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Abstract

Objectives: This study explored associations between digital health literacy and physical activity levels and assessed potential
interactions of long-term health conditions.

Methods: A cross-sectional survey was sent to 34,000 inhabitants in Region Zealand, Denmark. The survey included items on
physical activity levels and three electronic Health Literacy Questionnaire (eHLQ) scales (1, 4, and 5). Associations were
assessed by logistic regression and adjusted for confounders.

Results: A total of 19,231 participated in the survey. Positive associations were found between higher digital health literacy
and being active >30 min./week at moderate-to-vigorous intensity (eHLQ 1: OR 1.24, p < 0.001; eHLQ 4: OR 1.13, p= 0.012;
eHLQ 5: OR 1.25, p < 0.001), compliance with the World Health Organization minimum recommendations for physical activity
(eHLQ 1: OR 1.33 p < 0.001; eHLQ 4: OR 1.08 p= 0.025; eHLQ 5: OR 1.32, p < 0.001), and self-reported physical active (eHLQ 1:
OR 1.50 p < 0.001; eHLQ 4: OR 1.24 p < 0.001; eHLQ 5: OR 1.54 p < 0.001), even when fully adjusted for covariates. No signifi-
cant interaction was found for long-term health conditions. However, individuals with more long-term health conditions
exhibited the lowest digital health literacy scores (9% to 19% scored <2.0).

Conclusion: A higher digital health literacy is positively associated with higher physical activity levels. This highlights the import-
ance of screening and promoting digital health literacy in managing digital health and digital physical activity interventions. Future
research should explore strategies and targeted interventions to enhance digital health literacy and improve health outcomes.
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Introduction
Worldwide, about half of the adult population suffers from
one or more long-term health conditions, and the burden is
rapidly increasing.1–3 Together, long-term health condi-
tions, such as musculoskeletal conditions, heart diseases,
diabetes, pulmonary diseases, and mental health conditions,
are the leading causes of global disability.1,4 A range of
these conditions are largely preventable and manageable
through risk factor modification, such as engaging in
regular physical activity.5,6

Physical inactivity poses a significant problem for
society and causes various adverse physical and mental
health effects.7 Lack of regular physical activity is known
to increase the risk of long-term health conditions such as
obesity, heart disease, type 2 diabetes, and certain types
of cancers.5,7 The economic impact of physical inactivity
is substantial, with reduced productivity, increased health-
care costs, and up to fivemillion premature deaths every
year.8,9 Addressing the problem of physical inactivity is
crucial to promoting overall wellbeing and ensuring a
healthier future for individuals and communities.10

A rising responsibility rests on people with long-term
health conditions to self-manage their conditions and
actively alter their health behavior.11 Healthcare shortages
are an emerging problem, and the World Health
Organization (WHO) has stated that digitally delivered
healthcare may change health and how health services are
delivered worldwide.12 Digital health interventions that
promote physical activity among people with long-term
health conditions have shown potential.13 Studies have also
shown that individuals who use digital health tools reach
higher physical activity levels.14 However, a recognized
and essential problem is inadequate uptake, acceptance,
adoption, and adherence to digital health interventions.15

Barriers like limited technology or internet access, privacy
and security concerns, or low motivation or interest in
digital health may impede engagement.16,17 Importantly,
some individuals may lack the knowledge or ability to navi-
gate digital health services and utilize technology effectively,
known as low eHealth literacy or digital health literacy.
Digital health literacy is the motivation and skills to
process and comprehend the given health information and
the digital health solution and describes the capability to
use digital health effectively.18

The importance of a sufficient level of digital health lit-
eracy is rising to the point that it may be necessary for
actively participating in late modern life.19 Low socio-
economic status, older age, poor health status, and low
digital health literacy are key determinants that seem to
be the reason for disparities in access to and utilization of
digital health solutions, which may increase social, eco-
nomic, and educational inequity.19 With the prospects of
using digital health interventions to promote physical

activity, a deeper understanding of digital health literacy
and its association with health-related behavior is needed.
Previous research indicates a positive correlation between
digital health literacy and health-related behaviors, includ-
ing health-promoting activities and disease management.20

However, consistency varies in associations with specific
physical and psychosocial outcomes, particularly in older
adults21 and individuals dealing with long-term health con-
ditions.22 Information about the potential association
between digital health literacy and physical activity levels
and the possible interaction of long-term health conditions
could be essential to guide future digital health interven-
tions aimed at digitally improving physical activity.
Further, it could diminish the risk of inequity and social
exclusion due to low levels of digital health literacy or long-
term health conditions. Moreover, it could help identify
those who need support or alternative ways to use digital
health services and technology, which may support the
implementation of digital health in clinical practice.

Therefore, we examined the association between digital
health literacy and physical activity levels using three elec-
tronic Health Literacy Questionnaire (eHLQ) scales and
tested the interaction of long-term health conditions on
the associations. We hypothesized that individuals with
higher levels of digital health literacy would demonstrate
higher physical activity levels.

Methods

Study design

This study is based on a cross-sectional survey, and reporting
follows the ‘Strengthening the Reporting of Observational
Studies in Epidemiology’ (STROBE) checklist.23 For the
STROBE checklist, please refer to supplementary material.
Before analyses, a statistical analysis plan was developed
and made publicly accessible (https://osf.io/9txzk).

Setting

The Danish National Health Survey (DNHS) is sent out
every fourth year as a national strategy to monitor,
provide data, and describe the health status development
of the adult Danish population. Each of the five Danish
regions collects a subsample of data into the database
with the option to add additional variables beyond the
basic DNHS. The key strength of the survey is the collec-
tion of a research database based on diverse questionnaire
content, with a high number of respondents from the
general population.24 A detailed survey description can be
found elsewhere,24 and data can be reached at the DNHS
website.25 Data in this study is collected by Region
Zealand, as part of the DNHS with additional items,
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gathered from a stratified, randomly selected sample of
Region Zealand residents.26

Participants

The Danish Health Data Authority randomly draws
the sample from the Danish Civil Registration System
(CPR).27 Region Zealand, then invited the 34,000 (aiming
at 2000 per municipality) eligible inhabitants (over 16
years old) to participate in the survey. The survey was sent
out using a mixed-mode approach (paper/web) from
February 5 to May 12, 2021. Non-responders were sent up
to two reminders. Completers were invited to enter a draw
for prizes, but participants were not compensated in any
other way.

Survey content

The Region Zealand 2021 survey consisted of 89 items.28 It
covered physical activity (the Nordic Physical Activity
Questionnaire-short form29 (NPAQ-short)), work-related
physical activity, leisure time physical activity (Saltin-
Grimby Physical Activity Level Scale30 (SGPALS)), digital
health literacy (selected scales from the eHealth Literacy
Questionnaire31 (eHLQ)), health literacy (selected scales
from the Health Literacy Questionnaire32 (HLQ)), quality of
life (the 12-item Short-Form Health Survey v233 (SF-12
v2)), stress, morbidity (20 selected long-term conditions and
symptoms), smoking, alcohol consumption, diet, transporta-
tion, sedentary behavior, sleep, healthcare contacts, social rela-
tions, isolation, loneliness (UCLA Loneliness score34),
anthropometry, and socio-demography.

Objectives and variables of interest

Variables of interest were physical activity levels categor-
ized as the most or least physically active at moderate-
to-vigorous intensity, compliant or non-compliant with
the WHOs minimum recommendations for physical activ-
ity, and self-reported physical activity (active or inactive),
and the association with digital health literacy (eHLQ1,
eHLQ4, and eHLQ5). Further, the interaction of having
long-term health conditions on the associations between
digital health literacy and moderate-to-vigorous physical
activity level was tested using the variables of long-term
health conditions categorized into the count of body
systems with long-term health conditions or by somatic,
mental health conditions, or a combination of the two.

Outcome

Physical activity items. The items on physical activity were
measured using the NPAQ-short,29 which assesses
population-based physical activity levels in line with
WHO recommendations, focusing on time and intensity.

The NPAQ-short has demonstrated sound psychometric
abilities. It has shown high reliability (Spearman’s rho
values of 0.82 and 0.80) for moderate-to-vigorous and vig-
orous activity and moderate criterion validity when con-
firmed against accelerometer data.29

Moderate-to-vigorous physical activity level. Moderate-
to-vigorous physical activity was collected as categorical
variables based on the self-reported time spent physically
active at moderate-to-vigorous intensity. Physical activity
level was dichotomized based on whether the participant
was physically active at moderate-to-vigorous intensity for
less than 30 min./week (category 1: 0–29 min.) or more than
30 min./week (category 2–5: 30–89 min., 90–149 min.,
150–299 min., and >300 min.) to highlight those least active
against those that are active.

Compliance with the WHOs minimum recommendations for
physical activity. Compliance was based on WHOs minimum
recommendations for physical activity for adults (≥150 min
of moderate physical activity or ≥75 min of vigorous physical
activity or an equivalent combination).35 To form the compli-
ance variable, moderate physical activity was calculated by
subtracting vigorous physical activity from moderate-to-
vigorous physical activity. Compliant was then calculated as
(moderate physical activity/150+ vigorous physical activity/
75)≥ 1.0 and non-compliant as (moderate physical activity
/150+vigorous physical activity/75) < 1.0. This calculation
was similar to the validation method of the NPAQ short.29

Self-reported physical activity (active or inactive). Data on
active or inactive was collected as a categorical variable
based on a recall of the last year of leisure-time physical
activity answered on one of four categories on the
SGPALS.30 The SGPALS is a widely recognized tool for
assessing leisure time physical activity and has been uti-
lized by over 600,000 subjects, predominantly in the
Nordic countries.30 Its concurrent and predictive validity
has been demonstrated in relation to aerobic capacity,
movement analysis, and various health risk factors.30,36

The variable was dichotomized into active (category 1–3:
1: ‘Hard exercise and plays competitive sports regularly
and several times a week’; 2: ‘Do sports or do heavy gar-
dening or the like at least 4 h per week’; or 3: ‘Walks,
cycles or does other light exercises at least 4 h a week
(also include Sunday trips, light gardening and cycling/
walking to work)’) or inactive (category 4: ‘Reading,
watching television, or doing other sedentary activities’).

Exposure

Digital health literacy. The eHealth Literacy Questionnaire
(eHLQ)37 is rooted in the eHealth literacy framework,38

encompassing seven domains that assess an individual’s
or population’s capacity to comprehend, use, and derive
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benefits from technology for health promotion and mainten-
ance. The eHLQ comprises 35 items across seven scales
and was developed simultaneously in Danish and English.
The eHLQ scales have demonstrated sound psychometric
ability with rigorous validation and reliability testing con-
ducted across diverse populations. This has confirmed the
instrument’s robust construct, discriminant validity, and
scale reliability. The eHLQ is highly valuable for profiling
and understanding digital health literacy and is suitable for
population surveys.37 Additionally, eHLQ is the core of the
READHY instrument, which has been used to report on tech-
nology readiness in cancer and diabetes rehabilitation.39,40

In the Region Zealand Health Survey, only three of the
seven eHLQ scales were for use as the other scales were
considered to be covered by alternative scales or irrelevant
to the survey. Digital health literacy is, therefore, in this
study assessed by scale 1: ‘Using technology to process
health information’ (eHLQ 1), scale 4: ‘Feel safe and in
control’ (eHLQ 4), and scale 5: Motivated to engage with
digital services’ (eHLQ 5). eHLQ 1 is under the Health
Literacy Framework construct ‘Ability to process informa-
tion’, while eHLQ 4 and 5 are under the same construct as
the scale name. The three selected scales all have a
Cronbach’s alpha above 0.84.37 The five items within
each of the three scales were answered on a 4-point
Likert scale (‘strongly disagree’ to ‘strongly agree’, scores
ranging from 1 to 4). Lower scores represent lower digital
health literacy.37 Scale scores were calculated as the mean
of the answered items, but the response was discarded if
more than half of the items were not answered. In concord-
ance with the eHLQ developer Lars Kayser and the Region
Zealand Health Survey report,41 a guideline cut-off of ≤2.0
and >2.0 to 2.5 was used to determine the levels of digital
health literacy, which represents ‘Insufficient (lowest
scores)’ and ‘Insufficient’ levels, respectively.42

Potential effect-modifiers

Body systems. Body systems were based on self-reported
information on 20 selected long-term health conditions, a
method used in several national surveys in the last
decade.43,44 Participants were asked if they had a condition
for more than six months period and for each condition,
they could answer one of three responses: ‘No, I have
never had it’, ‘Yes, I do have it’, or ‘Yes, I have had it’.
The participants were then asked if they experienced seque-
lae from the condition and dichotomously answered as
‘Yes’ or ‘No’. A long-term condition was registered as
being present if a participant answered ‘have’, ‘have had’,
or ‘have sequelae’ from the condition. The conditions
were: (1) Asthma, (2) Allergy (not asthma), (3) Diabetes,
(4) Hypertension, (5) Myocardial infarction, (6) Angina
pectoris, (7) Brain hemorrhage or stroke, (8) Chronic bron-
chitis, emphysema, chronic obstructive pulmonary disease,
(9) Osteoarthritis, (10) Rheumatoid arthritis, (11)

Osteoporosis, (12) Cancer, (13) Migraine or frequent head-
aches, (14) Mental health condition that lasted less than six
months, (15) Mental health condition that lasted more than
six months, (16) Spinal hernia or other back conditions,
(17) Cataracts, (18) Tinnitus (squealing, ringing in the
ears), (19) Anxiety (social phobia, panic disorder, general-
ized anxiety or obsessive-compulsive disorder), or (20)
Depression.

Each long-term health condition was then categorized
under a body system according to the Willadsen et al.
(2018) method (e.g., asthma and bronchitis are placed
under the body system ‘Lung’).45–47 The categorization
was done to better represent the complexity of health con-
ditions. This acknowledges the diverse treatments and
healthcare structures individuals with multiple diagnoses
may encounter. This approach captures the heightened
complexity of medical conditions and healthcare manage-
ment, providing a more comprehensive understanding of
the health status, especially for those with multiple long-
term health conditions.

In total, eight groups were formed: (1) Mental (tempor-
ary and long-term health disorder, depression, and anxiety);
(2) Neurological (stroke and migraine); (3) Sensory organs
(tinnitus and cataract); (4) Endocrine (diabetes); (5)
Cardiovascular (hypertension, angina pectoris, and myocar-
dial infarction); (6) Lung (asthma, bronchitis, and chronic
obstructive pulmonary disease); (7) Musculoskeletal
(osteoarthritis, rheumatoid arthritis, osteoporosis, spinal
hernia, or other back conditions); and (8) Cancer. As the
survey did not collect information on gastrointestinal and
genitourinary diseases, the two body systems, gastrointes-
tinal and genitourinary, were excluded. A count variable
based on the number of involved body systems was cate-
gorized as ‘None’, ‘One’, ‘Two’, or ‘Three or more body
systems’.

Somatic and mental health conditions. The long-term condi-
tions categorized under body systems were further categor-
ized into three overall condition groups, categorized as
‘None’, ‘Only somatic’, ‘Only mental’, or ‘Combined
somatic and mental’ health conditions (e.g., the body
system ‘Lung’ was placed under ‘Only somatic’ health con-
ditions, while ‘Mental’ was placed under ‘Only mental’
health conditions, but if an individual had both health con-
ditions they were placed under ‘Combined somatic and
mental’ health conditions).48

Covariates. The following covariates were selected as they
have been proposed as potential independent risk factors
for the outcome: age, sex, ethnicity, Body Mass Index
(BMI), marital status, education level, and work status.49

Age, sex, and ethnicity were collected from CPR. Age
was calculated using the survey response date. Ethnicity
was based on information on citizenship, country of birth,
and parents’ country of birth, and a distinction was made
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in the classification of ethnic background, but not between
immigrants and descendants of immigrants (‘Danish back-
ground’, ‘Western background’, or ‘Non-western back-
ground’). Self-reported data on body weight and height
were calculated into BMI. Marital status was based on
information from self-reported data and the CPR.
Educational level was defined as the highest completed edu-
cation: (1) Primary and lower secondary education (≤9
years), (2) upper secondary education (10–12 years), (3)
higher education (≥ 13 years), and (4) under education.
Finally, work status was based on self-reporting whether
the participants worked and answered dichotomously
(‘Yes’ or’ No’).

Other descriptive variables. Physical activity motivation is
based on whether the participants wanted to become more
physically active (‘Yes’,’No’, or ‘Do not know’).
Likewise, the need for physical activity support was
based on whether the participants would like support to
become more physically active and answered dichotom-
ously (‘Yes’ or ‘No’). Sedentary behavior was calculated
as a binary variable based on hours and minutes spent
sitting during the day with the cut-off of seven hours per
day, sedentary (sitting >9 h/day) or non-sedentary (sitting
<9 h/day).50 The count of musculoskeletal pain was based
on an item asking the participants if they have any of the
mentioned (arms, hands, legs, knee, hip or joint, or back
or lower back, or headache) forms of pain and discomfort
bothered them within the last 14 days. The items are
answered on a 3-point Likert scale. First, the item was
dichotomized as the category ‘Yes, a lot’ and ‘Yes, some-
what’ were combined, and then a count variable was
made based on each pain site and truncated to ‘No pain
site’, ‘One pain site’, ‘Two pain sites’, or ‘Three pain
sites’. Loneliness was assessed following the UCLA
Three-item Loneliness Scale. Each item is rated on a
3-point scale: 1 ‘Hardly ever’; 2 ‘Some of the time’; or 3
‘Often’. All items are summed to give a total score (range
3–9). The 3–5 and 6–9 cut-offs represent ‘Not lonely’ and
‘Lonely’. Quality of life was calculated based on the
SF-12 v2 summary scores on physical and mental health
functioning. A cut-off of <50 indicates a physical condition,
while a cut-off of <42 may indicate clinical depression.

Statistical methods

Descriptive statistics are presented as numbers and percen-
tages, mean and standard deviations, or median and inter-
quartile range. Missing data are presented as numbers and
percentages. All analyses are executed as available case
analyses. A two-sided p-value of 0.05 was considered stat-
istically significant. Statistical analyses were conducted in
STATA version 17.0.

Logistic regression analyses assessed associations
between digital health literacy for each of the three eHLQ

scales and with physical activity levels categorized as (1)
physically active for less or more than 30 min./week at
moderate-to-vigorous intensity, (2) compliance with
WHOs minimum recommendations for physical activity,
and (3) Physical activity (active or inactive). The regression
models were analyzed as an unadjusted model (crude) and
also adjusted for covariates in two additional models:
Model 1 was adjusted for a minimal number of covariates
(age and sex), and Model 2 was fully adjusted (age, sex,
ethnicity, BMI, marital status, educational level, and work
status). Results are presented as odds ratio (OR) with a
95% confidence interval (CI). Sample weights were used
in all analyses to account for non-response bias.

Interaction of the count of body systems, or somatic,
mental health conditions, or the combination was added
to the regression of the associations of digital health literacy
for each of the three eHLQ scales and with being physically
active for less or more than 30 min./week at a
moderate-to-vigorous intensity, and the linearity was
tested. Only Model 2 was used in the interaction analyses.

Results

Sample size and description of participants

Of the 34,000 invited, 19,231 participated in the survey
(response rate 57%). The total group had a mean age of
55.6 years (18.2 SD), and 54% were female (Table 1).
Only 25% of the participants reported no long-term health
condition, while 22% reported having one, 18% two, and
35% had three or more long-term health conditions.
Based on the count of body systems with long-term
health conditions, the groups mainly differed in age, educa-
tion level, working status, count of musculoskeletal pain
sites, UCLA Loneliness score, and the SF-12 v2. The
groups were older, with each extra body system involved.
More participants in the group with three or more body
systems involved had lower education, a higher percentage
not working, more musculoskeletal pain sites, were more
often self-perceived as isolated, and more often indicated
a clinical depression or a physical condition compared to
the other groups (Table 1).

Stratifying the participants by somatic or mental health
condition(s) showed that 58% had somatic condition(s)
only, 3% had mental health condition(s) only, and 14%
had a combination of the two (see supplementary
material, Table 1).

Missing items and non-responder analyses

Missing items in one or more of the three eHLQ scales were
found in 11% of the participants. Non-responders were
more often of non-Western background, living alone, had
lower education levels, and were sedentary for more than
nine hours daily, but were less likely to have pain, an
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Table 1. Sociodemographic of the total group and the group stratified by the number of involved body systems in which they have a
long-term condition.

N

Total group

No body
systems
involved

One body
system involved

Two body
systems
involved

More than three
body systems
involved

19231 4735 5102 4484 4910

Age on January 1. 2021, mean (SD) 55.6 (18.2) 47.7 (18.1) 54.1 (18.2) 58.5 (17.4) 61.9 (15.8)

Sex, n (%)

Female 10459 (54.4%) 2347 (49.6%) 2755 (54.0%) 2542 (56.7%) 2815 (57.3%)

Male 8772 (45.6%) 2388 (50.4%) 2347 (46.0%) 1942 (43.3%) 2095 (42.7%)

Ethnicity, n (%)

Danish background 18084 (94.0%) 4368 (92.2%) 4827 (94.6%) 4255 (94.9%) 4634 (94.4%)

Other western backgrounds 494 (2.6%) 138 (2.9%) 126 (2.5%) 120 (2.7%) 110 (2.2%)

Non-Western background 653 (3.4%) 229 (4.8%) 149 (2.9%) 109 (2.4%) 166 (3.4%)

BMI, mean (SD) 26.7 (5.3) 25.5 (4.6) 26.2 (4.9) 26.9 (5.2) 28.1 (6.0)

Marital status, n (%)

Living with others (married or
registered partnership)

12968 (67.4%) 3086 (65.2%) 3597 (70.5%) 3073 (68.5%) 3212 (65.4%)

Living alone (unmarried, divorced,
widowed, dissolved registered
partnership, or longest surviving of
two partners)

6263 (32.6%) 1649 (34.8%) 1505 (29.5%) 1411 (31.5%) 1698 (34.6%)

Education level, n (%)

Primary and lower secondary
education

1864 (9.7%) 280 (5.9%) 452 (8.9%) 467 (10.4%) 665 (13.5%)

Upper secondary education 9446 (49.1%) 1823 (38.5%) 2524 (49.5%) 2395 (53.4%) 2704 (55.1%)

Higher education 4974 (25.9%) 1225 (25.9%) 1474 (28.9%) 1176 (26.2%) 1099 (22.4%)

Ongoing education 1368 (7.1%) 464 (9.8%) 444 (8.7%) 260 (5.8%) 200 (4.1%)

Missing 1579 (8.2%) 943 (19.9%) 208 (4.1%) 186 (4.1%) 242 (4.9%)

Working status, n (%)

Not working 8294 (43.1%) 1068 (22.6%) 1953 (38.3%) 2205 (49.2%) 3068 (62.5%)

Working 9446 (49.1%) 2731 (57.7%) 2951 (57.8%) 2130 (47.5%) 1634 (33.3%)

Missing 1491 (7.8%) 936 (19.8%) 198 (3.9%) 149 (3.3%) 208 (4.2%)

(continued)
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indication of clinical depression, or physical condition on
the SF-12 v2. Generally, those with missing items on the
three eHLQ scales were also those with higher levels of

missing items on physical activity (see supplementary
material, Table 2). Therefore, the same characteristics
were present for the 7% missing the moderate-to-vigorous

Table 1. Continued.

N

Total group

No body
systems
involved

One body
system involved

Two body
systems
involved

More than three
body systems
involved

19231 4735 5102 4484 4910

Sedentary behavior with cut-off, n (%)

Non-sedentary (sitting <9 h/day) 9221 (47.9%) 1777 (37.5%) 2493 (48.9%) 2299 (51.3%) 2652 (54.0%)

Sedentary (sitting >9 h/day) 7160 (37.2%) 1811 (38.3%) 2090 (41.0%) 1655 (36.9%) 1604 (32.7%)

Missing 2850 (14.8%) 1147 (24.2%) 519 (10.7%) 530 (11.8%) 654 (13.3%)

Count of musculoskeletal pain sites, n
(%)

No pain sites 12720 (66.1%) 4171 (88.1%) 3827 (75.0%) 2728 (60.8%) 1994 (40.6%)

One pain site 3273 (17.0%) 385 (8.1%) 805 (15.8%) 923 (20.6%) 1160 (23.6%)

Two pain sites 1926 (10.0%) 136 (2.9%) 329 (6.4%) 537 (12.0%) 924 (18.8%)

More than three pain sites 1312 (6.8%) 43 (0.9%) 141 (2.8%) 296 (6.6%) 832 (16.9%)

UCLA Loneliness Three-Item score with
cut-offs, n (%)

Lonely 1896 (9.9%) 229 (4.8%) 431 (8.4%) 464 (10.3%) 772 (15.7%)

Not lonely 15796 (82.1%) 3547 (74.9%) 4469 (87.6%) 3853 (85.9%) 3927 (80.0%)

Missing 1539 (8.0%) 959 (20.3%) 202 (4.0%) 167 (3.7%) 211 (4.3%)

SF-12 v2 – Mental component score
with cut-offs, n (%)

Indication of a clinical depression 4605 (23.9%) 659 (13.9%) 994 (19.5%) 1097 (24.5%) 1855 (37.8%)

No indication of a clinical depression 14591 (75.9%) 4068 (85.9%) 4100 (80.4%) 3384 (75.5%) 3039 (61.9%)

Missing 35 (0.2%) 8 (0.2%) 8 (0.2%) 3 (0.1%) 16 (0.3%)

SF-12 v2 – Physical component score
with cut-offs, n (%)

Indication of a physical condition 8373 (43.5%) 1571 (33.2%) 2006 (39.3%) 2025 (45.2%) 2771 (56.4%)

No indication of a physical condition 10803 (56.2%) 3150 (66.5%) 3083 (60.4%) 2443 (54.5%) 2127 (43.3%)

Missing 55 (0.3%) 13 (0.3%) 16 (0.4%) 12 (0.2%) 14 (0.3%)

BMI, Body mass index; SD, standard deviation; n, Numbers; SF-12 v2, Short form health survey 12 items.
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physical activity item as those missing items on the three
eHLQ scales. The only difference was that moderate-to-
vigorous physical activity non-responders were often
younger than non-responders on the three eHLQ scales
(see supplementary material, Table 3).

eHLQ scores

The mean eHLQ score was 2.7 (SD 0.6) in eHLQ 1 and 5,
but 2.9 (SD 0.5) in eHLQ 4. The percentages of insufficient
digital health literacy levels were almost evenly spread
among participants with none, one, two, or three or more
body systems with long-term conditions for all three
scales. However, the lowest scores were the highest (9%
to 19%) among participants in the group with three or
more body systems involved in all three scales but the
highest in eHLQ 1 (Table 2). For responses on the included
eHLQ scales, see supplementary material Figures 1 to 3 and
Tables 4 to 6.

Physical activity levels

For moderate-to-vigorous physical activity level, 49% of
the total group were active less than 30 min./week.
Within this group, most participants had long-term condi-
tions within three or more body systems. The same ten-
dency was found for those non-compliant with WHOs
minimum recommendation for physical activity and self-
reported as inactive. However, more participants compliant
with the WHOs minimum recommendation for physical
activity and self-reported active were in the group with
long-term conditions within one body system than in the
two other groups. Of the total group, 65% wanted to
become more physically active, with an equal percentage
(27%) in the group with one body system and three or
more body systems involved. Of the 34% that wanted
support to become more physically active, most (29%)
were in the group with three or more body systems involved
(Table 2).

Main results

Association between digital health literacy and moderate-
to-vigorous physical activity level. There was a significant
association between digital health literacy on all three
scales of the eHLQ and moderate-to-vigorous physical
activity level, even when fully adjusted (Figure 1). The
results support that higher digital health literacy scores
were associated with being physically active for more
than 30 min. weekly at moderate-to-vigorous intensity.

Association between digital health literacy and compliance
with WHOs minimum recommendations for physical activity.
For the association between digital health literacy and com-
pliance with WHOs minimum recommendations for

physical activity, a significant association was found in all
analyses except for the crude analysis of eHLQ 4 (p=
0.071) (Figure 2). Again, the same direction of the associ-
ation was found with those with higher digital health liter-
acy scores having higher odds of compliance with the
WHOs minimum recommendations for physical activity.

Associations between digital health literacy and self-reported
active or inactive. The associations between digital health
literacy and self-reported active or inactive showed the
same results, with those having higher digital health literacy
scores reported as active. Again, the associations were sig-
nificant for all analyses (Figure 3).

Interaction analyses

Body systems. The analyses of the interaction of count of
body systems with long-term health conditions on the asso-
ciation between digital health literacy on the three scales of
the eHLQ and moderate-to-vigorous physical activity level
showed that there was no interaction (p= 0.6,15, p= 0.176,
and p= 0.639) of having none, one, two, or three or more
body systems involved (see supplementary material,
Figure 4). However, stratifying for the numbers of body
systems with long-term health conditions showed signifi-
cant associations between having long-term health condi-
tions within one, two, and three or more body systems
involved on all three eHLQ scales, except for eHLQ 4,
where having two body systems involved was insignificant
(p= 0.651).

Somatic and mental health conditions. Having either
somatic, mental health condition(s), or a combination did
not show any interaction (p= 0.578, p= 0.541, and p=
557) between the association of digital health literacy and
moderate-to-vigorous physical activity level (see
supplementary material, Figure 5) on all three eHLQ
scales. Stratifying for somatic, mental health condition(s),
or a combination only showed significant associations
between having somatic condition(s) in eHLQ 1 and 5 (p
< 0.001).

Sensitivity analyses

A sensitivity analysis, not defined in the analysis plan, of
the association between digital health literacy using the
three scales of eHLQ with cut-offs and if participants
wanted support to become physically active showed
slightly higher odds of having insufficient levels of digital
health literacy when wanting support to become more phys-
ically active, see Supplementary material, Table 7.
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Table 2. Digital health literacy and physical activity characteristics for the total group and the group stratified by the number of body systems
in which they have a long-term health condition (number of body systems involved).

N

Total group

No body
systems
involved

One body
system involved

Two body
systems involved

>Three body
systems involved

19231 4735 5102 4484 4910

eHLQ subscale 1: Using technology to
process health information, mean
(SD)

2.7 (0.6) 2.8 (0.6) 2.7 (0.6) 2.7 (0.6) 2.6 (0.7)

eHLQ 1 with cut-offs

Score <2.0 (Insufficient lowest score) 2754 (14.3%) 454 (9.6%) 712 (14.0%) 652 (14.5%) 936 (19.1%)

Score >2.0 to 2.5 (Insufficient) 2689 (14.0%) 608 (12.8%) 740 (14.5%) 625 (13.9%) 716 (14.6%)

Score >2.5 11937 (62.1%) 2667 (56.3%) 3356 (65.8%) 2968 (66.2%) 2946 (60.0%)

Missing 1851 (9.6%) 1006 (21.2%) 294 (5.8%) 239 (5.3%) 312 (6.4%)

eHLQ subscale 4: Feel safe and in
control, mean (SD)

2.9 (0.5) 3.0 (0.6) 3.0 (0.5) 2.9 (0.5) 2.9 (0.6)

eHLQ 4 with cut-offs

Score <2.0 (Insufficient lowest score) 1417 (7.4%) 290 (6.1%) 362 (7.1%) 332 (7.4%) 433 (8.8%)

Score >2.0 to 2.5 (Insufficient) 1447 (7.5%) 295 (6.2%) 383 (7.5%) 322 (7.2%) 447 (9.1%)

Score >2.5 14532 (75.6%) 3149 (66.5%) 4064 (79.7%) 3596 (80.2%) 3723 (75.8%)

Missing 1835 (9.5%) 1001 (21.1%) 293 (5.7%) 234 (5.2%) 307 (6.3%)

eHLQ subscale 5: Motivated to engage
with digital services, mean (SD)

2.7 (0.6) 2.8 (0.6) 2.7 (0.6) 2.7 (0.6) 2.6 (0.6)

eHLQ 5 with cut-offs

Score <2.0 (Insufficient lowest score) 2615 (13.6%) 438 (9.3%) 654 (12.8%) 616 (13.7%) 907 (18.5%)

Score >2.0 to 2.5 (Insufficient) 3092 (16.1%) 610 (12.9%) 838 (16.4%) 771 (17.2%) 873 (17.8%)

Score >2.5 11520 (59.9%) 2656 (56.1%) 3270 (64.1%) 2815 (62.8%) 2779 (56.6%)

Missing 2004 (10.4%) 1031 (21.8%) 340 (6.7%) 282 (6.3%) 351 (7.1%)

Self-reported weekly time spent on
moderate-to-vigorous physical
activity, n (%)

<30 min. 4449 (23.1%) 698 (14.7%) 1026 (20.1%) 1099 (24.5%) 1626 (33.1%)

30–89 min. 4698 (24.4%) 927 (19.6%) 1279 (25.1%) 1211 (27.0%) 1281 (26.1%)

90–149 min. 3038 (15.8%) 718 (15.2%) 917 (18.0%) 722 (16.1%) 681 (13.9%)

(continued)
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Table 2. Continued.

N

Total group

No body
systems
involved

One body
system involved

Two body
systems involved

>Three body
systems involved

19231 4735 5102 4484 4910

150–299 min. 3475 (18.1%) 896 (18.9%) 1048 (20.5%) 803 (17.9%) 728 (14.8%)

>300 min. 2313 (12.0%) 609 (12.9%) 696 (13.6%) 546 (12.2%) 462 (9.4%)

Missing 1258 (6.5%) 887 (18.7%) 136 (2.7%) 103 (2.3%) 132 (2.7%)

Moderate-to-vigorous physical activity
level, n (%)

Physical active <30 min/wk 4449 (23.1%) 698 (14.7%) 1026 (20.1%) 1099 (24.5%) 1626 (33.1%)

Physical active ≥30 min/wk 4698 (24.4%) 927 (19.6%) 1279 (25.1%) 1211 (27.0%) 1281 (26.1%)

Missing 10084 (52.4%) 3110 (65.7%) 2797 (54.8%) 2174 (48.5%) 2003 (40.8%)

Self-reported weekly time spent on
vigorous physical activity, n (%)

<30 min. 11457 (59.6%) 2074 (43.8%) 3067 (60.1%) 2888 (64.4%) 3428 (69.8%)

30–59 min. 2935 (15.3%) 710 (15.0%) 833 (16.3%) 717 (16.0%) 675 (13.7%)

60–89 min. 1469 (7.6%) 421 (8.9%) 444 (8.7%) 320 (7.1%) 284 (5.8%)

90–149 min. 995 (5.2%) 306 (6.5%) 319 (6.3%) 196 (4.4%) 174 (3.5%)

>150 min. 860 (4.5%) 285 (6.0%) 251 (4.9%) 194 (4.3%) 130 (2.6%)

Missing 1515 (7.9%) 939 (19.8%) 188 (3.7%) 169 (3.8%) 219 (4.5%)

Compliance with WHOs minimum
recommendations for physical
activity, n (%)

Non-compliant 10425 (54.2%) 1882 (39.7%) 2728 (53.5%) 2620 (58.4%) 3195 (65.1%)

Compliant 7264 (37.8%) 1910 (40.3%) 2182 (42.8%) 1687 (37.6%) 1485 (30.2%)

Missing 1542 (8.0%) 943 (19.9%) 192 (3.8%) 177 (3.9%) 230 (4.7%)

Saltin-Grimby Physical Activity Level
Scale, n (%)

Regular hard physical training for
competitive sports

451 (2.3%) 181 (3.8%) 142 (2.8%) 74 (1.7%) 54 (1.1%)

Regular physical activity and training 3212 (16.7%) 973 (20.5%) 1008 (19.8%) 708 (15.8%) 523 (10.7%)

Some light physical activity 10849 (56.4%) 2228 (47.1%) 3009 (59.0%) 2747 (61.3%) 2865 (58.4%)

(continued)
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Table 2. Continued.

N

Total group

No body
systems
involved

One body
system involved

Two body
systems involved

>Three body
systems involved

19231 4735 5102 4484 4910

Physically inactive 3443 (17.9%) 463 (9.8%) 807 (15.8%) 846 (18.9%) 1327 (27.0%)

Missing 1276 (6.6%) 890 (18.8%) 136 (2.7%) 109 (2.4%) 141 (2.9%)

Self-reported physical activity (active
or inactive), n (%)

Inactive 3443 (17.9%) 463 (9.8%) 807 (15.8%) 846 (18.9%) 1327 (27.0%)

Active 14512 (75.5%) 3382 (71.4%) 4159 (81.5%) 3529 (78.7%) 3442 (70.1%)

Missing 1276 (6.6%) 890 (18.8%) 136 (2.7%) 109 (2.4%) 141 (2.9%)

Sedentary behavior with cut-off, n (%)

Non-sedentary (sitting <9 h/day) 9221 (47.9%) 1777 (37.5%) 2493 (48.9%) 2299 (51.3%) 2652 (54.0%)

Sedentary (sitting ≥9 h/day) 10010 (52.1%) 2958 (62.5%) 2609 (51.1%) 2185 (48.7%) 2258 (46.0%)

Self-perceived exercise habits, n (%)

Tolerable to bad 6603 (34.3%) 981 (20.7%) 1553 (30.4%) 1681 (37.5%) 2388 (48.6%)

Good to very good 11347 (59.0%) 2853 (60.3%) 3407 (66.8%) 2706 (60.3%) 2381 (48.5%)

Missing 1281 (6.7%) 901 (19.0%) 142 (2.8%) 97 (2.2%) 141 (2.9%)

Would like to become more physically
active, n (%)

Yes 11541 (60.0%) 2411 (50.9%) 3163 (62.0%) 2808 (62.6%) 3159 (64.3%)

No 4035 (21.0%) 1015 (21.4%) 1204 (23.6%) 967 (21.6%) 849 (17.3%)

Do not know 2234 (11.6%) 384 (8.1%) 552 (10.8%) 578 (12.9%) 720 (14.7%)

Missing 1421 (7.4%) 925 (19.5%) 183 (3.6%) 131 (2.9%) 182 (3.7%)

Would like support to become more
physically active, n (%)

Yes 3904 (20.3%) 587 (12.4%) 917 (18.0%) 969 (21.6%) 1431 (29.1%)

No 7638 (39.7%) 1828 (38.6%) 2248 (44.1%) 1836 (40.9%) 1726 (35.2%)

Missing 7689 (40.0%) 2320 (49.0%) 1937 (38.0%) 1679 (37.4%) 1753 (35.7%)

eHLQ: eHealth Literacy Questionnaire; IQR: interquartile range; n, Numbers; SD: standard deviation.
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Discussion

Principal findings

Our study is the first to assess the association between
digital health literacy and physical activity levels in a
larger survey among participants with and without long-
term health conditions. Our overall results indicate that
only a lower percentage of the participants had insufficient
levels of digital health literacy according to the pre-
defined cut-offs. However, individuals with three or

more body systems with long-term health conditions
were likelier to have the lowest scores and insufficient
levels of digital health literacy. The results also showed
an association between lower digital health literacy
scores and lower moderate-to-vigorous physical activity
levels, non-compliance with the WHOs minimum physical
activity recommendations, and self-reported inactive,
even when fully adjusted for covariates. Nevertheless,
the number of body systems with long-term health,
somatic, mental health conditions, or a combination,

Figure 1. Logistics regressions of the associations between digital health literacy and physical activity level. Min: minutes; wk: week; OR:
Odds ratio; CI: confidence interval; eHLQ: eHealth Literacy Questionnaire Crude, unadjusted analysis; Model 1, adjusted for age and sex;
Model 2, adjusted for age, sex, ethnicity, Body-mass-index, marital status, education level, and work status. All models were analyzed
using sample weights.

Figure 2. Logistics regressions of the associations between digital health literacy and compliance with WHOs minimum recommendations
for physical activity. WHO: World Health Organization; PA: Physical Activity; Min: minutes; wk: week; OR: Odds ratio; CI: Confidence Interval
Crude, unadjusted analysis; Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, ethnicity, Body-mass-index, marital status,
education level, and work status. All models were analyzed using sample weights.
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did not seem to interact with the association between
digital health literacy and moderate-to-vigorous physical
activity level. Our findings highlight the potential for
digital health literacy to be an important determinant of
physical activity behavior and the need to expand the
knowledge around physical activity, digital health liter-
acy, and long-term health conditions.

Findings in comparison with prior work

Digital health literacy level. Although assessing digital
health literacy is still in its early stages,51 it is increasingly
essential for meaningful participation in late modern life,
especially within the healthcare sector, as technology has
become a more significant part of care and (self-)manage-
ment of long-term health conditions.19,52 Individuals with
higher digital health literacy may be better equipped to
access and utilize digital health information. In contrast, indi-
viduals with multiple long-term health conditions may face
additional challenges in retrieving and utilizing digital
health information as more information applies to each condi-
tion.3 Our results indicated that the lowest and insufficient
levels of digital health literacy were more common among
those with three or more body systems involved with long-
term health conditions. However, age is a factor in multiple
long-term health conditions and may also pose a factor
when assessing digital health literacy.53 Conversely, our find-
ings were robust even when adjusted for age. Further, we did
not find that having long-term health conditions within more
body systems interacted with the association between digital
health literacy and moderate-to-vigorous physical activity
level. Stratifying the number of body systems with long-term
health conditions showed higher digital health literacy odds

when physically active at moderate-to-vigorous intensity for
more than 30 min. weekly, when having one, two, or three
or more body systems.

Our results showed that most participants had high
digital health literacy scores despite having long-term
health conditions, but other studies have found diverse
results. One study found similar eHLQ results in Danish
medical outpatients users of digital health services,54

while another study found higher scores in Danish heart
failure patients participating in a telerehabilitation
program at six months follow-up,55 whereas another
study found lower scores in Australian women with
breast cancer.56 We assessed digital health literacy across
conditions and only used three of the seven scales from
the eHLQ, which limits cross-study comparisons.

Association between digital health literacy and physical
activity. In line with our study, a meta-analysis revealed a
moderate positive correlation between eHealth literacy
and health-related behaviors.20 Although a positive moder-
ate effect was observed, particularly in health-supporting
behaviors, including physical activity,20 most of the
included studies target multiple health behaviors, so phys-
ical activity could not be isolated. Other studies that have
assessed digital health engagement have found that rare
Internet users, compared to non-users, were less likely to
be physically active and that Internet use was associated
with having fewer chronic conditions, disabilities, and
visits to healthcare facilities.57 Another study found that
digital health literacy was an essential mediating factor
for health behaviors in people over 60.58 Among people
with diabetes, a study found that more than half of the par-
ticipants were prone to using digital solutions when

Figure 3. Logistics regressions of the associations between digital health literacy and self-reported active or inactive based on the
Saltin-Grimby Physical Activity Level Scale. OR, Odds ratio; CI, Confidence Interval Crude, unadjusted analysis; Model 1, adjusted for age
and sex; Model 2, adjusted for age, sex, ethnicity, Body-mass-index, marital status, education level, and work status. All models were
analyzed using sample weights.
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engaging in exercise, and those who did not score signifi-
cantly lower on the eHLQ 1 and eHLQ 5 scales.53

Studies that have assessed digital health literacy among
college students found that higher eHealth Literacy Scale
scores correlated with those who exercised regularly.59

While another study found that higher levels of digital
health literacy prompted students to adopt multiple positive
health behaviors, including being physically active.60

A systematic review of 19 observational studies found a
clear positive association between higher health literacy and
higher physical activity levels in healthy adults.61 However,
there is no direct comparison between health literacy and
digital health literacy, but one would expect these forms
of literacy to have overlapping constructs as
does physical literacy. Health literacy broadly covers
knowledge, personal skills, and confidence to take action
to improve personal health.62 Hence, other elements may
likely explain the associations found in our study. A
recent study identified self-efficacy and self-care ability as
mediators of the relationship between digital health literacy
and health promotion behaviors.63 Also, self-efficacy is a
variable found to correlate consistently with physical
activity.64

Despite this, our cross-sectional study design does not
provide evidence of a causal relationship between factors
and physical activity. The association between higher
digital health literacy and higher physical activity levels
could also simply be supported by the practical integration
of technology into active lifestyles, along with the concur-
rent development of skills in seeking, using, interpreting,
and critically assessing digital health information.19

Future research should assess these and other mediators
and overlaps between health literacy and digital health liter-
acy constructs. Further, a key area for future exploration
should focus on the causality between digital health literacy
and physical activity levels by measuring digital health lit-
eracy before and after the participation in a digital physical
activity intervention.

Methodological considerations

Methodological considerations should be taken into
account when interpreting our study’s results.
Categorizing physical activity levels (e.g., more or less
active) may lack specificity and may not capture the
nuances and variations in different activity types and inten-
sities. Assessing compliance based on a single set of recom-
mendations does not account for variation in physical
activity needs or abilities due to age, health conditions, or
physical limitations, and it does not consider the specific
context in which physical activity occurs. Considering
activity levels over a specific period, such as a week or a
month, challenges compliance assessment as an indivi-
dual’s activity patterns may vary over this period.
Additionally, the SGPALS primarily assesses aerobic or

endurance activities and is limited in adequately capturing
other essential dimensions of physical activity, including
strength training, flexibility exercises, and activities of
daily living. This narrow focus may not provide a compre-
hensive overview of an individual’s overall physical activ-
ity profile.

Further, when assessing physical activity by self-report,
the possibility of recall and social-desirability bias may be
present, with the tendency to overestimate physical activity
levels. Further, physical activity was measured through
multiple tools that may reflect different subsets of physical
activity (e.g., exercise). These biases could have been elimi-
nated using objective measurement tools. Objective phys-
ical activity measures could also have provided data that
would allow for distinguishing between different types of
physical activities (e.g., walking, running, cycling) and
information on each activity’s intensity level (e.g., moder-
ate, vigorous). In future research, this detailed information
will be valuable for understanding the specific health bene-
fits of different physical activity types and intensities and
their association with digital health literacy.

Using the guideline cut-offs for eHLQ may lack specifi-
city and lead to misclassification of the different outcome
groups. Nevertheless, using a different threshold may also
limit cross-study comparisons. It is essential to establish
evidence-based cut-off values for the levels of digital
health literacy to ensure that the cut-offs have clinical rele-
vance and practical applicability, so we encourage future
studies to explore these thresholds.

Limitations

Firstly, cross-sectional studies are limited in their ability to
establish causality. It is impossible to determine whether
digital health literacy levels cause or consequence of phys-
ical activity levels based on a single cross-sectional study.
Secondly, there may be potential biases in participant data
collection, recruitment, and selection. For example, partici-
pants with higher digital health literacy or physical activity
levels may be more likely to participate in the study, which
could lead to an overestimation of the association between
digital health literacy and physical activity level. In con-
trast, people with more burdensome long-term health condi-
tions may also be less likely to participate, which could lead
to an underestimation of the association. Further, collecting
data in both paper and electronic versions may introduce
some variability in the responses, but it could also be a
strength, as it may secure more participants, especially
among those with lower digital health literacy. Thirdly,
confounding factors, such as access, use, self-efficacy, or
motivation for physical activity or technology use, may
influence the association between digital health literacy
and physical activity levels but were not measured in the
survey. Fourthly, Dichotomization of our physical activity
data was employed to obtain an even distribution, aiming
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to maintain balanced groups for meaningful comparisons in
our sample. However, the dichotomization approach intro-
duces a limitation, as it may oversimplify the nuanced
nature of continuous data, potentially limiting the depth
of our analysis. Also, we only had data from three scales
of the eHLQ, so we could not do a complete evaluation
of all facets of digital health literacy, and the association
with physical activity levels may differ depending on the
other constructs of the eHLQ scale. Finally, the generaliz-
ability of the findings may be limited, as the study sample
may not represent the broader population, as the survey
was restricted to one out of five Danish regions.
Therefore, caution should be taken when extrapolating the
results to other populations or settings. However, the
study is based on a larger random sample, and all analyses
were done using sample weights to strengthen the results
and heighten representativeness.

Clinical implications

The study findings have several implications for health pro-
motion interventions. Findings highlight that when addressing
physical inactivity, an essential component of evidence-based
prevention and treatment of long-term health conditions,5,7

digital health literacy can challenge a successful implementa-
tion of digital health interventions, especially among those
with more long-term health conditions and those who need
to increase their physical activity level the most. Health inter-
ventions that use a digital health solution to increase physical
activity among individuals with long-term health conditions
may be at risk of failing and must be supported by efforts
to improve digital health literacy. At the same time, indivi-
duals with multiple long-term health conditions showed
lower digital health literacy and physical activity levels, amp-
lified among those who wanted support to become more
physically active, revealing a critical group to target. So,
among those with the greatest potential for increasing phys-
ical activity, it is crucial to consider applying strategies to
address digital health literacy when using digital health inter-
vention or offering alternative non-digital interventions. This
emphasizes the importance of providing tailored education
and resources to support individuals with multiple long-term
health conditions to manage their health effectively and also
points to the need for targeted interventions to improve this
population’s digital health literacy.3

Conclusion
Higher digital health literacy is positively associated with
higher physical activity levels. Our findings underscore the
importance of screening for and promoting digital health liter-
acy as a critical component of effective digital health manage-
ment when used to promote physical activity. This may be
especially true for individuals with more long-term health
conditions. It further shows the potential for digital health

literacy to be an important determinant of physical activity
behavior. Promoting digital health literacy may positively
impact physical activity levels and, in that way, benefit
health. Future research should continue to investigate strat-
egies for improving digital health literacy in this population
and explore how targeted health interventions can improve
health outcomes. Digital health interventions should aim to
assess and increase digital health literacy and have a dual
focus on digital health literacy and physical activity levels
to improve overall health outcomes positively. We encourage
future research to measure physical activity objectively and
use complete and validated digital health literacy measures.

Acknowledgment: We want to thank Anne Wingstrand for the
data extraction process and further state that the Health Survey
in Region Zealand, Denmark, was funded and conducted by
Region Zealand. We would also like to extend our gratitude to
Lars Kayser for his contributions to the manuscript.

Contributorship: GZ, SRM, LHT, LCT, and STS designed,
conceptualized the study, and revised the protocol. GZ, LCT,
and STS drafted the manuscript. GZ, SRM, LHT, LCT, and
STS interpreted the findings and assisted in manuscript revision.
All authors reviewed and approved the final manuscript.

Declaration of conflicting interests: All authors have completed
the Unified Competing Interest form (available on request from the
corresponding author) and declare: STS is associate editor of
JOSPT, has received personal fees from Nestlé Health Science,
Munksgaard and TrustMe-Ed, outside the submitted work, and
is co-founder of GLA:D®, a not-for-profit initiative hosted at
the University of Southern Denmark aimed at implementing
clinical guidelines for osteoarthritis in clinical practice.
Furthermore, STS is currently funded by a program grant from
Region Zealand (Exercise First) and two grants from the
European Union’s Horizon 2020 research and innovation
program, one from the European Research Council (MOBILIZE,
grant agreement No 801790) and the other under grant
agreement No 945377 (ESCAPE). Additionally, LHT is funded
by grants from the Danish Regions and The Danish Health
Confederation through the Development and Research Fund for
financial support (project no. 2703), Region Zealand (Exercise
First), and Næstved-Slagelse-Ringsted Hospitals research fond
(project no. A1277). No authors had financial relationships with
any organizations that might have an interest in the submitted
work or other relationships or activities that could appear to
have influenced the submitted work.

Funding: This study received funding from Region Zealand
(Exercise First), the NSR Research Fund (no. A447), and a
one-year Ph.D. faculty scholarship from the University of
Southern Denmark. The Health Survey in Region Zealand,
Denmark was funded and conducted by Region Zealand. The
funders had no role in study design, data collection, analysis,
interpretation, report writing, or submission.

Zangger et al. 15



Ethical approval: This study received approval from the Danish
Data Protection Agency under Region Zealand’s umbrella
approval (REG-136-2022). All participants gave informed
consent to participate in the survey. Participants <18 years of
age gave informed consent in the same manner as participants
>18, as consent from a legally authorized representative is only
needed for people >15 years in Denmark.

Guarantor: STS.

ORCID iD: Graziella Zangger https://orcid.org/0000-0002-
7606-3273

Supplemental material: Supplemental material for this article is
available online.

References
1. Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases

and injuries in 204 countries and territories, 1990–2019: a sys-
tematic analysis for the Global Burden of Disease Study 2019.
Lancet 2020; 396: 1204–1222.

2. Hajat C and Stein E. The global burden of multiple chronic con-
ditions: a narrative review. Prev Med Rep 2018; 12: 284–293.

3. Skou ST, Mair FS, Fortin M, et al. Multimorbidity. Nat Rev
Dis Primers 2022; 8: 1–22.

4. Xu X, Mishra GD and Jones M. Evidence on multimorbidity
from definition to intervention: an overview of systematic
reviews. Ageing Res Rev 2017; 37: 53–68.

5. Pedersen BK and Saltin B. Exercise as medicine - evidence
for prescribing exercise as therapy in 26 different chronic dis-
eases. Scand J Med Sci Sports 2015; 25: 1–72.

6. Lee I-M, Shiroma EJ, Lobelo F, et al. Effect of physical
inactivity on major non-communicable diseases worldwide:
an analysis of burden of disease and life expectancy. Lancet
2012; 380: 219–229.

7. Booth FW, Roberts CK and Laye MJ. Lack of exercise is a
major cause of chronic diseases. Compr Physiol 2012; 2:
1143–1211.

8. Ding D, Kolbe-Alexander T, Nguyen B, et al. The economic
burden of physical inactivity: a systematic review and critical
appraisal. Br J Sports Med 2017; 51: 1392–1409.

9. Hafner M, Yerushalmi E, Stepanek M, et al. Estimating the
global economic benefits of physically active populations
over 30 years (2020–2050). Br J Sports Med 2020; 54:
1482–1487.

10. Santos AC, Willumsen J, Meheus F, et al. The cost of inaction
on physical inactivity to public health-care systems: a
population-attributable fraction analysis. Lancet Glob
Health 2023; 11: e32–e39.

11. Holman H and Lorig K. Patient self-management: a key to
effectiveness and efficiency in care of chronic disease.
Public Health Rep 2004; 119: 239–243.

12. World Health Organization. Global strategy on digital health
2020-2025. Geneva: World Health Organization, https://apps.
who.int/iris/handle/10665/344249 (2021, accessed 10 August
2022).

13. Zangger G, Bricca A, Liaghat B, et al. Benefits and harms of
digital health interventions promoting physical activity in

people with chronic conditions: a systematic review and
meta-analysis (Preprint). J Med Internet Res 2023; 25:
e46439. DOI: 10.2196/46439

14. Larsen RT, Wagner V, Korfitsen CB, et al. Effectiveness of
physical activity monitors in adults: systematic review and
meta-analysis. Br Med J 2022; 376: e068047.

15. Gemert-Pijnen JE van, Nijland N, Limburg Mv, et al. A hol-
istic framework to improve the uptake and impact of eHealth
technologies. J Med Internet Res 2011; 13: e1672.

16. Kaihlanen A-M, Virtanen L, Buchert U, et al. Towards
digital health equity - a qualitative study of the challenges
experienced by vulnerable groups in using digital health ser-
vices in the COVID-19 era. BMC Health Serv Res 2022;
22: 188.

17. Whitelaw S, Pellegrini DM, Mamas MA, et al. Barriers and
facilitators of the uptake of digital health technology in car-
diovascular care: a systematic scoping review. European
Heart Journal - Digital Health 2021; 2: 62–74.

18. Norman CD and Skinner HA. Ehealth literacy: essential skills
for consumer health in a networked world. J Med Internet Res
2006; 8: e9.

19. van Kessel R, Wong BLH, Clemens T, et al. Digital health lit-
eracy as a super determinant of health: more than simply the
sum of its parts. Internet Interv 2022; 27: 100500.

20. Kim K, Shin S, Kim S, et al. The relation between eHealth lit-
eracy and health-related behaviors: systematic review and
meta-analysis. J Med Internet Res 2023; 25: e40778.

21. Xie L, Zhang S, Xin M, et al. Electronic health literacy and
health-related outcomes among older adults: a systematic
review. Prev Med 2022; 157: 106997.

22. Refahi H, Klein M and Feigerlova E. e-Health literacy skills in
people with chronic diseases and what do the measurements
tell us: a scoping review. Telemed J E Health 2023; 29:
198–208.

23. von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational
studies. Lancet 2007; 370: 1453–1457.

24. Christensen AI, Lau CJ, Kristensen PL, et al. The Danish
National Health Survey: Study design, response rate and
respondent characteristics in 2010, 2013 and 2017. Scand J
Public Health 2022; 50: 391–397. Epub ahead of print
March 2022. DOI: 10.1177/1403494820966534

25. https://www.danskernessundhed.dk/ (Accessed 6 May 2023).
26. Sundhedsprofilen, https://www.regionsjaelland.dk/fagfolk/

sundhedsprofilen (accessed 6 May 2023).
27. Pedersen CB. The danish civil registration system. Scand J

Public Health 2011; 39: 22–25.
28. Sundhedsprofilen 2021, https://www.regionsjaelland.dk/

fagfolk/sundhedsprofilen/sundhedsprofilen-2021 (accessed 1
June 2023).

29. Danquah IH, Petersen CB, Skov SS, et al. Validation of the
NPAQ-short – a brief questionnaire to monitor physical activ-
ity and compliance with the WHO recommendations. BMC
Public Health 2018; 18: 601.

30. Grimby G, Börjesson M, Jonsdottir IH, et al. The ‘saltin-
grimby physical activity level scale’ and its application to
health research. Scand J Med Sci Sports 2015; 25: 119–125.

31. Kayser L, Karnoe A, Furstrand D, et al. A multidimensional
tool based on the eHealth literacy framework: development

16 DIGITAL HEALTH

https://orcid.org/0000-0002-7606-3273
https://orcid.org/0000-0002-7606-3273
https://orcid.org/0000-0002-7606-3273
https://apps.who.int/iris/handle/10665/344249
https://apps.who.int/iris/handle/10665/344249
https://apps.who.int/iris/handle/10665/344249
http://dx.doi.org/10.2196/46439
http://dx.doi.org/10.1177/1403494820966534
https://www.danskernessundhed.dk/
https://www.danskernessundhed.dk/
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen/sundhedsprofilen-2021
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen/sundhedsprofilen-2021
https://www.regionsjaelland.dk/fagfolk/sundhedsprofilen/sundhedsprofilen-2021


and initial validity testing of the eHealth Literacy
Questionnaire (eHLQ). J Med Internet Res 2018; 20: e8371.

32. Osborne RH, Batterham RW, Elsworth GR, et al. The grounded
psychometric development and initial validation of the Health
LiteracyQuestionnaire (HLQ).BMCPublic Health 2013; 13: 658.

33. Ware J, Kosinski M and Keller SD. A 12-item short-form
health survey: construction of scales and preliminary tests
of reliability and validity. Med Care 1996; 34: 220–233.

34. HughesME,Waite LJ, Hawkley LC, et al. A short scale for meas-
uring loneliness in large surveys. Res Aging 2004; 26: 655–672.

35. WHO Guidelines on Physical Activity and Sedentary
Behaviour. Geneva: World Health Organization, http://
www.ncbi.nlm.nih.gov/books/NBK566045/ (2020, accessed
1 June 2023).

36. Schnohr P, Jensen JS, Scharling H, et al. Coronary heart
disease risk factors ranked by importance for the individual
and community. A 21 year follow-up of 12 000 men and
women from the Copenhagen city heart study. Eur Heart J
2002; 23: 620–626.

37. Kayser L, Karnoe A, Furstrand D, et al. A multidimensional
tool based on the eHealth literacy framework: development
and initial validity testing of the eHealth literacy questionnaire
(eHLQ). J Med Internet Res 2018; 20: e8371.

38. Norgaard O, Furstrand D, Klokker L, et al. The e-health liter-
acy framework: a conceptual framework for characterizing
e-health users and their interaction with e-health systems.
Knowledge Management & E-Learning: An International
Journal 2015; 7: 522–540.

39. Kayser L, Rossen S, Karnoe A, et al. Development of the
multidimensional readiness and enablement Index for health
technology (READHY) tool to measure Individuals’ health
technology readiness: initial testing in a cancer rehabilitation
setting. J Med Internet Res 2019; 21: e10377.

40. Thorsen IK, Rossen S, Glümer C, et al. Health technology readi-
ness profiles among danish individuals with type 2 diabetes:
cross-sectional study. J Med Internet Res 2020; 22: e21195.

41. Sundhedsprofil 2021 2. udgave, http://publikationer.
regionsjaelland.dk/data-og-udviklingsstoette/sundhedsprofil-
2021/?page=2 (accessed 14 January 2024).

42. Poulsen H, Eiriksson S, Christiansen A, et al. Sundhedsprofil
2021 for Region Sjælland og kommuner – »Hvordan har du
det?«. Region Sjælland, Data og udviklingsstøtte.

43. Jensen HAR, Ekholm O, Davidsen M, et al. The Danish
health and morbidity surveys: study design and participant
characteristics. BMC Med Res Methodol 2019; 19: 91.

44. Bergholdt HKM, Bathum L, Kvetny J, et al. Study design,
participation and characteristics of the danish general subur-
ban population study. Dan Med J 2013; 60: A4693.

45. Willadsen TG, Siersma V, Nicolaisdóttir DR, et al.
Multimorbidity and mortality: a 15-year longitudinal registry-
based nationwide Danish population study. J Comorb 2018;
8: 2235042X–18804063.

46. Mortensen SR, Kristensen PL, Grøntved A, et al.
Determinants of physical activity among 6856 individuals
with diabetes: a nationwide cross-sectional study. BMJ
Open Diabetes Res Care 2022; 10: e002935.

47. Tang LH. The association between clusters of chronic condi-
tions and psychological wellbeing in younger and older
people – a cross-sectional, population-based study from the
Lolland- Falster Health Study, Denmark.

48. Tang LH, Andreasson KH, Thygesen LC, et al. Persistent pain
and long-term physical and mental conditions and their associ-
ation with psychological well-being; data from 10,744 indivi-
duals from the Lolland-Falster health study. Journal of
Multimorbidity and Comorbidity 2022; 12: 263355652211287.

49. Bauman AE, Reis RS, Sallis JF, et al. Correlates of physical
activity: why are some people physically active and others
not? Lancet 2012; 380: 258–271.

50. Ku P-W, Steptoe A, Liao Y, et al. A cut-off of daily sedentary
time and all-cause mortality in adults: a meta-regression ana-
lysis involving more than 1 million participants. BMC Med
2018; 16: 74.

51. Karnoe A and Kayser L. How is eHealth literacy measured
and what do the measurements tell us? A systematic review.
Knowledge Management & E-Learning: An International
Journal 2015; 7: 576–600.

52. Health TLD. Digital technologies: a new determinant of
health. The Lancet Digital Health 2021; 3: e684.

53. Thorsen IK, Rossen S, Glümer C, et al. Health technology
readiness profiles among danish individuals with type 2 dia-
betes: cross-sectional study. J Med Internet Res 2020; 22:
e21195.

54. Holt KA, Karnoe A, Overgaard D, et al. Differences in the
level of electronic health literacy between users and nonusers
of digital health services: an exploratory survey of a group of
medical outpatients. Interact J Med Res 2019; 8: e8423.

55. Spindler H, Dyrvig A-K, Schacksen CS, et al. Increased
motivation for and use of digital services in heart failure
patients participating in a telerehabilitation program: a rando-
mized controlled trial. Mhealth 2022; 8: 25.

56. Ester M, McNeely ML, McDonough MH, et al. A survey of
technology literacy and use in cancer survivors from the
Alberta Cancer Exercise program. Digit Health 2021; 7:
20552076211033426.

57. Duplaga M. The association between internet use and
health-related outcomes in older adults and the elderly: a cross-
sectional study. BMC Med Inform Decis Mak 2021; 21: 150.

58. Cui G-H, Li S-J, Yin Y-T, et al. The relationship among social
capital, eHealth literacy and health behaviours in Chinese
elderly people: a cross-sectional study. BMC Public Health
2021; 21: 45.

59. Yang S-C, Luo Y-F and Chiang C-H. The associations among
individual factors, eHealth literacy, and health-promoting life-
styles among college students. J Med Internet Res 2017; 19: e15.

60. Hsu W, Chiang C and Yang S. The effect of individual factors
on health behaviors among college students: the mediating
effects of eHealth literacy. J Med Internet Res 2014; 16: e3542.

61. Buja A, Rabensteiner A, Sperotto M, et al. Health literacy and
physical activity: a systematic review. J Phys Act Health
2020; 17: 1259–1274.

62. Nutbeam D, McGill B and Premkumar P. Improving health
literacy in community populations: a review of progress.
Health Promot Int 2018; 33: 901–911.

63. Wang Y, Song Y, Zhu Y, et al. Association of eHealth literacy
with health promotion behaviors of community-dwelling older
people: the chain mediating role of self-efficacy and self-care
ability. Int J Environ Res Public Health 2022; 19: 6092.

64. Bauman AE, Reis RS, Sallis JF, et al. Correlates of physical
activity: why are some people physically active and others
not? Lancet 2012; 380: 258–271.

Zangger et al. 17

http://www.ncbi.nlm.nih.gov/books/NBK566045/
http://www.ncbi.nlm.nih.gov/books/NBK566045/
http://www.ncbi.nlm.nih.gov/books/NBK566045/
http://publikationer.regionsjaelland.dk/data-og-udviklingsstoette/sundhedsprofil-2021/?page=2
http://publikationer.regionsjaelland.dk/data-og-udviklingsstoette/sundhedsprofil-2021/?page=2
http://publikationer.regionsjaelland.dk/data-og-udviklingsstoette/sundhedsprofil-2021/?page=2
http://publikationer.regionsjaelland.dk/data-og-udviklingsstoette/sundhedsprofil-2021/?page=2

	 Introduction
	 Methods
	 Study design
	 Setting
	 Participants
	 Survey content
	 Objectives and variables of interest
	 Outcome
	 Physical activity items
	 Moderate-to-vigorous physical activity level
	 Compliance with the WHOs minimum recommendations for physical activity
	 Self-reported physical activity (active or inactive)


	 Exposure
	 Digital health literacy

	 Potential effect-modifiers
	 Body systems
	 Somatic and mental health conditions
	 Covariates
	 Other descriptive variables

	 Statistical methods

	 Results
	 Sample size and description of participants
	 Missing items and non-responder analyses
	 eHLQ scores
	 Physical activity levels
	 Main results
	 Association between digital health literacy and moderate-to-vigorous physical activity level
	 Association between digital health literacy and compliance with WHOs minimum recommendations for physical activity
	 Associations between digital health literacy and self-reported active or inactive

	 Interaction analyses
	 Body systems
	 Somatic and mental health conditions

	 Sensitivity analyses

	 Discussion
	 Principal findings
	 Findings in comparison with prior work
	 Digital health literacy level
	 Association between digital health literacy and physical activity

	 Methodological considerations
	 Limitations
	 Clinical implications

	 Conclusion
	 Acknowledgment
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


