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Abstract
Background  Physical activity, sedentary behaviour, and sleep were shown to be independently associated with low 
back pain (LBP). The aim of this cross-sectional study was to explore the associations between 24-hour movement 
behaviour compositions and the occurrence, severity, and estimated level of LBP impact on an individual’s life.

Methods  A convenience sample of 197 adults (40% females, 37 ± 11 years of age) were asked to wear an activPAL 
accelerometer for at least 7 consecutive days to assess their time-use composition consisting of moderate- to 
vigorous-intensity physical activity (MVPA), light-intensity physical activity (LPA), sedentary behaviour (SB), and 
sleep and to complete a questionnaire on LBP and sociodemographic characteristics. Compositional isotemporal 
substitution analyses were conducted separately for the non-domain-specific and domain-specific (including 
occupational and non-occupational domains) movement behaviour compositions.

Results  Reallocating time from MVPA to any other movement behaviour or from sleep to LPA was associated 
with a higher LBP impact score. For example, reallocating 60 min/day from MVPA to LPA was associated with on 
average 17 points (95% CI: 6 to 28) higher LBP impact score (on a 0–70 scale). We did not find significant associations 
between the domain-specific time-use composition and LBP impact score (p = 0.060). We also did not find significant 
associations of the time-use compositions with occurrence and severity of LBP (p-value range: 0.067 to 0.649).

Conclusion  Our study suggests that LBP sufferers with higher MVPA and sleep better cope with LBP. The differences 
in the LBP impact scores associated with theoretical reallocations between movement behaviours may be deemed 
clinically important. Future longitudinal and experimental studies in population-representative samples are needed to 
confirm our findings.
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Background
 Low back pain (LBP) is among the most prevalent mus-
culoskeletal disorders globally [1]. More than 80% of 
people in the general population experience LBP at least 
once in their lifetime [2], while nearly 40% of people 
report suffering from LBP in the past year [3]. Although 
LBP is not a life-threatening condition, it can significantly 
affect daily life and well-being [4], and it is associated 
with numerous co-morbidities [5]. LBP is a multifactorial 
(i.e. influenced by many contributing factors) and mul-
tidimensional (i.e. involving many aspects) health issue, 
and there is a need for successful management strategies 
to lessen the population burden of LBP [6, 7].

The way people allocate their time may affect the devel-
opment, frequency, and intensity of LBP [8, 9]. Stud-
ies have shown that allocation of time to different daily 
movement behaviours, such as physical activity, seden-
tary behaviour (SB), and sleep, is among the most impor-
tant modifiable risk factors for chronic disease, including 
LBP [9–13].

Previous studies on movement behaviours and LBP 
have generally reported that higher levels of total physical 
activity [8], lower levels of SB [14], and higher levels of 
sleep [15] are associated with favourable LBP outcomes, 
including lower risk of experiencing LBP and less severe 
LBP among those who suffer from LBP. However, some 
studies have revealed that different domains and inten-
sities of physical activity may have different associations 
with LBP. For example, studies on occupational mod-
erate- to vigorous-intensity physical activity (MVPA) 
showed unfavourable relationship with LBP [16], while 
most studies on leisure-time physical activity showed 
favourable association with LBP [8, 17].

Traditionally, studies have explored relationships 
between time spent in a specific movement behaviour 
and LBP, while ignoring the fact that time-use variables 
are co-dependent parts of a finite whole (e.g. 24-hour 
day). However, physical activity, SB, and sleep are exhaus-
tive and mutually exclusive components of time use, and 
they are perfectly multicollinear. For example, a change 
in daily time spent in SB requires an opposite propor-
tional change in time spent in physical activity and/or 
sleep, because the daily sum of these three movement 
behaviours always equal to 24 h. In recent years, it has 
been widely recognised that the amounts of time spent in 
movement behaviours should be conceptualised as com-
positional data [18–20] and statistical reasoning has been 
provided for analysing this type of data integratively, 
using compositional data analysis (CoDA) [21].

One such statistical method is compositional isotem-
poral substitution analysis. This method enables esti-
mating the change in a health outcome by reallocating 
a given amount of time between movement behaviours 
[21]. The method has quickly gained popularity among 

researchers, and it has already been used in more than 
one hundred studies [20]. However, a recent review 
revealed that no previous studies have used this method 
to explore the associations of reallocations of time 
between movement behaviours with LBP [20].

Therefore, the aim of this study was to explore the asso-
ciations of reallocating time between the parts of non-
domain-specific and domain-specific 24-hour movement 
behaviour compositions with occurrence of LBP, severity 
of LBP symptoms, and the estimated level of impact of 
LBP on individual’s life. We hypothesized that realloca-
tions of time from SB and LPA to MVPA and sleep are 
associated with favourable LBP outcomes, and vice versa.

Methods
Participants and study design
The data for this cross-sectional study were collected 
between April 2019 and September 2022 (with exception 
of COVID-19 lockdowns) in a convenience sample of 197 
Slovenian adults, including police officers, military per-
sonnel, higher education employees, office workers, and 
university students. They were invited to participate in 
the study via employee mailing lists and word of mouth. 
Due to missing data, nine participants were excluded 
from the study, and the final sample consisted of 188 
participants (Table 1), all of whom were included in non-
domain-specific analyses. Of these, 141 participants, 
who were employed and who provided sufficient data for 
domain-specific analyses, constituted the final subsample 
of working adults (Fig. 1).

The participation in all parts of this study was volun-
tary, and all participants provided their informed consent 
before entering the study. The study was conducted in 
accordance with the Declaration of Helsinki, and it was 
approved by the National Ethics Committee (Repub-
lic of Slovenia National Medical Ethics Committee, ref: 
0120–557/2017/4).

Measures and data processing
Movement behaviours
Participants were asked to wear activity monitor for 
at least 7 consecutive days (24  h per day, except while 
swimming), and to keep a paper-based sleep-time diary. 
Employed participants were also asked to keep a paper-
based work-time diary. After the monitoring period, 
participants returned the activity monitor and the diary, 
and completed a paper-based questionnaire on LBP and 
socio-demographic characteristics.

The activPAL4 micro activity monitor (PAL Technolo-
gies Ltd., Glasgow, Scotland) was used to record how 
participants allocate their time to movement behav-
iours, including sleep, SB, LPA, and MVPA. The device 
was attached on the anterior aspect of the right thigh 
(midway between the anterior superior iliac spine and 
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the knee), using an adhesive dressing (Tegaderm™). Pro-
prietary software was used to initialize the device and 
to download the recorded data (PALconnect version 
8.12.6.118, PAL Technologies Ltd., Glasgow, Scotland).

We used the CREA algorithm (PALanalysis version 
8.12.6.118, PAL Technologies Ltd., Glasgow, Scotland) 
with a 24-hour protocol that allows for up to 4 h per day 
of non-wear time. To determine periods of sleep time, 
we combined the information from the CREA algorithm 
and sleep time diary, as proposed previously [22, 23] and 
manually corrected the sleep onset and offset using the 
PALanalysis software. Data were then exported as “Daily 
Summary Outcomes” (PALbatch version 8.11.1.63, PAL 
Technologies Ltd., Glasgow, Scotland). Data were also 
exported as “Events” files, and further processed in R Stu-
dio using the package “activpalProcessing” [24] to obtain 
MVPA estimates. LPA was calculated by subtracting 
sleep duration, SB, MVPA, and non-wear time from 24 
h. Non-wear time was then proportionally reallocated to 
SB, LPA, and MVPA [25]. Self-reported duration of day-
time napping was added to sleep time estimate to obtain 
total sleep time, and it was deducted from SB to obtain 
total time spent in SB. The average amounts of time spent 
in sleep, SB, LPA, and MVPA were calculated across valid 
days.

For employed participants, we also computed the dura-
tions of occupational SB, LPA, and MVPA, and non-
occupational SB, LPA, and MVPA. ActivPAL data were 
extracted as “EventsEx” files, and further processed in R 
Studio using a custom-made code to obtain daily dura-
tions of occupational and non-occupational sleep, SB, 
overall physical activity, and non-wear time based on 
information from work time diary. To obtain occupa-
tional and non-occupational MVPA, “Events” files and 
work time diary were processed using R package “activ-
palProcessing”. Occupational LPA was calculated by sub-
tracting occupational MVPA from overall occupational 
physical activity. Occupational non-wear time was then 
proportionally reallocated to occupational SB, LPA, and 

Table 1  Participant characteristics
Characteristic Total 

sample
(n = 188)

Working 
adults
(n = 141)

x̄ (SD)
Age (years) 37 (11) 40 (9)

Body mass index (kg/m2) 25 (5) 26 (5)

LBP impact score (0–70) 18 (8) 17 (7)

Sex n(%)
  Female 76 (40) 52 (37)

  Male 112 (60) 89 (63)

Education

  Primary or secondary education 67 (36) 48 (34)

  Higher education 121 (64) 93 (65)

LBP in the past…

  … 12 months 109 (58) 79 (56)

  … 6 months 102 (54) 72 (51)

  … week 49 (26) 30 (21)

LBP severity grades

  Grade 0 (no pain) 86 (46) 69 (49)

  Grade I 76 (40) 53 (38)

  Grade II-IV 26 (14) 19 (13)

4-part time-use composition gmin(g%)
  MVPA (min/day) 70 (5) 73 (5)

  LPA (min/day) 271 (19) 282 (20)

  SB (min/day) 648 (45) 643 (45)

  Sleep (min/day) 451 (31) 441 (31)

7-part time-use composition

  Non-occupational MVPA (min/week) / 341 (3)

  Non-occupational LPA (min/week) / 1345 (13)

  Non-occupational SB (min/week) / 2780 (28)

  Occupational MVPA (min/week) / 151 (2)

  Occupational LPA (min/week) / 596 (6)

  Occupational SB (min/week) / 1759 (17)

  Sleep (min/week) / 3109 (31)
The mean and standard deviation of LBP impact score were calculated in the 
subsample of participants who experienced LBP in the past week

Note: x ,̄ arithmetic mean; SD standard deviation, n absolute frequency, % 
relative frequency expressed as percentage, LBP low back pain, MVPA moderate- 
to vigorous-intensity physical activity, LPA light-intensity physical activity, 
SB sedentary behaviour, gmin geometric mean closed to 1440 min, g% geometric 
mean closed to 100 (i.e. expressed as percentage)

Fig. 1  Flowchart of participant inclusion and exclusion. Severity of low back pain (LBP) was assessed only among participants who experienced LBP in 
the past 6 month and the impact of LBP on participant’s life was assessed only among participants who experienced LBP in the past week
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MVPA. The same procedure was performed also for 
movement behaviours during non-occupational time. 
Self-reported duration of daytime napping was added to 
non-occupational sleep time and deducted from non-
occupational SB. Sleep durations reported during occu-
pational and non-occupational time were summed to 
obtain total sleep time. The average amounts of time in 
movement behaviours were calculated separately across 
valid workdays and non-workdays. To obtain a weekly 
time-use composition, the amounts of time spent in 
movement behaviours on workdays and non-workdays 
were calculated as: 5 × the average workday + 2 × the 
average non-workday.

Low back pain
The Nordic Musculoskeletal Questionnaire [26] was used 
to assess the occurrence of LBP. As the outcome vari-
able in this study, we used participants’ responses to the 
question asking about experiencing LBP in the past 12 
months with two response options: yes and no.

The 7-item Graded Chronic Pain Scale [27] was used 
to assess the severity of LBP, including pain intensity and 
pain-related disability. The questionnaire has a recall 
period of past 6 months, and it was completed only by the 
participants who experienced LBP in the past 6 months. 
According to the scoring criteria proposed by the authors 
of the questionnaire, we categorised participants in LBP 
severity grades as: Grade I: low intensity-low disability, 
Grade II: high intensity-low disability, Grade III: high dis-
ability-moderately limiting, and Grade IV: high disability-
severely limiting. Due to a small number of participants 
reporting high LBP disability or high LBP intensity, we 
later grouped Grade II (n = 22), Grade III (n = 3), and 
Grade IV categories (n = 1) into a single category Grade 
II-IV: high intensity/high disability.

The Bournemouth Questionnaire [28] was used to esti-
mate the level of impact that LBP had on participants’ 
life in the past week. The questionnaire was completed 
only by the participants who experienced LBP in the 
past week. The questionnaire consists of 7 questions ask-
ing about: (i) pain intensity; (ii) interference of pain with 
activities of daily living; (iii) interference of pain with 
the ability to take part in recreational, social, and family 
activities; (iv) anxiety symptoms; (v) depressive symp-
toms; (vi) fear-avoidance beliefs about work activity; (vii) 
and pain locus of control. Participants are asked to pro-
vide responses to the questions on a scale from 0 to 10. 
According to the scoring criteria proposed by the authors 
of the questionnaire, the total score (ranging from 0 to 
70) was calculated as the sum of all responses, where 
higher scores suggest stronger impact of LBP on individ-
ual’s life.

Socio-demographic characteristics
Participants provided information about their age (years), 
sex (male / female), body height (cm), body weight (kg), 
and education (primary or secondary education / higher 
education). Body mass index was calculated as body 
weight divided by squared body height (kg/m2).

Statistical analysis
We used R (version 4.3.0) with R Studio (version 
2023.06.2) and the packages “boot”, “car”, “codaredistlm”, 
“compositions”, “tidyverse”, “foreach”, “GGally”, “knitr”, 
“mice”, and “performance”. Participant characteristics 
were presented as arithmetic mean and standard devia-
tion (for continuous, non-compositional data), absolute 
and relative frequencies (for categorical data), and as 
compositional means (for compositional data).

To examine the associations of daily time-use compo-
sition with LBP variables, in the total sample we com-
puted the isometric log ratio coordinates (ilrs) from data 
on sleep, SB, LPA, and MVPA (i.e. three ilrs for a 4-part 
composition) [29]. To examine the associations of weekly 
domain-specific time-use composition with LBP vari-
ables, in the subsample of working adults we computed 
ilrs from data on sleep, occupational SB, occupational 
LPA, occupational MVPA, non-occupational SB, non-
occupational LPA, and non-occupational MVPA (i.e. six 
ilrs for a 7-part composition).

A series of regression analyses were conducted where 
ilrs were entered as independent variables, and LBP as 
the dependent variable. We used [i] binary logistic regres-
sion with the occurrence of LBP in the past 12 months as 
the binary variable (yes / no), [ii] binary logistic regres-
sion with the LBP severity grades as the binary variable 
(Grade I: low intensity-low disability / Grade II-IV: high 
intensity/high disability), and [iii] linear regression with 
the LBP impact score treated as a continuous variable. 
The analyses were adjusted for age, sex, body mass index, 
and education. For model diagnostics in the binary logis-
tics regression analyses, we used the binned residual plot. 
As part of model diagnostics for the linear regression 
analyses, we conducted posterior predictive, normality of 
residuals, influential observations, and homoscedasticity 
checks. The proportion of variance of LBP impact score 
explained by the time-use composition was expressed as 
delta R-squared calculated using a hierarchical regression 
analysis. In the first step of the analysis, we used age, sex, 
body mass index, and education as independent vari-
ables. In the second step, we added the time-use com-
position to the model. Delta R-squared was calculated as 
the difference between the multiple R-squared calculated 
in the second step and multiple R-squared calculated in 
the first step.
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For models with a significant (p < 0.05) associations 
with time-use composition, we used compositional iso-
temporal substitution analysis with one-to-one realloca-
tions of time between movement behaviours, with the 
mean composition as the reference composition [29].

Results
Participant characteristics
The age of participants ranged between 18 and 62 years, 
with the arithmetic mean and standard deviation of 
37 ± 11 years (Table  1). Most of the participants were 
males, had a higher education degree, and reported expe-
riencing LBP in the past year and in the past 6 months. 
Approximately every fourth participant reported expe-
riencing LBP in the past week. The LBP impact score 
among participants who experienced LBP in the past 
week was on average 17 out of 70 points for working 
adults and 18 out of 70 points for all adults.

Associations between non-domain-specific movement 
behaviours and low back pain
The 4-part time-use composition consisting of sleep, SB, 
LPA, and MVPA was associated with the LBP impact 
score (delta R-squared = 0.269, p = 0.004). We did not find 

significant associations of the 4-part time-use composi-
tion with the occurrence (χ2

3 = 1.7, p = 0.649) and severity 
of LBP (χ2

3 = 7.1, p = 0.067).
Among those who reported LBP in the past week, real-

locating time from MVPA to any other movement behav-
iour was associated with a higher (i.e. more unfavourable) 
LBP impact score (Fig. 2), and reallocations in the opposite 
direction were associated with a lower LBP impact score. 
For example, reallocating 60 min/day from MVPA to sleep, 
SB, and LPA was associated with on average 14.0 (95% CI: 
2.9 to 25.0), 15.5 (95% CI: 5.1 to 26.9), and 17.3 (95% CI: 5.7 
to 29.0) points higher LBP impact score, respectively. Fur-
thermore, reallocating time from sleep to LPA was associ-
ated with a higher LBP impact score (and vice versa). For 
example, reallocating 60  min/day from sleep to LPA was 
associated with on average 3.5 points higher LBP impact 
score (95% CI: 1.3 to 5.8). The reallocations of time from 
SB to sleep or LPA (and vice versa) were not found to be 
significantly associated with the LBP impact score.

Associations between domain-specific movement 
behaviours and low back pain
The domain-specific 7-part time-use composition 
was not found to be significantly associated with the 

Fig. 2  Associations of reallocating between 4-part movement behaviours composition with the low back pain impact score (n = 49). The analyses were 
adjusted for age, sex, body mass index, and education. LPB, low back pain; SB, sedentary behaviour; LPA, light-intensity physical activity; MVPA, moder-
ate- to vigorous-intensity physical activity
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occurrence of LBP (χ2
3 = 5.3; p = 0.503), severity of LBP 

(χ2
3 = 7.5; p = 0.277), and the LBP impact score (delta 

R-squared = 0.391; p = 0.060).

Discussion
Main findings
The main finding of this study is that the non-domain-
specific time-use composition of movement behaviours 
is associated with LBP impact score. Specifically, our 
compositional isotemporal substitution analyses showed 
that reallocating time from MVPA to any other move-
ment behaviour or from sleep to LPA is associated with a 
higher LBP impact score, while reallocations in the oppo-
site direction were associated with a lower LBP impact 
score.

Comparison with previous studies
In this study, we assessed multidimensional (i.e. pain 
intensity, disability, affective, cognitive) estimated impact 
of LBP on individual’s life. Therefore, our findings are 
not directly comparable with results of previous studies 
that focused on a single aspect of LBP impact (e.g. pain 
intensity). Nevertheless, some comparisons with previ-
ous studies may be informative. For example, our find-
ing that reallocating time to MVPA is associated with a 
lower LBP impact score is in line with results of a pre-
vious study showing that reallocations of time to vigor-
ous-intensity physical activity are associated with a lower 
intensity of LBP [30]. It has been previously proposed 
that some types of MVPA (e.g. exercise) beneficially 
impact LBP by neuromuscular conditioning, improving 
aerobic capacity, reducing pain-related psychosocial and 
behavioural issues (e.g. fear avoidance, catastrophising, 
kinesiophobia), and via neurophysiological mechanisms 
(e.g. physical activity-induced analgesia) [31, 32]. In our 
study, reallocating 60 min/day from MVPA to another 
movement behaviour was associated with on average up 
to 17.3 points (on a scale from 0 to 70) higher LBP impact 
score, which may be deemed a clinically important differ-
ence [33].

Unlike the current study, a previous CoDA-based 
study found that reallocations from MVPA are associ-
ated with a lower intensity of LBP [34]. It might be that 
different LBP outcomes have different associations with 
reallocations of time between movement behaviours. For 
example, some types of MVPA may present higher bio-
mechanical loadings on already irritated spinal tissues 
among individuals with LBP, which may further aggra-
vate their symptoms of LBP [35] and lead to increased 
intensity of LBP. However, MVPA might help to reduce 
LBP-related symptoms of anxiety and depression, fear 
avoidance behaviour, social functioning, and coping 
with co-morbidities [36], leading to reduced impact of 
LBP on life.

In the current study, reallocations from LPA to sleep 
were associated with a lower LBP impact score. These 
findings are in accordance with a previous CoDA-based 
study showing that reallocations from LPA or SB to sleep 
are associated with lower frequency and intensity of LBP 
[34], as well as with findings of previous studies that did 
not use CoDA [13, 37]. It has been previously proposed 
that a lack of sleep may unfavourably alter neurochemi-
cal processes responsible for pain (e.g. inflammation, 
dopaminergic and opioidergic signalling, central pain 
modulation) [38, 39]. It may also indirectly impact LBP 
via psychological and behavioural mechanisms (e.g. neg-
ative affect, pain-related beliefs, coping behaviours) [38, 
39]. Low sleep duration may also not provide sufficient 
time for spinal tissue recovery [40]. Given the large body 
of evidence on the importance of sleep for pain man-
agement [13, 37–39], it is interesting that most clini-
cal guidelines for LBP do not mention sleep [41–43]. 
In accordance with our findings, when developing and 
updating future clinical guidelines for LPB, the inclu-
sion of sleep recommendation should be considered, 
as in the recent Australian Low Back Pain Clinical 
Care Standard [44].

We did not find a significant association of non-
domain-specific time-use composition of movement 
behaviours with occurrence and severity of LBP. This is 
in accordance with previous studies that used CoDA 
and explored the occurrence of LBP in the past year [34] 
and differences between individuals who did and did not 
experience LBP in the past 7 days [45]. However, a study 
that explored reallocations between wake-time behav-
iours found that substituting SB with MVPA is associated 
with a reduced risk of chronic musculoskeletal pain of at 
least moderate intensity [46]. It has been previously sug-
gested that classifying participants as cases versus non-
cases without applying a minimal severity threshold for 
LBP may partially explain differences between findings of 
previous studies on the association between movement 
behaviours and the occurrence of LBP [47]. Unlike Ryan 
et al. [46], in the current study we did not use a minimal 
severity threshold for LBP, which may partially explain 
the difference between findings. Due to a lack of vari-
ability in the severity of LBP in our sample, we needed 
to dichotomise the LBP severity variable, which may have 
reduced the sensitivity of the variable and attenuated its 
estimated association with the movement behaviours. 
Future studies should aim to include participants with 
various levels of LBP severity.

In the current study, we did not find a significant asso-
ciation of domain-specific movement-behaviour compo-
sition with occurrence of LBP. Unlike the current study, 
some previous studies found unfavourable association 
of occupational MVPA with occurrence of LBP [16] 
and long-term sickness absence among individuals with 
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LBP [45]. These associations were thought to be attrib-
uted to the limited autonomy of workers over the dura-
tion, intensity, and variation of occupational MVPA [45]. 
However, previous findings on unfavourable associations 
of occupational MVPA with LBP come mainly from stud-
ies that included blue-collar workers (e.g. construction 
workers, cleaners, and manufacturing workers). Our 
convenience worksite sample consisted mainly of higher 
education employees and office workers, who are likely 
to have very little occupational MVPA and high levels of 
occupational SB. Therefore, their domain-specific time-
use composition may have been much different than 
in the samples from previous studies. Our sample also 
included police officers and military personnel, who, as 
part of their occupational activities, may engage in physi-
cal exercise to keep fit for their job. Given that exercise 
is a specific type of physical activity aimed at improv-
ing fitness and health, including LBP [48], it may be that 
their job demands implied engaging in MVPA that has 
favourable effects on LBP. More research is needed to 
understand the associations between (domain-specific) 
movement behaviours and LBP in different professions.

Strengths and limitations
The main strengths of this study are that we adequately 
addressed the compositional nature of time-use data 
and that we used device-based measure to collect data 
on movement behaviours. However, there are also some 
limitations to this study. First, the convenience sample 
and relatively small sample size may limit generalisability 
of our findings. However, this limitation should be con-
sidered in the context of relatively high costs and admin-
istrative burden associated with accelerometer-based 
studies, and in the light of advantages of accelerometer 
data, compared with self-reported data on movement 
behaviours [49]. Given that we recruited participants 
from worksites and university student population, gener-
alisability to the clinical population may be limited. Also, 
given that participants from only a few occupations (i.e. 
police officers, soldiers, office workers) were included in 
the sample, generalisability to other occupations that may 
be exposed to different occupational movement behav-
iour compositions (e.g. construction workers, manufac-
turing workers) is also limited. Second, due to a lack of 
variability in our sample, we needed to dichotomise LBP 
severity variable, which may have led to loss of impor-
tant information. Second, reallocations of time were 
performed only around the mean composition. Findings 
on reallocations might be different for populations with 
a different mean composition. For example, it could be 
that among highly physically active populations, reallo-
cating time from SB to physical activity is unfavourably 

associated with LBP, while the same reallocation among 
highly sedentary populations is favourably associated 
with LBP. Third, we assessed the occurrence of LBP in 
the past 12 months without differentiating between first-
time, recurring, and ongoing LBP. It has been previously 
suggested that these three LBP outcomes may have dif-
ferent risk factors [50]. Finally, the cross-sectional design 
of our study did not allow us to draw conclusions about 
causality. There are plausible mechanisms on how move-
ment behaviours can influence LBP [31, 39, 40], but LBP 
can also influence movement behaviours [39, 51]. There-
fore, future studies with longitudinal and experimental 
design are warranted to better understand the prospec-
tive associations and impact of movement behaviours on 
LBP, and the potential role of changing movement behav-
iours to self-manage LBP.

Conclusions
We found that the non-domain-specific time-use com-
position of movement behaviours is associated with the 
LBP impact score. In specific, reallocating time from 
MVPA to any other movement behaviour or from sleep 
to LPA was found to be associated with a higher LBP 
impact score. Our findings suggest that sleeping longer 
and increasing time spent in MVPA may help to better 
cope with the LBP. Future longitudinal and experimental 
studies in population representative samples are needed 
to confirm our findings.
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