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ABSTRACT
Introduction The aims of this cross- sectional study were 
to (1) describe habitual physical activity and adherence to 
WHO recommendations, and (2) investigate the association 
of comorbidity, obesity, stress, and health- related quality 
of life (HRQoL) with moderate to vigorous physical activity 
(MVPA) among individuals with diabetes.
Research design and methods This study included 6856 
participants with diabetes from the Danish National Health 
Survey from 2017. The primary outcome measure was 
weekly MVPA. Exposures included self- reported number of 
conditions, body mass index (BMI), perceived stress, and 
HRQoL. Mean difference in MVPA across exposures was 
estimated by multiple linear regression analyses.
Results Forty per cent of individuals with diabetes were 
not adherent to WHO recommendations for physical 
activity. Individuals with diabetes had higher BMI, more 
comorbidities, higher perceived stress, and lower HRQoL. 
Individuals with three or more comorbidities were 
significantly associated with lower weekly MVPA (−0.48 
hours/week, 95% CI −0.88 to −0.07) compared with 
individuals with no comorbidity. Furthermore, overweight 
or obese (class I–III) individuals engaged in significantly 
less weekly MVPA (obese class III vs normal weight: −1.98 
hours/week, 95% CI −2.49 to −1.47). Higher perceived 
stress was significantly associated with lower weekly 
MVPA (−1.76 hours/week, 95% CI −2.18 to −1.34) versus 
low perceived stress. Finally, having low physical and 
mental HRQoL was associated with lower weekly MVPA 
(−0.93 hours/week, 95% CI −1.19 to −0.66 and −0.39 
hours/week, 95% CI −0.71 to −0.08 respectively vs 
moderate or high HRQoL).
Conclusions We found that 40% of individuals with 
diabetes do not engage regularly in adequate physical 
activity. Comorbidities, higher BMI, higher perceived stress, 
and lower HRQoL were associated with less engagement 
in physical activity. This study suggests that subgroups 
of individuals with diabetes are at higher risk of physical 
inactivity.

INTRODUCTION
Physical inactivity alone is estimated to cause 
7% of the burden of type 2 diabetes.1 On 
the other hand, engaging in regular physical 
activity is a cornerstone of diabetes manage-
ment to prevent long- term diabetes complica-
tions, declines in quality of life and premature 

mortality.2 3 According to the WHO and the 
American Diabetes Association,4 5 adults 
living with diabetes are recommended to do 
at least 150–300 min of moderate- intensity 
or 75–150 min of vigorous- intensity (or an 
equivalent combination) aerobic physical 
activity weekly.4 5 Living with diabetes can 
be very stressful and significantly affect the 
individual’s quality of life.6 7 Individuals with 
diabetes may worry about existing and future 
complications and comorbidities, as well as 
feeling guilty and ashamed of not adhering 
to lifestyle recommendations, for example, 
in terms of body mass index (BMI) and phys-
ical activity.8 Meeting the WHO recommen-
dations of regular physical activity is a major 
challenge among individuals with diabetes,9 
but some studies report that about 40%–45% 
of individuals with diabetes do adhere to the 
recommendations10 11 and their treatment 
should thus not necessarily revolve around 
increasing physical activity. Morbidity, obesity, 
stress, and lower health- related quality of life 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ No previous large- scale study has provided a de-
tailed description of habitual physical activity among 
individuals with diabetes and associated factors.

WHAT THIS STUDY ADDS
 ⇒ Forty per cent of individuals with diabetes do not en-
gage regularly in adequate physical activity.

 ⇒ Having comorbidities, higher body mass index, high-
er perceived stress, and lower health- related quality 
of life is significantly associated with lower moder-
ate to vigorous physical activity among individuals 
with diabetes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Subgroups of individuals with diabetes are at higher 
risk of physical inactivity and might need addition-
al support or tailored interventions to increase their 
physical activity level.
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(HRQoL) are associated with decreased habitual phys-
ical activity in the general population.12–15 Given that 
individuals with diabetes are at high risk of suffering 
from all these factors,6 16 17 it is likely that physical activity 
among individuals with diabetes is also associated with 
these factors. Availability of such information would be 
an important resource when designing and promoting a 
physical activity intervention taking individual character-
istics, needs and preferences into account, and thereby 
spending the resources on those in most need. However, 
no previous large- scale studies have provided a detailed 
description of habitual physical activity among individ-
uals with diabetes and associated factors.

Therefore, the aims of this study were to (1) describe 
habitual physical activity and adherence to WHO recom-
mendations, and (2) investigate the association of comor-
bidity, obesity, stress, and HRQoL with moderate to vigorous 
physical activity (MVPA) among individuals with diabetes 
based on data from a large nationwide Danish survey.

RESEARCH DESIGN AND METHODS
Reporting of this cross- sectional study followed the 
‘Strengthening the Reporting of Observational Studies 
in Epidemiology’ checklist.18

Setting and data sources
We used data from the cross- sectional nationwide Danish 
National Health Survey (DNHS) from 2017. The overall 
aim of the DNHS is to monitor the status and trends in 
physical and mental health in the adult Danish popu-
lation (≥16 years). A detailed description of the DNHS 
design is available on the DNHS web page (https://www. 
danskernessundhed.dk/).19 20 In 2017, a total of 312 349 
individuals were randomly drawn from the population 
using the Danish Civil Health Registration System and 
invited via a secure electronic mail service (Digital Post) 
or regular postal service to participate in the survey. The 
questionnaire was fully or partially completed (sex, age, 
and at least one other question answered) by 183 372 
respondents (58.7%).20

Participants
The present study included participants with ‘Diabetes’ 
and ‘No known diabetes’. Following the categorization 
of diabetes from DNHS, respondents were defined as 
‘Having diabetes’ if they had answered ‘I have diabetes 
now’ or ‘I have had diabetes’ and ‘I suffer from sequela 
due to the diabetes’. The question on diabetes did not 
distinguish between types of diabetes; therefore, the 
respondents covered the whole spectrum of diabetes. 
Out of 183 372 respondents, 10 216 individuals reported 
to have diabetes. Respondents with complete data on 
outcome, exposure, and confounder variables were 
considered eligible for the present study.

Outcome variables
The outcomes of interest were self- reported MVPA 
(hours/week), adherence to WHO recommendations of 

physical activity and sedentary behavior, and total seden-
tary behavior (hours/day). MVPA was assessed with the 
question: ‘During a regular week, how much time do you spend 
on moderate and vigorous physical activities, where you can feel 
your pulse and your breathing increase (eg, walking, cycling as 
transport or recreational activity, hard gardening, running or 
exercise sports)? Indicate only activities lasting at least 10 min’. 
Respondents replied in hours and minutes.

Adherence to WHO recommendations was assessed 
with the question regarding MVPA and the question: 
‘How much time of the above- mentioned physical activities do 
you spend in a regular week on vigorous physical activities? 
These are activities where your pulse is substantially increased, 
you sweat, and which cause you to be out of breath and to 
find it hard to talk (eg, swimming, running, cycling at high 
speed, strength training or ball games)’. Adherence to WHO 
recommendations was dichotomized to ‘Following WHO 
recommendations’ or ‘Not following WHO recommen-
dations’. Respondents were categorized as ‘Following 
WHO recommendations’ if they reported at least 150 
min/week of moderate intensity, at least 75 min/week of 
vigorous intensity, or an equivalent combination.4

In addition, self- reported MVPA was categorized into 
four levels of habitual physical activity in accordance 
with the WHO recommendations: (1) inactive: 0 hour/
week; (2) inadequate: participants do not meet recom-
mendations (150–300 min/week of moderate intensity 
or 75–150 min/week of vigorous intensity); (3) adequate: 
participants meet recommendations, but not more than 
300 min/week of moderate intensity or 150 min/week 
of vigorous intensity; and (4) optimal: participants with 
more than 300 min/week of moderate intensity or 150 
min/week of vigorous intensity.

Total sedentary behavior was assessed with the ques-
tion: ‘On a typical weekday/workday, how much time do you 
spend on sitting down in each of the following situations? Please 
consider your total sitting time and distribute it in each of the 
following categories’. Respondents reported minutes and 
hours spent on (1) transport (eg, in car, bus or train; not 
cycling); (2) work/school/education (eg, sitting by the 
desk or at meeting); (3) leisure time: by screen (eg, tele-
vision, computer, tablet, smartphone); (4) leisure time: 
other (eg, meals, reading, social gatherings). All ques-
tions regarding MVPA and sedentary behavior have been 
validated.21 Motivation for being more physically active 
was assessed with the question: ‘Do you want to be more phys-
ically active?’.

Exposures
Comorbidity
Self- reported information on selected long- term condi-
tions (excluding diabetes) and sequela were used to 
assess comorbidity. Respondents reported whether they 
had or have had selected long- term conditions, and 
whether they were suffering from sequelae due to the 
specific long- term condition. The definition of comor-
bidity was based on diagnoses organized in 10 groups of 
different body systems according to Willadsen et al.22 In 
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this study, there were only seven groups due to lack of 
information on conditions in all body systems, and since 
diabetes was the only endocrine condition in the survey, 
it was excluded from the comorbidity variable. The seven 
groups were: (1) lung, (2) musculoskeletal, (3) mental, 
(4) cancer, (5) neurological, (6) cardiovascular, and (7) 
sensory organs.

The variable was categorized as a count variable, 
counting the numbers of comorbidities from zero to 
three or more from different body systems including 
diabetes. Suffering from several long- term conditions 
within the same body system, for example, hypertension 
and myocardial infarction, would still only count as one 
comorbidity.

Individuals with mental comorbidities engage less 
regularly in physical activity compared with individuals 
with only somatic comorbidities.23 24 Therefore, a variable 
differentiating between comorbidities with and without a 
mental health condition was created.

Obesity
Self- reported data on height and weight were used to 
calculate BMI (kg/m2). BMI was categorized into five 
groups: underweight/normal weight (BMI <25.0), over-
weight (BMI ≥25.0 to <30.0), obese class I (BMI ≥30.0 to 
<35.0), obese class II (BMI ≥35.0 to <40.0), and obese 
class III (BMI ≥40), as defined by the WHO.25

Stress
Self- reported psychological stress was assessed using the 
Danish version of Cohen’s 10- item Perceived Stress Scale 
(PSS).26 27 PSS was categorized into three as follows: (1) 
low perceived stress (scores ranging from 0 to 13), (2) 
moderate perceived stress (scores ranging from 14 to 
26), and (3) high perceived stress (scores ranging from 
27 to 40).27

Health-related quality of life
Self- reported HRQoL (physical and mental health) was 
assessed using the 12- item Short- Form Health Survey and 
was categorized into a physical and mental scale.28 29 A 
physical score of 50 or less was categorized as ‘Low phys-
ical HRQoL’, and a mental score of 42 or less was catego-
rized as ‘Low mental HRQoL’.30

Covariates
The following covariates are suggested to be potential 
independent risk factors of the four exposures (comor-
bidity, obesity, stress, and HRQoL) and the outcome 
(physical activity): age, sex, ethnicity, marital status, 
educational level, alcohol consumption, smoking, and 
diet. Directed acyclic graphs31 of the assumed causal rela-
tions between exposures and outcome of the primary 
analysis are available in online supplemental file 1. 
Marital status was dichotomized into ‘Married or living 
with partner’ or ‘Living alone’. Educational level was 
assessed using the respondents’ highest level of educa-
tion and categorized into three: (1) primary and lower 
secondary education, (2) upper secondary or vocational, 

and (3) higher education. Ethnicity was categorized into 
three groups: Danish, other Western, and non- Western 
background. Smoking was categorized into (1) smoker, 
(2) ex- smoker, (3) never smoked. Alcohol consumption 
was measured by the number of drinks of beer, wine and 
spirits consumed in a typical week and categorized in 
accordance with the national recommendations from the 
Danish Health Authority: (1) no alcohol (0 drink), (2) 
below low risk (men >0 and <14 drinks, women >0 and 
<7 drinks), (3) above low risk (men ≥14 and ≤21 drinks, 
women ≥7 and ≤14 drinks), (4) high risk (men >21 drinks, 
women >14 drinks). Eating habits were measured using 
the diet score dividing the respondents into three health 
levels based on their diet: (1) healthy diet, (2) medium 
healthy diet, and (3) unhealthy diet.32

Statistical analyses
A statistical analysis plan was developed (online supple-
mental file 2) and openly available (https://osf.io/ 
25u4g/) prior to commencing the analyses. Cross- 
tabulations were conducted to describe habitual physical 
activity among individuals with diabetes and individuals 
with no known diabetes and to display potential subgroup 
differences.

Descriptive statistics are presented as numbers and 
percentages or means and SDs or medians and IQR. 
Four multiple linear regression analyses were conducted 
to investigate the associations between the exposures 
(comorbidity, obesity, stress, and HRQoL) and the 
outcome MVPA. Results of the multiple linear regres-
sion analyses are presented as mean differences with 
95% CIs across levels of exposures with no comorbidity, 
underweight or normal weight, low perceived stress, and 
moderate to high HRQoL as reference categories.

To explore the associations between the same four 
exposures and adherence to WHO recommendations 
of physical activity, four multiple logistic regression 
analyses were performed. Results of the logistic regres-
sion analyses are presented as prevalence ORs with 95% 
CI. Furthermore, four multiple linear regression anal-
yses were performed with total sedentary behavior as 
outcome.

All models are reported crude and adjusted for age, 
sex, ethnicity, marital status, educational level, alcohol 
consumption, smoking, and diet. Furthermore, the four 
exposures were potential independent risk factors in the 
individual model; therefore, the variables were included 
as confounders in the individual model (online supple-
mental file 1). Post hoc analyses of comorbidities and 
MVPA excluding adjustment of BMI were performed 
to investigate the size of difference in MVPA between 
numbers of comorbidities allowing for adiposity levels 
to be different across comorbidities, because obesity is a 
strong determinant of a wide range of morbidities. In addi-
tion, cross- tabulations were conducted describing propor-
tions and characteristics of participants with diabetes who 
were not following WHO recommendations of physical 
activity and their motivation for being more physically 
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active. Statistically, weights provided by the DNHS were 
included in all models to account for non- response by 
certain population groups. The weights were computed 
by Statistics Denmark and account for differences such 
as age, sex, educational level, income, socioeconomic 
group, municipality of residence, marital status, ethnic 
background, healthcare utilization and research protec-
tion.33 All statistical analyses were conducted in STATA/
BE V.17.0 using an α level of 0.05, two sided.

RESULTS
Out of 183 372 responses, 10 216 participants reported 
they had diabetes. Of these, 6856 participants had 
complete data on outcome, exposures, and covariates in 
the primary analysis (figure 1).

Participant characteristics
Characteristics of participants with diabetes with and 
without complete data and participants with no known 
diabetes are presented in table 1. Due to differences in age 
and sex between diabetes status, direct standardization 
was performed on participants with no known diabetes 
based on the age and sex distribution among participants 
with diabetes. Only 60% of those with diabetes met the 
WHO recommendations compared with 70% of those 
without diabetes. Participants with diabetes had higher 
BMI, more comorbidities, higher perceived stress, and 
lower HRQoL.

Participant characteristics by level of habitual physical 
activity
Characteristics of participants with diabetes stratified 
by level of habitual physical activity according to WHO 
Guidelines of Physical Activity and Sedentary Behavior 
are presented in table 2. Out of 6341 participants, 
2530 (38.8%) had optimal amount of habitual physical 
activity and 955 (16.4%) were inactive. Inactive partici-
pants had lower levels of education and more unhealthy 
eating habits, higher prevalence of obesity class II and 
III, higher prevalence of three or more comorbidities, 
higher perceived stress, and lower HRQoL.

Associations of MVPA and comorbidities
Table 3 represents the results from the primary analysis 
regarding associations between exposures and MVPA 
(hours/week) in participants with diabetes. Having 
diabetes with three or more comorbidities including 
mental health conditions had significantly lower weekly 
MVPA after adjustments (−0.48 hours/week, 95% CI 
−0.88 to −0.07) compared with individuals with no comor-
bidity, whereas three or more comorbidities excluding 
mental health conditions were non- significant after 
adjustments (−0.54 hours/week, 95% CI −0.76 to 0.04) 
compared with no comorbidity. Post hoc analyses showed 
significant lower weekly MVPA among individuals with 
two comorbidities and three or more comorbidities 
including mental health conditions without adjustment 
of BMI (−0.58 hours/week, 95% CI −0.98 to −0.18 and 

Figure 1 Flow chart of all included participants in the primary analysis and the three secondary analyses from the Danish 
National Health Survey (DNHS) 2017. BMI, body mass index; SF- 12, 12- item Short- Form Health Survey.
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Table 1 Characteristics of participants with diabetes with and without complete responses and no known diabetes

Diabetes (complete data) Diabetes (incomplete data) No known diabetes

n (%) b21 6856 (8.4)* 10 216 (8.8)* 173 021 (91.2)

Marital status

  Married/living with partner 4928 (63.7) 6977 (61.1) 119 029 (66.8)

  Living alone 1928 (36.3) 3239 (38.9) 53 992 (33.2)

Educational level

  Primary 1113 (19.8) 1848 (22.6) 18 478 (16.0)

  Upper secondary 4071 (58.9) 5563 (58.3) 86 947 (55.3)

  Higher 1672 (21.3) 2056 (19.1) 53 911 (28.7)

Ethnic background

  Danish 6320 (88.1) 9387 (87.0) 159 429 (91.6)

  Western 187 (3.9) 273 (4.0) 5847 (4.3)

  Non- Western 349 (7.9) 556 (9.0) 7745 (4.1)

Alcohol consumption (drinks consumed weekly)

  No alcohol 2161 (35.5) 3372 (39.4) 35 883 (22.0)

  Below low risk 3440 (47.3) 4551 (44.4) 88 587 (54.0)

  Above low risk 753 (10.4) 1027 (9.8) 24 361 (16.1)

  High risk 502 (6.8) 656 (6.4) 10 967 (7.8)

Smoking

  Smoker 1309 (19.8) 1935 (20.8) 33 017 (19.3)

  Ex- smoker 3023 (42.9) 4388 (41.9) 52 149 (39.2)

  Never smoked 2524 (37.3) 3693 (37.3) 79 529 (41.5)

Diet score

  Unhealthy 997 (14.9) 1522 (16.6) 23 609 (16.5)

  Medium healthy 4669 (68.2) 6325 (66.3) 105 169 (65.5)

  Healthy 1190 (16.9) 1667 (17.1) 29 405 (17.9)

Obesity

  Underweight/normal 1492 (23.1) 2170 (23.2) 78 160 (43.9)

  Overweight 2584 (37.2) 3740 (36.9) 57 078 (39.5)

  Obese class I 1725 (24.6) 2436 (24.3) 18 805 (12.6)

  Obese class II 691 (9.5) 980 (9.8) 4980 (2.9)

  Obese class III 364 (5.6) 511 (5.8) 2146 (1.1)

Comorbidities including mental health conditions

  No comorbidity 839 (11.6) 1205 (11.9) 59 297 (27.3)

  One comorbidity 1813 (25.1) 2653 (25.0) 53 182 (30.2)

  Two comorbidities 1989 (28.6) 2980 (28.4) 35 944 (23.9)

  Three or more comorbidities 2215 (34.5) 3378 (34.7) 24 598 (18.6)

Perceived stress

  Low perceived stress 3739 (50.1) 4771 (46.5) 96 095 (61.2)

  Moderate perceived stress 2826 (44.9) 4207 (48.2) 57 962 (36.1)

  High perceived stress 291 (5.0) 410 (5.3) 5217 (2.7)

HRQoL

  Low physical HRQoL 4715 (71.8) 6335 (73.7) 60 680 (50.6)

  Low mental HRQoL 1845 (30.6) 2567 (32.8) 36 103 (20.8)

Adherence to WHO recommendations of physical activity

  Following recommendations 2457 (59.1) 4902 (58.4) 102 881 (68.9)

  Not following recommendations 3884 (40.9) 3224 (41.6) 40 578 (31.1)

Data are presented as n (%).
n is different due to variations in complete responses in each variable.
*Proportion of individuals with diabetes compared with proportion of individuals without diabetes.
HRQoL, health- related quality of life.
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Table 2 Characteristics of participants with diabetes stratified by level of habitual physical activity

Level of habitual physical activity*

Inactive Inadequate Adequate Optimal

n (%) 955 (16.4) 1502 (23.5) 1354 (21.3) 2530 (38.8)

Sex

  Male 547 (57.8) 912 (60.1) 785 (57.8) 1558 (62.2)

  Female 408 (42.2) 590 (39.9) 569 (42.2) 942 (37.8)

Age (years) 64 (53; 74) 64 (54; 72) 62 (53; 71) 63 (52; 71)

Marital status

  Married/living with partner 640 (59.8) 1097 (66.6) 981 (65.6) 1841 (66.1)

  Living alone 315 (40.2) 405 (33.4) 373 (34.4) 689 (33.9)

Educational level

  Primary 211 (24.8) 229 (17.2) 191 (16.2) 365 (16.3)

  Upper secondary 577 (59.6) 887 (60.0) 794 (60.4) 1488 (58.9)

  High 167 (15.6) 386 (22.7) 369 (23.4) 677 (24.8)

Ethnic background

  Danish 877 (86.4) 1394 (88.7) 1256 (87.8) 2347 (88.9)

  Western 33 (5.7) 45 (3.9) 27 (2.9) 67 (3.7)

  Non- Western 45 (7.8) 63 (7.4) 71 (9.3) 116 (7.3)

Smoking

  Smoker 231 (24.5) 315 (22.8) 253 (19.9) 420 (18.8)

  Ex- smoker 431 (43.4) 666 (42.6) 579 (40.0) 1117 (42.1)

  Never smoked 293 (32.1) 521 (34.6) 522 (40.1) 993 (37.1)

Diet score

  Unhealthy 255 (26.3) 274 (20.1) 139 (10.5) 255 (10.0)

  Medium healthy 594 (62.5) 1044 (68.8) 971 (70.9) 1702 (68.1)

  Healthy 106 (11.2) 184 (11.1) 244 (18.7) 573 (21.9)

Alcohol consumption (drinks consumed weekly)

  No alcohol 415 (45.6) 453 (33.8) 369 (31.3) 716 (31.9)

  Below low risk 380 (38.0) 736 (46.8) 758 (53.8) 1336 (50.1)

  Above low risk 78 (7.7) 168 (10.7) 144 (9.3) 317 (11.9)

  High risk 82 (8.7) 145 (8.8) 83 (5.6) 161 (6.1)

MVPA in leisure time (hours/week) 0 (0; 0) 1 (0.5; 1.5) 2.5 (2; 3.25) 6 (4.5; 9)

Total sedentary behavior (hours/day) 9 (6.5; 12) 8.5 (6; 12) 8.25 (6; 11.6) 8.2 (6; 11.7)

Obesity

  Underweight/normal 150 (16.5) 270 (18.4) 271 (21.3) 686 (28.9)

  Overweight 331 (33.9) 536 (35.0) 514 (37.4) 1017 (38.6)

  Obese class I 238 (24.2) 430 (28.2) 365 (26.1) 548 (21.4)

  Obese class II 142 (14.4) 168 (11.0) 133 (9.5) 199 (7.6)

  Obese class III 94 (11.0) 98 (7.4) 71 (5.7) 80 (3.5)

Comorbidities including mental health conditions

  No comorbidity 76 (8.3) 140 (8.8) 171 (13.5) 391 (16.3)

  One comorbidity 191 (19.3) 373 (24.3) 381 (25.9) 738 (28.2)

  Two comorbidities 272 (27.9) 461 (30.2) 420 (29.5) 689 (26.7)

  Three or more comorbidities 416 (44.5) 528 (36.7) 382 (31.1) 712 (28.8)

Perceived stress

  Low perceived stress 411 (40.2) 778 (46.3) 759 (50.6) 1566 (58.9)

Continued
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−0.85 hours/week, 95% CI −1.25 to −0.45) compared with 
individuals with no comorbidity. The analyses excluding 
mental health conditions showed also significant results 
without adjustment of BMI (−0.51 hours/week, 95% CI 
−0.89 to −0.12 and −0.72 hours/week, 95% CI −1.12 to 
−0.32).

Associations of MVPA and obesity
Overweight or obese (class I–III) individuals engaged in 
significantly less MVPA after adjustments (overweight: 
−0.61 hours/week, 95% CI −0.94 to −0.29; obese class 
I: −1.08 hours/week, 95% CI −1.43 to −0.74; obese class 
II: −1.43 hours/week, 95% CI −1.85 to −1.01; obese class 
III: −1.98 hours/week, 95% CI −2.49 to −1.47) compared 
with underweight and normal weight individuals.

Associations of MVPA and perceived stress
Moderate and high perceived stress were significantly 
associated with lower weekly MVPA after adjustments 
(−0.59 hours/week, 95% CI −0.83 to −0.34 and −1.76 
hours/week, 95% CI −2.18 to −1.34) compared with low 
perceived stress.

Associations of MVPA and HRQoL
At last, low physical and mental HRQoL were associated 
with lower weekly MVPA after adjustments (−0.93 hours/
week, 95% CI −1.19 to −0.66 and −0.39 hours/week, 
95% CI −0.71 to −0.08) compared with moderate or 
high HRQoL. The pattern of association of comorbidity, 
obesity, and stress with MVPA appeared consistent with 
an inverse graded relationship.

Adherence to WHO recommendations
The estimated associations of the logistic regression 
models between exposures and adherence to WHO 
recommendations appeared similar to the linear models 
(online supplemental file 3).

Associations of sedentary behavior and determinants
Results of sedentary behavior showed significant associ-
ations between obese class II and III and higher weekly 
sedentary behavior compared with normal weight indi-
viduals with diabetes (for more details see online supple-
mental file 4).

Motivation for being more physically active
Table 4 shows the distribution and characteristics of partici-
pants with diabetes who are not following WHO recommen-
dations of physical activity and their motivation for being 
more physically active. Younger participants were more 
motivated for being more physically active. In addition, the 
proportion of motivated participants was highest among 
obese class II and III compared with obese class I, over-
weight, and underweight/normal. Distribution and charac-
teristics of participants with diabetes who are following the 
WHO recommendations of physical activity and their moti-
vation for being more physically active are available in online 
supplemental file 5.

DISCUSSION
We found that 40% of individuals with diabetes from this 
nationwide population were not adherent to WHO recom-
mendations for physical activity as measured by self- report. 
Inactive individuals with diabetes were less educated, had 
more unhealthy eating and smoking habits, higher BMI, 
more comorbidities, higher perceived stress, and lower 
HRQoL. The primary analysis showed that higher BMI, 
higher perceived stress, lower HRQoL, and having two 
comorbidities and three or more comorbidities were asso-
ciated with lower weekly MVPA. However, when comor-
bidities only included somatic conditions, the association 
was only significant when participants had three or more 
comorbidities. Obesity, high perceived stress, and low 
physical HRQoL were the most remarkable determinants 
of low physical activity with mean differences of at least 

Level of habitual physical activity*

Inactive Inadequate Adequate Optimal

  Moderate perceived stress 455 (50.0) 657 (47.8) 546 (44.9) 897 (37.7)

  High perceived stress 89 (9.8) 67 (5.9) 49 (4.5) 67 (3.3)

HRQoL

  Low physical HRQoL 820 (86.3) 1137 (76.8) 930 (70.0) 1450 (58.8)

  Low mental HRQoL 955 (43.6) 1502 (34.1) 1354 (28.1) 2530 (23.4)

n=6341.
Data are presented as number and proportion (%) except from age, MVPA and sedentary behavior, which are presented as median and IQR.
*Level of habitual physical activity was categorized in accordance with the ‘WHO Guidelines of Physical Activity and Sedentary Behavior’: (1) 
inactive=0 hour/week, (2) inadequate=participants do not meet recommendations (150–300 min/week of moderate intensity or 75–150 min/
week of vigorous intensity), (3) adequate=participants meet recommendations, but not more than 300 min/week of moderate intensity or 150 
min/week of vigorous intensity, and (4) optimal=participants with more than 300 min/week of moderate intensity or 150 min/week of vigorous 
intensity of physical activity.
HRQoL, health- related quality of life; MVPA, moderate to vigorous physical activity.

Table 2 Continued
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1 hour of lower weekly MVPA compared with references. 
Post hoc analyses showed significant lower weekly MVPA 
among individuals with two comorbidities and three or 
more comorbidities.

Among individuals with diabetes who did not meet the 
WHO recommendations, 60% were motivated for being 
more physically active, with higher motivation among 
young, middle- aged and obese individuals.

The prevalence of adherence to the WHO recom-
mendations found in this study is inconsistent with two 
previous cross- sectional studies outside Denmark. A study 
by Martinez- Harvell et al11 from 2020 found that 53.5% of 

25 980 participants with diabetes from the USA did not 
meet the recommendations of physical activity (150 min/
week of MVPA, or 75 min/week of vigorous intensity at 
least three times/week). A Scottish study by Salman et al34 
from 2019 found that 65.9% of 1259 participants did not 
meet the recommended levels of physical activity (150 
min/week moderate or 75 min/week vigorous physical 
activity or equivalent combination). The inconsistency 
might be explained by differences in how physical activity 
was quantified and the populations included. Our study 
included a large population with diabetes from all regions 
of Denmark, which increases the generalizability to the 

Table 3 Linear regressions on the associations of determinants with MVPA in participants with diabetes

Therefore, the aims of this

MVPA (hours/week)

Multivariable adjusted (excluding BMI)†Crude Multivariable adjusted

β (95 % CI)* P value β (95 % CI) P value β (95 % CI) P value

Comorbidities including mental health conditions‡

  No comorbidity (Reference) (Reference) (Reference)

  One comorbidity −0.38 (−0.79 to 0.02) 0.064 −0.08 (−0.48 to 0.34) 0.688 −0.29 (−0.69 to 0.11) 0.161

  Two comorbidities −0.73 (−1.13 to −0.34) 0.001§ −0.31 (−0.70 to 0.09) 0.135 −0.58 (−0.98 to −0.18) 0.004§

  Three or more comorbidities −1.04 (−1.44 to −0.65) 0.001§ −0.48 (−0.88 to −0.07) 0.021§ −0.85 (−1.25 to −0.45) 0.001§

Comorbidities excluding mental health conditions‡

  No comorbidity (Reference) (Reference) (Reference)

  One comorbidity −0.27 (−0.66 to 0.12) 0.0175 −0.04 (−0.34 to 0.43) 0.823 −0.16 (−0.55 to 0.23) 0.417

  Two comorbidities −0.65 (−1.03 to −0.27) 0.001§ −0.23 (−0.61 to 0.16) 0.243 −0.51 (−0.89 to −0.12) 0.010§

  Three or more comorbidities −0.91 (−1.29 to −0.53) 0.001§ −0.54 (−0.76 to 0.04) 0.081 −0.72 (−1.12 to −0.32) 0.001§

Obesity¶

  Underweight/normal (Reference) (Reference)

  Overweight −0.61 (−0.93 to −0.29) 0.001§ −0.61 (−0.94 to −0.29) 0.001§

  Obese class I −1.12 (−1.47 to −0.77) 0.001§ −1.08 (−1.43 to −0.74) 0.001§

  Obese class II −1.49 (−1.92 to −1.07) 0.001§ −1.43 (−1.85 to −1.01) 0.001§

  Obese class III −2.05 (−2.58 to −1.52) 0.001§ −1.98 (−2.49 to −1.47) 0.001§

Stress**

  Low perceived stress (Reference) (Reference)

  Moderate perceived stress −0.68 (−0.92 to −0.44) 0.001§ −0.59 (−0.83 to −0.34) 0.001§

  High perceived stress −1.90 (−2.29 to −1.51) 0.001§ −1.76 (−2.18 to −1.34) 0.001§

HRQoL††

Physical score

  Moderate to high physical HRQoL (Reference) (Reference)

  Low physical HRQoL −1.35 (−1.59 to −1.09) 0.001§ −0.93 (−1.19 to −0.66) 0.001§

Mental score

  Moderate to high mental HRQoL (Reference) (Reference)

  Low mental HRQoL −0.90 (−1.15 to −0.65) 0.001§ −0.39 (−0.71 to −0.08) 0.015§

n=6856.
Crude and adjusted models were weighted for non- response.
*β coefficients and 95% CIs represent mean difference in MVPA (hours/week) compared with the reference.
†Post hoc analyses of comorbidities and MVPA excluding adjustment of BMI.
‡Each multivariable model was adjusted as follows: age, sex, ethnicity, educational level, marital status, diet, smoking, alcohol consumption, BMI.
§Significant results (p<0.05).
¶Each multivariable model was adjusted as follows: age, sex, ethnicity, educational level, marital status, diet, smoking, alcohol consumption, comorbidity.
**Each multivariable model was adjusted as follows: age, sex, educational level, marital status, smoking, BMI, comorbidity.
††Each multivariable model was adjusted as follows: age, sex, educational level, marital status, smoking, BMI, comorbidity, stress.
BMI, body mass index; HRQoL, health- related quality of life; MVPA, moderate to vigorous physical activity.
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whole country thereby extending previous findings. Even 
though our results are inconsistent with previous studies, 
our results still indicate that physical activity interven-
tions targeting individuals with diabetes are needed.

We found that individuals with higher perceived stress, 
lower HRQoL and comorbidities including mental 
health conditions are less likely to engage in regular 
physical activity. These findings support previous studies 
showing an association between mental health condi-
tions, distress, and physical activity among individuals 
with diabetes.35 36 Individuals suffering from mental 
health conditions or distress may experience challenges 

concerning self- care in managing the diabetes condition 
compared with individuals with only somatic conditions. 
We also found that higher BMI and lower HRQoL were 
associated with lower MVPA, which support the results 
from other studies.11 34 37 Individuals with poor HRQoL 
and elevated BMI may suffer from discomfort, fatigue, 
shame and fear of exercise as barriers to engage in 
regular physical activity.38–40

No other studies have described and investigated the 
characteristics and correlates of physical activity among 
individuals with diabetes who are completely inactive 
corresponding to 0 hour of weekly MVPA. Results showed 

Table 4 Distribution of insufficiently physically active participants and their motivation for being more physically active

Motivated Not motivated Don’t know

n (%) 1914 (59.8) 604 (19.2) 631 (21.0)

Sex

  Male 1089 (59.6) 389 (20.3) 360 (20.1)

  Female 825 (60.1) 215 (17.7) 271 (22.2)

Age (categories)

  16–34 years 59 (72.5) 6 (9.2) 13 (18.3)

  35–54 years 414 (77.1) 47 (9.4) 72 (13.6)

  55–64 years 545 (65.6) 131 (14.9) 147 (19.4)

  65–74 years 592 (56.1) 211 (21.6) 206 (22.3)

  ≥75 years 304 (41.4) 209 (30.8) 193 (27.8)

Obesity

  Underweight/normal 285 (52.3) 138 (26.7) 106 (21.0)

  Overweight 642 (57.6) 244 (22.6) 214 (19.8)

  Obese class I 489 (58.4) 141 (16.6) 192 (25.0)

  Obese class II 289 (71.2) 44 (11.2) 65 (17.6)

  Obese class III 177 (72.6) 27 (9.6) 41 (18.9)

Comorbidities including mental health conditions

  No comorbidity 162 (61.5) 64 (23.0) 43 (15.5)

  One comorbidity 412 (59.7) 141 (18.9) 151 (21.3)

  Two comorbidities 556 (57.5) 184 (20.2) 193 (22.3)

  Three or more comorbidities 784 (61.0) 215 (18.0) 244 (21.0)

Stress

  Low perceived stress 820 (59.5) 296 (21.5) 258 (19.0)

  Moderate perceived stress 871 (60.6) 248 (18.1) 281 (21.0)

  High perceived stress 121 (62.0) 22 (11.9) 47 (26.1)

HRQoL

Physical score

  Moderate to high physical HRQoL 359 (66.9) 107 (18.9) 83 (14.2)

  Low physical HRQoL 1395 (59.8) 415 (18.2) 473 (22.0)

Mental score

  Moderate to high mental HRQoL 1103 (59.3) 373 (20.5) 353 (20.2)

  Low mental HRQoL 651 (63.8) 149 (15.1) 203 (21.1)

n=3149 (n differs due to variations in complete responses in each variable).
Data are presented as n (%).
HRQoL, health- related quality of life.
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that inactive individuals with diabetes had lower levels of 
education, which indicates that social inequality in engage-
ment in physical activity is present among individuals 
with diabetes. Social inequality is highly associated with 
prevalence and complications of type 2 diabetes.41 42 This 
includes a 10% higher risk of developing severe diabetes- 
related complications, and 26% higher risk of premature 
mortality among individuals with lower levels of educa-
tion.43 With a large sociodemographic and geographic 
represented population, the results of the present study 
highlight the nationwide challenges of social inequality 
among individuals with diabetes and their ability to 
engage in regular physical activity.

Clinical implications
Based on our results, healthcare providers may need more 
targeted approaches to reach those in most need of physical 
activity interventions to increase the reach and motivation as 
well as the success of the interventions. Tailored interventions 
that are adapted to individuals with lower levels of education, 
higher BMI, more comorbidities, higher perceived stressed, 
and lower HRQoL might be needed to help improve 
diabetes self- management and physical activity level among 
all individuals with diabetes and thereby help prevent the 
development of other chronic conditions, diabetes- related 
complications and premature mortality. It seems important 
to develop or adapt current diabetes management and 
physical interventions to increase reach and motivation on 
an individual level among insufficiently active individuals 
to increase the health of the population and prevent the 
development of other chronic conditions. In our study, 
most individuals with diabetes who were not sufficiently 
active were motivated to increase their physical activity level 
(60%), which suggests that other factors prevent them from 
increasing their physical activity level. Previous studies have 
found that mental health, lack of time and energy, working 
schedule, economic circumstances, and social support are 
reasons for not being more physically active.38 44–46 These 
reasons are also important to consider when designing and 
promoting a physical activity intervention.

Strengths and limitations
The present study is based on a relatively large nation-
wide sample, which strengthens the generalizability of 
the results. The sample of participants with self- reported 
diabetes was 5.6%, which is slightly higher than the 
prevalence of diabetes in a recently published study in 
Denmark that found an overall prevalence of 0.5% of 
type 1 diabetes and 4.4% of type 2 diabetes in 2016.47 
Another strength of this study is the data on perceived 
stress, HRQoL and weekly MVPA, which were provided 
with validated questionnaires.21 26 28 Furthermore, this 
study applied statistically weights provided by the DNHS 
to account for non- response and ensure a nationally 
representative analysis.33

The results of this study should be interpreted with the 
following limitations in mind. It was not possible to distin-
guish between type 1 and type 2 diabetes among participants, 

which would have been preferable due to etiological differ-
ences. Since type 2 diabetes accounts for 85%–95% of 
diabetes cases in high- income countries,48 the findings of 
this study will primarily be applicable to this patient group. 
In addition, information regarding diabetes complications 
and duration of the diabetes disease was not available, and 
the sample answering could potentially be skewed. Data 
were collected through self- reported questionnaires, which 
introduces information bias, including social desirability bias 
regarding lifestyle questions, such as diet, alcohol, smoking, 
and physical activity. Individuals with certain negative health 
conditions and behaviors are more likely to refrain from 
responding to health surveys.49 Thus, the absolute prevalence 
of diabetes might be underestimated, and the presented char-
acteristics might not be representative for all subgroups of 
individuals with diabetes, while the estimated levels of MVPA 
might be overestimated due to desirability bias. Despite the 
use of statistical weights to reduce the possible impact of non- 
response bias on the estimates, citizens living alone, or with 
non- Western background or at younger age were not highly 
represented in the study population affecting the generaliz-
ability of the findings.

The comorbidity variable created in this study does 
not include all the conditions, and not all conditions 
affect the individual’s ability to be physically active. Ques-
tions regarding weekly MVPA are reported to provide 
an acceptable but weak estimate of participants’ level of 
physical activity, which questions the absolute distribu-
tion of adherence to WHO recommendations of physical 
activity.21 In addition, results might be different if assess-
ment of MVPA was following the WHO recommenda-
tions from 2020, where physical activity of less than 10 
min bouts has been removed.4 Finally, the cross- sectional 
study design is a limitation, as reverse causation, uncon-
trolled confounding, and information bias cannot be 
ruled out. A prospective study design and/or objective 
measurement tools are suggested for further research to 
support the findings of this study.

CONCLUSION
In this nationwide survey, we found that having comor-
bidities, higher BMI, higher perceived stress, and lower 
HRQoL were significantly associated with lower MVPA. 
Suffering from obesity, high perceived stress, and low 
physical HRQoL were the most remarkable determinants 
of low MVPA. Furthermore, we found that 40% of indi-
viduals with diabetes do not engage regularly in adequate 
physical activity, and 60% of those who do not meet the 
WHO recommendations for physical activity are moti-
vated for being more physically active.

Our study suggests that subgroups of individuals with 
diabetes are at risk of physical inactivity and might need 
additional support or tailored interventions to increase 
their physical activity level.

Contributors All authors contributed to formulation of the study question and 
design. PLK and AG supervised the statistical analyses, and SRM conducted the 
statistical analyses. All authors contributed to the interpretation of the study results. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-002935 on 17 A

ugust 2022. D
ow

nloaded from
 

http://drc.bmj.com/


11BMJ Open Diab Res Care 2022;10:e002935. doi:10.1136/bmjdrc-2022-002935

Epidemiology/Health services research

SRM wrote the first draft of the manuscript. STS reviewed and commented on 
all drafts of the manuscript. All authors contributed to the critical revision and 
final manuscript. All authors read and approved the final manuscript. SRM is the 
guarantor and takes responsibility for the conduct and the overall content of the 
article.

Funding SRM is funded by a program grant from Region Zealand (Exercise 
First), a research grant from Næstved- Slagelse- Ringsted Hospitals’ Research 
Fund (A986), a research grant from the Health Science Research Fund of Region 
Zealand (A1136), and a research grant from Steno Diabetes Center Sjælland. 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 number: 
801790) and the other from ESCAPE (grant agreement number: 945377). AG is 
funded by the European Research Council (SCREENS, grant agreement number: 
716657), the Novo Nordisk Foundation (grant number: NNF20SH0062965), and 
TrygFonden (grant numbers: 130081 and 115606). MR- L is funded by TrygFonden. 
The Danish National Health Survey was funded by the Capital Region, Region 
Zealand, the South Denmark Region, the Central Denmark Region, the North 
Denmark Region, Ministry of Health and the National Institute of Public Health, 
University of Southern Denmark.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the 
Danish Data Protection Agency through the University of Southern Denmark (journal 
number: 11.397). Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. All 
data used in the current study were derived from the DNHS. Data are available 
through application to the National Institute of Public Health, University of Southern 
Denmark.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sofie Rath Mortensen http://orcid.org/0000-0002-9550-1507

REFERENCES
 1 World Health Organization. Physical activity strategy for the who 

European region 2016- 2025. Regional Office for Europe, 2015.
 2 Tielemans SMAJ, Soedamah- Muthu SS, De Neve M, et al. 

Association of physical activity with all- cause mortality and incident 
and prevalent cardiovascular disease among patients with type 
1 diabetes: the EURODIAB prospective complications study. 
Diabetologia 2013;56:82–91.

 3 Colberg SR, Sigal RJ, Yardley JE, et al. Physical activity/exercise and 
diabetes: a position statement of the American diabetes association. 
Diabetes Care 2016;39:2065–79.

 4 World Health Organization. Who guidelines on physical activity and 
sedentary behaviour; 2020.

 5 American Diabetes Association. Standards of medical care in 
diabetes--2011. Diabetes Care 2011;34 Suppl 1:S11–61.

 6 Huang ES, Brown SES, Ewigman BG, et al. Patient perceptions of 
quality of life with diabetes- related complications and treatments. 
Diabetes Care 2007;30:2478–83.

 7 Jing X, Chen J, Dong Y, et al. Related factors of quality of life of type 
2 diabetes patients: a systematic review and meta- analysis. Health 
Qual Life Outcomes 2018;16:189.

 8 Liu NF, Brown AS, Folias AE, et al. Stigma in people with type 1 or 
type 2 diabetes. Clin Diabetes 2017;35:27–34.

 9 van der Berg JD, Stehouwer CDA, Bosma H, et al. Associations 
of total amount and patterns of sedentary behaviour with type 
2 diabetes and the metabolic syndrome: the maastricht study. 
Diabetologia 2016;59:709–18.

 10 Zhao G, Ford ES, Li C, et al. Compliance with physical activity 
recommendations in US adults with diabetes. Diabet Med 
2008;25:221–7.

 11 Martinez- Harvell G, Goluboff F, Rodriguez P, et al. Predictors of 
adherence to physical activity guidelines in patients with diabetes 
mellitus in the US in 2017: an exploratory analysis. Prim Care 
Diabetes 2020;14:645–53.

 12 Stults- Kolehmainen MA, Sinha R. The effects of stress on physical 
activity and exercise. Sports Med 2014;44:81–121.

 13 Cooper AR, Page A, Fox KR, et al. Physical activity patterns in 
normal, overweight and obese individuals using minute- by- minute 
accelerometry. Eur J Clin Nutr 2000;54:887–94.

 14 Durstine JL, Gordon B, Wang Z, et al. Chronic disease and the link 
to physical activity. J Sport Health Sci 2013;2:3–11.

 15 Anokye NK, Trueman P, Green C, et al. Physical activity and health 
related quality of life. BMC Public Health 2012;12:624.

 16 Daousi C, Casson IF, Gill GV, et al. Prevalence of obesity in type 2 
diabetes in secondary care: association with cardiovascular risk 
factors. Postgrad Med J 2006;82:280–4.

 17 Centers for Disease Control and Prevention. Risk factors for 
diabetes- related complications; 2020. https://www.cdc.gov/ 
diabetes/data/statistics-report/risks-complications.html [Accessed 
13 Apr 2021].

 18 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening 
the reporting of observational studies in epidemiology (STROBE): 
explanation and elaboration. Int J Surg 2014;12:1500–24.

 19 Christensen AI, Ekholm O, Glümer C, et al. The danish national 
health survey 2010. Study design and respondent characteristics. 
Scand J Public Health 2012;40:391–7.

 20 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;50:180- 188.

 21 Danquah IH, Skov SS, Callesen BR, et al. Validering af spørgsmål 
om fysisk aktivitet og siddetid - Til brug for national monitorering. 
Statens Institut for Folkesundhed, 2016.

 22 Willadsen TG, Siersma V, Nicolaisdóttir DR, et al. Multimorbidity and 
mortality: A 15- year longitudinal registry- based nationwide danish 
population study. J Comorb 2018;8:2235042X18804063.

 23 Difrancesco S, Lamers F, Riese H, et al. Sleep, circadian rhythm, 
and physical activity patterns in depressive and anxiety disorders: 
A 2- week ambulatory assessment study. Depress Anxiety 
2019;36:975–86.

 24 Izawa KP, Watanabe S, Oka K, et al. Association between mental 
health and physical activity in patients with chronic heart failure. 
Disabil Rehabil 2014;36:250–4.

 25 World Health Organization. Obesity: preventing and managing the 
global epidemic : report of a WHO consultation. Geneva; 2000.

 26 Eskildsen A, Dalgaard VL, Nielsen KJ, et al. Cross- cultural 
adaptation and validation of the danish consensus version of the 
10- item perceived stress Scale. Scand J Work Environ Health 
2015;41:486–90.

 27 Cohen S, Kamarck T, Mermelstein R. A global measure of perceived 
stress. J Health Soc Behav 1983;24:385–96.

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

 29 Gandek B, Ware JE, Aaronson NK, et al. Cross- Validation of 
item selection and scoring for the SF- 12 health survey in nine 
countries: results from the IQOLA project. international quality of life 
assessment. J Clin Epidemiol 1998;51:1171–8.

 30 Ware J, Jr, Kosinski M, Keller SD. SF- 12 : how to score the SF- 12 
physical and mental health summary scales; 1995.

 31 Shrier I, Platt RW. Reducing bias through directed acyclic graphs. 
BMC Med Res Methodol 2008;8:70.

 32 Toft U, Kristoffersen LH, Lau C, et al. The dietary quality score: 
validation and association with cardiovascular risk factors: the 
Inter99 study. Eur J Clin Nutr 2007;61:270–8.

 33 Särndal C- E, Lundström S. Estimation in surveys with nonresponse. 
Hoboken, 2005.

 34 Salman A, Ukwaja KN, Alkhatib A. Factors associated with meeting 
current recommendation for physical activity in Scottish adults with 
diabetes. Int J Environ Res Public Health 2019;16. doi:10.3390/
ijerph16203857. [Epub ahead of print: 12 10 2019].

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-002935 on 17 A

ugust 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9550-1507
http://dx.doi.org/10.1007/s00125-012-2743-6
http://dx.doi.org/10.2337/dc16-1728
http://dx.doi.org/10.2337/dc11-S011
http://dx.doi.org/10.2337/dc07-0499
http://dx.doi.org/10.1186/s12955-018-1021-9
http://dx.doi.org/10.1186/s12955-018-1021-9
http://dx.doi.org/10.2337/cd16-0020
http://dx.doi.org/10.1007/s00125-015-3861-8
http://dx.doi.org/10.1111/j.1464-5491.2007.02332.x
http://dx.doi.org/10.1016/j.pcd.2020.05.001
http://dx.doi.org/10.1016/j.pcd.2020.05.001
http://dx.doi.org/10.1007/s40279-013-0090-5
http://dx.doi.org/10.1038/sj.ejcn.1601116
http://dx.doi.org/10.1016/j.jshs.2012.07.009
http://dx.doi.org/10.1186/1471-2458-12-624
http://dx.doi.org/10.1136/pmj.2005.039032
https://www.cdc.gov/diabetes/data/statistics-report/risks-complications.html
https://www.cdc.gov/diabetes/data/statistics-report/risks-complications.html
http://dx.doi.org/10.1016/j.ijsu.2014.07.014
http://dx.doi.org/10.1177/1403494812451412
http://dx.doi.org/10.1177/1403494820966534
http://dx.doi.org/10.1177/2235042X18804063
http://dx.doi.org/10.1002/da.22949
http://dx.doi.org/10.3109/09638288.2013.785604
http://dx.doi.org/10.5271/sjweh.3510
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1016/s0895-4356(98)00109-7
http://dx.doi.org/10.1186/1471-2288-8-70
http://dx.doi.org/10.1038/sj.ejcn.1602503
http://dx.doi.org/10.3390/ijerph16203857
http://drc.bmj.com/


12 BMJ Open Diab Res Care 2022;10:e002935. doi:10.1136/bmjdrc-2022-002935

Epidemiology/Health services research

 35 Nyboe L, Lund H. Low levels of physical activity in patients with 
severe mental illness. Nord J Psychiatry 2013;67:43–6.

 36 Mulligan K, McBain H, Lamontagne- Godwin F, et al. Barriers to 
effective diabetes management - a survey of people with severe 
mental illness. BMC Psychiatry 2018;18:165.

 37 Plotnikoff RC, Taylor LM, Wilson PM, et al. Factors associated with 
physical activity in Canadian adults with diabetes. Med Sci Sports 
Exerc 2006;38:1526–34.

 38 Korkiakangas EE, Alahuhta MA, Laitinen JH. Barriers to regular 
exercise among adults at high risk or diagnosed with type 2 
diabetes: a systematic review. Health Promot Int 2009;24:416–27.

 39 Shultz JA, Sprague MA, Branen LJ, et al. A comparison of 
views of individuals with type 2 diabetes mellitus and diabetes 
educators about barriers to diet and exercise. J Health Commun 
2001;6:99–115.

 40 Egan AM, Mahmood WAW, Fenton R, et al. Barriers to exercise in 
obese patients with type 2 diabetes. QJM 2013;106:635–8.

 41 Karter AJ, Stevens MR, Brown AF, et al. Educational disparities 
in health behaviors among patients with diabetes: the translating 
research into action for diabetes (triad) study. BMC Public Health 
2007;7:308.

 42 Andersen MB, Bjørkman A- SD, Pedersen M, et al. Social inequality 
in lifestyle, motivation to change lifestyle and received health advice 

in individuals with diabetes: a nationwide study. Scand J Public 
Health 2020;48:847–54.

 43 Sortsø C, Lauridsen J, Emneus M, et al. Social inequality in diabetes 
patients' morbidity patterns from diagnosis to death - a danish 
register- based investigation. Scand J Public Health 2018;46:92–101.

 44 Martin CG, Pomares ML, Muratore CM, et al. Level of physical 
activity and barriers to exercise in adults with type 2 diabetes. AIMS 
Public Health 2021;8:229–39.

 45 Cradock KA, Quinlan LR, Finucane FM, et al. Identifying barriers and 
facilitators to diet and physical activity behaviour change in type 2 
diabetes using a design probe methodology. J Pers Med 2021;11. 
doi:10.3390/jpm11020072. [Epub ahead of print: 26 01 2021].

 46 Lidegaard LP, Schwennesen N, Willaing I, et al. Barriers to and 
motivators for physical activity among people with type 2 diabetes: 
patients' perspectives. Diabet Med 2016;33:1677–85.

 47 Carstensen B, Rønn PF, Jørgensen ME. Prevalence, incidence and 
mortality of type 1 and type 2 diabetes in Denmark 1996–2016. BMJ 
Open Diabetes Res Care 2020;8:e001071.

 48 International Diabetes Federation. IDF diabetes atlas. 10th edn. 
Brussels, Belgium: International Diabetes Federation, 2021.

 49 Thygesen LC, Johansen C, Keiding N, et al. Effects of sample 
attrition in a longitudinal study of the association between alcohol 
intake and all- cause mortality. Addiction 2008;103:1149–59.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2022-002935 on 17 A

ugust 2022. D
ow

nloaded from
 

http://dx.doi.org/10.3109/08039488.2012.675588
http://dx.doi.org/10.1186/s12888-018-1744-5
http://dx.doi.org/10.1249/01.mss.0000228937.86539.95
http://dx.doi.org/10.1249/01.mss.0000228937.86539.95
http://dx.doi.org/10.1093/heapro/dap031
http://dx.doi.org/10.1080/108107301750254457
http://dx.doi.org/10.1093/qjmed/hct075
http://dx.doi.org/10.1186/1471-2458-7-308
http://dx.doi.org/10.1177/1403494819885727
http://dx.doi.org/10.1177/1403494819885727
http://dx.doi.org/10.1177/1403494817713648
http://dx.doi.org/10.3934/publichealth.2021018
http://dx.doi.org/10.3934/publichealth.2021018
http://dx.doi.org/10.3390/jpm11020072
http://dx.doi.org/10.1111/dme.13167
http://dx.doi.org/10.1136/bmjdrc-2019-001071
http://dx.doi.org/10.1136/bmjdrc-2019-001071
http://dx.doi.org/10.1111/j.1360-0443.2008.02241.x
http://drc.bmj.com/


Supplement 1 

 

 
Fig. s1. DAG of the assumed causal relations between comorbidity and MVPA. 

 
Directed Acyclic Graph (DAG) of the assumed causal relations between exposure (comorbidity), outcome 

(MVPA) and covariates in the primary analyses. Green line reflects the assumed causal paths. Red line and 

variables reflect possible confounding paths. 
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Fig. s2. DAG of the assumed causal relations between obesity and MVPA. 

 
Directed Acyclic Graph (DAG) of the assumed causal relations between exposure (obesity), outcome (MVPA), 

and covariates in the primary analyses. Green line reflects the assumed causal paths. Red line and variables reflect 

possible confounding paths. 
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Fig. s3. DAG of the assumed causal relations between stress and MVPA. 

 
Directed Acyclic Graph (DAG) of the assumed causal relations between exposure (stress), outcome (MVPA), and 

covariates in the primary analyses. Green line reflects the assumed causal paths. Red line and variables reflect 

possible confounding paths. 
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Fig. s4. DAG of the assumed causal relations between HRQoL and MVPA. 

 
Directed Acyclic Graph (DAG) of the assumed causal relations between exposure (HRQoL), outcome (MVPA), 

and covariates in the primary analyses. Green line reflects the assumed causal paths. Red line and variables reflect 

possible confounding paths. 
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Statistical analysis plan 
 

Running title 
Determinants of physical activity among individuals with diabetes: a cross-sectional study 
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Contributors and roles in the SAP 
Responsible for writing the SAP: PhD-student Sofie Rath Mortensen (PT, MSc) 

 

Brief background 
Engagement in regular physical activity is a cornerstone of type 2 diabetes management to prevent 

long-term diabetes complications and premature mortality. Morbidity, obesity, stress, and health-

related quality of life are all factors that may determine decreased habitual physical activity in 

general population. Given that individuals with diabetes are at high risk of suffering from these 

factors, it is likely that individuals with diabetes have different physical activity patterns. No 

previous large-scale studies have provided a detailed description of habitual physical activity among 

individuals with diabetes. Availability of such information would be an important resource for 

planning future treatment courses taking individual characteristics, needs and preferences into 

account when designing and promoting a physical activity intervention. 

 

Primary aim 

To provide descriptive data on habitual physical activity and investigate the association of 

morbidity, obesity, stress, and health-related quality of life with physical activity among individuals 

with diabetes based on data from The Danish National Health Survey from 2017.  

 

Secondary aim 

To investigate the association of morbidity, obesity, stress, and health-related quality of life with 

sedentary behavior among individuals with diabetes based on data from The Danish National 

Health Survey from 2017. 

 

Methods 
Study design  

The study design is cross-sectional. Reporting of the study will be followed by the STROBE 

checklist (1). 

 

Data sources 

Responders of The Danish National Health Survey (DNHS) in 2017 will be included. The DNHS 

was based on six mutually exclusive random subsamples; one in each of the five Danish 

administrative regions, and one national sample. 312,349 individuals were invited via a secure 

electronical mail service (Digital Post) or regular postal service to participate in the survey. 

Mandatory questions of the survey for all subsamples will be used in this project (appendix 5). 

 

Variables 
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Exposures 

Comorbidity (excluding diabetes) (categorical) 

- Self-reported information on selected long-term conditions (excluding diabetes) and sequela 

from question 10-11 were used to assess comorbidity. Respondents reported whether they 

have or have had selected long-term conditions. If respondents reported they have had a 

long-term condition, they reported whether they were suffering from sequelae due to the 

specific long-term condition.  

- The definition of multimorbidity will be based on diagnoses organized in 10 groups of 

different body systems according to Willadsen et al. (2). In this study there will only be 7 

groups due to lack of information on gastrointestinal and genitourinary diseases from the 

survey, and the endocrine body system will be excluded since diabetes is not a part of the 

comorbidity-variable in the present study. The 7 groups will be: 1) Lung (asthma and 

bronchitis), 2) Musculoskeletal (osteoarthritis, rheumatoid arthritis, osteoporosis, and back 

diagnoses), 3) Mental (temporary mental disease and long-term mental disease), 4) Cancer, 

5) Neurological (stroke and migraine), 6) Cardiovascular (hypertension, angina pectoris, and 

myocardial infarction), and 7) Sensory organs (tinnitus and cataract). 

- The variable will be categorized as follows: 1) Have diabetes and no comorbidities, 2) Have 

diabetes and one comorbidity from one body system, 3) Have diabetes and two 

comorbidities from two different body systems, 4) Have diabetes and three or more 

comorbidities from at least three different body systems. Suffering from several long-term 

conditions within the same body system, e.g., hypertension and myocardial infarction, will 

still only count as one comorbidity. 

- Studies have found that a decreased mental health status among individuals with 

comorbidities is associated with lower physical activity (3, 4). Therefore, a variable 

differentiating between having diabetes and comorbidities with and without a mental disease 

will be created. 

 

Obesity (categorical)  

- Self-reported data on body weight and height were obtained from question 38-39. 

- Body mass index (BMI) (kg/m
2
) will be calculated and categorized into the following 

groups: underweight/normal weight (BMI<25.0), overweight (BMI ≥25.0-<30.0), obese 

class I (BMI ≥30.0- <35.0), obese class II (BMI ≥35.0- <40.0), and obese class III (BMI 

≥40), as defined by the World Health Organization (5). 

 

Stress (categorical) 

- Self-reported psychological stress was obtained with Cohen’s 10-item Perceived Stress 

Scale (PSS) (6) from question 8. 

- The PSS will be categorized into three as follows:  

o Scores ranging from 0-13 will be considered low perceived stress 

o Scores ranging from 14-26 will be considered moderate perceived stress 

o Scores ranging from 27-40 will be considered high perceived stress 

 

Health-related quality of life (categorical) 

- Self-reported health-related quality of life was obtained with the 12-item Short-Form Health 

Survey (SF-12) from question 1-7 (7). 

- The SF-12 score is divided into a physical and mental score and each variable was 

dichotomized following the recommendations (8): 

o Physical: A score of 50 or less determines a physical condition 
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o Mental: A score of 42 or less may be indicative of clinical depression 

 

Primary outcome 

Moderate to vigorous physical activity (MVPA) h/week (continuous) 

- Respondents reported hours and minutes spent weekly on moderate and vigorous physical 

activities in question D-E. 

- MVPA in hours and minutes weekly will be calculated into hours. 

 

Secondary outcomes 

Adherence to the WHO recommendations of physical activity and sedentary behavior (binary) 

- Adherence to the WHO recommendations of physical activity and sedentary behavior was 

assessed with information regarding hours and minutes spent on weekly MVPA from 

question D-E. 

- Following the WHO recommendations:  ≥150 mins/week of moderate intensity or ≥75 

mins/week of vigorous intensity or an appropriate combination hereby. 

- Not following the WHO recommendations: <150-300 mins/week of moderate intensity or 

<75 mins/week of vigorous intensity (9). 

 

Total sedentary behavior h/day (continuous) 

- In question F, respondents reported hours and minutes spent daily sedentary on the 

following: work, transport, screen time and other sedentary activities, such as eating, social 

gatherings etc. 

- Total sedentary behavior h/day will be calculated by adding hours and minutes from the 

abovementioned categories and then calculated into hours. 

 

Covariates 

The listed covariates below are suggested to adjust for in the analyses due to possible confounding: 

Age, sex, ethnicity, marital status, educational level, alcohol consumption, smoking, and diet may 

be independent risk factors of the four exposures (comorbidity, obesity, stress, and health-related 

quality of life) and the outcome (physical activity). 

Furthermore, the four exposures may be independent risk factors in the individual model, therefore, 

the variables comorbidity, obesity, stress, and health-related quality of life will be included as 

potential confounders in each model. Directed Acyclic Graphs (DAGs) of the assumed causal 

relations between exposures and outcome of the primary analysis have been created (appendix 1-4). 

 

Age (continuous) 

- Calculated age at Jan 11
th

, 2017, from CPR-register 

 

Sex (binary) 

- From CPR-register 

- Categorizations: Male, Female 

 

Ethnicity (categorical) 

- From CPR-register 

- Categorizations: Born in Denmark, Western, Non-Western  

 

Marital status (binary) 

- Based on question G and CPR-register 
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- Marital status was categorized into: Married or Living with partner, Living alone 

 

Educational level (categorical) 

- Educational level was defined as the highest completed education, and the variable was 

obtained from question 50-51 

- Educational level was categorized into the following: Primary (<10 years), Upper secondary 

or vocational (10-12 years), Higher education (≥ 13 years) 

 

Alcohol consumption (categorical) 

- Respondents were asked about their weekly alcohol consumption in question 24 

- Alcohol consumption was categorized in accordance with the national recommendations 

from the Danish Health Authority and the risk of alcohol-related diseases for men and 

women:  

o No alcohol (0 drinks – both men and women) 

o Below low risk (men >0 & <14 drinks, women >0 & < 7 drinks) 

o Above low risk (men ≥14 & ≤21 drinks, women ≥7 & ≤14 drinks) 

o High risk (men >21 drinks, women >14 drinks) 

 

Smoking (categorical) 

- Information regarding respondents smoking habits was obtained from question 13 

- Smoking was categorized into the following: Smoker, Ex-smoker, Never smoked 

 

Diet (categorical) 

- Frequency and self-rated dietary habits were obtained from question 27-32 

- Diet was calculated and categorized in accordance with the Dietary Quality Score: 

Unhealthy, Medium healthy, Healthy (10) 

 

Statistical methods 

Statistical software 

STATA/BE 17.0 

 

Sample size 

The survey was fully or partially completed by 183,372 respondents (58.7 %). Respondents with 

diabetes and complete data on outcome, exposures and covariates will be considered as eligible for 

the analytical sample of the primary aim. Following the categorization of diabetes from DNHS, 

respondents were defined as “Having diabetes” if they had answered “I have diabetes now” or “I 
have had diabetes” and “I suffer from sequelae due to the diabetes”. According to this 
categorization, 10,216 respondents have diabetes. Respondents with complete data on primary 

outcome, exposures and covariates will be 6,856. The secondary analysis will have a smaller 

sample size due to fewer complete responses. 

 

Missing data 

The percentage of missing data for the primary outcome (MVPA) among individuals with diabetes 

is 11.8 %. For the secondary outcome (WHO recommendations) the percentage of missing data is 

20.5 %, and for the outcome total sedentary behavior the percentage of missing data is 20.0 %. 

To reduce the possible impact of non-response bias on the estimates, calibration weighting from 

NATSUP will be applied. 
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A supplementary table comparing characteristics of responders with non-responders among 

individuals with diabetes will be conducted. 

 

Primary analyses 

Cross-tabulations will be conducted to describe habitual physical activity among individuals with 

diabetes and to display potential subgroup differences. 

Table 1 (participant characteristics) will be standardized on age and sex due to expected large 

differences between “Individuals with diabetes” and “Individuals with no known diabetes”. 
Both crude and multivariable adjusted associations will be estimated. 

 

Four multivariable linear regression analyses will be conducted to investigate the association 

between selected determinants and MVPA. Adjustments will differentiate from each analysis 

according to DAGs (appendix 1-4). Model assumptions of linear regressions will be assessed: 

1) Exposure: Comorbidity with and without mental diseases 

Adjustments: Age, alcohol consumption, diet, educational level, ethnicity, sex, marital 

status, obesity, and smoking 

2) Exposure: Obesity 

Adjustments: Age, alcohol consumption, diet, educational level, ethnicity, sex, marital 

status, comorbidity, and smoking 
3) Exposure: Stress 

Adjustments: Age, educational level, sex, marital status, obesity, comorbidity, and smoking 

4) Exposure: Health-related quality of life 

Adjustments: Age, educational level, sex, marital status, obesity, comorbidity, smoking, and 

stress 

 

Secondary analyses 

Four multivariable logistic regression analyses will be conducted with the same exposures and 

adjustments as the abovementioned. Using multivariable logistic regression analyses with the WHO 

guidelines of physical activity as outcome (binary). Model assumptions of logistic regressions will 

be examined by linearity between independent variables and log odds of outcome. 

 

Furthermore, four multivariable linear regression analyses will be conducted to investigate the 

secondary aim with sedentary behavior in leisure time as outcome and comorbidity, obesity, stress, 

and health-related quality of life as exposures. Adjustments in the secondary analyses will be the 

same as the primary analyses. Model assumptions will be assessed. 

At last, cross-tabulations will be conducted to describe proportions of whether inactive participants 

with diabetes who are motivated for being more physically active. The cross-tabulations will be 

conducted in subgroups of age and sex due to expected differences in motivation of behavioral 

changes. 
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Supplementary table 1.  Logistic regressions on the association of determinants with adherence to recommendationsa in 

participants with diabetes 

  

Crude 

 

Multivariable adjusted 

 POR [95 % CI] p value POR [95 % CI] p value 

Comorbidities including mental conditions1     

No comorbidities 1.00 (Reference)  1.00 (Reference)  

One comorbidity 0.69 [0.55; 0.86] 0.001* 0.84 [0.67; 1.06] 0.133 

Two comorbidities 0.53 [0.43; 0.66] 0.001* 0.70 [0.56; 0.88] 0.002* 

Three or more comorbidities 0.42 [0.34; 0.51] 0.001* 0.59 [0.47; 0.74] 0.001* 

Comorbidities excluding mental conditions1     

No comorbidities 1.00 (Reference)  1.00 (Reference)  

One comorbidity 0.76 [0.62; 0.94] 0.011* 0.94 [0.75; 1.17] 0.573 

Two comorbidities 0.57 [0.47; 0.70] 0.001* 0.76 [0.61; 0.94] 0.011* 

Three or more comorbidities 0.46 [0.37; 0.56] 0.001* 0.65 [0.52; 0.81] 0.001* 

Obesity2     

Underweight /Normal 1.00 (Reference)  1.00 (Reference)  

Overweight 0.74 [0.63; 0.88] 0.001* 0.75 [0.63; 0.89] 0.001* 

Obese class I 0.58 [0.49; 0.69] 0.001* 0.62 [0.52; 0.75] 0.001* 

Obese class II 0.45 [0.36; 0.56] 0.001* 0.48 [0.38; 0.61] 0.001* 

Obese class III 0.33 [0.25; 0.43] 0.001* 0.36 [0.27; 0.48] 0.001* 

Stress3     

Low perceived stress 1.00 (Reference)  1.00 (Reference)  

Moderate perceived stress  0.65 [0.57; 0.73] 0.001* 0.71 [0.62; 0.80] 0.001* 

High perceived stress 0.39 [0.29; 0.52] 0.001* 0.44 [0.32; 0.59] 0.001* 

HRQoL4     

Physical score     

Moderate to high physical HRQoL 1.00 (Reference)  1.00 (Reference)  

Low physical HRQoL 0.40 [0.35; 0.46] 0.001* 0.56 [0.48; 0.65] 0.001* 

Mental score     

Moderate to high mental HRQoL 1.00 (Reference)  1.00 (Reference)  

Low mental HRQoL 0.54 [0.48; 0.62] 0.001* 0.69 [0.59; 0.82] 0.001* 

n = 6,341 
a
Following WHO recommendations = at least 150 mins/week of moderate physical activity or at least 75 mins/week of vigorous physical activity or an 

appropriate combination hereby 
POR = prevalence odds ratio; CI = confidence interval 

Crude and multivariable adjusted prevalence odds ratios of following WHO recommendations of physical activity in relation to comorbidities, obesity, stress, 

and health-related quality of life. Significant results (p<0.05) are marked with * 

Crude and adjusted models were weighted for non-response. Each multivariable model was adjusted as follows: 
1
Age, sex, ethnicity, educational level, marital 

status, diet, smoking, alcohol consumption, BMI. 
2
Age, sex, ethnicity, educational level, marital status, diet, smoking, alcohol consumption, comorbidity. 

3
Age, sex, educational level, marital status, smoking, BMI, comorbidity. 

4
Age, sex, educational level, marital status, smoking, BMI, comorbidity, stress.  
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Supplementary table 2. Linear regression on the associations of determinants with total sedentary behavior in 

participants with diabetes 

 Total sedentary behavior h/day 

 Crude Multivariable adjusted 

 a [95 % CI] p value  [95 % CI] p value 

Comorbidities including mental conditions1     

No comorbidities (Reference)  (Reference)  

One comorbidity -0.30 [-0.75; 0.15] 0.187 -0.01 [-0.45; 0.43] 0.973 

Two comorbidities -0.46 [-0.89; -0.02] 0.038* -0.0004 [-0.43; 0.43] 0.998 

Three or more comorbidities -0.09 [-0.53; 0.35] 0.691 0.33 [-0.11; 0.77] 0.139 

Comorbidities excluding mental conditions1     

No comorbidities (Reference)  (Reference)  

One comorbidity -0.47 [-0.90; -0.03]  0.037* -0.12 [-0.55; 0.31] 0.577 

Two comorbidities -0.50 [-0.92; -0.08] 0.020* -0.004 [-0.42; 0.41] 0.984 

Three or more comorbidities -0.29 [-0.72; 0.15] 0.197 0.23 [-0.23; 0.65] 0.316 

Obesity2     

Underweight /Normal (Reference)  (Reference)  

Overweight -0.16 [-0.51; 0.18] 0.352 0.02 [-0.32; 0.35] 0.920 

Obese class I -0.02 [-0.39; 0.35] 0.898 0.15 [-0.22; 0.51] 0.427 

Obese class II 0.66 [0.16; 1.15] 0.009* 0.63 [0.14; 1.12] 0.011* 

Obese class III 1.15 [0.49; 1.80] 0.001* 1.05 [0.39; 1.71] 0.002* 

Stress3     

Low perceived stress (Reference)  (Reference)  

Moderate perceived stress  0.15 [-0.11; 0.41] 0.270 -0.01 [-0.28; 0.25] 0.923 

High perceived stress 0.92 [0.22; 1.62] 0.010* 0.55 [-0.14; 1.24] 0.116 

HRQoL4     

Physical score     

Normal physical HRQoL (Reference)  (Reference)  

Low physical HRQoL -0.09 [-0.36; 0.18] 0.529 0.12 [-0.18; 0.41] 0.438 

Mental score     

Normal mental HRQoL (Reference)  (Reference)  

Low mental HRQoL 0.42 [0.12; 0.71] 0.006* 0.14 [-0.21; 0.49] 0.426 

n = 5,967 

CI = confidence interval 
a  coefficients and 95 % confidence intervals (95 % CI) represent mean difference in sedentary behavior h/day compared with the reference. 

Significant results (p<0.05) are marked with * 

Crude and adjusted models were weighted for non-response. Each multivariable model was adjusted as follows: 
1
Age, sex, ethnicity, 

educational level, marital status, diet, smoking, alcohol consumption, BMI. 
2
Age, sex, ethnicity, educational level, marital status, diet, 

smoking, alcohol consumption, comorbidity. 
3
Age, sex, educational level, marital status, smoking, BMI, comorbidity.  

4
Age, sex, educational 

level, marital status, smoking, BMI, comorbidity, stress.  
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Supplementary table 3. Distribution of sufficiently physically active participants and their 

motivation for being more physically active 

 Motivated Not motivated  Don’t know 

n (%) 2,681 (55.6) 1,341 (27.3) 798 (17.3) 

Sex    

Male 1,544 (53.0) 902 (30.1) 478 (16.9) 

Female 1,137 (59.5) 439 (22.9) 320 (17.6) 

Age (categories)    

16-34 years 127 (64.2) 40 (22.6) 22 (13.2) 

35-54 years 607 (69.5) 153 (17.5) 92 (13.0) 

55-64 years 785 (61.5) 278 (22.0) 191 (16.5) 

65-74 years 851 (47.2) 576 (33.1) 343 (19.7) 

≥75 years 311 (41.4) 294 (38.6) 150 (20.1) 

Obesity    

Underweight /Normal 531 (47.3) 437 (36.2) 185 (16.5) 

Overweight 1,034 (53.3) 573 (29.0) 320 (17.7) 

Obese class I 678 (60.6) 239 (21.6) 192 (17.8) 

Obese class II 276 (69.1) 58 (14.5) 66 (16.4) 

Obese class III 144 (80.2) 17 (10.5) 16 (9.3) 

Comorbidities including mental conditions    

No comorbidities 364 (54.0) 208 (29.2) 114 (16.8) 

One comorbidity 752 (53.6) 434 (31.0) 208 (15.4) 

Two comorbidities 771 (55.4) 381 (27.7) 226 (16.9) 

Three or more comorbidities 794 (58.4) 318 (22.4) 250 (19.2) 

Stress    

Low perceived stress 1,382 (50.7) 853 (32.7) 415 (16.6) 

Moderate perceived stress  1,058 (60.5) 382 (21.3) 319 (18.3) 

High perceived stress 105 (72.5) 23 (15.2) 17 (12.3) 

HRQoL    

Physical score    

Normal physical HRQoL 1,822 (52.3) 1,043 (30.5) 564 (17.2) 

Low physical HRQoL 636 (66.3) 182 (17.9) 150 (15.8) 

Mental score    

Normal mental HRQoL 850 (52.3) 564 (34.1) 233 (23.6) 

Low mental HRQoL 1,608 (57.9) 661 (23.6) 481 (18.6) 

n = 4,820 (n differs due to variations in complete responses in each variable) 

Data are presented as number (%) 

Abbreviations: HRQoL = Health-related quality of life. 
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