate was 21%. Further details about

the study methods, survey design and variables

in HINTS are published elsewhere.38 We limited

our analysis to the subpopulation of individuals

aged 40 and older (N = 4070), with the ratio-

nale that it is this group for which cancer pre-

vention and screening recommendations are

most salient and potentially controversial, and

Perceived ambiguity

(+) (+)

Worry
(+) 

Perceived
risk

(–) 

Perceived
preventability,

cancer-protective
behaviours

Figure 1 Predicted relationships between perceived ambi-

guity, perceived cancer preventability, perceived cancer risk,

cancer worry and cancer-protective behaviours.
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with the objective of comparing findings to those

of our earlier study which employed this age

cutoff in a different population sample.29

Data collection

The HINTS assesses several cancer-related

cognitions known to be important determinants

of cancer-protective behaviour: perceived pre-

ventability of cancer, perceived cancer risk, can-

cer-related worry and perceived ambiguity about

cancer prevention recommendations. These cog-

nitions represented the primary outcome and

predictor variables for the current analyses.

Unlike the 2003 survey, however, HINTS 2005

measured these variables not in terms of cancer in

general, but in terms of three specific cancer

types: colon, skin and lung cancer. Individual

respondents were randomly assigned, using a

computer-generated number for each sampled

household, to answer cancer cognition items

about only one of these three malignancies. The

final study sample included a total of 1447, 1231

and 1392 respondents, respectively, for the colon,

skin and lung cancer items. Unequal totals for

these groups were due to missing data and non-

response. HINTS 2005 also included questions

about several cancer-specific prevention and

screening behaviours, which were asked of all

survey respondents in our sample population,

although the survey design was such that ques-

tions on colon cancer screening behaviours were

asked only of respondents aged 45 and older.

Cancer risk-related cognitions

The primary outcome variables for our analyses

were measured by three survey items coded on

Likert scales, with each item made specific to

one of the three cancer types (colon, skin or

lung). Perceived preventability of cancer was

assessed by the question, �There is not much you

can do to lower your chances of getting

(colon ⁄ skin ⁄ lung) cancer�. Response options

were �agree� and �disagree�. Perceived cancer risk

was assessed by the question, �How likely do you

think it is that you will develop (colon ⁄ skin ⁄
lung) cancer in the future?� Response options

were �very low�, �somewhat low�, �moderate�,

�somewhat high� and �very high�. Cancer-related
worry was assessed by the question, �How often

do you worry about getting (colon ⁄ skin ⁄ lung)
cancer?� Response options were �rarely or never�,
�sometimes�, �often� and �all the time�.

Cancer risk-modifying behaviours

Several risk-modifying behaviours specific to the

three cancers were measured and treated as

additional outcome variables in our analyses.

Colon cancer risk-modifying behaviours consisted

of the secondary preventive interventions of past

colon cancer testing by colonoscopy or flexible

sigmoidoscopy and by faecal occult blood test-

ing (FOBT), which were ascertained by separate

questions asking respondents whether or not

they had ever had these tests. Skin cancer risk-

modifying behaviours consisted of the primary

preventive intervention of sunscreen use, which

was measured by a single item, �When you go

outside for more than 1 h on a warm, sunny day,

how often do you wear sunscreen?� Response

options were: �always�, �often�, �sometimes�,
�rarely� and �never�. Lung cancer risk-modifying

behaviours consisted of lifetime history of ciga-

rette smoking at least 100 cigarettes, which was

measured by a single item with �yes� and �no�
response options, and current cigarette smoking

in respondents with a past smoking history,

which was measured by a single item, �Do you

now smoke cigarettes…� Response options were

�every day�, �some days�, �not at all�, �do not

know� and �refused.�

Perceived ambiguity

The primary independent variable for all anal-

yses was perceived ambiguity about cancer pre-

vention recommendations. This construct was

assessed by the question, �There are so many

different recommendations about preventing

(colon ⁄ skin ⁄ lung) cancer, it is hard to know

which one to follow�. Response options were

�agree� and �disagree�.

Sociodemographic variables

Various sociodemographic factors were treated

as covariates in all analyses. Age was coded

using four response categories (40–49, 50–59,
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60–69 and 70 and older). Race was coded

using three response categories (White, Black

and Other) while education level used four

response categories (less than high school, high

school graduate, some college and college

graduate). Gender was also treated as a co-

variate. These factors have been shown to be

associated with both health cognitions – e.g.

perceived risk and preventability beliefs – as

well as health-protective behaviours such as

cancer screening; the potential for confounding

effects justified controlling for these variables

in our analysis.35,39–44 Income was previously

shown to be highly correlated with education

level, and was not included in subsequent

analyses to avoid potential problems with

multicollinearity.

Data analysis

To adjust for the complex sampling design of the

HINTS,38 the statistical program SUDAAN

(version 9.0.2, Research Triangle Institute,

Research Triangle Park, NC, USA) was used in

all analyses,45 utilizing sample weights provided

with the HINTS public use data file. These

weights were post-stratified to the US census

distributions by age, sex and race ⁄ ethnicity for

the year 2005 to provide estimates representative

of the general US population. Variances of

parameter estimators were calculated using a

jackknife method.

We excluded individuals with �not ascer-

tained�, �no opinion�, �do not know� or �refused�
responses to any of the main survey items

examined. The proportion of excluded data in

the study sample exceeded 5% for the following

individual variables: perceived colon cancer risk

(10.4%), perceived colon cancer preventability

(5.7%), and perceived ambiguity about colon

cancer recommendations (7.1%).

Univariate and multivariate analyses were

performed. Binary and ordinal logistic regres-

sion analyses were used to examine the rela-

tionships between perceived ambiguity and each

of the primary outcome variables, adjusting for

sociodemographic variables. We also explored

predicted interactions and mediating relation-

ships between perceived ambiguity and the

primary outcome variables.

Predictions

Based on our previously derived theoretical

model and the findings from our earlier study,29

we predicted that perceived ambiguity about

cancer prevention recommendations would

demonstrate several associations with other

cognitive and behavioural variables (Fig. 1), in

directions consistent with the theoretical concept

of �ambiguity aversion�.

1. Lower perceived preventability of cancer.

2. Higher perceived cancer risk.

3. Higher cancer-related worry.

4. Lower adherence to cancer-specific risk-

modifying behaviours (colon cancer testing,

sunblock use and cigarette smoking abstinence).

Based on past research, we also predicted an

interaction between baseline perceived ambigu-

ity and cancer-related worry (perceived ambi-

guity · cancer-related worry), such that higher

levels of worry would be associated with a

stronger inverse relationship between perceived

ambiguity and perceived cancer preventability,

compared with the associations present at lower

levels of worry. In addition, we predicted that

perceived ambiguity would influence worry as

well as cancer risk-modifying behaviours not

only directly but indirectly, through its effects

upon risk and preventability perceptions,

respectively, which would act as mediating

variables. We had no a priori reasons to expect

cancer-specific differences in any of these

predicted relationships.

Results

Distributions and US population-weighted per-

centages for the sociodemographic and cognitive

variables examined in this study are shown in

Tables 1 and 2. Most respondents were less than

age 60 and white, and reported high school or

greater education. The proportion of

respondents who agreed with the perceived

ambiguity item, �There are so many different
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recommendations about preventing cancer, it is

hard to know which ones to follow�, ranged

from 44% for lung cancer recommendations to

54% for colon cancer recommendations. Nev-

ertheless, with respect to each of the three cancer

types, most respondents still reported high pre-

ventability beliefs and low levels of perceived

risk and cancer-related worry. With respect to

cancer-protective behaviours, at least 40% of the

entire study population reported past sigmoid-

oscopy–colonoscopy and FOBT, as well as at

least some sunscreen use and past smoking his-

tory of >100 cigarettes. Of the 52% of respon-

dents with a prior smoking history, 37%

reported that they currently smoked.

Relationships between perceived ambiguity and

perceived preventability of cancer

Across all three cancer types, a strong inverse

relationship was found between perceived

ambiguity and perceived preventability of can-

cer, controlling for sociodemographic variables

(Table 3). As predicted and consistent with the

phenomenon of ambiguity aversion, perceived

ambiguity was associated with lower prevent-

ability beliefs. Sociodemographic covariates

demonstrating significant associations with per-

ceived cancer preventability included age (for

colon and lung cancer) and education level (for

skin and lung cancer), with older age and lower

education levels predicting lower perceived pre-

ventability.

Contrary to predictions, perceived ambiguity

did not interact with cancer-related worry (per-

ceived ambiguity · cancer-related worry) in its

relationship with perceived cancer preventabil-

ity, for any of the three cancer types.

Relationships between perceived ambiguity and

perceived cancer risk

For lung cancer only, a positive relationship [odds

ratio (OR) 1.85, 95% CI: 1.27–2.69 and

P = 0.001] was found between perceived ambi-

guity and perceived cancer risk, controlling for

sociodemographic variables (Table 4). Consis-

tent with predictions, high perceived ambiguity

was associatedwith higher levels of perceived lung

cancer risk. However, this relationship was not

observed with perceived colon and skin cancer

risk. Sociodemographic covariates demonstrat-

ing significant associations with perceived lung

cancer risk included age, education level, and

race, with older age and higher education being

associated with lower perceived lung cancer risk,

and non-white, non-black race being associated

with higher perceived lung cancer risk.

Relationships between perceived ambiguity and

cancer-related worry

For lung cancer only, a positive relationship

(OR 1.48, 95% CI: 1.00–2.19 and P = 0.046)

was found between perceived ambiguity and

lung cancer-related worry, controlling for soci-

odemographic variables (Table 5). As predicted,

higher levels of perceived ambiguity were asso-

ciated with higher levels of lung cancer-related

worry. This relationship was not observed with

colon and skin cancer-related worry, although

the association with colon cancer approached

Table 1 Distribution and weighted percentages of sociode-

mographic characteristics of Health Information National

Trends Survey (HINTS) respondents aged 40 and older (2005

HINTS)*

Sociodemographic

variables N* Percentage�

Age

40–49 1029 34.6

50–59 1057 27.2

60–69 872 19.9

70+ 1112 18.3

Education level

Less than high school 500 14.1

High school graduate 1094 35.3

Some college 1113 25.4

College graduate 1226 25.2

Race

White 3351 83.2

Black 337 10.0

Others 156 6.8

Gender

Female 2708 47.1

Male 1380 52.9

*Total sample N = 4070; decreased and unequal �n� for individual

variables because of excluded and missing data.
�Percentages weighted to the US population using 2005 census data.
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statistical significance (OR 1.41, 95% CI: 0.95–

2.11 and P = 0.081). Sociodemographic cova-

riates demonstrating significant associations

with lung cancer-related worry included age

(P < 0.001) and education level (P = 0.018),

with older age and higher education being

associated with lower lung cancer-related worry.

Mediational effects

To follow up on the significant main effects found

for lung cancer cognitions, we conducted medi-

ational analyses to test the prediction that per-

ceived ambiguity would appear to influence

worry not only directly but indirectly, through its

effects upon risk perceptions. Using Baron and

Kenny�s procedure,46 we first confirmed signifi-

cant associations between perceived ambiguity

and worry (P = 0.046), perceived ambiguity and

perceived risk (P = 0.001), and perceived risk

and worry (P < 0.001), in separate logistic

regression models. Next, we regressed worry on

perceived ambiguity while controlling for per-

ceived risk; this reduced the previously significant

association between perceived ambiguity and

worry to non-significance (P = 0.370), consis-

tent with a mediational effect of perceived risk,

and the OR for the association decreased from

1.48 (95% CI: 1.00–2.19) to 1.17 (95% CI:

0.82–1.68). Supporting the hypothesized causal

direction of this effect, we also found no evidence

that worry mediated the relationship between

perceived ambiguity and perceived risk. The

association between perceived ambiguity and

perceived risk remained significant (P < 0.001)

even when controlling for worry.

Relationships between perceived ambiguity and

cancer-specific risk-modifying behaviours

Colon cancer screening

Perceived ambiguity about colon cancer

prevention recommendations was inversely

Table 3 Multivariate logistic regression models of the relationship between perceived ambiguity and perceived cancer pre-

ventability, by cancer type (2005 Health Information National Trends Survey)*

Colon cancer preventability

(n = 1199)

Skin cancer preventability

(n = 1031)

Lung cancer preventability

(n = 1243)

Variables OR 95% CI P-value� OR 95% CI P-value� OR 95% CI P-value�

Age

40–49 1.00 0.040 1.00 0.264 1.00 0.019

50–59 0.52 0.24–1.11 0.97 0.45–2.09 0.94 0.45–1.97

60–69 0.76 0.38–1.52 0.95 0.48–1.85 0.54 0.30–0.97

70+ 0.43 0.23–0.81 0.55 0.28–1.08 0.74 0.39–1.41

Education level

Less than high school 1.00 0.059 1.00 0.008 1.00 0.007

High school graduate 1.19 0.68–2.10 1.70 0.87–3.34 1.97 1.13–3.45

Some college 2.54 1.18–5.47 2.83 1.29–6.22 2.29 1.20–4.36

College graduate 1.99 0.88–4.47 6.25 1.83–21.32 2.89 1.51–5.54

Race

White 1.00 0.303 1.00 0.324 1.00 0.234

Black 0.60 0.23–1.53 0.72 0.34–1.55 0.78 0.36–1.70

Others 0.49 0.16–1.55 0.56 0.24–1.28 0.43 0.18–1.02

Gender

Female 1.00 0.376 1.00 0.273 1.00 0.720

Male 0.81 0.50–1.31 1.33 0.79–2.24 0.92 0.58–1.46

Perceived ambiguity

Low 1.00 <0.001 1.00 <0.001 1.00 <0.001

High 0.27 0.15–0.46 0.20 0.10–0.41 0.23 0.14–0.37

*Total sample N = 1414; separate models fitted for each cancer type; decreased and unequal �n� for individual models (indicated in parentheses)

because of excluded and missing data.
�For Wald chi-squared test of association.
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associated with self-reported past flexible sig-

moidoscopy or colonoscopy (OR 0.59, 95%

CI: 0.38–0.92 and P = 0.018) (Table 6). Con-

sistent with the phenomenon of ambiguity

aversion, perceived ambiguity was associated

with less past sigmoidoscopy–colonoscopy. A

similar trend was seen with past FOBT,

although this association did not reach statis-

tical significance (OR 0.80, 95% CI: 0.57–1.13

and P = 0.066). Further mediational analy-

ses46 showed only a borderline significant

mediating effect of perceived colon cancer

preventability in the relationship between per-

ceived ambiguity and sigmoidoscopy–colonos-

copy screening. Inclusion of the potential

mediating variable in the regression model

reduced the significant association between

perceived ambiguity and sigmoidoscopy–colo-

noscopy to non-significance, although the

change in P-value was relatively small (from

0.018 to 0.054).

Sunscreen use

Perceived ambiguity about skin cancer pre-

vention recommendations was inversely asso-

ciated with sunscreen use (OR 0.68, 95% CI:

0.47–1.00 and P = 0.044) (Table 6). Consis-

tent with the phenomenon of ambiguity aver-

sion, perceived ambiguity was associated with

lower levels of sunscreen use. Mediational

analysis46 showed no significant mediating

effect of perceived skin cancer preventability in

the relationship between perceived ambiguity

and sunscreen use.

Cigarette smoking

Perceived ambiguity about lung cancer preven-

tion recommendations was not significantly

associated with lifetime history of smoking at

least 100 cigarettes (OR 1.22, 95% CI: 0.92–1.61

and P = 0.164), although it was positively

associated (OR 1.85, 95% CI: 1.11–3.07 and

P = 0.015) with current cigarette smoking in

Table 4 Multivariate ordinal logistic regression models of the relationship between perceived ambiguity and perceived cancer

risk, by cancer type (2005 Health Information National Trends Survey)*

Colon cancer perceived risk

(n = 1141)

Skin cancer perceived risk

(n = 1010)

Lung cancer preventability risk

(n = 1214)

Variables OR 95% CI P-value� OR 95% CI P-value� OR 95% CI P-value�

Age

40–49 1.00 0.022 1.00 <0.001 1.00 <0.001

50–59 1.00 0.67–1.48 0.78 0.54–1.11 1.01 0.70–1.47

60–69 0.98 0.66–1.43 0.70 0.44–1.13 0.92 0.58–1.48

70+ 0.54 0.36–0.82 0.26 0.16–0.43 0.48 0.32–0.72

Education level

Less than high school 1.00 0.646 1.00 0.067 1.00 0.052

High school graduate 1.36 0.83–2.24 1.92 1.12–3.28 1.16 0.70–1.92

Some college 1.34 0.75–2.41 1.78 1.05–3.01 0.79 0.47–1.33

College graduate 1.25 0.70–2.25 1.94 1.08–3.50 0.63 0.36–1.09

Race

White 1.00 0.033 1.00 <0.001 1.00 0.039

Black 0.47 0.21–1.08 0.23 0.12-0.45 0.86 0.48–1.53

Others 0.42 0.17–1.00 0.29 0.16-0.54 2.58 1.18–5.64

Gender

Female 1.00 0.116 1.00 0.868 1.00 0.751

Male 1.34 0.92–1.94 0.97 0.68–1.39 1.06 0.74–1.50

Perceived ambiguity

Low 1.00 0.209 1.00 0.921 1.00 0.001

High 1.24 0.88–1.77 0.98 0.67–1.43 1.85 1.27–2.69

*Total sample N = 1414; separate models fitted for each cancer type; decreased and unequal �n� for individual models (indicated in parentheses)

because of excluded and missing data.
�For Wald chi-squared test of association.
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respondents with a past smoking history

(n = 655) (Table 6). No mediators in this rela-

tionship were identified.

Discussion

In this nationally representative cross-sectional

survey, we found significant relationships

between perceived ambiguity about cancer pre-

vention recommendations and other important

cognitions pertaining to specific cancers. Con-

sistent with the phenomenon of �ambiguity

aversion�, perceived ambiguity had a strong

negative relationship with perceptions of the

preventability of all three types of cancer –

colon, skin and lung examined in the study.

These results support both theory-based pre-

dictions and the findings of our earlier study

which was conducted in a different sample

population29 and which focused solely on the

relationship between perceived ambiguity and

cognitions pertaining to cancer in general.

Furthermore, in addition to these predicted

relationships with cancer-related cognitions,

perceived ambiguity about the prevention of

specific cancers was inversely related to several

corresponding risk-modifying behaviours,

including sigmoidoscopy–colonoscopy testing,

sunscreen use and smoking abstinence (among

respondents with a past smoking history). This

finding of an association between perceived

ambiguity about cancer prevention recommen-

dations and actual preventive behaviours

expands upon our previous work and adds to

growing evidence that ambiguity perceptions in

this domain may have behavioural as well as

cognitive manifestations,47–49 potentially influ-

encing both primary (sunscreen use and smoking

abstinence) and secondary (sigmoidoscopy–

colonoscopy testing) prevention behaviours.

The current study, however, did not support

all of our predictions regarding the potential

effects of perceived ambiguity. Across all cancer

types, perceived ambiguity did not demonstrate

Table 5 Multivariate ordinal logistic regression models of the relationship between perceived ambiguity and cancer-related

worry, by cancer type (2005 Health Information National Trends Survey)*

Colon cancer worry (n = 1242) Skin cancer worry (n = 1041) Lung cancer worry (n = 1262)

Variables OR 95% CI P-value� OR 95% CI P-value� OR 95% CI P-value�

Age

40–49 1.00 0.755 1.00 <0.001 1.00 <0.001

50–59 0.80 0.48–1.34 0.69 0.42–1.13 0.77 0.51–1.16

60–69 0.84 0.49–1.44 0.72 0.43–1.21 0.82 0.47–1.44

70+ 0.82 0.54–1.26 0.29 0.18–0.47 0.32 0.18–0.56

Education level

Less than high school 1.00 0.237 1.00 0.057 1.00 0.018

High school graduate 0.68 0.35–1.31 2.07 1.00–4.33 0.81 0.42–1.55

Some college 0.52 0.27–1.02 1.90 0.93–3.88 0.46 0.21–1.00

College graduate 0.51 0.25–1.05 2.72 1.28–5.77 0.47 0.24–0.89

Race

White 1.00 0.086 1.00 0.108 1.00 0.122

Black 2.27 0.88–5.83 0.35 0.12–0.96 1.10 0.62–1.96

Others 1.68 0.78–3.61 0.84 0.41–1.75 1.86 1.01–3.44

Gender

Female 1.00 0.091 1.00 0.062 1.00 0.774

Male 1.40 0.94–2.08 0.74 0.53–1.02 0.93 0.58–1.51

Perceived ambiguity

Low 1.00 0.081 1.00 0.837 1.00 0.046

High 1.41 0.95–2.11 1.04 0.70–1.55 1.48 1.00–2.19

*Total sample N = 1414; separate models fitted for each cancer type; decreased and unequal �n� for individual models (indicated in parentheses)

because of excluded and missing data.
�For Wald chi-squared test of association.
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consistent associations with cancer risk percep-

tions or worry. Although perceived ambiguity

was positively related to both perceived risk and

worry pertaining to lung cancer, these relation-

ships were not seen for colon and skin cancer.

This finding was contrary to study predictions

and the results of our earlier analysis of non-

cancer-specific cognitions, suggesting that cancer

type moderates the potential cognitive effects of

ambiguity perceptions. Because smokers are the

individuals most at risk for lung cancer, this

finding may reflect tighter coherence among

cognitions about cancers for which there is one

primary risk factor. This hypothesis needs to be

tested.

These cancer-specific differences highlight the

need to understand the potential influence of

ambiguity perceptions within the larger context

of key cognitions that constitute people�s mental

representations of illness. Important cognitions

that might be affected by ambiguity – e.g. per-

ceptions regarding the risk and controllability of

a disease, and the risks of both undertaking or

foregoing a disease-protective intervention – are

components of specific mental models that

individuals develop over time as they process

health information from different sources.50,51

People�s responses to ambiguity may be altered

by these mental models in various ways. The

extent to which ambiguity about preventing a

particular cancer heightens risk perceptions or

cancer-related worry may be moderated by pre-

existing beliefs about the cancer�s causes, con-

sequences or natural history. Furthermore, the

coherence – as well as the content – of these

mental models may influence people�s responses
to ambiguity. Pertinent illness representations

including perceptions of both the preventability

and risk of cancer may be well formed and

strongly held, because of several factors – e.g.

the influence of mass media and disease advo-

cacy groups,5,52 cultural values regarding the

good of cancer prevention and screening.53–55

This may make people more or less resistant

to ambiguous information about cancer

prevention.

At the same time, the observed relationships

between perceived ambiguity and various cancer

risk-modifying behaviours suggest that the

potential causal pathways from ambiguity per-

ceptions to behaviours are complex. Cancer risk

perceptions and worry may play little role in

these pathways, at least for the colon and skin

cancer protective behaviours examined. For

sigmoidoscopy–colonoscopy screening, per-

ceived ambiguity may influence behaviour

through its effect on cancer preventability

beliefs, while for other behaviours such as sun-

screen use and smoking abstinence, prevent-

ability beliefs may not be important mediating

factors. Factors related to the protective

behaviour itself may also moderate the influence

of ambiguity perceptions; this may explain why,

for example, perceived ambiguity was associated

with sigmoidoscopy–colonoscopy testing, but

not with FOBT. Other variables may also act as

moderators in these pathways, although con-

trary to predictions, no significant interactions

were found between cancer-specific worry and

perceived ambiguity in relation to any of the

other outcome variables. These findings remain

tentative, however, given that the study may

have had insufficient power to detect all poten-

tially significant interactions.

Much more work is needed to elucidate the

mechanisms underlying ambiguity aversion.

Causal directions need to be firmly established,

and this represents the main limitation of the

current study. Although our hypothesized causal

model and the study�s specific findings are con-

sistent with a large body of past research on the

outcomes of ambiguity perceptions, longitudinal

and experimental studies are necessary to

confirm our findings and validate the model.

Furthermore, a large number of associations

were examined, and although most of our find-

ings were consistent with theoretical predictions

and past empirical work, some observed asso-

ciations could have resulted from chance alone.

We also excluded subjects with �do not know�
responses to several items including those used

to measure perceived ambiguity. This could have

biased our findings, if such responses indicated

high ambiguity perceptions – a possibility sup-

ported by additional analyses in which similar

associations with outcome variables, such as
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perceived colon cancer preventability, were

found for the �do not know� (OR 0.19, 95% CI:

0.09–0.42) and �high� (OR 0.27, 95% CI: 0.15–

0.46) response categories of the perceived

ambiguity variable. This suggests that any bias

introduced by excluding �do not know� respon-
dents was likely conservative (biased towards the

null), and an acceptable trade-off to avoid ana-

lytic problems posed by small cell sizes or

imputed responses.

Other study limitations point to additional

research needs. HINTS 2005 did not ascertain the

specific targets of perceived ambiguity; thuswe do

not know, for example, whether respondents�
ambiguity perceptions related to random expo-

sure to health messages from mass media, or to

deliberate communication efforts by health pro-

fessionals. Nor do we know whether respondents�
exposure to ambiguous information was passive

or the result of active information seeking. These

unmeasured variables, however, might be critical

determinants of people�s responses to ambiguity.

Another methodological concern is that per-

ceived ambiguity and the constructs of perceived

cancer preventability, risk and worry were each

measuredby single itemswith unknown reliability

and validity. This may limit the strength of our

conclusions, although cognitions such as risk

perceptions have been shown to be highly reliable

over time,56 and single-item measures of con-

structs such as cancer risk and cancer worry have

been found in other studies to predict behavioural

endpoints such as cancer screening.57–59

The behavioural variables analysed in our

study may also have had limited validity as

indicators of the effects of ambiguity percep-

tions. HINTS 2005 did not ascertain whether

sigmoidoscopy–colonoscopy testing, for exam-

ple, was performed for the purpose of cancer

screening as opposed to diagnostic evaluation.

In the strictest sense, furthermore, screening

interventions such as sigmoidoscopy, colonos-

copy and FOBT do not prevent cancer; there-

fore, ambiguity about colon cancer prevention

recommendations should not influence screen-

ing-related cognitions and behaviours. Likewise,

because both sunscreen use and smoking absti-

nence serve purposes other than cancer preven-

tion, perceived ambiguity about skin and lung

cancer prevention might have limited effect on

these behaviours. The lack of ascertainment of

behaviours more explicitly aimed at the primary

prevention of all three cancers likely reduced our

ability to determine the full impact of ambiguity

perceptions related to cancer prevention recom-

mendations. The fact that perceived ambiguity

nevertheless demonstrated significant associa-

tions with all these variables suggests that

ambiguity perceptions are powerful determi-

nants of behaviour, sometimes being overgen-

eralized to circumstances in which they do not

strictly apply.

Finally, aspects of the study population may

limit the generalizability of our findings. The

relatively low-response rate for the HINTS 2005

reflects an unfortunate trend in survey

research,60,61 and may have biased our findings.

The exclusion from analyses of participants with

�do not know� and �refused� responses may have

also introduced bias, as non-response and inde-

cision might reflect high perceived ambiguity.

Furthermore, because the study sample was

predominantly white and well educated, we are

less able to generalize our findings to members

of other population groups.

In spite of these limitations, the current study

provides convergent evidence that ambiguity

surrounding cancer prevention recommenda-

tions may have predictable effects on important

cognitions, emotions and behaviours. It may

diminish beliefs in the preventability of cancer,

lower adherence to cancer-protective interven-

tions and in some cases heighten perceptions of

vulnerability to cancer. The communication of

ambiguity to the public thus poses potential

ethical trade-offs for clinicians, communication

experts, and policy makers who are interested in

promoting informed and shared decision mak-

ing. In the cancer prevention domain at least,

these approaches to making health care more

patient-centred62 could end-up diminishing

patient well-being. A critical task, then, is to

determine when heightened ambiguity percep-

tions are truly appropriate and warranted, and

how ambiguity should be communicated in these

circumstances.

Perceived ambiguity about cancer prevention recommendations, P K J Han et al.

� 2007 The Authors. Journal compilation � 2007 Blackwell Publishing Ltd Health Expectations, 10, pp.321–336

333



Yet, the current study also suggests that the

potential outcomes of communicating ambigu-

ity are not straightforward; ambiguity aversion

may manifest in different ways and degrees

depending on the type of cancer involved, and

other factors. Not all ambiguous situations are

aversive, and not everyone confronting ambi-

guity will react in the same way. But this means

that we need to understand much more about

the factors that mitigate people�s responses to

ambiguity, to anticipate these responses and to

design effective, supportive, and ethical inter-

ventions for communicating ambiguity in can-

cer control and in health care generally. We

view the current study as a preliminary step

towards that goal.
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