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Are reallocations of time between
physical activity, sedentary behaviour
and sleep associated with low back
pain? A compositional data analysis

Kaja Kastelic
Zeljko Pedisi¢®

ABSTRACT

Objectives The aim of this cross-sectional study was

to explore the associations of reallocating time between
moderate- to vigorous-intensity physical activity (MVPA),
light-intensity physical activity (LPA), sedentary behaviour
(SB) and sleep with occurrence, frequency and intensity
of low back pain (LBP) among adults using compositional
isotemporal substitution analysis.

Methods A total of 2333 participants from the general
adult population completed the Daily Activity Behaviours
Questionnaire asking about their time-use composition
consisting of sleep, SB, LPA and MVPA, and they self-
reported their frequency and intensity of LBP in the past
year.

Results Regression analyses adjusted for age, sex, body
mass index, smoking, stress, education and socioeconomic
status found that the time-use composition is associated
with the frequency (p=0.009) and intensity of LBP
(p<0.001). Reallocating time from SB or LPA to sleep was
associated with lower frequency and intensity of LBP
(p<0.05). Reallocating time from MVPA to sleep, SB or LPA
and from SB to LPA was associated with a lower intensity
of LBP (p<0.05). For example, reallocating 30 min/day from
SB to sleep was associated with 5% lower odds (95% CI:
2% to 8%, p=0.001) of experiencing LBP more frequently,
and 2% lower LBP intensity (95% Cl: 1% to 3%, p<0.001).
Conclusion LBP sufferers may benefit from getting
additional sleep and spending more time in LPA, while
engaging less in SB and MVPA. These reallocations of
time may be meaningful from clinical and public health
perspectives.

INTRODUCTION

Low back pain (LBP) is usually defined as
pain, muscle tension or stiffness localised
below the costal margin and above the infe-
rior gluteal folds." It is the most common
musculoskeletal disorder and the leading
cause of years lived with disability globally.”
Chronic LBP has adverse effects on well-being
and quality of life,” and it is associated with a
significant economic burden. The estimated
annual direct and indirect costs of LBP are
up to $868 per capita.* From a public health

,"? Nejc Sarabon,?® Ty Stanford,* Dorothea Dumuid,*

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Very little is known on how reallocations of time
between physical activity, sedentary behaviour (SB)
and sleep are associated with low back pain (LBP).

WHAT THIS STUDY ADDS

= Reallocating time from SB or light-intensity physical
activity (LPA) to sleep is favourably associated with
frequency and intensity of LBP.

= Reallocating time from moderate- to vigorous-
intensity physical activity (MVPA) to LPA, SB or sleep
is favourably associated with intensity of LBP.

= Reallocating time from SB to LPA is favourably asso-
ciated with intensity of LBP.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our novel findings support self-management strate-
gies for LBP that aim to increase sleep duration and
LPA at the expense of MVPA and SB.

perspective, it is therefore important to inves-
tigate risk factors for LBP.

The aetiology of LBP is still not well under-
stood. As many as 95% of LBP cases are
of unknown medical cause.” Most people
experience LBP for the first time before
they enter early adulthood,” and most LBP
sufferers repeatedly experience LBP after its
first occurrence.” Studies have shown that the
intensity of LBP fluctuates over time, and this
may include pain free periods.® Given that
LBP is often a persistent condition, there is a
need to investigate strategies that may help in
its management.

In recent years, self-management strategies
for LBP have been increasingly prioritised.
For example, clinical practice guidelines for
the management of non-specific LBP include
recommendations to avoid bed rest, stay active
and engage in structured exercise.” '’ More
recently, maintaining healthy sleep habits
was also highlighted as an important lifestyle
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11
strategy for th'e mgnagement O,f LBP. It shquld be no.ted Table 1 Participant characteristics (total sample, n=2333;
that these guidelines do not include specific, practical LBP sufferers, n=1660)

instructions on how to achieve the recommendations.

They also do not include quantitative recommendations L n (%)
. . .. . Characteristic Total sample LBP sufferers
on the duration of physical activity, sedentary behaviour
(SB) and sleep. The reason for this may be a lack of Age
evidence on the optimal balance between the three 18-44 years 896 (38) 598 (36)
movement behaviours in this specific population group. 45-64 years 1153 (49) 860 (52)
Epidemiological studies have found favourable asso- 65+ years 284 (12) 202 (12)
ciations 9f engaging in physlifal'alctivity,12 reducing SB" Sex
and'gettlng adequate sleep' with LBP. However, such R 1731 (74) 1225 (74)
studies have generally examined each of these 24-hour
movement behaviours in isolation, while ignoring or Male 602 (26) 435 (26)
inadequately addressing their codependency.'” The Body mass index
codependency of physical activity, SB and sleep stems Underweight (<18.5kg/m?) 44 2) 28 (2)
from the fact that their durations always add up to 24 ‘Normal’ weight (18.5 to <25kg/ 1309 (56) 898 (54)
hours per day, which means that time spent in one of m?)
the behaviours can only be increased at the expense O\Z/erweight or obesity (>25kg/ 980 (42) 734 (44)
of one or both of the remaining behaviours. To enable m°)
the examination of how reallocations of time between Smoking status
physical activity, SB and sleep are associated with health Smoker 404 (17) 296 (18)
outcomes, while adequately addressing codependency Nem-sielar 1929 (83) 1364 (82)
of these behaviours, recent methodological papers have e e
recommended the use of compositional data analysis ,
1516 Occasionally, very rarely or 1505 (65) 1033 (62)
(CoDA). never
Th?re'fore, the aim of thlS' study was to explore the Often o every day 828 (35) 627 (38)
associations of reallocating time between moderate- to :
vigorous-intensity physical activity (MVPA), light-intensity Education
physical activity (LPA), SB and sleep with occurrence, Primary or secondary education 687 (30) Belic2)
frequency and intensity of LBP among adults using Higher education 1646 (70) 1131 (68)
CoDA. We hypothesised that reallocating SB and LPA to Socioeconomic status
MVPA or sleep will be favourably associated with LBP. Low or very low 236 (10) 189 (11)
Middle 1820 (78) 1299 (78)
METHODS High or very high 277 (12) 172 (10)
Participants and study design LBP occurrence in the past year
Our cross-sectional sample (n=2333) included adults aged
18 years and over (table 1). Adults were invited to partic- ves 1600 (71) 1660 (100)
ipate in the study via social media, web-portals, mailing e O E 00
lists and daily newspapers in Slovenia (from November Frequency of experiencing LBP
2019 to March 2020). Participants provided self-reported 1-7days / 760 (46)
data via a web-based survey that included questions on 8-30 days / 451 (27)
socio.demog.rz'lphics, health-related lifestyle (including 31-90 days / 146 (9)
physical activity, SB and. sleep) and LBP outcomes. The 90+ days, but not every day / 203 (12)
study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the National Every day / 1006
Ethics Committee (Republic of Slovenia National ey i LR M (QR)!
Medical Ethics Committee, ref: 0120-557/2017/4). All Average intensity / 30 (19, 49)
participants provided an online informed consent to 24-hour movement behaviours g (%)
participate in the study. There has been no patient and MVPA (min/day) 27 (2) 27 (2)
public involvement in research methods. This paper was LPA (min/day) 499 (35) 502 (35)
written accgrdmg to t.he .Stren.gthel}mg the Repf)rtmg SB (min/day) 240 (31) 438 (30)
of Observational Studies in Epidemiology checklist for :
Sleep (min/day) 474 (33) 473 (33)

cross-sectional studies.!”
*Absolute frequency (percentage).

Measures +Median (IQR).

: - fCompositional mean (percent of the day).
Physical actmty, SB anq §Ieep ) LBP, low back pain; LPA, light-intensity physical activity; MVPA,
Data on physical activity, SB and sleep were collected using moderate- to vigorous-intensity physical activity; SB, sedentary

the Daily Activity Behaviours Questionnaire (DABQ)."® behaviour.
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This 32-item questionnaire asks about sleep and domain
specific (including occupational, commuting and other
non-occupational) physical activity and SB in the past
7days. Average daily durations of MVPA, LPA, SB and
sleep were calculated. The MVPA, LPA, SB and sleep
estimates derived from DABQ have acceptable validity
against device-based estimates (r=0.38-0.66) and test—
retest reliability (ICC=0.59-0.65)."

Low back pain

Participants were asked about LBP frequency using the
question “On how many days have you experienced
low back pain in the last 12 months?”, and they could
choose between the following response options: ‘0 days’;
‘1-7days’; ‘8-30days’; ‘31-90days’; ‘more than 90, but
not every day’; ‘every day’."” The responses to this ques-
tion were used to categorise participants as either ‘LBP
sufferer’ (ie, any response other than Odays) or ‘non-
sufferer’ (ie, Odalys),6 that is, to assess the occurrence of
LBP in the past year. The full scale of responses to this
question was used to examine the frequency of expe-
riencing LBP in the subgroup of LBP sufferers. The
subgroup of LBP sufferers was further asked about LBP
intensity using the question “How would you rate the
average intensity of your low back pain during the last 12
months (average pain intensity on days when you expe-
rienced pain)?” Participants provided their responses
using a Visual Analogue Scale (VAS) ranging from ‘no
pain’ to ‘worst pain imaginable’ (range of scores: from
0 to 100).%

Sociodemographic and lifestyle characteristics

The following data on sociodemographic and life-
style characteristics were collected: sex (M/F); age
(18—44years/45—64years/65+  years);  socioeconomic
status (high or very high/middle/low or very low); education
(primary or secondary education/higher education); body

mass index (BMI) (underweight (<18.5 kg/m2 )/ ‘normal’

weight (18.5 to <25 kg/m2)/0verweight or obese (225 kg/mz))
calculated from self-reported body height (¢m) and body
weight (kg); smoking status (smoker/non-smoker) and the
frequency of experiencing stress (often or every day/occa-
sionally, very ravely or never). Age and BMI were categorised
to account for their possibly non-linear relationships
with the outcome variable. The questions on sociodemo-
graphic and lifestyle characteristics were adapted from
the National Health Survey.”!

Statistical analysis

Statistical analysis was conducted using R V.4.2.2, RStudio,
with the aid of ‘tidyverse’ packages and the packages
‘boot’, ‘car’, ‘compositions’, ‘foreach’, ‘GGally’, ‘knitr’,
‘mice’, ‘performance’ and ‘zCompositions’. Participant
characteristics were presented as absolute and relative
frequencies (for categorical data), as medians and IQRs
(for non-symmetrically distributed continuous data), and

as compositional means (for compositional data).

We used CoDA to examine the associations of MVPA,
LPA, SB and sleep with LBP outcomes. First, the log-ratio
expectation-maximisation algorithm was used to replace
zeros for 159 participants in the dataset with small posi-
tive values.”” This was followed by calculating isometric
log ratio coordinates (ilrs) from the MVPA, LPA, SB and
sleep data. The ilrs were then entered as independent
variables in the following regression models: (1) binary
logistic regression with the occurrence of LBP (ie, ‘LBP
sufferer’ vs ‘non-sufferer’) as the dependent variable;
(2) ordinal logistic regression with the frequency of
experiencing LBP (among LBP sufferers) as the ordinal
dependent variable and (3) negative binomial regression
with the intensity of LBP (among LBP sufferers) as the
dependent variable. Model diagnostics were performed
using: (1) the binned residual plot for the binary logistic
regression; (2) model coefficient stability when fitting
successive logistic regressions using a dichotomised
version of the ordinal outcome variable (using different
level of the ordinal outcome as the threshold) to check
the proportional odds assumption for the ordinal logistic
regression and (3) a likelihood ratio test for overdis-
persion as well as checking for influential observations
and homoscedasticity of the deviance residuals for the
negative binomial regression. All analyses were adjusted
for age, sex, BMI, smoking, stress, education and socio-
economic status.

For outcomes with significant (p<0.05) associations
with 24-hour movement behaviours, we also performed
compositional isotemporal substitution analyses.”” Calcu-
lations were done for reallocations of time between
each pair of movement behaviours (while keeping
the remaining behaviours constant), in increments of
10, 20 and 30min from the mean composition (ie, 27,
502, 438 and 473 min/day spent in MVPA, LPA, SB and
sleep, respectively, where reallocation would not result
in infeasible compositions, that is, negative time in a
given behaviour). In the isotemporal substitution anal-
ysis with LBP frequency as the ordinal outcome variable,
we calculated: (1) the predicted OR contribution of the
mean time-use composition and (2) the predicted OR
contribution for each hypothetical time-use composition
representing a given reallocation of time. We then calcu-
lated a ratio of the latter and the former. A ratio of these
ORs that is higher than 1.0 indicates that the respective
reallocation of time is associated with higher odds of
experiencing LBP more frequently, and vice versa. In the
isotemporal substitution analysis with LBP intensity as the
outcome variable, we calculated: (1) the predicted mean
LBP intensity for the mean time-use composition and (2)
the predicted mean LBP intensity for each hypothetical
time-use composition representing a given reallocation
of time. We then calculated a ratio of the latter and the
former. A ratio of these predicted values that is higher
than 1.0 indicates that the respective reallocation of time
is associated with a higher average LBP intensity, and vice
versa. The Wald method was used to approximate 95%
ClIs for the ordinal logistic regression predictions (on the
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log-odds scale), and bootstrapping (R=1000) was used to
compute the 95% CIs for the model based on negative
binomial regression.

RESULTS

Most participants were females, non-smokers, highly
educated and of middle socioeconomic status (table 1).
Approximately half of participants were middle-aged
adults and had overweight or obesity. The compositional
mean of time spent in MVPA, LPA, SB and sleep were 27,
499, 440 and 474 min/day, respectively. The prevalence
of LBP in the past year was 71%. Most of the participants
who reported LBP (ie, LBP sufferers) experienced it on
less than 31 days in the past year. Their median intensity
of LBP in the past year was 30 (IQR: 19-49) on a 0-100
VAS.

We found associations of the 24-hour movement
behaviours with frequency (X% = 11.5, p=0.009) and
intensity of LBP (X% = 24.0, p<0.001) but not with the
occurrence of LBP (X% = 1.4, p=0.709). The negative
binomial regression was used to explore the associations
with intensity of LBP because it provided a better fit than
multiple linear (with and without outcome transforma-
tion), Poisson and Beta regression models.

Among the LBP sufferers, reallocating time from SB
or LPA to sleep was associated with lower odds of experi-
encing LBP more frequently (figure 1). The reallocations
of time in the opposite direction were associated with
higher odds of experiencing LBP more frequently. For
example, reallocating 30 min/day from SB to sleep was
associated with a 5% lower odds (ratio of ORs=0.95,
95% CI: 0.92 to 0.98, p=0.001) of experiencing LBP more
frequently.

Among the LBP sufferers, reallocating time from SB or
LPA to sleep also was associated with lower average LBP
intensity (figure 2 and online supplemental file 1). The
reallocations of time in the opposite direction were asso-
ciated with a higher average LBP intensity. For example,
reallocating 30 min/day from sleep to SB was associated
with on average 2% higher LBP intensity (ratio of LBP
intensity=1.02, 95% CIL: 1.01 to 1.03, p<0.001). Reallo-
cating time from MVPA to sleep, SB or LPA and from SB to
LPA was also associated with lower average LBP intensity,
while the reallocations of time in the opposite direction
were associated with a higher average LBP intensity. For
example, reallocating 20 min/day from MVPA to sleep was
associated with on average 6% lower LBP intensity (ratio
of LBP intensity=0.94, 95% CI: 0.91 to 0.97, p<0.001).

+Sleep +SB +Sleep

+LPA +Sleep +MVPA

1.104

1.05 4

o
S

g
°
G

0.904

+SB +LPA +SB

+MVPA +LPA +MVPA

=
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Odds-ratio of increased LBP frequency (after reallocation:before reallocation)
= :
8

I
P

0.904

T T T T T T T T T
+30 +20 +10 +10 +20 +30 +30 +20 +10

T T T T T T T T T
+10 +20 +30 +30 +20 +10 +10 +20 +30

Reallocation between pair of compositional parts (minutes)

Figure 1 Associations of reallocating between 24-hour movement behaviours with the frequency of experiencing low back
pain (n=1660). The analyses were adjusted for age, sex, body mass index, smoking, stress, education and socioeconomic
status. LBP, low back pain; LPA, light-intensity physical activity; MVPA, moderate- to vigorous-intensity physical activity; SB,

sedentary behaviour.
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Figure 2 Associations of reallocating time between 24-hour movement behaviours with the intensity of low back pain
(n=1660). The analyses were adjusted for age, sex, body mass index, smoking, stress, education and socioeconomic status.
LBP, low back pain; LPA, light-intensity physical activity; MVPA, moderate- to vigorous-intensity physical activity; SB, sedentary

behaviour.

DISCUSSION

The key finding of this study is that the time-use composi-
tion consisting of sleep, SB, LPA and MVPA was associated
with the frequency and intensity of LBP. Specifically,
our compositional isotemporal substitution analyses
showed that: (1) reallocating time from SB or LPA to
sleep is associated with lower frequency and intensity
of LBP; (2) reallocating time from MVPA to any of the
remaining 24-hour movement behaviours and from SB
to LPA is associated with lower average LBP intensity and
(8) reallocations of time in the opposite directions were
associated with unfavourable LBP outcomes. These real-
locations of time may be meaningful from clinical and
public health perspectives.

The favourable associations of reallocating time to
sleep with the frequency and intensity of LBP found in
our study are in accordance with findings of previous
studies that did not use CoDA."*** This suggests that LBP
sufferers may benefit from getting additional sleep, and
that the potential importance of sleep for the manage-
ment of LBP should be considered when developing and/
or updating clinical guidelines. Our finding also supports
the recommendation concerning sleep that has recently
been included in the Australian clinical guidelines for
the management of LBP." According to our analyses,

additional sleep time was associated with relatively small
differences in LBP (1-6% lower LBP intensity for 30 min/
day higher sleep time). However, even small differences
can have an important impact, especially at the popula-
tion level.” It should be noted that the predictions were
made from the mean composition with 7.9 hours/day of
sleep, which is already within the recommended duration
for adults (ie, 7-9 hours/day).* It might be that the asso-
ciations between reallocations of time to sleep and LBP
outcomes would be stronger among individuals whose
sleep duration is insufficient.

Our finding that MVPA was unfavourably associated
with the intensity of LBP might be seen as inconsistent
with the previous literature showing a beneficial associ-
ation between physical activity and LBP."? %" *® However,
most previous literature reporting a favourable rela-
tionship has focused only on leisure-time MVPA,'? %7 %
while little is known about the relative contribution of
total MVPA (ie, MVPA as part of work, transportation,
leisure and household) to LBP. Previous literature on
occupational and household MVPA has usually reported
unfavourable relationships with LBP** * Similarly, a
recent study that used CoDA and included LBP sufferers
found that reallocating time to leisure-time MVPA was
associated with a lower risk of long-term sickness absence,
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while reallocating time to occupational MVPA was asso-
ciated with a higher risk.*’ Given that MVPA in our
study included all domains, it may be that unfavourable
association between MVPA as part of work and LBP**™
dominated over favourable association between leisure-
time MVPA and LBP.'? %’ *® Our findings challenge the
general advice to be physically active to decrease the
severity of LBP and support the provision of more specific
recommendations with the distinction between different
domains and intensities of physical activity. Future studies
in time-use epidemiology are needed to explore the rela-
tive importance of domain-specific MVPA on a variety of
LBP outcomes (eg, intensity, disability, chronicity).

Our finding that reallocating time to LPA (from other
wake-time behaviours) was favourably associated with the
intensity of LBP (and vice versa) is in accordance with
previous research.' *' For example, a study that used
CoDA found that reallocating time from SB to standing
and walking (two common types of LPA) was associated
with a lower intensity of LBP.”! Furthermore, according
to our analyses, additional time spent in LPA was asso-
ciated with relatively small differences in LBP intensity
(1-6% lower LBP intensity for 30 min/day higher LPA).
It seems that substantially larger reallocations of time
towards LPA would be needed to observe a clinically
meaningful difference in LBP. Given that both SB and
LPA usually constitute a large proportion of daily time
(in our sample each of the two behaviours constituted
around 30% of daily time), such large reallocations from
SB to LPA might be feasible for LBP sufferers.

We did not find a significant association between the
24-hour movement behaviour composition and the occur-
rence of LBP, which is in accordance with one previous
study that used CoDA and reported no statistically signif-
icant differences in MVPA, LPA, standing, SB and time
in bed between LBP sufferers and their asymptomatic
peers.”’ However, previous reviews have shown that short
sleep is associated with an increased risk of LBP.** Some
(but not all) previous reviews have also suggested that low
MVPA® and high SB** are associated with increased risk
of LBP. Our findings may differ from previous findings
due to differences in the definition of LBP or differ-
ences in the sample demographics. In our study, LBP was
defined as experiencing LBP on at least one occasion in
the past year, while, for example, some previous studies
were focused exclusively on ‘clinically relevant’ LBP.****

The differences associated with isotemporal substi-
tutions were either pointing in the same direction for
both frequency and intensity of LBP, or at least one
of the two relationships was not statistically signifi-
cant. Given that a non-significant relationship is not
evidence of no relationship (the statistical inference
tests only allow us to reject the null hypothesis but not
to accept it), none of the relationships can be consid-
ered as ‘conflicting’. Nevertheless, it is interesting that
all types of isotemporal substitutions were significantly
associated with the intensity of LBP, while only 4 out
of 12 possible types of isotemporal substitutions were

significantly associated with the frequency of LBP. The
reason for this might be the difference in the sensitivity
of the response scales used to assess these two outcome
variables. While the frequency of LBP was assessed on a
6-point ordinal scale, the intensity of LBP was assessed
on a scale from 0 to 100. Future studies should consider
alternative options for assessing LBP frequency, as this
may affect the findings on its relationships with move-
ment behaviours.

Strengths and limitations

The key strengths of this study were as follows: (1) a rela-
tively large sample of LBP sufferers and (2) the use of
CoDA in accordance with the recent methodological
developments in the field of time-use epidemiology.
The study also had some limitations. First, due to the
cross-sectional design of the study, we could not draw
conclusions about causality. Movement behaviours can
influence LBP, but it can also be that LBP influences
movement behaviours, or that the relationship is bidirec-
tional.”” Second, our hypothetical reallocations of time
were performed around the mean composition in our
sample. It may be that the findings would be different
in study populations with a different mean composition.
Also, predictions from our reallocation analysis cannot
be generalised to clinical LBP populations, because our
study was conducted among participants from the general
adult population, most of whom did not have clinically
important LBP. Third, reliability of physical activity, SB
and sleep estimates is generally somewhat lower when
assessed by questionnaires, compared with device-based
measures.’®? Imperfect reliability of physical activity, SB
and sleep estimates may have attenuated their relation-
ships with the measures of LBP in our study. This means
that the true relationships between physical activity, SB
and sleep with LBP are likely to be stronger than the
ones found in our study. Fourth, there was a mismatch
between the reference period for the assessment of LBP
(ie, prior year) and movement behaviours (past week).
For some participants, it is possible that the periods of
their LBP were preceded by or coincided with a time-use
composition that is very different from the one recorded
in our study. However, past week is a common reference
period in the assessment of movement behaviours using
self-reports™ and accelerometers,” * because assessing
movement behaviours across 1week may provide valid
estimates of individual’s habitual activity.” Fifth, DABQ
can be used to assess not just overall but also domain-
specific physical activity and SB. However, only 10% of
our participants reported engaging in occupational
MVPA and the rest of the sample reported Omin/day
of occupational MVPA. The compositional isotemporal
substitution analysis cannot be used if the composition
includes zeros.” While zero replacement methods are
awailable,22 the use of imputation methods is generally
not recommended if the proportion of zeros in the
dataset is very high, as in our study.*’
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CONCLUSIONS

The time-use composition consisting of sleep, SB, LPA
and MVPA was associated with the frequency and inten-
sity of LBP. Specifically, reallocating time from SB or LPA
to sleep was associated with lower frequency and inten-
sity of LBP, while reallocating time from MVPA to any of
the remaining 24-hour movement behaviours and from
SB to LPA was associated with a lower intensity of LBP.
Our findings generally suggest that spending more time
sleeping and in LPA while spending less time in MVPA
and SB could be considered as self-management strat-
egies for LBP. Future longitudinal and experimental
studies using compositional isotemporal substitution
analysis among various populations are needed to better
understand the importance of movement behaviours in
the self-management of LBP.

Twitter Kaja Kastelic @KastelicKaja

Acknowledgements The authors gratefully acknowledge the European
Commission for funding the InnoRenew CoE project (Grant Agreement #739574)
under the Horizon2020 Widespread-Teaming program and the Republic of
Slovenia (Investment funding of the Republic of Slovenia and the European Union
of the European Regional Development Fund). The authors also acknowledge the
Slovenian Research and Innovation Agency for funding the infrastructure group at
the University of Primorska (research core funding No 10-0035). The authors are
very grateful to Michael David Burnard (MDB) for his contributions to this study.
This article is a part of the PhD project of the first author, KK, supervised by MDB
(associate supervisor), NS (associate supervisor) and ZP (principal supervisor).

Contributors KK and NS conceptualised the study. KK processed the data and
drafted the initial version of the manuscript. TS conceptualised and carried

out statistical analysis and contributed to interpretation of results and drafting
the manuscript. ZP and DD contributed to conceptualising the data analysis,
interpretation of results and drafting the manuscript. All authors reviewed all
versions of the manuscript and contributed intellectually to its content. KK is a
guarantor for this study.

Funding DD was supported by the Australian National Health and Medical
Research Council (NHMRC) Early Career Fellowship GNT1162166 and by the Centre
of Research Excellence in Driving Global Investment in Adolescent Health funded by
NHMRC GNT1171981. DD, ZP and TS were partially supported by the NHMRC Ideas
grant 'Optimising time use for health and wellbeing' (ref: GA65852).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study was conducted in accordance with the Declaration of
Helsinki and was approved by the National Ethics Committee (Republic of Slovenia
National Medical Ethics Committee, ref: 0120-557/2017/4). All participants
provided an informed consent to participate in the study. Participants gave
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Datasets and R code used in this study are available
at https://github.com/tystan/backpaincoda.

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
Kaja Kastelic http://orcid.org/0000-0003-4570-8064

REFERENCES

1

2

20

21

Koes BW, van Tulder MW, Thomas S. Diagnosis and treatment of
low back pain. BMJ 2006;332:1430-4.

Ferreira ML, de Luca K, Haile LM. Global, regional, and national
burden of low back pain, 1990-2020, its attributable risk factors, and
projections to 2050: a systematic analysis of the global burden of
disease study 2021. Lancet Rheumatol 2023;5:€316-29.

Froud R, Patterson S, Eldridge S, et al. A systematic review and
meta-synthesis of the impact of low back pain on people’s lives.
BMC Musculoskelet Disord 2014;15:50.

Zemedikun DT, Kigozi J, Wynne-Jones G, et al. Methodological
considerations in the assessment of direct and indirect costs of back
pain: a systematic scoping review. PLoS One 2021;16:e0251406.
Bardin LD, King P, Maher CG. Diagnostic triage for low back pain: a
practical approach for primary care. Med J Aust 2017;206:268-73.
Leboeuf-Yde C, Kyvik KO. At what age does low back pain become
a common problem? A study of 29,424 individuals aged 12-41
years. Spine (Phila Pa 1976) 1998;23:228-34.

Itz CJ, Geurts JW, van Kleef M, et al. Clinical course of non-specific
low back pain: a systematic review of prospective cohort studies set
in primary care. Eur J Pain 2013;17:5-15.

Tamcan O, Mannion AF, Eisenring C, et al. The course of chronic
and recurrent low back pain in the general population. Pain
2010;150:451-7.

Foster NE, Anema JR, Cherkin D, et al. Prevention and treatment of
low back pain: evidence, challenges, and promising directions. The
Lancet 2018;391:2368-83.

Oliveira CB, Maher CG, Pinto RZ, et al. Clinical practice guidelines
for the management of non-specific low back pain in primary care:
an updated overview. Eur Spine J 2018;27:2791-803.

Australian commission on safety and quality in health care. Low
back pain clinical care standard Sydney: Australian Commission

on safety and quality in health care. 2022. Available: https://www.
safetyandquality.gov.au/sites/default/files/2022-08/low_back_pain_
clinical_care_standard.pdf

Shiri R, Falah-Hassani K. Does leisure time physical activity protect
against low back pain? Systematic review and meta-analysis of 36
prospective cohort studies. Br J Sports Med 2017;51:1410-8.
Baradaran Mahdavi S, Riahi R, Vahdatpour B, et al. Association
between sedentary behavior and low back pain; A systematic review
and meta-analysis. Health Prom Pers 2021;11:393-410.

Van Looveren E, Bilterys T, Munneke W, et al. The association
between sleep and chronic spinal pain: A systematic review from the
last decgde. J Clin Med 2021;10:3836.

Pedisi¢ Z. Measurement issues and poor adjustments for physical
activity and sleep undermine sedentary behaviour research -

the focus should shift to the balance between sleep, sedentary
behaviour, standing and activity. Kinesiology 2014;46:135-46.
Dumuid D, Pedi$i¢ Z, Palarea-Albaladejo J, et al. Compositional data
analysis in time-use epidemiology: what, why, how. Int J Environ Res
Public Health 2020;17:2220.

von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (strobe)
statement: guidelines for reporting observational studies. PLoS Med
2007;4:e296.

Kastelic K, Sarabon N, Burnard MD, et al. Validity and reliability of
the daily activity behaviours questionnaire (DABQ) for assessment of
time spent in sleep, sedentary behaviour, and physical activity. Int J
Environ Res Public Health 2022;19:5362.

Kuorinka I, Jonsson B, Kiloom A, et al. Standardised Nordic
questionnaires for the analysis of musculoskeletal symptoms. App/
Ergon 1987;18:233-7.

Delgado DA, Lambert BS, Boutris N, et al. Validation of digital

visual analog scale pain scoring with a traditional paper-based
visual analog scale in adults. J Am Acad Orthop Surg Glob Res Rev
2018;2.

National Institute of public health. Kako skrbimo za zdravje? z
zdravjem povezan vedenjski slog prebivalcev slovenije 2016.
Ljubljana: National Institute of Public Health; 2018. Available: https://
nijz.si/publikacije/kako-skrbimo-za-zdravje

Kastelic K, et al. BMJ Open Sp Ex Med 2023;9:¢001701. doi:10.1136/bmjsem-2023-001701

1ybuAdoo Ag paroalold
1s8nb Ag €202 ‘92 18qWIBAON UO /wod* (g wasuadolwq//:dny woij papeojumoq €Z0Z J8qWIBAON #Z U0 T0LT00-£202-Wwaslwa/oeTT 0T se paysiand isiy :paly 218x3 uods uado [INg


https://twitter.com/KastelicKaja
https://github.com/tystan/backpaincoda
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4570-8064
http://dx.doi.org/10.1136/bmj.332.7555.1430
http://dx.doi.org/10.1016/S2665-9913(23)00098-X
http://dx.doi.org/10.1186/1471-2474-15-50
http://dx.doi.org/10.1371/journal.pone.0251406
http://dx.doi.org/10.5694/mja16.00828
http://dx.doi.org/10.1097/00007632-199801150-00015
http://dx.doi.org/10.1002/j.1532-2149.2012.00170.x
http://dx.doi.org/10.1016/j.pain.2010.05.019
http://dx.doi.org/10.1016/S0140-6736(18)30489-6
http://dx.doi.org/10.1016/S0140-6736(18)30489-6
http://dx.doi.org/10.1007/s00586-018-5673-2
https://www.safetyandquality.gov.au/sites/default/files/2022-08/low_back_pain_clinical_care_standard.pdf
https://www.safetyandquality.gov.au/sites/default/files/2022-08/low_back_pain_clinical_care_standard.pdf
https://www.safetyandquality.gov.au/sites/default/files/2022-08/low_back_pain_clinical_care_standard.pdf
http://dx.doi.org/10.1136/bjsports-2016-097352
http://dx.doi.org/10.34172/hpp.2021.50
http://dx.doi.org/10.3390/jcm10173836
http://dx.doi.org/10.3390/ijerph17072220
http://dx.doi.org/10.3390/ijerph17072220
http://dx.doi.org/10.1371/journal.pmed.0040296
http://dx.doi.org/10.3390/ijerph19095362
http://dx.doi.org/10.3390/ijerph19095362
http://dx.doi.org/10.1016/0003-6870(87)90010-x
http://dx.doi.org/10.1016/0003-6870(87)90010-x
http://dx.doi.org/10.5435/JAAOSGlobal-D-17-00088
https://nijz.si/publikacije/kako-skrbimo-za-zdravje
https://nijz.si/publikacije/kako-skrbimo-za-zdravje
http://bmjopensem.bmj.com/

22

23

24

25

26

27

28

29

30

Rasmussen CL, Palarea-Albaladejo J, Johansson MS, et al.

Zero problems with compositional data of physical behaviors: a
comparison of three zero replacement methods. Int J Behav Nutr
Phys Act 2020;17:126.

Dumuid D, Pedi$i¢ Z, Stanford TE, et al. The compositional
Isotemporal substitution model: a method for estimating changes

in a health outcome for reallocation of time between sleep,

physical activity and sedentary behaviour. Stat Methods Med Res
2019;28:846-57.

Chang JR, Wang X, Lin G, et al. Are changes in sleep quality/
quantity or baseline sleep parameters related to changes in clinical
outcomes in patients with nonspecific chronic low back pain?: A
systematic review Clin J Pain 2022;38:292-307.

Matthay EC, Hagan E, Gottlieb LM, et al. Powering population health
research: considerations for plausible and actionable effect sizes.
SSM Popul Health 2021;14:100789.

Hirshkowitz M, Whiton K, Albert SM, et al. National sleep
foundation's updated sleep duration recommendations: final report.
Sleep Health 2015;1:233-43.

Alzahrani H, Mackey M, Stamatakis E, et al. The effectiveness

of incidental physical activity interventions compared to other
interventions in the management of people with low back pain: a
systematic review and meta-analysis of randomised controlled trials.
Phys Ther Sport 2019;36:34-42.

Alzahrani H, Shirley D, Cheng SWM, et al. Physical activity and
chronic back conditions: a population-based pooled study of 60,134
adults. J Sport Health Sci 2019;8:386-93.

@verds CK, Villumsen M, Axén |, et al. Association between
objectively measured physical behaviour and neck- and/or low back
pain: a systematic review. Eur J Pain 2020;24:1007-22.

Gupta N, Rasmussen CL, Hartvigsen J, et al. Physical activity advice
for prevention and rehabilitation of low back pain- same or different?

31

32

33

34

35

36

37

38

39

40

A study on device-measured physical activity and register-based
sickness absence. J Occup Rehabil 2022;32:284-94.

Gupta N, Rasmussen CL, Holtermann A, et al. Time-based data

in occupational studies: the whys, the hows, and some remaining
challenges in compositional data analysis (CODA). Ann Work Expo
Health 2020;64:778-85.

Kelly GA, Blake C, Power CK, et al. The association between
chronic low back pain and sleep: a systematic review. Clin J Pain
2011;27:169-81.

Alzahrani H, Mackey M, Stamatakis E, et al. The association
between physical activity and low back pain: a systematic review
and meta-analysis of observational studies. Sci Rep 2019;9.
Dzakpasu FQS, Carver A, Brakenridge CJ, et al. Musculoskeletal
pain and sedentary behaviour in occupational and non-occupational
settings: a systematic review with meta-analysis. Int J Behav Nutr
Phys Act 2021;18:159.

Verbunt JA, Smeets RJ, Wittink HM. Cause or effect? Deconditioning
and chronic low back pain. Pain 2010;149:428-30.

Quante M, Kaplan ER, Rueschman M, et al. Practical considerations
in using accelerometers to assess physical activity, sedentary
behavior, and sleep. Sleep Health 2015;1:275-84.

Pedisi¢ Z, Bauman A. Accelerometer-based measures in physical
activity surveillance: current practices and issues. Br J Sports Med
2015;49:219-23.

Helmerhorst HHJF, Brage S, Warren J, et al. A systematic review of
reliability and objective criterion-related validity of physical activity
questionnaires. Int J Behav Nutr Phys Act 2012;9:108.

Kang M, Bassett DR, Barreira TV, et al. How many days are enough?
A study of 365 days of pedometer monitoring. Res Q Exerc Sport
2009;80:445-53.

Dettori JR, Norvell DC, Chapman JR. The sin of missing data: is all
forgiven by way of imputation. Global Spine J 2018;8:892-4.

Kastelic K, et al. BMJ Open Sp Ex Med 2023;9:¢001701. doi:10.1136/bmjsem-2023-001701

1ybuAdoo Ag paroalold
1s8nb Ag €202 ‘92 18qWIBAON UO /wod* (g wasuadolwq//:dny woij papeojumoq €Z0Z J8qWIBAON #Z U0 T0LT00-£202-Wwaslwa/oeTT 0T se paysiand isiy :paly 218x3 uods uado [INg


http://dx.doi.org/10.1186/s12966-020-01029-z
http://dx.doi.org/10.1186/s12966-020-01029-z
http://dx.doi.org/10.1177/0962280217737805
http://dx.doi.org/10.1097/AJP.0000000000001008
http://dx.doi.org/10.1016/j.ssmph.2021.100789
http://dx.doi.org/10.1016/j.sleh.2015.10.004
http://dx.doi.org/10.1016/j.ptsp.2018.12.008
http://dx.doi.org/10.1016/j.jshs.2019.01.003
http://dx.doi.org/10.1002/ejp.1551
http://dx.doi.org/10.1007/s10926-021-10005-8
http://dx.doi.org/10.1093/annweh/wxaa056
http://dx.doi.org/10.1093/annweh/wxaa056
http://dx.doi.org/10.1097/AJP.0b013e3181f3bdd5
http://dx.doi.org/10.1038/s41598-019-44664-8
http://dx.doi.org/10.1186/s12966-021-01191-y
http://dx.doi.org/10.1186/s12966-021-01191-y
http://dx.doi.org/10.1016/j.pain.2010.01.020
http://dx.doi.org/10.1016/j.sleh.2015.09.002
http://dx.doi.org/10.1136/bjsports-2013-093407
http://dx.doi.org/10.1186/1479-5868-9-103
http://dx.doi.org/10.1080/02701367.2009.10599582
http://dx.doi.org/10.1177/2192568218811922
http://bmjopensem.bmj.com/

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open S Ex Med

+Sleep +SB +Sleep +LPA +Sleep +MVPA
2-
—_
g
S
=
<
O
—
5}
S
5
o 0
I
=)
S
®
o
= 11
I
O
S
St
5}
=
<
o 2
=
8
o
E o}
&
.% +SB +LPA +SB +MVPA +LPA +MVPA
o
w2
o 27
=
-
g
S
N
=y
Z 11
it
R=
=9
3
0-
% .\"—\\‘_\\\’
5}
=
R=
3t
g 11
5}
5
=
o
8
= 21
=)
wn
£
<
73 L T T T T T T T T T T T T T T T T T T T T T
+30 +20 +10 +10 +20 +30 +30 +20 +10 +10 +20 +30 +30 +20 +10 +10 +20 +30

Reallocation between pair of compositional parts (minutes)

Supplementary figure 1: Associations of reallocating time between 24-hour movement behaviours
with the intensity of low back pain (z = 1660). The analyses were adjusted for age, sex, body mass
index, smoking, stress, education, and socio-economic status. SB, sedentary behaviour; LPA, light-
intensity physical activity; MVPA, moderate- to vigorous-intensity physical activity. Note that
absolute difference estimates (on the scale from 0 to 100) are based upon an 'average' participant in
the sample and may/will differ for different participant covariates.
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