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There are multiple reasons for not participating in colorectal cancer screening, but the role of health literacy in
screening uptake is not well understood.
The aims of this study were to determine the association between health literacy and colorectal cancer
screening uptake and to explore whether socioeconomic and -demographic characteristics and worry and attitude variables modify this association.
In a cross-sectional study, 10,030 53–74-year-old randomly selected citizens resident in Central Denmark
Region received a questionnaire assessing health literacy using the European Health Literacy Survey Short Scale
16-item. Data on colorectal cancer screening uptake were obtained from the Danish Colorectal Cancer Screening
database, and socioeconomic and -demographic data were linked from Statistics Denmark.
The response rate was 71% (n = 7142). Odds ratio (OR) for uptake was 1.06 (95% conﬁdence interval (CI):
0.96, 1.19) for problematic health literacy and 1.00 (95% CI: 0.87, 1.16) for inadequate health literacy, when
using adequate health literacy as the reference value. The association was not modiﬁed by socioeconomic or
-demographic characteristics, worry or attitude.
No association was found between health literacy and colorectal cancer screening uptake. Future research
needs to clarify which dimensions of health literacy may predict screening uptake and how it is best measured.

1. Introduction

(FIT) is superior to the FOBT in detecting CRC and is now the favored
screening test (Parra-Blanco et al., 2010).
The overall eﬃciency of screening relies on high uptake in the
target population (Sundhedsstyrelsen, 2014). The minimal desirable
CRC screening uptake is considered to be 65% by the European Commission (Moss et al., 2012) and 80% by the American Cancer Society
(American Cancer Society, 2017). CRC screening uptake in screening
programs across the world varies between 16 and 68% (Njor et al.,
2018; Hirst et al., 2018; de Moor et al., 2018; Navarro et al., 2017 May
28) and thus, CRC screening uptake remain below the desired standards.
Screening non-participation is associated with lower socioeconomic
status as assessed by dimensions such as income, educational level, and
employment status (Gimeno Garcia, 2012; Wools and Dapper, 2015;

Colorectal cancer (CRC) represents a substantial part of the global
cancer burden. It is currently the third most common type of cancer
among men and the second most common type of cancer among
women. In developed countries the age-standardized mortality rate is
12.8 and 8.5 per 100,000 men and women per year, respectively (Bray
et al., 2018).
CRC screening programs have been widely implemented across the
world as screening for CRC can detect precancerous polyps and earlystage cancers, and thereby reduce CRC mortality (Maida et al., 2017).
CRC screening based on the Fecal Occult Blood Test (FOBT) reduces
mortality by 25% among those participating at least once (Levin et al.,
2018; Zhang et al., 2017). However, the Fecal Immunochemical Test

⁎
Corresponding author at: Department of Public Health Programmes Randers Regional Hospital, Central Denmark Region Skovlyvej, 15 8930 Randers NØ,
Denmark.
E-mail address: pehors@rm.dk (P.M. Horshauge).

https://doi.org/10.1016/j.pmedr.2020.101132
Received 23 September 2019; Received in revised form 13 May 2020; Accepted 23 May 2020
Available online 29 May 2020
2211-3355/ © 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

Preventive Medicine Reports 19 (2020) 101132

P.M. Horshauge, et al.

2.2. Study design and population

Von Wagner et al., 2011; Larsen et al., 2017). Likewise, other sociodemographic characteristics including younger age, male sex, living
alone, and belonging to an ethnic minority are also associated with
lower CRC screening uptake (Gimeno Garcia, 2012; Wools and Dapper,
2015; Von Wagner et al., 2011; Larsen et al., 2017).
In recent years, health literacy has been suggested as a possible
factor inﬂuencing CRC screening uptake (White et al., 2008; Arnold
et al., 2012; Kobayashi et al., 2014; Solmi et al., 2015; Guerra et al.,
2005; Miller et al., 2007; Peterson et al., 2007; Wangmar et al., 2018).
“Health literacy is linked to literacy and entails people’s knowledge,
motivation and competences to access, understand, appraise, and apply
health information in order to make judgments and take decisions in
everyday life concerning healthcare, disease prevention and health
promotion to maintain or improve quality of life during the life course”
as deﬁned by Sørensen et al. (2012). The concept of health literacy is of
particular interest as health literacy has been suggested as a potential
modiﬁable factor by which health disparities, such as inequalities in
CRC screening, can potentially be reduced (Mantwill et al., 2015;
Stormacq et al., 2018). However, literature regarding the association
between health literacy and CRC screening uptake is inconsistent. Some
studies conclude that inadequate/limited health literacy is associated
with lower screening uptake (White et al., 2008; Arnold et al., 2012;
Kobayashi et al., 2014; Solmi et al., 2015), whereas other studies ﬁnd
no association (Guerra et al., 2005; Miller et al., 2007; Peterson et al.,
2007; Wangmar et al., 2018). Most of the previous research was based
on small study populations and was primarily conducted in the US
(Arnold et al., 2012; Guerra et al., 2005; Miller et al., 2007; Peterson
et al., 2007), where CRC screening is not publicly funded and not organized in a national screening program with regular screening invitations. Furthermore, most previous studies use self-reported
screening behavior as their outcome (White et al., 2008; Arnold et al.,
2012; Kobayashi et al., 2014; Solmi et al., 2015; Guerra et al., 2005;
Miller et al., 2007; Peterson et al., 2007), and this approach has shown
only moderate validity (Dodou and de Winter, 2015) as it is potentially
vulnerable to recall bias and tends to overestimate screening uptake
(Lofters et al., 2015). Only one large study conducted in Sweden used
registry-based data on CRC screening uptake (Wangmar et al., 2018).
We sought to determine the association between health literacy and
CRC screening uptake in the FIT-based CRC screening program in
Denmark and to explore whether socioeconomic and -demographic
characteristics and worry and attitude modify this association.

A cross-sectional study among citizens about to be invited for CRC
screening during the implementation phase of the Danish CRC
screening program was conducted based on baseline data from a randomized controlled trial (Gabel et al., 2019). A random sample of
10,030 residents in Central Denmark Region aged 53–74 years and
randomized to be invited to CRC screening from October to December
2017 was provided by the Danish Health Data Authority on August 8th
2017. Citizens aged 50–52 years by August 2017 had been invited just
before their birthday and were therefore not included in the sample.
2.3. Data collection
The population sample was identiﬁed from the Danish Civil
Registration System (Pedersen, 2011), and contained information on
the unique civil registration number (CPR-number) which includes information on birthday and sex.
A web-based questionnaire assessing health literacy, worries about
CRC and CRC screening and attitudes toward CRC screening, was distributed to all included citizens via digital mail along with the invitation for CRC screening. A digital reminder was sent to non-respondents
after two weeks, and if the citizen had not returned the questionnaire
within four weeks, the citizen was oﬀered to complete the questionnaire via the telephone (Gabel et al., 2019).
By completing the questionnaire, respondents consented to the
collection of individual screening data from the Danish Colorectal
Cancer Screening Database by the research group.
Questionnaire data and data on CRC screening uptake were linked
with registry-based background data on socioeconomic and -demographic characteristics from Statistics Denmark using the individual
CPR-number (Statistics Denmark, 2019b).
2.4. Variables
2.4.1. Questionnaire data
Health literacy was assessed using the European Health Literacy
Survey Short Scale 16-item (HLS-EU-Q16) which is based on the original European Health Literacy Survey 47-item (HLS-EU-Q47)
(Sørensen et al., 2015). The HLS-EU-Q47 is considered too long for
screening purposes, and hence a shortened version was developed
based on Item Response Theory and Rash Analysis (Okan et al., 2019).
The questionnaire is based on the HLS-EU consortium’s model of health
literacy capturing four dimensions of health literacy; the way people
access, understand, appraise and apply information (Sørensen et al.,
2012). However, this short version measures overall health literacy and
not each sub-dimension.
According to the manual, health literacy was categorized as ‘inadequate’ (0–8 points), ‘problematic’ (9–12 points), or ‘adequate’
(13–16 points). Missing items were scored 0, and the total score was
coded as missing if more than two items were missing and hence, excluded from the analyses. The manual and the translated scale were
obtained from another research group who had previously translated
the scale into Danish using forward–backward translation (Beaton
et al., 2000). The Danish version of HLS-EU-Q16 is currently under
validation as an independent scale.
Worries about CRC and CRC screening were assessed by three
statements “I get worried when I think of CRC”, “I get scared when I
think of CRC” and “I am afraid they will ﬁnd cancer if I participate in
CRC screening” to which the citizens answered on a ﬁve-point Likert
scale ranging from strongly disagree to strongly agree. This approach
has been used previously to assess cancer worries (Hay et al., 2005).
Scoring ranged from 3 to 15 points with higher scores indicating higher
levels of worry. The total score was coded missing if one or more answers were missing.
Attitudes toward CRC screening were assessed in four items

2. Methods
2.1. Setting
This study was conducted during the implementation phase of the
national FIT-based CRC screening program which was introduced in
Denmark in 2014 and fully implemented at the end of 2017. All citizens
were scheduled to be invited once during 2014–2017. Invitation order
of those who were 50–74 years on January 1st 2014 was decided by
randomization of birth months. Citizens who turned 50 or 75 years
during the implementation phase were invited within a few months
before their birthday if not invited earlier. Along with the screening
invitation, citizens received a screening kit for home-based self-sampling and a pre-stamped return envelope. Screening reminders were
sent out to non-participants after 45 days.
The screening program is organized nationally and administered by
each of the ﬁve Danish regions. This study was conducted in the Central
Denmark Region which is the second largest region in Denmark with
approximately 1.3 million citizens, corresponding to 23% of the total
Danish population (Statistics Denmark, 2019a). Central Denmark Region hosts the second largest city in Denmark and more rural areas.
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Fig. 1. Inclusion ﬂow chart.

formulated as statements “For me, having the screening test for CRC
will be…” followed by a seven-point scale with answers ranging from
beneﬁcial to harmful (item 1), important to unimportant (item 2), good
thing to bad thing (item 3), pleasant to unpleasant (item 4). The total
score ranged from 4 to 28 points with higher scores indicating more
positive attitudes toward CRC screening. If one or more items were
missing the total score was coded as missing, according to the manual
(Marteau et al., 2001). The scale was translated into Danish by the
research group using forward-backward translation (Beaton et al.,
2000).

state), or Non-Western immigrant (others) according to the classiﬁcation deﬁned by Statistics Denmark (Statistics Denmark, 2019c). Marital
status was dichotomized into married/cohabitant or living alone. Based
on tertiles, the equivalent disposable income (Statistics Denmark,
2019d) was categorized as < €30,000 (lowest 33%), €30,000–€43,000
(33–66%) or ≥€43,000 (highest 33%). Education was categorized
as
≤
10
years
(lower
educational
attainment;
level
1–2), > 10–≤15 years (medium educational attainment; level 3–5),
or > 15 years (higher educational attainment; level 6–8) according to
the International Standard Classiﬁcation of Education (ISCED 2011)
(UNESCO Institute for Statistics, 2011). Occupation was categorized as
self-employed/Chief executive, employed, not employed/welfare beneﬁts, retired, or others. According to the classiﬁcation deﬁned by Statistics Denmark, population area was categorized as densely populated
area, intermediately populated area, or thinly populated area (Statistics
Denmark, 2019e).

2.4.2. CRC screening uptake
Individual level data on CRC screening uptake were obtained from
the Danish Colorectal Cancer Screening Database (Thomsen et al.,
2017). Uptake was determined at 45 days after receiving the screening
invitation because the intervention in the randomized controlled trial
from which these data originates, was distributed to approximately half
of this study population along with the screening reminder at this time
(Gabel et al., 2019).

2.5. Statistical analysis
Diﬀerences between questionnaire respondents and non-respondents were tested using Pearson's Chi2 test for categorical variables
and Kruskal Wallis' non-parametric test for mean of age since age was
not normally distributed.
The association between health literacy and CRC screening uptake

2.4.3. Background data
Ethnicity was categorized as Danish, Western immigrant (EU,
Andorra, Australia, Canada, Iceland, Lichtenstein, Monaco, New
Zealand, Norway, San Marino, Switzerland, USA, and the Vatican
3
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was assessed by logistic regression analyses, using uptake as the dichotomous dependent outcome and health literacy as the categorical
independent outcome. Analyses were adjusted for sex, age, ethnicity,
and marital status. Both crude and adjusted Odds ratios (OR) with 95%
conﬁdence intervals (CI) was presented, using adequate health literacy
as the reference value.
To determine if the association between health literacy and CRC
screening uptake was modiﬁed by sex, marital status, education, occupation or worry and attitude variables, stratiﬁed ORs (crude and
adjusted) were calculated and the hypothesis of no eﬀect modiﬁcation
was tested using the Wald test.
All statistical analyses were undertaken with Stata/SE 15.1
(StataCorp LP, College Station, Texas, USA) at a 5% signiﬁcance level.

Table 1
Socioeconomic and -demographic characteristics for questionnaire respondents
and non-respondents.

Sex
Male
Female
Age (years)
Median
Ethnicity
Danish
Western immigrant
Non-Western immigrant
Marital status
Married/Cohabitant
Single
Income
< €30,000
€30,000-€43,000
≥€43,000
Education
≤10 years
> 10-≤15 years
> 15 years
Occupation
Self-employed/Chief
executive
Employed
Not employed/welfare
beneﬁts
Retired
Other
Population area
Densely populated area
Intermediately populated
area
Thinly populated area

Ethical approvals
Collection of survey and registry data was permitted by the Danish
Data Protection Agency (Journal no.: 2012-58-006/Case no.: 1-16-0294-16). Ethical clearance was achieved by the Central Denmark Region
Committee on Health Research Ethics (143/2016) and the Danish
Patient Safety Authorities allowed for the collection of data (Journal
no.: 3-313-1729-1).

3. Results
In total, 7142 citizens (71%) answered the questionnaire of which
721 (10%) responded via telephone. A total of 6896 were included in
the analyses (Fig. 1). Questionnaire respondents were more often females, of younger age and Danish ethnicity, married or cohabitant, with
a higher income, 10–15 years of education, employed, and living in
thinly populated areas compared to non-respondents. Diﬀerences between respondents and non-respondents were statistically signiﬁcant in
all background variables (Table 1).
Approximately half of the included citizens lacked adequate health
literacy skills (3600/6896; 52%).
The overall CRC screening uptake among questionnaire respondents
was 61% (data not shown). The OR for CRC screening uptake was not
statistically signiﬁcantly diﬀerent between those with problematic
health literacy (adjusted OR = 1.06; 95% CI: 0.96, 1.19) or inadequate
health literacy (adjusted OR = 1.00; 95% CI: 0.87, 1.16) compared to
those with adequate health literacy. However, there may be a tendency
for those with problematic health literacy to take up screening slightly
more than citizens with adequate health literacy (Table 2).
In the stratiﬁed analyses only one statistically signiﬁcant association
was observed. In the group “other occupation” citizens with inadequate
health literacy participated less in CRC screening than citizens with
adequate health literacy (adjusted OR = 0.16; 95% CI: 0.03, 0.79). No
modiﬁcation of the association between health literacy and CRC
screening uptake was observed by sex, marital status, education or
occupation or by either worry or attitude (p-values > 0.05) (Table 3).

p-valueb

Respondents
(N = 7,142;
71%)
n (%)a

Non-respondents
(N = 2,888; 29%)
n (%)a

3316 (46)
3826 (54)

1426 (49)
1462 (51)

0.007

63.63

63.66

0.009c

6854 (96)
159 (2)
122 (2)

2611 (91)
87 (3)
183 (6)

≤0.001

5484 (77)
1651 (23)

1689 (59)
1192 (41)

≤0.001

1955 (27)
2406 (34)
2781 (39)

1401 (49)
779 (27)
708 (25)

≤0.001

1679 (24)
4849 (69)
530 (8)

1023 (37)
1597 (57)
181 (7)

≤0.001

498 (7)

182 (6)

3135 (44)
230 (3)

903 (31)
155 (5)

3194 (45)
82 (1)

1579 (55)
66 (2)

1423 (20)
2085 (29)

651 (23)
822 (29)

3634 (51)

1415 (49)

≤0.001

0.013

a
Some columns do not sum up to 7142 due to missing values, and some
percentages do not sum up to 100 because of roundings.
b
Pearson’s Chi2 test for diﬀerence between groups.
c
Kruskall Wallis’ non-parametric test for diﬀerence of means between
groups.

Table 2
Association between health literacy and CRC screening uptake (N = 6,896).

Health literacy
Adequate
Problematic
Inadequate

Screening
uptake

OR uptake (CI)

ntotal

n (%a)

Crudeb

Adjustedc,d

3296
2515

1985 (60)
1553 (62)

1 (ref)
1.06 (0.96, 1.19)

1085

656 (61)

1 (ref)
1.07 (0.96,
1.19)
1.01 (0.88,
1.16)

1.00 (0.87, 1.16)

a

4. Discussion

Proportion taking up screening.
R2 0.02%.
c
Logistic regression analyses adjusted for sex, age, ethnicity, and marital
status.
d
R2 2.37%.
b

4.1. Main ﬁndings
In this study among 6896 individuals having a FIT-based CRC
screening oﬀer as part of a publicly funded screening program, less than
half of the participants demonstrated adequate health literacy. Our
results indicate that citizens with problematic health literacy might be
more likely to take up screening compared with those with adequate
and inadequate health literacy. However, the results are not statistically
signiﬁcant. The association between health literacy and CRC screening
uptake was not modiﬁed by socioeconomic or -demographic characteristics, worry or attitude.

4.2. Strengths and limitations
The main strength of this study was the individual level registrybased information on screening uptake from the Danish Colorectal
Cancer Screening Database to avoid information bias (Thomsen et al.,
2017 Feb). However, we had to rely on screening uptake within 45 days
and before any reminder was received since the study was a part of a
4
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Table 3
Stratiﬁed analyses of associations between CRC screening uptake and health literacy according to socioeconomic and -demographic characteristics and worry and
attitude variables and test of eﬀect modiﬁcation.
Adequate vs. problematic health literacy

Adequate vs. inadequate health literacy

OR uptake (CI)

OR uptake (CI)

ntotal

Crude

Adjusted

ntotal

Crude

Adjusted

2626
3185

0.88 (0.76, 1.03)
0.97 (0.84, 1.12)
0.388

0.88 (0.75, 1.03)a
1.00 (0.86, 1.16)a

2018
2363

1.07 (0,88, 1.29)
0.84 (0.69, 1.04)
0.108

1.08 (0.89, 1.32)a
0.88 (0.71, 1.09)a

4485
1320

0.91 (0.81, 1.03)
1.01 (0.82, 1.26)
0.416

0.92 (0.81, 1.04)b
1.00 (0.80, 1.25)b

3367
1011

0.97 (0.82, 1.14)
1.05 (0.79, 1.39)
0.646

0.96 (0.81, 1.13)b
1.04 (0.78, 1.40)b

1269
3992
484

1.01 (0.81, 1.27)
0.91 (0.80, 1.04)
1.03 (0.71, 1.52)
0.650

1.02 (0.81, 1.28)c
0.91 (0.80, 1.04)c
1.01 (0.68, 1.50)c

986
2988
358

0.98 (0.74, 1.29)
1.02 (0.86, 1.21)
0.65 (0.31, 1.38)
0.519

0.95 (0.72, 1.27)c
1.00 (0.84, 1.20)c
0.70 (0.32, 1.53)c

443
2636
189
2497
63

1.09 (0.74,
0.96 (0.82,
1.10 (0.62,
0.92 (0.78,
0.51 (0.18,
0.675

1.61)
1.12)
1.96)
1.09)
1.43)

1.08
0.95
1.00
0.93
0.56

(0.73,
(0.81,
(0.54,
(0.78,
(0.18,

1.61)c
1.11)c
1.84)c
1.10)c
1.72)c

305
1965
135
1921
53

1.37 (0.78,
1.05 (0.85,
1.20 (0.57,
1.01 (0.82,
0.24 (0.06,
0.200

2.40)
1.31)
2.55)
1.24)
0.88)

1.35
1.01
1.10
0.97
0.16

(0.76,
(0.81,
(0.49,
(0.79,
(0.03,

2.41)c
1.26)c
2.46)c
1.20)c
0.79)c

1678
1701
796
1579

0.90 (0.74,
0.91 (0.75,
0.95 (0.71,
1.08 (0.88,
0.614

1.10)
1.11)
1.28)
1.32)

0.91
0.92
0.94
1.08

(0.74,
(0.75,
(0.70,
(0.87,

1.12)c
1.12)c
1.26)c
1.33)c

1253
1269
569
1246

1.03 (0.75,
1.05 (0.80,
0.96 (0.64,
1.10 (0.87,
0.945

1.40)
1.37)
1.43)
1.40)

1.01
1.03
0.97
1.10

(0.74,
(0.78,
(0.64,
(0.86,

1.38)c
1.36)c
1.47)c
1.41)c

492
1565
705
2005

0.90 (0.73,
0.90 (0.73,
0.86 (0.63,
1.00 (0.82,
0.792

1.10)
1.10)
1.17)
1.22)

0.90
0.89
0.82
1.02

(0.73,
(0.73,
(0.60,
(0.83,

1.11)c
1.10)c
1.13)c
1.25)c

1145
1169
505
1531

0.89 (0.68,
0.96 (0.74,
0.97 (0.63,
1.04 (0.80,
0.869

1.16)
1.24)
1.49)
1.36)

0.88
0.92
0.93
1.05

(0.67,
(0.70,
(0.60,
(0.80,

1.16)c
1.21)c
1.45)c
1.38)c

Sex
Male
Female
p-valued
Marital status
Married/Cohabitant
Single
p-valued
Education
≤10 years
> 10-≤15 years
≥15 years
p-valued
Occupation
Self-employed/Chief executive
Employed
Not employed/welfare beneﬁts
Retired
Other
p-valued
Worry scoree
1. quartile; 3–7
2. quartile; 8–9
3. quartile; 10
4. quartile; 11–15
p-valued
Attitude scoref
1. quartile; 4–18
2. quartile; 19–22
3. quartile; 23–24
4. quartile; 25–28
p-valued
a
b
c
d
e
f

Logistic regression analyses adjusted for age, ethnicity, and marital status.
Logistic regression analyses adjusted for sex, age, and ethnicity.
Logistic regression analyses adjusted for sex, age, ethnicity, and marital status.
Wald test for diﬀerence between groups.
Higher scores indicate higher levels of worry.
Higher scores indicate more positive attitudes toward CRC screening.

Health literacy was assessed using a continuous scale and subsequently categorized into three groups according to the HLS-EU-Q16
manual. This approach was used to facilitate comparisons with previous
studies. However, categorizing health literacy as adequate, problematic
or inadequate using arbitrary cut-oﬀs might be problematic. The limit
between adequate, problematic, and inadequate health literacy might
diﬀer between individuals, and deﬁning arbitrary cut-oﬀs might indicate that a true cut-oﬀ exists. Instead, it has been suggested to use
continuous scales to measure variables like health literacy in order to
reﬂect a continuous spectrum of the truth (Ghanouni et al., 2016).
Further, HLS-EU-Q16 is a subjective measure of health literacy providing a measure inﬂuenced, for example, by how exposed the respondent has been to the complexity of the health care system and how
self-conﬁdent they are in their own abilities as compared to cognitive
measures that provide a direct measure of the individual’s skills.
However, objective measures often require in-person tests which were
not feasible in this large-scale study. Further, subjective measures are
better suitable for assessing if the healthcare system serves the population well which was the aim of this study (Nguyen et al., 2017).
The random selection of the population sample supports representativeness. Central Denmark Region resembles the general
Danish population because it consists of both urban and rural areas, and
the results can thus be generalized nationally. Further, the results may
be generalized to other countries with comparable socioeconomic and

randomized controlled trial with an intervention provided along with
the reminder. If we had been able to measure CRC screening uptake
after the reminder, those still not taking up screening may have been
diﬀerent from those included in the study. Those still not taking up
screening may have been those with lower health literacy, and thus our
sample formation at 45 days may partly explain why we found no association between health literacy and CRC screening uptake.
Another strength of this study was the use of individual level registry-based data of high validity from Statistics Denmark (Statistics
Denmark, 2019b). Statistical analyses were adjusted for important socioeconomic and -demographic characteristics in order to remove the
eﬀect of possible confounders. The analyses were not adjusted for
education due to the strong correlation between health literacy and
educational attainment (Paasche-Orlow et al., 2005). Hence, adjusting
for education would entail a potential risk of over-adjustment bias.
Nevertheless, the risk of residual confounding cannot be ruled out due
to the study design.
The questionnaire response rate of 71% and few missing values
contributed to a low risk of selection bias. Nevertheless, non-respondents diﬀered from respondents in background variables. If citizens with inadequate/problematic health literacy tend to be non-respondents and screening non-participants, the potential association
between lower levels of health literacy and lower CRC screening uptake
may not be detected due to selection bias.
5
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analyses conducted in Table 3.

-demographic characteristics, similar screening culture and a publicly
funded FIT-based CRC screening program.

5. Conclusion
4.3. Interpretation of results
Based on our results, health literacy may not represent as fertile an
area for future interventions aiming to increase CRC screening uptake
as previously considered. At least, future research needs to clarify
which dimensions of health literacy may predict screening uptake and
how it is best measured. However, less than half of the general population eligible for CRC screening demonstrated adequate health literacy
which is important to take into account when communication with
participants about the pros and cons of CRC screening.

Previous research of the association between health literacy and
CRC screening uptake have been inconsistent. Those not reporting an
association suﬀers from small study populations (N < 150) (Guerra
et al., 2005; Miller et al., 2007; Peterson et al., 2007) and underrepresentation of individuals with inadequate health literacy (Wangmar
et al., 2018). However, a large study found a signiﬁcant association
between lower health literacy and lower screening uptake among those
older than 65 years (White et al., 2008). Three other previous studies
likewise reported a statistically signiﬁcant association between limited/
inadequate health literacy and lower CRC screening uptake (Arnold
et al., 2012; Kobayashi et al., 2014; Solmi et al., 2015). Our results
indicate a possible U-shaped association with the middle group (problematic health literacy) being those most likely to take up screening
compared to those with adequate and inadequate health literacy. This is
consistent with the pattern demonstrated for the association of educational attainment and CRC screening uptake (Larsen et al., 2017).
However, reasons for this U-shaped pattern remain unexplored. It is
known that some of those with lower educational attainment prefer a
clear recommendation from the health authorities about CRC screening
uptake and consider the directly mailed invitation with a screening kit a
request for participation (Kirkegaard et al., 2015). Due to the association between education and health literacy (Paasche-Orlow et al.,
2005); this may explain why those with problematic health literacy
tend to participate more, but it does not explain why those with adequate and inadequate participate less. Furthermore, reasons are likely
to diﬀer between the two groups.
Health literacy is a complex concept which makes it diﬃcult to
measure comprehensively. Diﬀerent methodological approaches covering diﬀerent dimensions of health literacy have been used in previous
research including both non-validated tests (Kobayashi et al., 2014;
Solmi et al., 2015) and validated tests (White et al., 2008; Arnold et al.,
2012; Guerra et al., 2005; Miller et al., 2007; Peterson et al., 2007;
Wangmar et al., 2018) like the National Assessment of Adult Literacy
(NAAL) (White et al., 2008), the Rapid Estimate of Adult Literacy in
Medicine (REALM) (Arnold et al., 2012; Miller et al., 2007; Peterson
et al., 2007) and the Short-Test of Functional Health Literacy in Adults
(S-TOFHLA) (Guerra et al., 2005). However, because of the varying
methodological approaches comparison of results across studies might
be diﬃcult and future research is needed to clarify which dimensions of
health literacy may help explain screening uptake and other preventive
health behaviors.
Based on our results, health literacy was not associated with CRC
screening uptake. However, this may be because other important factors mediate the association. For example, cancer fatalism, the belief
that death is inevitable when cancer is present, has been associated
with lower CRC screening uptake (Miles et al., 2011) and lower levels of
health literacy (Fleary et al., 2019). Likewise, lower self-eﬃcacy for
participation in CRC screening has been associated with lower health
literacy (Von Wagner et al., 2009). Therefore, is seems plausible that
future studies need to take psychological factors into consideration
when assessing the association between health literacy and screening
uptake.
The only signiﬁcant ﬁnding in this study was in the stratiﬁed analyses among citizens with “other occupation”. Within this small subgroup, inadequate health literacy was associated with lower CRC
screening uptake. “Other occupation” is a category formed by a process
of elimination, containing individuals that does not ﬁt in any of the
other categories. Thus, the most marginalized individuals are in this
category indicating that health literacy may be an important resource
among those most vulnerable. However, it cannot be ruled out that this
result represents a random ﬁnding due to the number of statistical
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