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ABSTRACT

Background: Low back pain (LBP) is a common musculoskeletal problem globally.
While spending a longer time in sedentary behaviors is linked to several health
problems; the quantitative association between different amounts of sedentary time
and LBP is still unknown. This study aims to systematically review studies that
examined the association between sedentary behavior and LBP development and
LBP-related outcomes.

, Methods: This systematic review and meta-analysis retrieved journal articles
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LBP-related disability. These conclusions are tentative as the evidence was derived
from mostly fair-quality studies using subjective measures of sedentary behavior.
Systematic review registration: PROSPERO (registration number
CRD42018107078).

Subjects Anesthesiology and Pain Management, Epidemiology, Global Health, Orthopedics, Public
Health
Keywords Low back pain, Sedentary behavior, Risk factor, Meta-analysis

INTRODUCTION

Low back pain (LBP) is a common musculoskeletal condition that affects most people at
some point in their lifetime (Walker, 2000). Slow recovery in some individuals with
LBP can affect the individual’s physical and psychosocial function and increase the
socioeconomic burden (Hoy et al., 2012; Valat, 2005; van Tulder, Koes & Bombardier,
2002). LBP was also the leading cause of years lived with disability in 2017 (Wu et al.,
2020). Most cases can be triaged as nonspecific LBP where a specific etiology has not been
determined (van Tulder et al., 2006).

Sedentary behavior is defined as “any waking behavior characterized by an energy
expenditure of <1.5 metabolic equivalents (MET) while in the sitting or reclining posture”
(Barnes et al., 2012; Owen et al., 2010). As such, sedentary behavior includes a broad range
of behaviors such as watching television, using a computer, playing video games and sitting
at work. A previous study has shown that adults spend more than half of their waking
hours in sedentary behaviors (Matthews et al., 2008). Spending a longer time in sedentary
behaviors is linked to several health problems. For example, sedentary behavior has been
shown to be associated with cardiovascular disease, diabetes, cancer and mortality from
all causes (Edwardson et al., 2012; Katzmarzyk et al., 2009; Thorp et al., 2011).

The link between sedentary behavior and some other health outcomes such as LBP,
however, remains uncertain. Some studies found that sitting time was associated with LBP
(Gupta et al., 2015; Omokhodion ¢ Sanya, 2003), but other studies did not (Macfarlane
et al., 1997; Xu, Bach & Orhede, 1997). The potential mechanisms of this association
between sedentary behavior and LBP may be due to the biomechanical disadvantages of
prolonged sitting on the lumbar spine such as decreased lower-back muscle strength
(Kong, 2010) and increased lumbar spine stiftness (Beach et al., 2005). Furthermore, the
sedentary time has been shown to be associated with adverse psychological health which
might consequently contribute to LBP (Hamer, Coombs ¢ Stamatakis, 2014; Pinheiro
et al., 2016; Teychenne, Costigan & Parker, 2015). To the best of our knowledge, three
reviews (without meta-analyses) (Chen et al., 2009; Hartvigsen et al., 2000; Lis et al., 2007)
were identified with a similar topic and no association between sedentary behavior and
LBP was found. However, two reviews dealt with sitting at work only (Hartvigsen et al.,
2000; Lis et al., 2007), and the third review included 15 studies (10 prospective cohorts and
five case—controls) published only up to 2006, and also included children in addition to
adults (Chen et al., 2009). The quantitative association between different amounts of
sedentary time and LBP, independent of other risk factors for LBP, is still unknown.
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Therefore, no consensus recommendations have been issued regarding limits on the
amount of sedentary time to optimize LBP prevention. To address this knowledge gap, we
performed a pooled analysis of longitudinal studies using a meta-analytical approach to
examine the association between sedentary time and LBP development and LBP-related
outcomes.

METHODS

Design

This study was a systematic review of longitudinal studies. The protocol of this review was
developed and pre-registered with the International Prospective Register of Systematic
Reviews (PROSPERO; registration number CRD42018107078). This review was
conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).

Identification and selection of studies

Journal articles published from inception to March 2020 were obtained by searching the
following bibliographical databases: Medline via OvidSP (1946-present), CINAHL via
EBSCOhost (1981-present), Scopus, EMBASE (1947-present) and Web of Science.

The search strategy included terms related to sedentary behavior and LBP. We also
screened the reference lists of the identified papers and systematic reviews for additional
articles. Table S1 provides a full electronic search strategy.

Two independent reviewers (HA, MAA) searched the information sources. Both
reviewers screened the identified articles independently using the registered protocol and
made decisions about inclusion according to the inclusion and exclusion criteria.

The disagreements between both reviewers were resolved by consensus or third reviewer
(WSA). Titles were screened initially, then abstracts, followed by full-text articles.

Following the discussion between both reviewers, an article was considered potentially
relevant and its full text was reviewed if it could not be unequivocally excluded based on its
title and abstract (Moher et al., 2009; Tacconelli, 2010). All full-text articles that were
included based on title or abstract were then screened. The number of included and
excluded articles at different phases was recorded as recommended (Hicks, 2009) and
shown in a PRISMA flowchart (Fig. 1).

Eligibility criteria

The studies were included if they met the following criteria:

o Longitudinal study design.

e The study included adult (aged >18) individuals with nonspecific LBP.

o The study reported estimates of the association between sedentary behavior (exposure)
and LBP development (outcome). This review also considered studies that reported
estimates of the association between sedentary behavior and LBP-related outcomes
(i.e., pain intensity or disability).
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Figure 1 Flow of studies through the review. Full-size K] DOTI: 10.7717/peerj.13127/fig-1

Studies were excluded if they were cross-sectional or case-control studies or used an
experimental design, were in languages other than English, or they included participants
with LBP attributed to a specific cause such as serious pathology, herniated intervertebral

disk, osteoporosis, fracture, neurological compromise or cancer.

Data extraction

Two independent reviewers (HA, MAA) extracted data using a specific form tailored to the
requirements of this review. Disagreements between the two reviewers regarding extracted
data were resolved through discussion. The extracted data included the following: main
author, study design, study population, sample size, participant characteristics, LBP
prevalence, sedentary behavior types and measurements, and main findings. If potentially
relevant data were missing from the eligible studies, the main or corresponding author of

these studies was contacted.

Data synthesis and analysis

The analyses were conducted to investigate the associations between different durations of
sedentary behaviors and LBP development and LBP-related outcomes. All the variables of
sedentary behavior extracted from included studies were classified into groups defined
around tertiles. This method of classification was followed in a previous published review
(Alzahrani et al., 2019). Three different durations of sedentary behavior were included in
the analyses: (a) sedentary duration of 3-<6 h/d, (b) sedentary duration of 6-8 h/d, and
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(c) sedentary duration above 8 h/d. We also conducted meta-analyses to examine the
association between sedentary behavior (=3 h/d) and LBP-related outcomes (i.e., pain
intensity and disability).

When a study used a range to describe an exposure (e.g., 0-2 h/d sitting), we used a
point estimate, which was the midpoint of the range. When a study used an unbounded or
open category to describe an exposure, we assumed that the size of this category is the
same as the closest equivalent exposure category and then calculate the median.

For example, if a study categorized sitting as 0-2 h/d, 2-4 h/d and >4 h/d, we assumed that
the last exposure group is 4-6 h/d and uses the median value of 5 h/d. If a study used only
one open category vs the reference (e.g., > or <3 h/d vs none), we assumed the size of
that category is 3 + 1.5 = 4.5 or 1.5 h/d. These rules were reported in previous published
reviews (Alzahrani et al., 2019; Kodama et al., 2013). Furthermore, one of the included
studies (Juul-Kristensen et al., 2004) reported only the percentage of time spent working on
computer per day in Denmark; however, the analyses were based on employees working
32-41 h/w (around 8 h/d) as mentioned by the author in another published study that
used the same data (Jensen et al.,, 2002).

We pooled and synthesized the data using the Review Manager program (RevMan)
(RevMan The Cochrane Collaboration, 2014). Of the eight studies included in the
meta-analyses, seven studies reported ORs and only one study reported hazard ratio (HR).
Therefore, in this review, OR was used as the common measure of association for the
meta-analyses of studies. The fully adjusted odds ratio (OR) was obtained by comparing
different durations spent in sedentary behavior with the lowest duration (reference
category). The data were pooled and calculated as the inverse variance weighted mean of
the logarithms of OR with their 95% CI (confidence interval) (Higgins ¢ Green, 2011).
For the study that used different measure in measuring the association between the
variables (i.e., HR), we interpreted it as OR estimate as this study did not provide
information to convert HR to OR (Behrens ¢ Leitzmann, 2013; Clair et al., 2015).

For studies that reported separate results for different groups (e.g., male and female, or
different age groups), we included all groups in the meta-analysis because these different
groups were independent of each other.

We evaluated statistical heterogeneity among studies using the Higgins I° statistic test
(Higgins & Thompson, 2002), and a value of I’ bigger than 50% was considered to indicate
large heterogeneity (Higgins ¢ Thompson, 2002; Higgins et al., 2003). A random-effect
model was employed when there was a large heterogeneity; otherwise, a fixed-effect model
was utilized (Higgins ¢» Green, 2011). The results were considered statistically significant
when the P-value was less than 0.05, or when the 95% CI about the OR did not cross 1.
We could not assess publication bias using Egger’s regression test and funnel plots
(Egger et al., 1997) because of the small number of studies included in a single
meta-analysis (<10 studies) (Sterne et al., 2011).

We could not conduct a sensitivity analysis restricted to high-quality (good) studies
(based on the National Institutes of Health’s Quality Assessment Tool) to examine the
robustness of the results owing to the very small number of the included studies assessed as
high quality. A sensitivity analysis was also conducted by using different cut-offs of the

Alzahrani et al. (2022), Peerd, DOI 10.7717/peerj.13127 5/18


http://dx.doi.org/10.7717/peerj.13127
https://peerj.com/

Peer/

sedentary behavior duration (>2, >4, >6 and >8 h/d) to examine whether using different
cut-offs change the results of the meta-analyses.

Assessment of study quality

The methodological quality of the included studies was evaluated using the National
Institutes of Health’s Quality Assessment Tool (Table S2) (National Institutes of Health,
2014). The assessment was conducted independently by two reviewers. Disagreements
were resolved by mutual consent. Fourteen criteria were used to evaluate the
methodological quality of the studies. The percentages of the 14 items scored with “yes”
were calculated. The studies were classified as good (75-100%), fair (25-75%) or poor
(0-25%); this method was used in a previously published study (San Giorgi et al., 2016).

RESULTS

Search results

A total of 17,559 studies were retrieved, and after removing duplicates, 13,951 studies
remained. Following the screening of titles and abstracts of these studies, 117 studies were
eligible for assessment by full-text paper. Of 117 studies, 16 studies (Amorim et al., 2017,
Andersen, Haahr & Frost, 2007; Balling et al., 2019; Harkness et al., 2003; Hartvigsen et al.,
2001; Hartvigsen ¢ Christensen, 2007; Hestbaek et al., 2005; Hussain et al., 2016; Juul-
Kristensen et al., 2004; Kopec, Sayre & Esdaile, 2004; Lunde et al., 2017; Macfarlane et al.,
1997; Matsudaira et al., 2012; Shiri et al., 2019; Venseth, 2014; Yip, 2004) fulfilled the
inclusion criteria for qualitative syntheses, and eight (Balling et al., 2019; Harkness et al.,
2003; Hussain et al., 2016; Juul-Kristensen et al., 2004; Macfarlane et al., 1997; Matsudaira
et al., 2012; Shiri et al., 2019; Venseth, 2014) of these studies were included in the
quantitative syntheses (Table S3). The remaining studies (n = 8) were excluded from
quantitative syntheses because they specified no time of sedentary behavior (Amorim et al.,
2017; Hestbaek et al., 2005), did not consider adjustment for potential confounding factors
(Yip, 2004), used different units of measurement (i.e., sitting time/hour) (Andersen, Haahr
¢ Frost, 2007) or used a different reference category (Hartvigsen et al., 2001; Hartvigsen &
Christensen, 2007; Kopec, Sayre & Esdaile, 2004; Lunde et al., 2017). Figure 1 shows the
flow of studies through the review.

Characteristics of included studies

Sixteen longitudinal studies (Amorim et al., 2017; Andersen, Haahr ¢ Frost, 2007; Balling
et al., 2019; Harkness et al., 2003; Hartvigsen et al., 2001; Hartvigsen & Christensen, 2007;
Hestbaek et al., 2005; Hussain et al., 2016; Juul-Kristensen et al., 2004; Kopec, Sayre ¢
Esdaile, 2004; Lunde et al., 2017; Macfarlane et al., 1997; Matsudaira et al., 2012; Shiri et al.,
2019; Venseth, 2014; Yip, 2004) with 100,002 participants (48.3% female) were included in
the review. The mean prevalence of LBP was 13.3%. These studies were conducted in
different countries, and many studies were conducted in Denmark (n = 6). The included
studies involved a broad range of sedentary behaviors including television viewing,
working on computer and desk work (office work) and total sitting. Table 1 shows the
characteristics of the included studies.
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Table 1 The characteristics of the included studies.

Study Country Population Sample size Age, Sex, Follow- Date of data Sedentary
(cases/total) mean (SD) female up collection behavior
(%) duration measure

Amorim et al. ~ Spain Monozygotic 245/1,098 53.7 (7.3) 474 NA 2009-2013 Self-administered

(2017) (MZ) and questionnaire
dizygotic (DZ)
adult twins

Andersen, Denmark Workers from 160/1,513 NA NA 2 years NA Self-administered
Haahr & industrial and questionnaire
Frost (2007) service

companies

Balling et al. Denmark National 1,796/ 48.4 (15.4) 61.5 7.4 years  2007-2015 Long

(2019) population 46,826 International
Physical
Activity
Questionnaire
(IPAQ-L)

Harkness et al.  United Kingdom Newly employed 200/1,081 Median = 23, 36 2 years NA Self-administered

(2003) workers from Interquartile questionnaire
12 diverse range = 21-28
occupational
groups

Hartvigsen & Denmark Twin 172/1,387 77.0 (NA) 52 2 years 2001-2003 Self-administered
Christensen individuals questionnaire
(2007) (monozygotic

and
same-sexed
dizygotic twin
pairs)

Hartvigsen Denmark People living in ~ 48/1,163 40.4 (NA) 53 5 years NA Self-administered
et al. (2001) a small Danish questionnaire

town

Hestbaek et al.  Denmark Military 345/985 20.57 (2.16) 4 3 months 2000 Self-administered
(2005) conscripts at questionnaire

15 locations

Hussain et al.  Australia National 4144/5,058 NA 56 15 years 1999-2014 Active Australia
(2016) population Survey

Juul- Denmark Office workers 592/2,576 NA 61 1.9 years 1999-2000 Self-administered
Kristensen questionnaire
et al. (2004)

Kopec, Sayre ¢ Canada Canadian 855/10,007 NA 55.3 2 years 1996-1997  Self-administered
Esdaile National questionnaire
(2004) Population

Lunde et al. Norway Construction 124/594 NA NA 6 months 2014 ActiGraph GT3X
(2017) and healthcare accelerometer

workers

Macfarlane United Kingdom Convenient 247]784 Median = 38 61 1 year NA Self-administered
et al. (1997) population Range = 18-75 questionnaire

registered in

two general

practices in

south

Manchester

area

(Continued)
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Table 1 (continued)

Study Country Population Sample size Age, Sex, Follow- Date of data Sedentary
(cases/total) mean (SD) female up collection behavior
(%) duration measure
Matsudaira Japan Office workers,  308/836 44.2 (10.2) 11.6 2 years NA Self-administered
et al. (2012) nurses, sales/ questionnaire
marketing
personnel, and
manufacturing
engineers
Shiri et al. Finland National 1,226/3,505 NA 52.7 11 years 2000-2011 Self-administered
(2019) population questionnaire
Venseth (2014) Norway National 2,782/ 45.5 (NA) 52.5 10 years 1995-2006 Self-administered
population 22,445 questionnaire
Yip (2004) Hong Kong Nurses 56/144 31.10 (NA) 85.5 1 year 2001-2002 Self-administered
questionnaire
Note:

NA, Not Applicable.

Eight longitudinal studies with 83,111 participants (11,295 participants diagnosed with
LBP at follow-ups) were included in the quantitative syntheses. These studies were
adjusted for age and sex. Other potential confounding factors were also considered in less
than 50% of studies such as mental status, psychosocial status, body mass index (BMI),
education, smoking status, dietary guideline index, ergonomics, previous episodes of LBP,
occupation, physical activity, occupational activities and other types of activities
(Table S3).

Quality

None of the included studies met all criteria of the quality assessment score (Table S4). Five
(Andersen, Haahr ¢ Frost, 2007; Harkness et al., 2003; Juul-Kristensen et al., 2004; Kopec,
Sayre & Esdaile, 2004; Matsudaira et al., 2012) of 16 studies were rated as good quality
using the National Institutes of Health’s Quality Assessment Tool. The mean score of
the quality assessment was 9.6 out of 14 for the included studies (range, 8-12). Most
studies (n = 14) failed to blind outcome assessors to the exposure status of participants.
Three of the eight studies included in the meta-analyses were good quality (Harkness et al.,
2003; Juul-Kristensen et al., 2004; Matsudaira et al., 2012).

Sedentary behavior measurements

All included studies (n = 15), except one, used self-administered questionnaires to assess
sedentary behaviors. The only study that used an objective measure of sedentary
behavior (ActiGraph GT3X accelerometer) was Lunde et al. (2017). Of the eight studies
included in the meta-analyses, five studies assessed total time spent sitting (Balling et al.,
2019; Harkness et al., 2003; Macfarlane et al., 1997; Shiri et al., 2019; Venseth, 2014),
two studies assessed sitting time while working on computer and desk work (office work)
(Juul-Kristensen et al., 2004; Matsudaira et al., 2012), and one study assessed sitting
time while viewing television (Hussain et al., 2016). Different durations of sedentary
behavior were assessed in eight studies (Table S5).
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Odds Ratio Odds Ratio
Study or Subgroup Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Harkness 2003 4.8% 1.00(0.60,1.67) =
Juul-Kristensen 2004 3.6% 0.83(0.46,1.50) e
Macfarlane 1997 (Female) 2.6% 0.40(0.20,0.80)
Macfarlane 1997 (Male) 0.3% 0.90([0.10,8.10] ¢ >
Venseth 2014 88.7% 0.98[0.87,1.10)
Total (95% Cl) 100.0% 0.95[0.85,1.07]
Heterogeneity: Chi*= 6.48, df= 4 (P =0.17); IF= 38% 50 2 055 ] é 55

Test for overall effect: Z= 0.85 (P = 0.39)

Figure 2 Association between sedentary behavior 3-<6 vs lowest and low back pain.
Full-size K&] DOT: 10.7717/peerj.13127/fig-2

Association between sedentary behavior and LBP development
Sedentary duration of 3—<6 h/d vs lowest

Figure 2 shows the pooled estimates of four studies (five comparisons) for the odds of LBP
associated with sedentary time of 3-<6 h/d. Compared with the lowest sedentary time
category, sedentary duration of 3-<6 was unassociated with LBP (OR 0.95, 95% CI
[0.85-1.07], P = 0.39, I = 38%).

Sedentary duration of 6-8 h/d vs lowest

Figure 3 shows the pooled estimates of four studies (five comparisons) for the odds of LBP
associated with sedentary time of 6-8 h/d. Compared with the lowest sedentary time
category, sedentary duration of 6-8 h/d was unassociated with LBP (OR 0.95, 95% CI
[0.88-1.02], P = 0.15, IZ = 0%).

Sedentary duration of >8 h/d vs lowest

Figure 4 shows the pooled estimates of three studies (four comparisons) for the odds of
LBP associated with sedentary time exceeding 8 h/d. Compared with the lowest sedentary
time category, sedentary duration exceeding 8 h/d was unassociated with LBP (OR 0.92,
95% CI [0.85-1.00], P = 0.06, I’ = 23%).

Association between sedentary behavior and LBP-related outcomes
We could conduct a meta-analysis of two studies (seven comparisons) investigating the
association between sedentary duration of >3 h/d, and LBP-related outcomes (i.e., pain
intensity and disability) (Fig. 5). Compared with the lowest sedentary time category,
sedentary behavior of 23 h/d was associated with disability (OR 1.24, 95% CI [1.02-1.51],
P =0.03, I = 0%) but not with pain intensity (OR 1.16, 95% CI [0.97-1.38], P = 0.10,
P =0%).

Sensitivity analyses

The sensitivity analyses of using different cut-offs of the sedentary behavior durations
showed that a sedentary time of >2 (OR 0.94, 95% CI [0.89-0.99]), >4 (OR 0.94, 95% CI
[0.90-0.99]), and >6 (OR 0.94, 95% CI [0.89-0.99]) h/d was associated with a lower
prevalence of LBP (Figs. S1-S3). However, no association was found with sedentary time
>8 h/d (OR 0.92, 95% CI [0.85-1.00]) (Fig. S4).
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Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Balling 2019 47.7% 0.99[0.89,1.10)
Juul-Kristensen 2004 (a) 1.6% 0.90 [0.50,1.62) —
Juul-Kristensen 2004 (b) 1.5% 1.11[0.61, 2.02) =
Shiri 2019 22.8% 0.91[0.78, 1.06) —&
Venseth 2014 26.4% 0.90(0.78,1.04) —=T
Total (95% ClI) 100.0% 0.95[0.88,1.02] ¢
Heterogeneity: Chi*=1.71, df= 4 (P = 0.79); F= 0% 0: 2 0:5 é é

Test for overall effect: Z=1.45 (P =0.15)

Figure 3 Association between sedentary behavior 6-8 h/d vs lowest and low back pain.

Full-size K] DOI: 10.7717/peerj.13127/fig-3

Odds Ratio Odds Ratio
Study or Subgroup  Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Balling 2018 341% 0.99[0.86,1.14) -
Matsudaira 2012 1.2% 0.63[0.30,1.32)
Venseth 2014 (a) 27.7% 0.83[0.71,0.97) ——
Venseth 2014 (b) 37.0% 0.95[0.83,1.09] -
Total (95% ClI) 100.0% 0.92[0.85, 1.00] @
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Figure 4 Association between sedentary behavior >8 h/d vs lowest and low back pain.
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Figure 5 Association between sedentary behavior >3 h/d vs lowest and low back pain-related

outcomes.
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DISCUSSION

This review determined the association between sedentary behavior and LBP development
and LBP-related outcomes. The findings of this review indicated that the sedentary
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duration (3-<6, 6-8 or >8 h/d) was not associated with LBP development. Furthermore,
sedentary behavior has been shown to be associated with LBP disability but not pain
intensity, with a sitting duration >3 h/d leading to worse LBP-related disability.

To our knowledge, this is the first meta-analysis to investigate the association between
different amounts of sedentary behavior and LBP. In this review, our quantitative analyses
showed that the sedentary duration for 3-<6, 6-8 or >8 h/d was not associated with LBP.
This finding agrees with previous reviews that suggested that sedentary behavior was
unassociated with LBP (Chen et al., 2009; Hartvigsen et al., 2000; Lis et al., 2007). Some
studies have shown, however, that sitting for a long duration without intermittent break
increases intradiscal pressure and stiffness of the lumbar spine, and decreases the strength
of the lower back muscles, which might consequently contribute to LBP (Billy, Lemieux ¢
Chow, 2014; Hussain et al., 2016; Kong, 2010; Beach et al., 2005). These results differ
from ours probably because some participants accumulate a large amount of moderate-to-
vigorous physical activity in addition to too much sitting during the day. Engaging in
moderate-intensity physical activity has a protective role against LBP, supporting the
opinion that physical activity strengthens the back muscles (Alzahrani et al., 2019).
Moreover, sedentary behavior can lead to adverse psychological health which might
consequently contribute to LBP; however, engaging in physical activity can counteract the
negative impact of sedentary behavior on psychological health (Blough ¢ Loprinzi, 2018;
Hamer, Coombs & Stamatakis, 2014; Liao et al., 2016; Pinheiro et al., 2016; Teychenne,
Costigan & Parker, 2015). Therefore, time spent on sedentary behavior should not be
analyzed in isolation from the remaining behaviors (i.e., physical activity and sleep) that
compose the entire 24-h day as all behaviors are necessarily related to each other (Dumuid
et al., 2020). As stated by Shanahan ¢ Flaherty (2001), “time devoted to one domain
of activity takes on full meaning only when viewed in terms of its functional relation to
time spent in other domains”. Future research should investigate the joint association
between the combination of time spent in physical activity, sedentary behavior and sleep
and LBP, which reflects the daily exposure of individuals to all types of daily lifestyle
behaviors.

In this review, we additionally investigated whether sedentary duration for >3 h was
associated with LBP-related outcomes (i.e., pain intensity and disability). The results of the
quantitative analyses of two longitudinal studies revealed that sedentary duration >3 h/d
was associated with LBP-related disability but not pain intensity. Sedentary duration
>3 h/d can increase LBP-related disability by 24%, and this probably occurs due to the
misinterpretation of patients with nonspecific LBP of their case as a serious injury, which
contributes to developing fears of movement and subsequent avoidance of movements,
leading to disability (Swinkels-Meewisse et al., 2003; Vlaeyen et al., 1995).

Eight longitudinal studies with 83,111 participants (11,295 diagnosed with LBP at
follow-ups) were included in these quantitative analyses. These studies included
individuals who were pain-free at baseline or who never had prior LBP to reflect the true
incidences/risk factors that can help inform future primary prevention strategies.

In the present review, most of the included studies were of fair-quality. Commonly
observed reporting weaknesses included failure to provide information regarding sample
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size justification, power description or effect estimate. Further weaknesses included
failure to assess exposures more than once over time, failure to blind assessors, and losing
more than 20% of participants at follow-up. Furthermore, the adjustments for
confounding factors varied among studies, whereas some studies did not adjust for
important factors that may confound the association between sedentary behavior and LBP
such as physical activity level, psychosocial variables, smoking, body mass index and
occupational risk factors. Future studies are recommended to adjust for these important
factors which have been shown to be associated with LBP (Alzahrani et al., 2019; Burstrom,
Nilsson & Wabhlstrom, 2015; Shiri et al., 2010; Taylor et al., 2014; Zhang et al., 2018).

In terms of measurements used in assessing sedentary behavior, all the studies except
one used self-reported measures. Self-reported measures have been shown to be prone to
underestimating sedentary behavior and recall bias. Future research could consider
using objective measures such as accelerometer-based devices to accurately detect time
spent in sitting time (Atkin et al., 2012). However, unlike context-specific self-reports, they
do not provide contextual information on patterns of sedentary behavior. For example,
in the case of sitting, it should be examined in combination with whole-body vibrations or
awkward postures which have been identified as risk factors for LBP (Burstrém, Nilsson e
Wahlstrom, 2015; Lis et al., 2007). Therefore, future studies are recommended to use a
combination of both self-reported and accelerometer-based measures in assessing
sedentary behaviors.

The results were changed when we used different methods of categorizing sedentary
time by using unbounded open categories (>2, >4, >6 and >8 h/d). The findings of the
sensitivity analyses showed that the sedentary duration exceeding 2, 4 or 6 h/d was
associated with a lower risk of LBP. However, this association disappeared when the
analysis was restricted to sedentary duration exceeding 8 h/d. Given that the ORs for >2,
>4, >6 and >8 h/d were basically the same, the fact that the OR for >8 h/d is not quite
statistically significant is unimportant. It should be noted that the magnitudes of ORs did
not vary significantly among all categories of sedentary duration where the OR was
0.94 for the sedentary durations of >2, >4, or >6 h/d and it was 0.92 for the sedentary
duration of >8 h/d. Furthermore, the magnitudes of the ORs were very close to 1.00 which
might imply trend toward no association between sedentary behavior and LBP. When
the studies were considered individually, we found that all included studies, except two
studies, did not show significant associations between sedentary behavior and the risk of
LBP. One of these studies was by Macfarlane et al. (1997) that showed that sedentary
behavior exceeding 2 h/d was associated with a lower risk of LBP in female participants.
The other study was by Venseth (2014) that found that sedentary behavior of 9-10 h/d was
linked to a lower risk of LBP. Nevertheless, the differing methods used in previous
studies related to categorizing the sedentary duration may explain some of the
inconsistency among studies.

The main strengths of this review are (1) conducting a comprehensive literature search
strategy including five databases; (2) conducting meta-analyses of longitudinal studies
(with an average follow-up period of 6.29 years) to determine the association between
sedentary behavior and LBP; and (3) included fully adjusted models from each study in the
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analyses to account for potential confounding factors. Several limitations should be
considered when interpreting the results of this review. First, the number of the included
studies in the meta-analyses was small. Second, all included studies except one used
self-reported measures of sedentary behavior, which may induce recall bias and false
estimation. Future research investigating sedentary behavior in people with LBP could
consider also using an objective measure, to accurately detect time spent in sedentary
behavior (Atkin et al., 2012). Third, measurements and classification of sedentary behavior
in terms of duration differed across studies, which may induce the misclassification of
sedentary behavior amounts. Fourth, the sensitivity analyses could not be conducted since
only two of the studies included in the quantitative syntheses were classified as good
(high quality). Fifth, all the included studies were from high-income countries, which may
not be generalized to middle- and low-income countries.

CONCLUSIONS

This review found that sedentary behavior of different durations (3-<6, 6-8 or >8 h/d) was
not associated with LBP. Furthermore, our results showed that sedentary behavior for
>3 h/d can lead to worse LBP-related disability. However, these conclusions are tentative as
the evidence was derived from mostly fair-quality studies using subjective measures of
sedentary behavior.
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