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Abstract: Little is known about why educational inequalities exist in informed decision making in
colorectal cancer (CRC) screening. Insight into the role and impact of health literacy is essential for
intervention development. This study investigates associations between health literacy and informed
decision making in CRC screening and explores to what extent health literacy mediates the association
between education and informed decision making in CRC screening. In total, 696 individuals eligible
for CRC screening (55–75 years of age) were recruited from online panels and filled in an online
questionnaire at T0 (n = 696), T1 (n = 407) and T2 (n = 327). A hypothetical mediation model was tested
using structural equation modelling. Outcomes included CRC knowledge, CRC screening knowledge,
attitude, injunctive norm, descriptive norm, risk perception, self-efficacy, decisional conflict and
decisional certainty. Health literacy domains included Comprehension, Application, Numeracy and
Communication. Comprehension, Application and Numeracy, were found to mediate the association
between education and knowledge about CRC and CRC screening, injunctive norm, descriptive norm,
decisional conflict and decisional certainty. In light of these findings, targeting multiple health literacy
domains in decision-support interventions is essential for facilitating informed decision making in
CRC screening.

Keywords: education; health literacy; informed decision making; colorectal cancer screening;
mediation analysis; structural equation modelling

1. Introduction

Colorectal cancer screening (CRC) is an effective strategy to reduce the mortality and morbidity in
the population [1]. However, as with all screening programs, not all participants will benefit from
participation, and screening programs have the potential to do harm through risks of the procedure
itself, false test results, unnecessary detection and anxiety [2,3]. It is increasingly being recognized
that screening programs should therefore aim to facilitate informed decision making (IDM) [4]. IDM
refers to the process of weighing up individual potential benefits and harms of CRC screening [4].
However, IDM in CRC screening is difficult to achieve, especially for those with a lower educational
level. Previous studies found that individuals with a lower educational level have lower knowledge
on cancer, cancer risk and cancer screening and are less likely to make informed decisions [5,6].
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Health literacy (HL) may be a possible mediator in the relation between educational level and
IDM in CRC screening. HL is generally defined as the ability to access, understand, appraise and
apply information in order to make informed health decisions [7]. Low HL has been shown to be a key
determinant of health and a stronger predictor of an individual’s health status than educational level [8].
Low HL is more prevalent among those with a low educational level. However, individuals with a
higher educational level may also have low HL [9]. Although HL has been increasingly considered as
the missing link or mediating variable in inequalities in health and use of health care [3], it has hardly
been empirically investigated in cancer screening.

HL has shown to be associated with elements of IDM, although the evidence is scarce and
contradictory [10]. For instance, several studies found that individuals with a lower HL have lower
CRC screening knowledge [11,12]. However, other studies found no association between HL and CRC
screening knowledge [13,14]. To date, most existing studies on HL and decision making are limited by
(1) the assessment of merely functional HL (i.e., basic reading and writing skills) and (2) the assessment
of single elements (e.g., knowledge, attitude-uptake consistency or deliberation) with regard to IDM in
CRC screening [10].

For optimizing decision-support interventions, more insight is needed into the role of HL in
educational inequalities in IDM in CRC screening. Insight into how and which HL skills play a role
in decision making enables the development of tailored communication and decision-support tools,
and the evaluation of such interventions. It is therefore crucial to apply comprehensive HL measures
in this particular context [15]. We previously underlined the importance of assessing multiple domains
of HL (Comprehension, Appraisal, Application, Numeracy and Communication) in the context of IDM in
CRC screening. IDM about CRC screening not only requires the ability to read and understand CRC
screening information, individuals also need the ability to judge, discuss and apply information for
personal relevance [15,16].

As individuals with a lower educational level have more difficulty understanding health
information and making informed screening decisions, we hypothesize that the relationship between
education and IDM involves indirect pathways via multiple domains of HL. Specifically, we aim to
assess whether multiple HL domains can explain educational inequalities in IDM in CRC screening.
Figure 1 presents the conceptual model that will be tested in this study. Level of education is included
in the model as an independent variable, HL as a mediator and elements of decision making in CRC
screening as dependent variables. We will examine multiple elements of IDM, as there is not one
operationalization of IDM or “gold standard” that does justice to the way individuals make decisions in
practice [10]. Using health decision-making models, such as the health belief model [17] and the theory
of planned behavior [18], we study nine elements of decision making in CRC screening, including CRC
knowledge, CRC screening knowledge, attitude, decisional self-efficacy, risk perception, injunctive
norm (i.e., beliefs about what others approve and disapprove), descriptive norm (i.e., beliefs about
what others do), decisional conflict and decisional certainty that have been shown to be determinants
of screening decision making and behavior [19,20].
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We hypothesize that HL mediates the pathways between educational level and nine elements of
IDM about CRC screening (Figure 1). Four hypotheses will be tested for each of the four domains of
health literacy:

Hypothesis 1 (H1): Comprehension mediates the pathway between educational level and informed decision
making.

Hypothesis 2 (H2): Application mediates the pathway between educational level and informed decision making.

Hypothesis 3 (H3): Numeracy mediates the pathway between educational level and informed decision making.

Hypothesis 4 (H4): Communication mediates the pathway between educational level and informed decision
making.

2. Methods

2.1. Study Participants

Participants (N = 696) were recruited from a large participant pool by two ISO-certified market
research companies (Flycatcher and PanelClix). A stratified sample of individuals eligible for CRC
screening (55–75 years of age) was created with high/middle and low educational levels equally
represented. Individuals were eligible to participate in the study if they were able to read or understand
Dutch and had been invited to participate in the Dutch CRC screening program in 2017 (individuals
born in 1942, 1944, 1956, 1958 or 1960 received a CRC screening invitation in 2017). The market research
companies sent all eligible participants an email to explain the purpose and procedure of the study
and to invite them to participate in the study.

2.2. Data Collection

Demographic characteristics (birth year and sex), education and health literacy were first assessed
by an online questionnaire among 696 participants in January 2017 (T0). Of these 696 participants,
407 (58%) completed the second questionnaire in February 2017 (T1), and 327 (47%) completed a third
questionnaire in December 2017 (T2). At T1, participants were instructed to read the online information
leaflet about CRC screening from the National Institute of Public Health and the Environment
(RIVM) [21]. The following variables were assessed after participants had read the leaflet: CRC
knowledge, screening knowledge, attitude towards CRC screening, self-efficacy regarding decision
making about CRC screening, risk perception, injunctive norm, descriptive norm, and decisional
conflict. Decisional certainty was assessed by a third questionnaire (T2) in December 2017 after invitees
had made the decision about whether or not to participate in CRC screening (n = 327).

2.3. Independent Variable

Educational level was categorized as low (levels 0–2 early childhood; primary education; lower
secondary education); middle (levels 3–5: upper secondary; postsecondary; short-cycle tertiary); and
high (levels 6–8; bachelor; master; doctoral), following the International Standard Classification of
Education (ISCED) [22].

2.4. Mediators

Four domains of HL were assessed: Comprehension, Application, Numeracy and Communication.
These four domains were validated in the context of IDM in CRC screening in a previous study [23].
Although a fifth domain, namely Appraisal, was also identified to be important for IDM, this domain
did not meet acceptable psychometric properties and was therefore not examined in this study.
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Comprehension was assessed by a 13 item version of the Short Assessment of Health Literacy in
Dutch (SAHL-D). The SAHL-D consists of single words that refer to medical specialties, tests, treatment
and symptoms. People have to select the correct meaning of each word [24]. The 13 item version of the
comprehension test has previously been validated, with higher scores indicating higher Comprehension
skills (scores range from 0 to 13) [25].

Application was assessed by the Newest Vital Sign in Dutch (NVS-D) [26], consisting of questions
about an ice cream nutrition label, with higher scores indicating higher Application skills (scores range
from 0 to 4).

Numeracy was assessed by four items of a risk scale [27], with higher scores indicating higher
Numeracy skills (scores range from 0 to 4).

Communication was assessed by the Perceived Efficacy in Patient–Physician Interactions
(PEPPI) [28], with higher scores indicating higher perceived self-efficacy in communication with
a health care provider (scores range from 0 to 5).

2.5. Dependent Variables

CRC knowledge was assessed by 6 items about CRC in general [29] (example item: “Colorectal
cancer has a better chance of survival when detected in an early stage”). Items were statements with
response options “correct”, “incorrect” or “don’t know”. Responses that correctly identified a given
statement as “correct” or “incorrect” were scored as 1; responses that incorrectly identified a statement
as “correct” or “incorrect” or the use of “don’t know” were classified as 0. Summing of the scores
resulted in individual knowledge scores ranging from 0 to 6, with higher scores indicating better
CRC knowledge.

CRC screening knowledge was assessed by 12 items about CRC screening [29] (example item: “If
the stool test detects blood, there is a 100% chance of colorectal cancer”). All items were statements
with response options “correct”, “incorrect” or “don’t know”. Responses that correctly identified a
given statement as “correct” or “incorrect” were scored as 1; responses that incorrectly identified a
statement as “correct” or “incorrect” or the use of “don’t know” were classified as 0. Summing of the
scores resulted in individual knowledge scores ranging from 0 to 12, with higher scores indicating
better CRC screening knowledge.

Attitude towards own participation in CRC screening was assessed with 10 items using
5-point Likert scales that were used in a Dutch study on decision making in CRC screening [29].
Participants were asked to indicate whether participation in CRC screening for themselves would be a
good–bad idea, frightening–not frightening, reassuring–not reassuring, self-evident–not self-evident,
important–unimportant, wise–unwise, desirable–undesirable, pleasant–unpleasant, harmful–not
harmful, and useful–not useful. Scores were summed, resulting in a total attitude scale ranging from
10 to 50, with higher scores indicating a more positive attitude towards CRC screening.

Descriptive norm was measured by one item (‘People like me participate in CRC screening’)
using a 5-point Likert scale (1 = totally disagree; 5 = totally agree). A higher score indicated a higher
descriptive norm.

Injunctive norm was measured by one item (‘Important others will approve of my participation in
CRC screening’) using a 5-point Likert scale (1 = totally disagree; 5 = totally agree). A higher score
indicated a higher injunctive norm.

Decisional self-efficacy was measured by one item (‘I am confident that I am able to make the
decision about whether or not participate myself’) using a 5-point Likert scale (1 = not at all; 5 = a lot).
A higher score indicated higher decisional self-efficacy.

Risk perception was measured by summing the scores of two items (‘I think my chances of getting
CRC are big’ and ‘I think that my chance of getting CRC is bigger than that of others my age’) using
5-point Likert scales (1 = totally disagree; 5 = totally agree), with scores ranging from 2 to 10 and a
higher score indicating higher risk perception.
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Decisional conflict was assessed with the low literacy version of the Decisional Conflict Scale
(DCS) [30], which has been used in a previous Dutch study [31]. This version consists of 10 items
with three response options of “yes” (scored as 0), “don’t know” (scored as 2), or “no” (scored as 4).
The sum of the scores was multiplied by 2.5 following the original scoring [31], with higher scores
indicating higher decisional conflict.

Decisional certainty was measured by one item (‘How certain are you that you made the right
decision for yourself?’) on a 4-point Likert scale (1 = not at all; 4 = a lot). A higher score indicated
lower decisional certainty.

2.6. Data Analysis

Descriptive analyses were performed using SPSS 24.0 and mediation analyses were conducted
using Mplus version 8.0. First, we explored educational differences using known group comparisons.
Taking into account multiple testing, we chose the significance level of p-value ≤ 0.01 (p = 0.05/three
comparisons). Mediation analyses were performed using structural equation modeling (SEM) as
recommended by McKinnon [32] and Gunzler, et al. [33]. SEM has several advantages over standard
regression methods for mediation analysis: (1) it can be used to examine direct and indirect (i.e.,
mediation) relationships simultaneously and (2) it can be used to test multiple independent variables,
mediators and outcome variables.

In order to understand the possible mediation effects of each aspect of HL individually, H1, H2,
H3 and H4 were tested in four mediation models, for each of the four domains of health literacy
(Comprehension, Application, Numeracy and Communication) separately. In each model, the independent
variable was educational level and the dependent variables were nine separate elements of IDM: CRC
knowledge, screening knowledge, attitude, injunctive norm, descriptive norm, decisional self-efficacy,
risk perception, decisional conflict and decisional certainty (see Figure 1). The mediating variable was
one of the HL domains. All variables were included in the models as continuous variables, with the
exception of educational level, which was treated as a dummy variable [34]. For each model, three
comparisons were made: low vs. middle, low vs. high and middle vs. high educational level. As we
included all pathways into the model (i.e., all direct and indirect effects), the resulting models were
so-called ‘just-identified’ models, meaning that the models have zero degrees of freedom and cannot
be used to evaluate model fit. Bootstrapping analyses were conducted with 1000 bootstrapped samples
in order to obtain reliable 95% confidence intervals of estimated parameters which were not normally
distributed [35].

Hypotheses regarding the mediation effect of HL on the relation between educational level and
the elements of IDM were evaluated by looking at whether zero is in the confidence interval of the
associated indirect effect. If zero is not in the interval, one can be confident that the mediation effect
is statistically significant [32]. For all pathways, standardized total, direct and indirect effects were
reported. The total effect (c-coefficient) is the sum of the indirect effect (ab) and the direct effect
(c’-coefficient) (see Figure 1). When the indirect effect of education on an element of decision making
through one of the HL domains is significant, this indicates that there is at least partial mediation.
If the direct effect of education on the same element of decision making is not significant, there is
full mediation. Values of indirect effects of 0.02, 0.15 and 0.40 were interpreted as ‘small’, ‘medium’,
or ‘large’ respectively following recommendations by Kenny [36]. Moreover, to give an indication of
the extent of the mediating role of the HL domains in the relationship between educational level and
decision-making outcomes, we also calculated the percentage of the total effect that was mediated by
the HL domains (ab/(ab + c’ × 100%)) [37].

2.7. Ethical considerations

According to Dutch law, this study was waived from requiring ethical approval by the Medical
Ethics Review Committee of Amsterdam UMC (location AMC), since the Dutch Medical Research
Involving Human Subjects Act did not apply to the study (reference number W14_073 #14.17.0099).
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We ensured anonymity of the participants, informed participants about the objectives of the study,
and obtained informed consent prior to participation in each online questionnaire in this study.

3. Results

3.1. Descriptive Statistics

The final sample included 407 participants—of which, 183 (45.0%) were males and 224 (55.0%)
were females. As shown in Table 1, 91 of the 407 (22.4%) participants had a low educational level,
155 (38.0%) had a middle educational level and 161 (39.6%) had a high educational level. Participants
with a low educational level scored lowest on all HL measures. There were no significant educational
differences in the self-reported reading of the CRC screening information before participants completed
the survey questions.

Table 1. Participant characteristics (n = 407) per educational level (low, middle, and high).

Participant Characteristics Educational Level

Low (n = 91)
% or Mean (SD)

Middle (n = 155)
% or Mean (SD)

High (n = 161)
% or Mean (SD)

All
% or Mean (SD)

Gender

Male 29 (31.9) 76 (49.0) 78 (48.4) 183 (45.0)
Female 62 (68.1) 79 (51.0) 83 (51.6) 224 (55.0)

Read the CRC Screening Information

Yes/A bit 82 (90.1) 146 (94.2) 157 (97.5) 385 (94.6)
No 9 (9.9) 9 (5.8) 4 (2.5) 22 (5.4)

Health Literacy Domain/Scale

Comprehension/SAHL-D 7.84 (3.28) a,b 9.46 (2.84) b,c 10.17 (2.84) a,c 9.38 (3.07)
Numeracy/Risk 1.43 (1.07) a,b 2.2 (1.21) b,c 2.70 (1.23) a,c 2.23 (1.28)
Application/NVS-D 3.58 (1.68) a,b 4.61 (1.56) b,c 5.15 (1.30) a,c 4.59 (1.60)
Communication/PEPPI 20.27 (2.26) 20.04 (2.78) 20.52 (2.92) 20.28 (2.73)

IDM Elements

CRC Knowledge 4.22 (1.13) 4.50 (1.03) 4.55 (0.98) 4.46 (1.04)
Screening Knowledge 8.05 (2.09) a,b 9.03 (1.75) b,c 9.50 (1.52) a,c 9.00 (1.83)
Attitude 41.38 (7.14) 41.94 (6.66) c 40.0 (7.59) c 41.05 (7.18)
Decisional Self-efficacy
Missing

4.40 (0.75)
1 (1.1)

4.48 (0.68)
4 (2.6)

4.59 (0.63)
1 (0.6)

4.50 (0.68)
6 (1.5)

Risk Perception
Missing

5.67 (1.25)
1 (1.1)

5.67 (1.17)
4 (2.6)

5.63 (1.00)
1 (0.6)

5.65 (1.12)
6 (1.5)

Injunctive Norm
Missing

3.39 (1.43) a

1 (1.1)
3.19 (1.30)
2 (1.3)

2.89 (1.34) a

0
3.11 (1.35)
3 (0.7)

Descriptive Norm
Missing

4.24 (0.88) a

1 (1.1)
3.95 (1.00)
2 (1.3)

3.68 (1.31) a

0
3.91 (1.05)
3 (0.7)

Decisional Conflict
Missing

31.33 (22.74)
1 (1.1)

25.20 (19.38)
5

24.72 (20.03)
1 (0.6)

26.39 (20.56)
7 (1.72)

Decisional Certainty
Missing

9.44 (1.55) b

20 (22.0)
9.93 (1.45) b

25 (16.1)
10.00 (1.49)
35 (21.7)

9.85 (1.50)
80 (19.7)

a Significant differences between participants with a low and high educational level (p < 0.01). b Significant
differences between participants with a low and middle educational level (p < 0.01). c Significant differences
between participants with a middle and high educational level (p < 0.01). CRC = colorectal cancer; SAHL-D =
Short Assessment of Health Literacy in Dutch; NVS-D = Newest Vital Sign in Dutch; PEPPI = Perceived Efficacy in
Patient–Physician Interactions.

3.2. Education and Health Literacy Domains (a-Path)

A higher educational level was significantly associated with higher scores on the three HL domains
Comprehension (low vs. middle education: B = 0.258; CI 95% [0.129; 0.388]; low vs. high education:
B = 0.373; CI 95% [0.246; 0.501]; middle vs. high education: B = 0.113; CI 95% [0.013; 0.214]), Application
(low vs. middle education: B = 0.313; CI 95% [0.188; 0.437]; low vs. high education: B = 0.479; CI 95%
[0.363; 0.594]; middle vs. high education: B = 0.164; CI 95% [0.069; 0.259]), and Numeracy (low vs.
middle education: B = 0.293; CI 95% [0.184; 0.401]; low vs. high education: B = 0.486; CI 95% [0.381;
0.592], middle vs. high education: B = 0.192; CI 95% [0.089; 0.294]), but not with higher scores on the
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HL domain Communication (see Figures 2–5 for the standardized estimates (between −1 and 1) for the
causal paths of the direct and indirect effects).

3.3. Health Literacy Domains and Elements of Informed Decision Making (b-Path)

Higher Comprehension scores, as measured by the SAHL-D, were significantly associated with
higher CRC knowledge (B = 0.125; CI 95% [0.025; 0.224]), higher CRC screening knowledge (B = 0.320;
CI 95% [0.227; 0.413]) and lower decisional conflict (B = −0.120; CI 95% [−0.222; −0.018]) (see Figure 2),
but not with decisional self-efficacy, risk perception, injunctive norm, descriptive norm, attitude and
decisional certainty (not shown).
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Higher Numeracy scores, as measured by the risk tool, were significantly associated with higher
CRC screening knowledge (B = 0.215; CI 95% [0.120; 0.310]) and higher decisional self-efficacy (B = 0.116;
CI 95% [0.020; 0.213]) (Figure 4), but not with CRC knowledge, risk perception, attitude, decisional
conflict and decisional certainty (not shown).
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Higher Communication scores, as measured by the PEPPI, were significantly associated with
higher decisional self-efficacy (B = 0.178; CI 95% [0.081; 0.275]), higher descriptive norm (B = 0.116;
CI 95% [0.020; 0.213]), more positive attitude (B = 0.191; CI 95% [0.100; 0.281]) and higher decisional
certainty (B = 0.113; CI 95% [0.002; 0.225]) (see Figure 5), but not with CRC knowledge, CRC screening
knowledge, risk perception, injunctive norm and decisional conflict (not shown).
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3.4. Education and Elements of Informed Decision Making (c-Path)

Tables 2–5 show the total effect of education on the nine elements of IDM: CRC knowledge,
screening knowledge, attitude, self-efficacy, risk perception, injunctive norm, descriptive norm,
decisional conflict, and decisional certainty, adjusted for HL (c’-coefficient). Higher educational level
was significantly associated with six of the nine IDM elements: higher CRC knowledge, higher CRC
screening knowledge, lower injunctive norm, lower descriptive norm, lower decisional conflict and
higher decisional certainty. The total effects of education on these decision-making outcomes differed
for the three comparisons (low vs. middle, low vs. high and middle vs. high education). For all three
comparisons, the total effects of education on CRC screening knowledge and descriptive norm were
significant. In addition, for the comparisons low vs. middle and low vs. high education, the total
effects of education on CRC knowledge, decisional conflict and decisional certainty were significant.
For low vs. high education only, the total effect of education on injunctive norm was significant.
For middle vs. high education only, the total effect of education on attitude was significant.

3.5. Education and Informed Decision Making Mediated through Health Literacy Domains (ab-Path)

3.5.1. Mediator: Comprehension

Table 2 presents the mediation effects of Comprehension (H1). The results indicate that Comprehension
mediates the effect between education (low vs. middle and low vs. high) and CRC knowledge, the effect
between education (low vs. middle, low vs. high and middle vs. high) and CRC screening knowledge,
and the effect between education (low vs. middle and middle vs. high) and decisional conflict.
All mediation effects of Comprehension were of small effect size (0.03–0.12) and explained 25–31% of the
total effect.

Table 2. Standardized total, direct and total indirect effects: mediator Comprehension.

Comparison Effect CK SK AT SE RP IN DN DC DCE

Low * vs. Middle
Education

Total 0.129 * 0.260 * 0.038 0.051 0.002 −0.072 −0.133 * −0.147 * 0.168 *

Direct 0.097 0.177 * 0.047 0.034 0.007 −0.050 −0.119 * −0.116 0.159 *
Indirect 0.032 * 0.083 * −0.009 0.016 −0.005 −0.022 −0.014 −0.031 0.009

Effect size 0.25 0.32 −0.24 0.31 −2.5 0.31 0.11 0.21 0.05

Low * vs. High
Education

Total 0.156* 0.386 * −0.094 0.087 −0.018 −0.179 * −0.262 * −0.157 * 0.187 *

Direct 0.110 0.266 * −0.081 0.063 −0.011 −0.148 * −0.262 * −0.112 0.175 *
Indirect 0.046 * 0.119 * −0.014 0.024 −0.007 −0.031 −0.020 −0.045 * 0.012

Effect size 0.29 0.31 0.15 0.28 0.39 0.17 0.08 0.29 0.06

Middle * vs. High
Education

Total 0.026 0.124 * −0.132 * 0.036 −0.020 −0.107 * −0.128 * −0.009 0.018

Direct 0.012 0.087 −0.128 * 0.029 −0.018 −0.098 −0.122 * 0.004 0.014
Indirect 0.014 0.038 * −0.004 0.007 −0.002 −0.010 −0.006 −0.014 0.004

Effect size 0.54 0.31 0.03 0.19 0.10 0.09 0.05 1.56 0.22

* = Reference category. Note: CK = CRC knowledge; SK = screening knowledge; AT = attitude; SE = self-efficacy;
RP = risk perception, IN = injunctive norm; DN = descriptive norm; DC = decisional Conflict; DCE = decisional
certainty. Note. Significant results printed in bold. The total effects for SE, RP, IN, DN and DCE slightly differ
because of missing values.

3.5.2. Mediator: Application

Table 3 presents the mediation effects of Application (H2). The results indicate that Application
mediates the effects between education and CRC Screening knowledge, Injunctive Norm, Descriptive
Norm, and Decisional Certainty. These mediating effects were significant for the comparisons low vs.
middle and low vs. high education. For CRC Screening knowledge only, the mediating effect was
significant for all three comparisons (low vs. middle, low vs. high and middle vs. high education).
The mediating effects were of small effect size (0.04–0.11), explaining 23%–57% of the total effect.
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Table 3. Standardized total, direct and total indirect: mediator Application.

Comparison Effect CK SK AT SE RP IN DN DC DCE

Low * vs. Middle
Education

Total 0.129 * 0.260 * 0.038 0.058 0.002 −0.070 −0.132 * −0.147 * 0.175 *

Direct 0.121 0.187 * 0.049 0.026 0.001 −0.030 −0.092 −0.133 * 0.132
Indirect 0.017 0.072 * −0.012 0.033 0.001 −0.040 * −0.040 * −0.013 0.043 *

Effect size 0.13 0.28 −0.31 0.57 0.5 0.57 0.30 0.09 0.25

Low * vs. High
Education

Total 0.156 * 0.386 * −0.094 0.133 −0.018 −0.178 * −0.261 * −0.157 * 0.193 *

Direct 0.144 * 0.275 * −0.077 0.083 −0.020 −0.116 * −0.200 * −0.137 0.127
Indirect 0.012 0.111 * −0.018 0.050 0.002 −0.062 * −0.061 * −0.020 0.065 *

Effect size 0.08 0.29 0.19 0.38 −0.11 0.35 0.23 0.13 0.34

Middle * vs. High
Education

Total 0.026 0.124 * −0.132 * 0.074 −0.020 −0.107 * −0.128 * −0.009 0.018

Direct 0.022 0.087 −0.126 * 0.057 −0.021 −0.086 −0.107 −0.002 0.014
Indirect 0.004 0.038 * −0.006 0.017 0.001 −0.021 −0.021 −0.007 0.004

Effect size 0.15 0.31 0.04 0.23 −0.05 0.20 0.16 0.78 0.22

* = Reference category. Note: CK = CRC knowledge; SK = screening knowledge; AT = attitude; SE = self-efficacy;
RP = risk perception, IN = injunctive norm; DN = descriptive norm; DC = decisional conflict; DCE = decisional
certainty. Note. Significant results printed in bold. The total effects for SE, RP, IN, DN and DCE slightly differ
because of missing values.

3.5.3. Mediator: Numeracy

Table 4 presents the mediation effects of Numeracy (H3). The results indicate that Numeracy
mediates the effect between education (low vs. middle and low vs. high) and CRC screening
knowledge (small effect sizes of 0.06 and 0.11, explaining 24–27% of the total effect) and mediates the
effect between education (low vs. middle and low vs. high) and decisional self-efficacy (small effect
size of 0.03, explaining 67% of the total effect).

Table 4. Standardized total, direct and total indirect: mediator Numeracy.

Comparison Effect CK SK AT SE RP IN DN DC DCE

Low * vs. Middle
Education

Total 0.129 * 0.260 * 0.038 0.051 0.002 −0.071 −0.133 * −0.147 * 0.170 *

Direct 0.117 0.197 * 0.058 0.017 −0.007 −0.045 −0.109 −0.130 0.154
Indirect 0.012 0.063 * −0.020 0.034 * 0.009 −0.026 −0.023 −0.016 0.016

Effect size 0.09 0.24 −0.53 0.67 0.37 0.17 0.11 0.09

Low * vs. High
Education

Total 0.156 * 0.386 * −0.094 0.087 −0.018 −0.179 * −0.262 * −0.157 * 0.188 *

Direct 0.136 0.281 * −0.061 0.030 −0.033 −0.135 −0.223 * −0.130 0.161 *
Indirect 0.020 0.105 * −0.034 0.057 * 0.015 −0.044 −0.039 −0.027 0.026

Effect size 0.128 0.27 0.36 0.66 −0.83 0.25 0.15 0.17 0.14

Middle * vs.
High Education

Total 0.026 0.124 * −0.132 * 0.035 −0.020 −0.108 * −0.129 * −0.009 0.017

Direct 0.018 0.041 * −0.119 * 0.013 −0.026 −0.090 −0.113 * 0.001 0.006
Indirect 0.008 0.083 −0.013 0.022 0.006 −0.017 −0.015 −0.011 0.010

Effect size 0.31 0.67 0.10 0.63 −0.3 0.16 0.12 1.22 0.59

* = Reference category. Note: CK = CRC knowledge; SK = screening knowledge; AT = attitude; SE = self-efficacy;
RP = risk perception, IN = injunctive norm; DN = descriptive norm; DC = decisional conflict; DCE = decisional
certainty. Note. Significant results printed in bold. The total effects for SE, RP, IN, DN and DCE slightly differ
because of missing values.

3.5.4. Mediator: Communication

We found no mediation effects of Communication in the relationship between educational level
and the nine decision-making outcomes (H4), as the association between education and Communication
was not significant (a-path) (Table 5).
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Table 5. Standardized total, direct and total indirect: mediator Communication.

Comparison Effect CK SK AT SE RP IN DN DC DCE

Low * vs. Middle
Education

Total 0.129 * 0.260 * 0.038 0.059 0.002 −0.071 −0.133 * −0.147 * 0.167 *

Direct 0.127 0.261 * 0.046 0.066 0.004 −0.002 −0.128 −0.149 * 0.172 *
Indirect 0.002 −0.001 −0.008 −0.007 −0.003 −0.069 −0.005 0.002 −0.005

Effect size - - - - - - - - -

Low * vs. High
Education

Total 0.156 * 0.386 * −0.094 0.134 −0.018 −0.179 * −0.262 * −0.157 * 0.186 *

Direct 0.158 * 0.385 * −0.103 0.126 −0.021 −0.181 * −0.267 * −0.155 * 0.182 *
Indirect −0.002 0.001 0.008 0.008 0.003 0.002 0.005 −0.002 0.005

Effect size - - - - - - - - -

* = Reference category. Note: CK = CRC knowledge; SK = screening knowledge; AT = attitude; SE = self-efficacy;
RP = risk perception, IN = injunctive norm; DN = descriptive norm; DC = decisional conflict; DCE = decisional
certainty. Note. Significant results printed in bold. The total effects for SE, RP, IN, DN and DCE slightly differ
because of missing values.

4. Discussion

In this study, we have explored associations between HL and IDM in individuals eligible for CRC
screening, and assessed to what extent HL mediates the association between level of education and nine
elements of IDM. Informed decision making in CRC screening requires an individual to understand CRC
screening information, derive meaning for their personal situation, appraise information, communicate
with others, express decision-making preferences, weigh up personal pros and cons, use information,
follow instructions and translate a decision into actual participation [15]. Our findings support
previous research that shows that a lower HL affects key elements of informed decision making [38,39].
In addition, this study shows that three domains of HL, namely Comprehension (H1), Application (H2)
and Numeracy (H3), partially mediate educational inequalities in the following elements of IDM:
knowledge about CRC and CRC screening, social norms (i.e., injunctive and descriptive norm) and
confidence in the decision (i.e., decisional conflict and decisional certainty).

Consistent with previous research, our study underlines that multiple domains of HL are required
for IDM in CRC screening [16]. Using a HL measurement instrument that we previously validated
in the context of CRC screening [23], we assessed four domains of HL: Comprehension, Application,
Numeracy and Communication. Of these, the domains Comprehension, Application and Numeracy were
found to be significantly related to all elements of informed decision making, with the exception of
risk perception. In line with previous research, we found no association between HL and participants
believing that their chances of getting CRC are big and bigger than others their age [14].

In line with other studies, we found that individuals with a low HL had low knowledge of CRC
and CRC screening [14,31,39], a less positive attitude towards CRC screening [11,39], lower decisional
self-efficacy [13] and higher decisional conflict [31]. To our knowledge, no other study has examined
the association between HL and social norms about CRC screening. A recent study, however, did
show that increasing social norms about CRC screening uptake increases CRC screening intention [40].
Further research should examine how social norms may influence IDM in CRC screening among those
with a low HL.

Comprehension mediated the effect between education, CRC knowledge, CRC screening
knowledge and decisional conflict (H1). This means that having lower Comprehension skills partly
explains why lower educated participants are more likely to have lower CRC and screening knowledge
and to experience more decisional conflict. Application mediated the effect between education
and Screening knowledge, Injunctive Norm, Descriptive Norm and Decisional Certainty (H2).
Hence, individuals with a lower educational level have more difficulty applying information to
their personal situation and consequently more strongly perceive that similar others participate in
screening (descriptive norm) and that their participation is approved by others (injunctive norm).
Numeracy mediated the effect between education and Screening knowledge and decisional self-efficacy
(H3), suggesting that having lower numeracy skills partly explains why being lower educated is
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associated with having less knowledge of CRC screening and less self-efficacy regarding the decision
to participate in screening.

The mediating effects of the HL domains were generally of small effect size and explained between
23% and 7% of the total effects. In terms of the percentage of the total effect explained, the mediation
of Application in the association between education and injunctive norm (explaining 60%), and the
mediation of Numeracy in the association between education and decisional self-efficacy (explaining
70%) were most notable. In line with previous research on the relationship between education, health
literacy and health outcomes [41], our findings show that HL plays a larger role among those with a
lower education than those with higher education for most of the IDM outcomes.

Of note, we found no mediating effects of Communication (H4) as the association between education
and Communication was not significant. The latter might be explained by the use of a self-report measure
to assess Communication skills [29], rather than assessing actual communication skills. Individuals with
a low educational level reported having a slightly higher (albeit not significant) confidence in their
communication skills as compared to those with a middle educational level, which might imply an
overestimation of Communication skills. Performance-based HL measures have shown to be better at
discriminating between different levels of educational levels than self-report measures [26].

A recent review showed that most HL interventions in the European Union (EU) focus on either
functional HL or numeracy [42]. Our findings suggest that interventions to decrease educational
inequalities in informed decision in the context of IDM in CRC screening should focus on multiple HL
domains to mitigate the effects of “uninformed” decision making. This means that decision-support
interventions, such as (digital) communication and decision-support tools, should not only support
reading and understanding of (numerical) CRC screening information, but should also support
weighing up potential harms and benefits of CRC screening and clarifying personal values (i.e.,
attitudes) to increase knowledge of CRC and CRC screening, increase decisional self-efficacy, correct
social norms, reduce decisional conflict and increase decisional certainty. As HL does not explain all the
variance in the relation between education and IDM, having adequate HL by itself may not be sufficient
for IDM in CRC screening. The determinants of IDM are numerous and complex, and encompass
influences from the individual, the family, the provider and the health care system. Further research
should explore factors other than HL that may also play a role in this association.

In the current study, we used multiple elements of IDM in CRC screening as there is no “gold
standard” measure of IDM [10]. However, in order to understand how to facilitate IDM in CRC
screening, it is crucial to first specify and operationalize a definition of IDM that is in line with
how individuals make decisions in daily practice. The lack of a valid definition of IDM hampers
generalization of findings to other situations. Common definitions of IDM, such as the one by
Marteau, et al. [43], who describe an informed decision as one that is based on relevant knowledge,
consistent with one’s personal values, and is behaviorally implemented, are based on a rational decision
model, assuming that individuals deliberately weigh up pros and cos of CRC screening, and thereby
fail to recognize other factors that play a role in decision making. To truly understand the role of HL in
IDM, and for the development of and evaluation of decision-support interventions, a new definition
and universal measure of IDM should be developed.

The main strength of the current study is that we included multiple aspects of HL as well
as IDM in our model and measurements. In addition, the use of longitudinal data allowed us to
examine whether HL precedes the elements of IDM, presenting a more accurate representation of
the temporal order, leading to more accurate conclusions about mediation [33]. This study also has
important limitations. First, although we identified five HL domains as important in our previous
study [23], the HL domain Appraisal did not meet the psychometric properties and has therefore
not been examined in the present study, leaving an important pathway unexplored. Second, we
were not able to demonstrate an association between education and Communication, which can be
explained by the use of a self-report measure. To obtain a better understanding of the association
between competency in communicating with health care professionals and decision-making outcomes,
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more research is needed for the development of performance-based measures for this domain. Third,
we included nine elements for IDM, but decision making is a complex process which involves many
other variables that have not been taken into account in this study. Lastly, the generalizability of our
results is limited, as our study was conducted among individuals eligible for the Dutch CRC screening
program. Although caution is needed in drawing conclusions, we believe that the HL skills needed
for IDM in CRC screening can to a large extent be generalized to other European population-based
CRC screening programs, as the organization of these programs show similarities to the Dutch CRC
screening program [1].

5. Conclusions

By involving multiple elements of IDM, this study supports our thesis that multiple domains
of HL are important in the context of informed decision making in CRC screening. Our results
suggest that the HL domains Comprehension, Application and Numeracy mediate the association between
education and elements of IDM in CRC screening. Hence, decision-support interventions for reducing
educational inequalities in IDM should be tailored to multiple HL domains. For example, adapting
CRC screening information in a way that can be more readily accessed, understood and used by those
who have difficulty reading, understanding and appraising CRC screening information may facilitate
IDM in CRC screening.
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