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Abstract

Aim: Evidence suggests low-grade inflammation (LGI) to be associated with multimorbidity. Furthermore, there are links between
inflammationmarkers, physical activity (PA), and labourmarket participation. The aims of this study were to examine the association
between PA and LGI in peoplewithmultimorbidity and if this associationwasmoderated by self-reported labourmarket attachment.

Methods:Cross-sectional data were collected in the Lolland-Falster Health Study (LOFUS) from 2016–2020.We included
1,106 participants with multimorbidity and valid accelerometer data. PA was measured as the average counts per minute
(CPM) per day during wake time and split in time spent in moderate to vigorous intensity (MVPA) and light intensity (LPA).
Degree of inflammation was determined by high sensitive C-reactive protein (hsCRP) level. Associations were investigated
using multiple logistic regression analyses, stratified by labour market attachment.
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Results: The odds of having LGI was higher with lower amount of daily LPA. The highest odds of LGI was observed for
CPM < 200 per day (odds ratio (OR) 2.55; 95% confidence interval (CI) 1.46–4.43), MVPA < 15 minutes per day (OR 2.97;
95 % CI 1.56–5.62), and LPA < 90 (OR 2.89; 95 % CI 1.43–5.81) with the reference groups being CPM ≥ 400 per day,
MVPA ≥ 30, and LPA ≥ 180 min per day, respectively. We could not preclude an interaction between LPA and labour
market attachment (p = 0.109).

Conclusion: PA recommendations should be developed with attention to people with chronic diseases, who may
experience barriers to reach PA at high intensities. People with no labour market attachment may benefit from primary and
secondary prevention of multimorbidity.
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Introduction

More than half of individuals diagnosed with a chronic
disease are affected by two or more chronic diseases –

commonly referred to as multimorbidity.1 The prevalence of
multimorbidity is estimated to be 33% in the general
population,2 and with an expected increase in the preva-
lence,3 multimorbidity is considered to be one of the next
global health challenges.4 Multimorbidity is associated with
age and a range of adverse lifestyle factors, such as
smoking, high alcohol intake, and physical inactivity.5

Moreover, a socioeconomic gradient in the prevalence of
multimorbidity has been observed, i.e. the prevalence of
multimorbidity is higher among people with lower edu-
cational levels, lower incomes, and people in
unemployment.6,7 Additionally, low-grade inflammation
(LGI), defined by a high level of high sensitive C-reactive
protein (hsCRP) of 3-10 mg/L,8 has been found to be as-
sociated with chronic diseases and multimorbidity.9 But,
socioeconomic factors also seem to play a role in CRP levels
in the general population, e.g. employed individuals are
shown to have lower CRP levels than unemployed.10

However, the association between employment status and
CPR is not consistent.11

Physical activity (PA) appears safe and beneficial for the
physical and psychosocial health of people with multi-
morbidity.12 PA is also shown to reduce inflammatory
markers, such as CRP,13 and protect against chronic dis-
eases associated with LGI, such as diabetes and cardio-
vascular diseases.14,15 Furthermore, international guidelines
recommend at least 150-300 minutes moderate-intensity
aerobic PA or at least 75-150 minutes vigorous-intensity
aerobic PA per week for adults with and without chronic
diseases.16 Despite the beneficial effects of PA on inflam-
mation and chronic diseases, people with multimorbidity
often fail to adhere to PA guidelines, however, knowledge
on PA levels among people with multimorbidity is

limited.17 Technically measured PA is considered more
accurate than self-reported PA.18,19,20,21 Therefore, studies
investigating PA levels among people with multimorbidity
may benefit from including such measurements.

Further understanding of the complex mechanisms of
multimorbidity and potential confounders from external
socioeconomic factors, like labour market attachment, is
needed to enhance our identification of ways to treat and
prevent the growing number of people with multimorbidity.
Therefore, the aims of this study were to examine the as-
sociation between technically measured PA and LGI in
people with multimorbidity adjusted for potential con-
founders, and if this association was moderated by labour
market attachment. We hypothesized that a lower level of
technically measured PA, would increase the odds of LGI
among people with multimorbidity. Furthermore, we as-
sumed that the odds of LGI by a lower PA level would be
higher among individuals who were not attached to the
labour market compared to those who are attached.

Methods

Context, study design, data collection, and
study population

Cross-sectional data were collected in the Lolland-Falster
Health Study (LOFUS) from February 8, 2016 to February
13, 2020. Lolland-Falster is located in the south-eastern part
of Denmark where income is lower and life expectancy is
shorter than in the average Danish population.22,23 It is a
mixed rural-provincial area with approximately 100,000
inhabitants.22

LOFUS is a household-based prospective cohort study
including people of all ages. Using the unique civil regis-
tration numbers in the Danish Civil Registration System,24

people aged 18 or above were randomly selected. The entire
household of these randomly selected inhabitants was
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allocated either to an invited group or to an uninvited, non-
contacted control group.22 The data collection encompassed
questionnaires, physical examination, and biological sam-
ples.22 In total, 18,949 individuals aged 0-96 years par-
ticipated in LOFUS. Between 1 February 2017 and
30 November 2018, a subsample of LOFUS participants
were invited to have their PA measured by using a dual
accelerometer system.25 In this subsample, the inclusion
criteria for participation in the accelerometer assessment
was that at least one adult and one child aged 17 or below
from a participating household should agree to wear ac-
celerometers. This criterion was set because the first LOFUS
research project needing accelerometer data aimed at ex-
amining family patterns of physical activity. Later, from
1 December 2018 to 13 February 2020, all LOFUS par-
ticipants were eligible for inclusion in the accelerometer
assessments. Subjects who could not walk, e.g. young
toddlers or wheelchair users, were excluded from the col-
lection of accelerometer data.26 This study included all adult
LOFUS participants with available accelerometer data. The
inclusion criteria for the present study were 18-79 years of
age, participation in the accelerometer subsample, and
having an accelerometer wear time of ≥8 hours per day for a
minimum of four days,26 as well as having multimorbidity,
i.e. a minimum of two self-reported chronic diseases. The
definition of multimorbidity was based on previous work on
multimorbidity1,5 and chronic diseases were selected among
those available in the LOFUS dataset and based on previous
literature.27

We expected movement patterns and PA intensity
measurement among the oldest citizens to differ markedly
from younger adults. Furthermore, the PA intensities we
used in this study were tested among a younger pop-
ulation.28 Therefore, individuals aged 80 years or above
were excluded to ensure that the cutoffs, used to estimate PA
levels, were reliable for the study population.28

Exposure variables

Physical activity (PA) was measured using a dual accel-
erometer system, Axivity® AX3.29 The accelerometers
were placed on the right thigh and lower back respectively,
and participants were instructed to wear them for 24 hours
per day for seven consecutive days, including during sleep
and water based activities, such as showering or swim-
ming.25 The Axivity AX3 device is a light weight (11g),
small sized (23 x 32.5 x 7.6 mm) triaxial accelerometer
providing the ability to record unprocessed acceleration
with a sampling frequency of 12.5-4000 Hz in a selectable
range from 2-16g. At a 50 Hz sampling frequency the re-
cording duration is more than 7 days. Aggregating the
accelerometer data into Actigraph counts after data re-
cording has been shown to be valid for estimating indi-
viduals’ PA intensity in a natural environment and can be

used to assess the total amount of time spent within the
commonly defined intensity domains sedentary, light,
moderate, and vigorous.26 A more detailed description of
the measurement of PA and data reduction of the raw ac-
celerometer data is provided elsewhere.26

The PA outcomes used in the present study were esti-
mated as the average Actigraph counts per minute (CPM)
per day during wake time, time spent in moderate to vig-
orous intensity (MVPA), and time spent in light intensity
(LPA). MVPA was estimated as the average time spent in
3522 CPM or above per day, whereas LPAwas estimated as
the average time spent in the intensity range from 100-
3521 CPM per day.26 The specific intensity thresholds for
MVPA and LPA were established using an internally
conducted validation experiment described in detail else-
where.28 This study suggested that an age independent
moderate intensity cut-point can be defined as the average
count for walking at self-selected speed irrespective of age,
whereas the vigorous cut-point is defined as the count
threshold at which most subjects are considered running.28

In all analyses, CPM was categorized as <200, 200-
399.99, and ≥400 minutes per day, MVPA as <15, 15-29.99,
and ≥30 minutes per day, and LPA as <90 minutes, 90-
179.99, and ≥180 minutes per day.

Outcome variable

Low-grade inflammation (LGI) is expressed as high sen-
sitive C-reactive protein (hsCRP mg/L), which was mea-
sured using the Siemens Dimension 1500 Vista Lab System
in a blood sample (3.5 ml) taken at the physical exami-
nation.22 The definition of LGI in this study was an hsCRP
of 3-10 mg/L as previously suggested in the literature.8,30

An hsCRP <3 mg/L was categorized as no inflammation,
and an hsCRP of >10 mg/L was defined as high grade
inflammation.

Covariates

Selection of covariates (potential confounders) was based
on findings in the literature and included sociodemographic
factors (age, sex, labour market attachment, civil status, and
education),31,32 number of diseases,9,33,34 health and life-
style factors (diet, smoking, Body Mass Index (BMI), waist
circumference, self-rated health, sleep, stress, and alcohol
consumption).31,35–40 Use of anti-inflammatory/potentially
anti-inflammatory medication was included as a con-
founder, as anti-inflammatory medication can improve in-
dividuals with chronic diseases’ ability to participate in
physical activities (e.g. anti-inflammatory drugs are com-
monly used by athletes with asthma),41 and because anti-
inflammatory drugs are directly linked to CRP-levels.42

Data on the covariates was obtained from self-
administered questionnaires.23
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Sociodemographic covariates included age (years) and
sex (female/male). Civil status was dichotomized into 1)
‘co-habiting’ (including: ‘married’ and ‘co-habiting’) and 2)
‘single’ (including: ‘separated’, ‘divorced’, and ‘wid-
owed’). Educational level was trichotomized into 1) ‘no
formal education’ (including: ‘one or more courses’ and ‘no
education’, 2) ‘short/vocational education’ (including:
‘vocational education/skilled’ and ‘short higher education’),
and 3) ‘medium/long education’ (including: ‘3-4 years of
higher education’ and ‘more than 4 years of higher
education’).

Labour market attachment was dichotomized into 1)
‘attached’ (including: ‘in labour’, ‘studying or training’, and
‘caregivers or work in home’) and 2) ‘not attached’ (in-
cluding: ‘unemployed’ and ‘out of the labour market’).43

Number of chronic diseases was coded as having 1)
‘two diseases’, 2) ‘three diseases’, 3) ‘four diseases’, and 4)
‘five or more diseases’ among the following, self-reported
diseases in LOFUS: 1) acute myocardial infarction, 2)
atherosclerosis in the heart, 3) angina pectoris, 4) blood clot
(thrombosis) in the leg, 5) diabetes, 6) asthma, 7) allergy
(not asthma), 8) kidney disease, 9) cancer, 10) anxiety, 11)
depression, 12) osteoarthritis, 13) rheumatoid arthritis, 14)
chronic bronchitis, emphysema, chronic obstructive pul-
monary disease (COPD), 15) migraine or frequent head-
aches, and 16) spinal hernia or other spine diseases.

Self-rated health was measured using a single item
question: “In general, would you say your health is…”,
asking the participants to rate their health on a five-point
scale ranging from ‘very poor’ to ‘excellent’. Response
options were dichotomized as 1) ‘good’ (including: ‘ex-
cellent’, ‘very good’, and ‘good’) vs. 2) ‘poor’ (including:
‘fair’ and ‘poor’).

Sleepwas measured by asking participants to report their
bedtime and wake-up time. Based on the literature stating an
increased health risk of short and long sleep duration, the
individual mean sleeping time was dichotomized into 1)
recommended sleeping time: ‘7-9 hours per day’ and 2)
‘<7 or >9 hours per day’.44

Stress was measured by Cohen’s Perceived Stress Scale
(PSS), which is a validated and widely used instrument for
assessment of stress in large study populations.45 The PSS
consists of 10 items with five response options ranging from
‘very much disagree’ to ‘very much agree’. It is designed to
measure to which degree the respondent perceives di-
mensions of his/her everyday life as unpredictable, un-
controllable, and overwhelming. The total sum was
calculated giving an overall stress-score of maximum 50.
We trichotomized the score into 1) ‘no stress’ (score <10), 2)
‘light stress’ (score 11 to 16), and 3) ‘stress’ (score ≥17).45

Use of medicine was measured by asking participants:
“Do you take any of the following medicines on a daily or
almost daily basis?” with 30 response options.43 In col-
laboration with a medical doctor, we decided to include

medicines that are anti-inflammatory or potentially anti-
inflammatory, i.e. medications for arthritis, medications for
asthma/bronchitis (incl. spray/powder), allergy medicines,
adrenocorticotropic hormone, painkillers, and medications
for psoriasis. We dichotomized use of medicine into 1)
‘≥1 medicines per day’ and 2) ‘no use of medicine’, as we
assumed that use of at least one anti-inflammatory medicine
may have affected the CRP levels.

Other health- and lifestyle indicators included Body
Mass Index (BMI) (kg/cm2) using measured height and
weight at the physical examination and coded as 1) ‘Un-
derweight (BMI <18.5)’, 2) ‘normal (BMI 18.5-24.9)’, 3)
‘moderately overweight (BMI 25-29.9)’, and 4) ‘obese
(BMI ≥30)’.46,47 Waist circumference was measured at the
smallest circumference between the lower costae and the
iliac crest and dichotomized into 1) ‘low risk’ (waist cir-
cumference for women <80 cm and for men <94 cm) and 2)
‘increased risk’ (waist circumference for women ≥80 cm
and for men ≥94 cm).48

Alcohol consumptionwas measured by asking participants:
“How often do you drink five units or more at one occasion?”
with four response options ranging from ‘never’ to ‘daily’. We
trichotomized the response options into 1) ‘rarely’ (including:
‘never’ and ‘rarely’), 2) ‘weekly’, and 3) ‘daily’.49

Smoking was measured by asking participants: “Do you
smoke?” with five response options ranging from ‘never
smoked’ to ‘yes, every day’. Response options were di-
chotomized as 1) ‘smoker’ (including: ‘yes, every day’,
‘yes, at least one time per week’, and ‘yes, less than every
week’) and 2) ‘non-smoker’ (including: ‘ex-smoker’ and
‘never-smoker’).49

Self-perceived diet quality was measured by asking par-
ticipants to rate their dietary habits on a 5-point scale, ranging
from ‘very healthy’ to ‘very unhealthy’. We dichotomized the
response options into 1) ‘healthy’ (including: ‘very healthy’,
‘healthy’, and ‘somewhat healthy’) and 2) ‘unhealthy’ (in-
cluding: ‘unhealthy’ and ‘very unhealthy’).50

Ethics

Region Zealand’s Ethical Committee on Health Research
(SJ-421) approved LOFUS. LOFUS is registered in the
Danish Data Protection Agency (REG-024-2015). The
present study is also registered in the Danish Data Pro-
tection Agency (REG-130-2020). LOFUS is registered in
Clinicaltrials.gov (NCT02482896). All participants pro-
vided written informed consent.23

Statistical analyses

Descriptive analyses were conducted (Table 1). We ana-
lysed the distribution of all covariates and PA across the
outcome variable (hsCRP), including the number (n) and
percentage distribution (%) for categorical variables. In
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Table 1. Characteristics of the study sample (n = 1,106) distributed on inflammation level calculated by high sensitive C-reactive protein
(hsCRP). Mean values with standard deviation (±SD) or number of participants with prevalence are presented.

Group 1
hsCRP < 3 mg/L
n = 742

Group 2
hsCRP = 3–10 mg/L
n = 301

Group 3
hsCRP > 10 mg/L
n = 63

Variables Total n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%) p-value

Age 1,106 (100.0) 59.3 (13.2) 59.1 (13.8) 57.6 (16.1) 0.627
Sex 1,106 (100.0)
Women 614 (55.5) 397 (53.5) 171 (56.8) 46 (73.0) 0.010
Men 492 (44.5) 345 (46.5) 130 (43.2) 17 (27.0)

No. of chronic diseases 1,106 (100.0)
2 diseases 588 (53.2) 413 (55.7) 141 (46.8) 34 (54.0) 0.021
3 diseases 287 (25.9) 194 (26.1) 82 (27.2) 11 (17.5)
4 diseases 129 (11.7) 79 (10.6) 42 (14.0) 8 (12.7)
≥5 diseases 102 (9.2) 56 (7.5) 36 (12.0) 10 (15.9)

Physical activity
CPM (per day) 1,106 (100.0) 312.0 (171.9) 239.3 (133.9) 210.4 (130.0) <0.001
CPM < 200 385 (34.8) 211 (28.4) 139 (46.2) 35 (55.6) <0.001
CPM 200–399.99 480 (43.4) 336 (45.3) 124 (41.2) 20 (31.7)
CPM ≥ 400 241 (21.8) 195 (26.3) 38 (12.6) 8 (12.7)

MVPA (min/day) 1,106 (100.0) 18.2 (16.9) 10.8 (11.2) 8.9 (10.4) <0.001
MVPA < 15 680 (61.5) 396 (53.4) 231 (76.7) 53 (84.1) <0.001
MVPA 15–29.99 264 (23.9 205 (27.6) 52 (17.3) 7 (11.1)
MVPA ≥ 30 162 (14.6) 141 (19.0) 18 (6.0) 3 (4.8)

LPA (min/day) 1,106 (100.0) 172.3 (58.9) 156.8 (59.4) 135.5 (46.9) <0.001
LPA < 90 97 (8.8) 48 (6.5) 35 (11.6) 14 (22.2) <0.001
LPA 90–179.99 602 (54.4) 385 (51.9) 176 (58.5) 41 (65.1)
LPA ≥ 180 407 (36.8) 309 (41.6) 90 (29.9) 8 (12.7)

Accelerometer
Wear hours/day 1,106 (100.0) 22.8 (1.1) 22.8 (0.9) 22.6 (1.2) 0.602
No. of wear days 1,106 (100.0) 7.2 (1.1) 7.2 (1.1) 6.9 (1.4) 0.292

Civil status 1,098 (99.3)
Co-habiting 851 (77.5) 593 (80.2) 217 (73.3) 41 (65.1) 0.003
Single 247 (22.5) 146 (19.8) 79 (26.7) 22 (34.9)

Education 1,099 (99.4)
No formal 272 (24.7) 167 (22.6) 84 (28.3) 21 (33.3) 0.063
Short/vocational 537 (48.9) 361 (48.8) 147 (49.5) 29 (46.0)
Medium/long 290 (26.4) 211 (28.6) 66 (22.2) 13 (20.6)

Labour market attachment 1,106 (100.0)
Attached 506 (45.8) 360 (48.5) 127 (42.2) 19 (30.2) 0.007
Not attached 600 (54.2) 382 (51.5) 174 (57.8) 44 (69.8)

Self-rated health 1,103 (99.7)
Good 1010 (91.6) 680 (91.6) 277 (93.0) 53 (84.1) 0.072
Poor 93 (8.4) 62 (8.4) 21 (7.0) 10 (15.9)

Sleep 1,057 (95.6)
7–9 hours/day 683 (64.6) 462 (64.9) 182 (63.9) 39 (65.0) 0.952
<7 or >9 hours/day 374 (35.4) 250 (35.1) 103 (36.1) 21 (35.0)

Stress 1,104 (99.8)
No stress 395 (35.8) 271 (36.5) 101 (33.8) 23 (36.5) 0.230
Light stress 382 (34.6) 262 (35.3) 105 (35.1) 15 (23.8)
Stress 327 (29.6) 209 (28.2) 93 (31.1) 25 (39.7)

(continued)
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addition, we included the exposure variables as continuous
variables and analysed the means and standard division
(SD). Chi-square test was conducted for categorical vari-
ables and ANOVA test for continuous variables.

Multiple logistic regression analyses were conducted to
investigate the association between PA and LGI among
participants having an hsCRP level of 0-10 mg/L (Table 2). It
was hypothesized that lower levels of PA (i.e., lower average
CPM and less time spent in MVPA and LPA per day) would
increase the odds of having LGI. Participants with an hsCRP
level >10 mg/L were excluded from these analyses, because
such high values may indicate acute inflammatory events.51

In these analyses, hsCRPwas included as a binary categorical
variable, and hsCRP <3 mg/L was used as the reference
group. Three analyses were conducted for all PA outcomes:
1) a raw model; 2) a model adjusted for age, sex, civil status,
education, no. of diseases, and labour market attachment and
3) model 2 with additional adjustment for self-rated health,
diet, stress, use of medicine, sleep, BMI (Body Mass Index),
waist circumference, alcohol consumption, and smoking. A
p-value of ≤0.05 was considered statistically significant, and

all associations were expressed as odds ratios (OR) with 95%
confidence intervals (CIs).

In sub-analyses, the fully adjusted multiple logistic re-
gression analyses described above were repeated with in-
clusion of a multiplicative interaction term (labour market
attachment x CPM, MVPA, and LPA, respectively) to
capture the potentially moderating effect of labour market
attachment on the association between PA and LGI
(Table 3). Finally, complementary analyses, stratified by
labour market attachment, was conducted to allow for a
more comprehensive investigation of the associations be-
tween PA and LGI in labour market attachment subgroups.
All statistical analyses were performed with IBM SPSS
Version 28 statistic software package.

Results

In total, 18,949 (35.6%) of the 53,313 invited individuals
from Lolland-Falster agreed to participate in LOFUS. Based
on the inclusion criteria for this study, a total of

Table 1. (continued)

Group 1
hsCRP < 3 mg/L
n = 742

Group 2
hsCRP = 3–10 mg/L
n = 301

Group 3
hsCRP > 10 mg/L
n = 63

Variables Total n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%) p-value

Use of medicine 1,103 (99.7)
No use of medicine 519 (47.1) 379 (51.2) 116 (38.5) 24 (38.7) <0.001
≥1 medicines/day 584 (52.9) 361 (48.8) 185 (61.5) 38 (61.3)

BMI (kg/m2) 1,084 (98.0)
BMI < 18.5 15 (1.4) 14 (1.9) 0 (0.0) 1 (1.7) <0.001
BMI 18.5–24.9 293 (27.0) 246 (33.7) 41 (14.0) 6 (10.0)
BMI 25–29.9 416 (38.4) 309 (42.3) 92 (31.4) 15 (25.0)
BMI ≥ 30 360 (33.2) 162 (22.2) 160 (54.6) 38 (63.3)

Waist circumference 1,103 (99.7)
Low riska 120 (10.9) 103 (13.9) 12 (4.0) 5 (7.9) <0.001
Increased riskb 983 (89.1) 637 (86.1) 288 (96.0) 58 (92.1)

Alcohol consumption (≥5 units at one occasion) 959 (86.7)
Daily 18 (1.9) 12 (1.8) 6 (2.3) 0 (0.0) 0.255
Weekly 42 (4.4) 24 (3.7) 17 (6.5) 1 (2.3)
Rarely 899 (93.7) 620 (94.5) 237 (91.2) 42 (97.7)

Smoking 1,102 (99.6)
Smoker 210 (19.9) 114 (15.4) 81 (27.0) 15 (24.2) <0.001
Non-smoker 892 (80.9) 626 (84.6) 219 (73.0) 47 (75.8)

Diet 1,103 (99.7)
Healthy 1031 (93.5) 705 (95.0) 272 (91.0) 54 (87.1)
Unhealthy 72 (6.5) 37 (5.0) 27 (9.0) 8 (12.9) 0.006

CPM: counts per minute; MVPA: moderate to vigorous physical activity; LPA: light physical activity; hsCRP: high sensitive C-reactive protein; LGI (Low-
grade inflammation; BMI: Body Mass Index.
aLow risk (waist circumference for women <80 cm and for men <94 cm).
bIncreased risk (waist circumference for women ≥80 cm and for men ≥94 cm.
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17,843 participants were excluded, ending up with a study
population of 1,106 participants (Figure 1).

Table 1 shows the explanatory variables according to
levels of inflammation. We found no evidence of a dif-
ference in participants across the three groups of hsCRP
levels in terms of age (p = 0.627), accelerometer wear
hours per day (p = 0.602), number of wear days (p =
0.292), education (p = 0.063), self-reported health (p =
0.072), sleep (p = 0.952), stress (p = 0.230), and alcohol
consumption (p = 0.255) (Table 1). A statistically sig-
nificant difference between participants in the three
groups of hsCRP levels was observed for the exposure
variables, i.e. CPM (p < 0.001), MVPA (p < 0.001), LPA
(p < 0.001), and the remaining variables, i.e. civil status (p
< 0.003), sex (p = 0.010), no. of chronic diseases (p =
0.021), labour market attachment (p = 0.007), use of
medicine (p < 0.001), BMI (p < 0.001), waist circum-
ference (p < 0.001), smoking (p < 0.001), and diet (p =
0.006) (Table 1).

For all PA outcomes, the odds of having LGI increased
with lower levels of PA, however, for CPM andMVPA only
the lowest levels of PA were statistically significant
(Table 2). The odds of LGI increased for every 90 minutes
decrease in LPA per day (Table 2). The highest odds of LGI
were observed for CPM < 200 per day (OR 2.55; 95% CI
1.46-4.43), MVPA < 15 minutes per day (OR 2.97; 95 % CI
1.56-5.62), and LPA < 90 minutes per day (OR 2.89; 95 %
CI 1.43-5.81) with the reference groups being CPM ≥
400 per day, MVPA ≥ 30, and LPA ≥ 180 minutes per day,
respectively.

We found no evidence of statistical interactions between
CPM (p = 0.489) and MVPA (p = 0.795) and labour market
attachment, but we cannot rule out the possibility of in-
teraction between LPA and labour market attachment (p =
0.109) (Table 3).52

When stratified on labour market attachment, we found
statistically significant higher odds of LGI for MVPA<15,
independent of labour market attachment, and higher odds of
LGI for CPM<200 among those who were not attached to the
labour market (Table 3). Furthermore, the odds of LGI were
higher the less time spent in LPA, however, the results were
only statistically significant for those who were not attached to
the labour market although the pattern of association were
similar to those attached to the labour market.

Discussion

This study examined the association between technically
measured PA and LGI among people with multimorbidity,
and if this association was moderated by labour market
attachment. We found that a low level of PAwas associated
with higher odds of LGI among participants with multi-
morbidity, especially among those who are not attached to
the labour market.

Comparison with previous findings

PA is safe and beneficial for the physical health in people
with multimorbidity.12 Previous studies show higher levels
of PA to be associated with lower levels of CRP in the
general adult population13,14,53 and among people with
chronic diseases.54,55 This is in line with our results showing
lower odds of LGI by higher levels of PA in people with
multimorbidity.

Our study showed that a low level of MVPA<15 minutes
per day was associated with higher odds of LGI with
MVPA ≥30minutes per day being the reference. The Danish
health authorities recommend ≥30 minutes of MVPA per
day,56 and 71% of the general adult population reports to
follow this recommendation.49 In our study sample, how-
ever, only 15% of the participants performed MVPA
for ≥30 minutes per day. Similarly, a recent study found that
only 32% of older adults with multimorbidity lived up to PA
recommendations.57 Such findings indicate that people with
multimorbidity might experience barriers to reach these
duration and intensity levels of PA.

Adherence to recommended PA levels is associated with
a significant reduction in the risk of chronic diseases, and is
thereby a means of primary and secondary prevention of
multimorbidity.57 Furthermore, adherence to PA recom-
mendations is associated with sex, socioeconomic status,
smoking habits, diet, and BMI, and among people with
multimorbidity, those belonging to the more deprived so-
cioeconomic groups are more likely to not adhere to PA
guidelines.57 In this study, the participants did all have
multimorbidity and were recruited from Lolland-Falster – a
socioeconomically deprived area.22 Thus, it is not surprising
that the adherence to PA recommendations in our study
population was relatively low.

As previously stated, WHO recommends at least 150-
300 minutes moderate-intensity aerobic PA or at least 75-
150 minutes vigorous-intensity aerobic PA per week for
adults with and without chronic diseases to gain health
benefits.58 Our study shows lower odds of LGI with longer
durations of LPA. This is in line with the WHO recom-
mendations stating that sedentary time should be replaced
with PA of any intensity (including light intensity) to gain
health benefits,58 which are supported by a study showing as
little as 10 minutes of brisk walking per day to associate
with longer life expectancy.59

Finally, our results indicate that labour market attach-
ment may moderate the association between LPA and LGI,
although the two strata show similar patterns of associations
between PA and LGI, being the less PA performed the
higher odds for LGI. Yet, the results were only statistically
significant for those not attached to the labour market. These
findings are in line with previous findings showing higher
levels of CRP among people who are unemployed.10 Thus,
our results highlight that not only are the amount and
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Table 2. Odds of having low-grade inflammation (LGI) (hsCRP 3–10 mg/L) among participants with different levels of physical activity
(CPM, MVPA and LPA). Results are presented as OR with corresponding 95% CI.

Physical activity

Model 1a

n = 1,043
Model 2b

n = 1,030
Model 3c

n = 850

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

CPM
CPM < 200 3.38 2.25–5.09 <0.001 3.89 2.47–6.14 <0.001 2.55 1.46–4.43 <0.001
CPM 200–399.99 1.89 1.26–2.84 0.002 2.04 1.35–3.09 <0.001 1.59 0.97–2.62 0.067
CPM ≥ 400 1 (ref) 1 (ref) 1 (ref)

MVPA
MVPA < 15 4.57 2.73–7.66 <0.001 4.77 2.77–8.21 <0.001 2.97 1.56–5.62 <0.001
MVPA 15–29.99 1.99 1.12–3.54 0.020 2.12 1.17–3.85 0.013 1.70 0.85–3.40 0.135
MVPA ≥ 30 1 (ref) 1 (ref) 1 (ref)

LPA
LPA < 90 2.50 1.53–4.10 <0.001 2.29 1.33–3.93 0.003 2.89 1.43–5.81 0.003
LPA 90–179.99 1.57 1.17–2.11 0.003 1.51 1.10–2.06 0.010 1.74 1.18–2.55 0.005
LPA ≥ 180 1 (ref) 1 (ref) 1 (ref)

All associations are expressed as odds ratios (ORs) with their 95% CIs.
CPM (counts per minute) (per day); MVPA (moderate to vicious physical activity) (minutes per day); LPA (light physical activity) (minutes per day).
aRaw model.
bAdjusted for age, sex, civil status, education, no. of diseases and labour market attachment.
cAdjusted for age, sex, civil status, education, no. of diseases, labour market attachment, self-rated health, diet, stress, use of medicine, sleep, BMI (Body
Mass Index), waist circumference, alcohol consumption, and smoking.

Table 3. Odds of having low-grade inflammation (LGI) (hsCRP 3–10 mg/L) among participants with different levels of physical activity
(CPM, MVPA and LPA), stratified on labour market attachment. Results are presented as OR with corresponding 95% CI. Interaction
terms are presented as p-values.

Physical activity

Attached to labour market
n = 424

Not attached to labour market
n = 426

OR 95% CI p-value OR 95% CI p-value p-value

CPM
CPM < 200 1.98 0.87–4.46 0.102 2.50 1.05–5.93 0.038
CPM 200–399.99 1.83 0.95–3.54 0.071 1.31 0.56–3.08 0.537
CPM ≥ 400 1 (ref) 1 (ref)
CPM x labour market attachment 0.489

MVPA
MVPA < 15 2.56 1.11–5.92 0.027 3.48 1.14–10.64 0.029
MVPA 15–29.99 1.80 0.74–4.42 0.197 1.74 0.51–5.97 0.378
MVPA ≥ 30 1 (ref) 1 (ref)
MVPA x labour market attachment 0.795

LPA
LPA < 90 4.47 0.41–49.31 0.221 4.43 1.90–10.34 <0.001
LPA 90–179.99 1.22 0.71–2.10 0.471 2.86 1.52–5.38 0.001
LPA ≥ 180 1 (ref) 1 (ref)
LPA x labour market attachment 0.109

All associations are expressed as odds ratios (ORs) with 95% CIs.
All results are adjusted for age, sex, civil status, education, no. of diseases, self-rated health, diet, stress, use of medicine, sleep, BMI (BodyMass Index), waist
circumference, alcohol consumption, and smoking.
CPM: counts per minute (per day); MVPA: moderate to vicious physical activity (minutes per day); LPA: light physical activity (minutes per day).
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intensity of PA associated with the odds of LGI among
people with multimorbidity, external factors like labour
market attachment also seem to play an important role in
this association. One explanation may be, that people in
lower socioeconomic positions, e.g. those who are not at-
tached to the labour market, are more vulnerable to ex-
posures from risk factors, such as inactivity, for various
diseases.60 However, a recent study suggested that a binary
categorization of unemployment versus employment does
not capture the complexities of (un)employment.11 Thus,
more knowledge is needed about labour market attachment
subgroups and CRP levels.

Strengths and limitations

This study is strengthened by the use of accelerometer data
to assess PA in people with multimorbidity. By using
technically PA outcomes instead of the alternative of self-
reported data, we have minimized the risk of information
bias and thereby the risk of differential misclassification of
dependent and independent variables. The drawback is
though, that the voluntary participation in accelerometer
measurement may have increased the risk of selection bias.
E.g. it is possible that healthier individuals were more likely

to agree to wear accelerometers, leading to weaker estimates
of the association between PA and LGI. However, previous
studies using large health surveys suggest that biased
participation may not affect the associations between
variables.61

Another strength of this study is the population-based
sampling. The large study sample provided statistical power
to investigate the association between PA and LGI among a
subgroup of participants in LOFUS with multimorbidity.
Furthermore, the inclusion of participants in LOFUS, who
all came from rural-provincial areas with lower socioeco-
nomic and health status than the average population, add to
findings from previous Danish cohort studies in rural-
provincial areas. However, in the analyses, stratified by
labour market attachment, the sample size of the strata was
relatively low, thus, the results should be interpreted with
caution.

We adjusted for several demographic, socioeconomic,
and health factors previously shown to be associated with
PA and inflammation, which we expected to some extent to
reduce the risk of unmeasured confounding. But, because of
our cross-sectional design, we cannot preclude a bidirec-
tional relationship between the included variables in terms
of reverse causation; that is, it is possible that LGI affected

Figure 1. Flow chart for the study on the association between PA, LGI, and labour market attachment in people with multimorbidity,
Lolland-Falster Health Study (LOFUS).
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the level of PA among participants. However, a review
examining the effect of PA on chronic inflammation re-
ported consistency in large population-based studies
showing an inverse association between inflammation and
PA, and found that small-scale intervention studies sup-
ported that PA diminishes inflammation.14 Moreover, a
review and meta-analysis of RCTs supported that PA may
have a positive effect on reduction of CRP.13

Another limitation is that the subgroup of participants
who were not attached to the labour market included both
those who were ‘unemployed’ and ‘out of the labour
market’ with the latter also including people who were
retired. Thus, this subgroup includes participants who are
not attached to the labour market due to different reasons.
This categorization may have led to residual confounding.
However, regardless the cause, participants who are not
attached to the labour market are comparable in terms of not
being exposed to occupational PA, which has previously
been stated as one of four central domains of PA
assessment.62

This study did not include all chronic diseases. Our
results can therefore not be generalized to all people with
multimorbidity. It is possible that inclusion of more diseases
would have led to different results. However, this is a
general limitation on studies in multimorbidity since defi-
nitions of multimorbidity used in the literature have varied
widely63 and guidelines specifying diseases to include in
multimorbidity research were not published until 2022,
which was after the LOFUS data were collected.27

Practical implications

As the prevalence of multimorbidity is increasing and
considered to be a major health priority, it is crucial to
consider effective ways to prevent and treat chronic diseases
and develop ways to avoid serious health consequences
among people with chronic disease.4 Adherence to PA
guidelines is previously identified as a means of primary and
secondary prevention of multimorbidity, but, individuals
with multimorbidity are more likely to not adhere to PA
guidelines.17 Our results showed that both the amount and
intensity of PAwere associated with the odds of LGI among
people with multimorbidity. Therefore, adjusting existing
guidelines according to amounts and intensities that are
reachable for people with chronic diseases or various
abilities to do PA at different levels may be one method for
secondary prevention of multimorbidity. Furthermore,
WHO recommendations state that sedentary time should be
replaced with PA of any intensity (including light intensity)
to gain health benefits. Such recommendation may be
relevant to incorporate in future preventive interventions.

Our results also showed that labour market attachment
seem to play an important role in the association between
LPA and LGI. This knowledge can be used to identify target

groups for preventive interventions. Furthermore, our
findings highlight the importance of obtaining information
regarding patients’ socioeconomic conditions and job sit-
uation in the clinical setting to target treatment – especially
treatments where changes in lifestyle markers, such as PA,
are involved.

Conclusion

This study shows that low amounts of CPM and MVPA,
were associated with higher odds of LGI among people with
multimorbidity. Our study also shows that higher levels of
LPA is associated with lower odds of LGI, especially among
those who are not attached to the labour market. This
knowledge is important for development of PA recom-
mendations for people who might experience barriers to
reach PA at high intensities.
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