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Summary

Background In today’s society, sleep disturbances and
back pain are both common problems which threaten
health. Although some studies have focused on the
effects of sleep disturbances on back pain, no meta-
analysis has been done. The purpose of this study is
to systematically review and perform a meta-analysis
on the effects of sleep disturbances on back pain.
Methods A literature search in PubMed, Scopus and
EMBASE with keywords until June 2019 was per-
formed. The eligible articles were evaluated quali-
tatively and the results were pooled using random
effects. The publication bias and the degree of het-
erogeneity were examined.

Results In all, 21 studies were included in the meta-
analysis. Sleep disturbances were associated with
back pain (odds ratio 1.52; confidence interval [CI]
1.37-1.68; P<0.001). In men, the odds ratio was
1.49 (CI 1.34-1.65; P<0.001). In women, the odds
ratio was 1.56 (CI 1.33-1.81; P<0.001). Begg’s test
(P=0.856) and Egger test (P=0.188) did not show
any publication bias. A funnel plot and trim-and-fill
method showed publication bias, and heterogeneity
was also high.

Conclusions Sleep disturbance is associated with risk
of back pain. Improving sleep can be a deterrent
against back pain. Therefore, interventions to reduce
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sleep disturbances can help to improve health. On
the other hand, the relationship between sleep dis-
turbances and back pain can be two-sided, and back
pain can also lead to sleep disturbances. Not only in
view of the lifetime prevalence and the multifactorial
impairments of those affected, but also in consider-
ation of social and economic burdens, this issue will
remain of considerable importance.
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Schlafstérungen und Riickenschmerzen
Systematischer Review und Metaanalyse

Zusammenfassung

Hintergrund In der heutigen Gesellschaft sind sowohl
Schlafstorungen als auch Riickenschmerzen héiufi-
ge gesundheitsgefdhrdende Probleme. Zwar haben
einige Studien auf die Auswirkungen von Schlafsto-
rungen auf Riickenschmerzen fokussiert, doch bislang
gibt noch keine Metaanalyse zu dieser Thematik. Ziel
der vorliegenden Studie ist es, die Auswirkungen von
Schlafstérungen auf Riickenschmerzen systematisch
zu tberpriifen und eine Metaanalyse durchzufiihren.
Methodik In PubMed, Scopus und EMBASE wurde
mit Stichworten bis Juni 2019 nach Literatur gesucht.
Die infrage kommenden Artikel wurden qualitativ be-
wertet und die Ergebnisse unter Verwendung von Zu-
fallseffekten gepoolt. Untersucht wurden ein mogli-
cher Publikationsbias und der Grad der Heterogenitét.
Ergebnisse Insgesamt wurden 21 Studien in die Me-
taanalyse einbezogen. Schlafstbrungen waren mit
Riickenschmerzen assoziiert (Odds Ratio [OR] 1,52;
Konfidenzintervall [KI] 1,37-1,68; p<0,001). Bei den
Ménnern betrug die OR 1,49 (KI 1,34-1,65; p<0,001).
Bei Frauen betrug die OR 1,56 (KI 1,33-1,81; p<0,001).
Der Begg-Test (p=0,856) und der Egger-Test (p=0,188)
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zeigten keinen Publikationsbias, wohl dagegen ein
Funnel-Plot und die ,trim-and-fill method“. Die He-
terogenitdt war ebenfalls hoch.

Schlussfolgerungen Schlafstorungen sind mit dem
Risiko von Riickenschmerzen verbunden. Verbesser-
ter Schlaf kann Riickenschmerzen abhalten. Daher
konnen Interventionen zur Verringerung von Schlaf-
storungen einen Beitrag zur Verbesserung der Ge-
sundheit leisten. Andererseits kann der Zusammen-
hang zwischen Schlafstérungen und Riickenschmer-
zen umgekehrt sein sein: Riickenschmerzen konnen
auch zu Schlafstérungen fithren. Nicht nur angesichts
der Lebenszeitprdvalenz und der multifaktoriellen Be-
eintrdchtigungen der Betroffenen, sondern auch im
Hinblick auf die sozialen und 6konomischen Belas-
tungen wird diese Thematik von erheblicher Bedeu-
tung bleiben.

Schliisselworter Schlaf - Schlafstérungen -
Riickenschmerzen - Metaanalyse - Systematischer
Review

Introduction

Low back pain is considered as a type of pain that
is characterized by pain between costal margins and
the inferior gluteal folds, which is usually followed by
restriction of movement. The pain is drawn to the

legs; a pain that is not associated with any fracture,
injury or illness [1-3]. Low back pain is a common
problem in health care and it imposes a significant
social and economic burden on society [4-7].

In a study published in 2002, the point prevalence
of low back pain in the adult population was 12-33%
and 1-year prevalence was between 22-65% [8]. A
study on the prevalence of back pain and spinal pain
in an adolescent population also indicated that life-
time prevalence was between 4.7-74.4%, and lifetime
prevalence of low back pain was 7-72% [9]. A system-
atic review study of children and adolescents showed
that the mean point prevalence of low back pain was
15.25%, with a lifetime prevalence of 38.98% [10]. A re-
cent study of the global prevalence of low back pain,
which included published studies between 1980 and
2009, indicated a high prevalence of low back pain [1].
This study showed that lifetime prevalence of low back
pain ranges between 60 and 80% and this prevalence
was higher in women than in men and also in the age
range of 40-80 years [1].

Many review and meta-analysis studies have exam-
ined the risk factors for back pain, which include in-
dividual factors, physical and psychological work-re-
lated factors, physical risk factors, psychological fac-
tors and lifestyle factors [11-22]. It has been shown
that sleep quality can predict pain [23]. Sleep distur-
bances are prevalent with between 6 and 15% of the

Fig. 1  Selection flow di- ()
agram (From Moher et al. £ Records identified through Additional records identified
[36]. Open-access article. 3 database searching through other sources
For more information, visit = (n=9334) (n=0)
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org) - l
I Records after duplicates removed
o) (n =7345)
=
©
2
o7 v Records excluded
Records screened - (n=7247)
(n=7345 ) i Excluded based on
__J abstracts
PR v
=
= Full-text articles assessed
w» for eligibility
- (n =98)
Full-text articles excluded, with
reasons
L Studies included in (n=30)
qualitative synthesis 3 inadequte result.
) (n=51) No adequate results after
g contacting authors
=] 3 Same database.
2 v 1 small sample size.
- Studies included in 21 Exposure was back pain, no
quantitative synthesis outcome.
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general population being diagnosed with insomnia;
excessive sleepiness prevalence is 4-26%, narcolepsy
which is a rare disorder has an average prevalence of
0.04%, and the prevalence of obstructive sleep apnea
syndrome is 2-4% [24]. Sleep disturbances are as-
sociated with a variety of health problems; long sleep
duration is a risk factor for mortality, diabetes, cardio-
vascular disease, stroke, coronary heart disease and
obesity [25], risk of dementia [26] and sleep changes
and pain-related outcomes [27].

Sleep disturbances are commonly found among
people who experience chronic pain [28, 29]. Poor
sleep plays an important role in predicting the growth
and intensification of pain over time [30]. Almost 50%
of people with chronic low back pain have sleeping
disturbances and are more likely to experience other
psychological disturbances [31-33]. One of comorbid
problems with back pain is insomnia [34]. Though
studies have already been conducted to examine the
relationship between sleep disturbances and pain
types such as chronic pain [23] and musculoskeletal
pain [35], reviewing the studies on the effects of sleep
on pain, points out a few facts. Studies on the effect
of sleep disturbances on pain have not specifically
addressed back pain. The studies have examined
the prevalence of sleep disturbances in people with
chronic and multiskeletal pain, but they have not
determined how much sleep disturbances can lead
to back pain. Although sleep disturbances have been

Fig. 2 Sleep disturbances Study
and back pain. OR oddra- |p
tio, CI confidence interval

reported as risk factors for back pain, a meta-analysis
has become necessary.

The study of the effects of sleep disturbances on
low back pain, requires a review study to clarify the
findings of this field; it also requires a meta-analy-
sis to produce statistical results. The purpose of this
study is to investigate sleep disturbances and back
pain. On the other hand, the role of gender differ-
ences, type of sleep disturbances, and study design
in relation between sleep disturbances and back pain
are specifically evaluated.

Methods

Search strategy

The PRISMA [36] protocol, which is used in systematic
review and meta-analysis studies, was used as a guide
in this study. After developing the subject, the re-
searchers performed a search of scientific databases,
including PubMed, Scopus, and EMBASE. To search
in these databases, keywords were used and search-
ing period was limited to the articles published before
June 2019, and only articles in English were reviewed.

Eligibility criteria

The cohort studies and cross-sectional studies were
eligible for inclusion. Independent variable in this re-
search was conceptualized as sleep disturbances. The

%

OR (95% Cl) Weight

Agmon 2014 —-0-'— 1.40(1.10,1.73) 5.37
Auvinen 2010 —— 1.46 (1.15,1.85) 5.23
Kaila-Kangas 2006 : + 2.90(1.20,7.10) 1.11
Kawaguchi 2017 + 1,50 (0.60, 3.40) 1.16
Lusa 2015 N SN — 1.30(0.76, 2.22) 2.42
Miranda 2008 = 1.40 (1.16,1.69) 5.85
Mork 2014 -O-E 1.36(1.29,1.44) 7.15
Rasmussen-Barr 2017 = 1.71(1.52,1.93) 6.64
Yabe 2018 - 1.94 (1.34,2.80) 3.74
Zanuto 2015 | — 3.21(1.84,561) 2.29
Chun 2018 —- 1.32(1.17, 1.50) 6.59
Douma 2018 + \ 0.93(0.88,0.98) 7.16
Kim 2019 —_— 2.35(1.28,4.29) 2.04
Soe 2015 —-7-— 152 (0.97,2.39) 3.01
Stubbs 2016 ; - 2.37(2.19,2.57) 6.99
Suri 2017 = 1.60 (1.45, 1.78) 6.80
Wei 2018 - - 2.39(1.08,5.26) 1.35
Yang 2018 . 1.61(1.55,1.67) 7.23
Yoshimoto 2019 —“— 1.14(0.91,1.43) 5.37
Taylor 2016 = 1.40(1.10,1.78) 5.19
Kardouni 2016 ¢ 1.32(1.31,1.33) 7.30
Overall (I-squared = 96.2%, p = 0.000) o 1.52(1.37,1.68) 100.00
NOTE: Weights are from random effects analysis E
_1111 1 TI.‘I
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Fig. 3 Sleep disturbances
and back pain according to
sleep disturbances types

Fig. 4 Sleep disturbances
and back pain according to
gender

NOTE: Weights are from random effects analysis

Study %
ID OR (95% Cl) Weight
T
Insomnia [
Agmon 2014 —t 1.40(1.10,1.73) 5.22
Yabe 2018 —_-—— 1.94 (1.34,2.80) 3.63
Kim 2019 —— 2.35(1.28,4.29) 1.99
Taylor 2016 —— 1.40 (1.10,1.78) 5.05
Subtotal (I-squared = 35.3%, p = 0.201) <> 1.57(1.29,1.90) 15.89
- 1
Other sleep disturbances "
Auvinen 2010 —_—— 1.46 (1.15,1.85)  5.08
Kaila-Kangas 2006 : + 2.90(1.20,7.10) 1.08
Lusa 2015 p—t— 1.30 (0.76, 2.22) 2.35
Miranda 2008 —— 1.40 (1.16,1.69)  5.69
Mork 2014 * 1.36 (1.29, 1.44) 6.96
Rasmussen-Barr 2017 :—0— 1.71(1.52,1.93) 6.46
Stubbs 2016 ] - 2.37 (2.19,2.57) 6.80
Kardouni 2016 ! 1.32(1.31,1.33) 7.10
Subtotal (l-squared = 96.9%, p = 0.000) 1.58 (1.33,1.89) 41.53
I
<7 hours :
Kawaguchi 2017 + 1.50 (0.60, 3.40)  1.13
Chun 2018 -0-: 1.32(1.17,1.50) 6.41
Soe 2015 —— 1.52(0.97,2.39) 292
Suri 2017 - 1.60 (1.45,1.78) 6.62
Yang 2018 . 1.61(1.55,1.67) 7.04
Yoshimoto 2019 —_— 1.04 (0.70, 1.53) 3.42
Subtotal (l-squared = 63.0%, p = 0.019) é 1.49 (1.34,1.65) 27.54
I
= 1
Sleep quality [
Zanuto 2015 : —— 3.21(1.84,561) 223
Douma 2018 1 0.93 (0.88,0.98) 6.97
Wei 2018 : + 2.39(1.08,5.26) 1.31
Yoshimoto 2019 —— 1.20 (0.90, 1.59) 4.53
Subtotal (l-squared = 88.8%, p = 0.000) <:::> 1.55 (0.96, 2.50)  15.03
- I
Overall (I-squared = 96.0%, p = 0.000) <> 1.50 (1.36, 1.66)  100.00
NOTE: Weights are from random effects analysis :
A4 1 7]
Study %
ID ES (95% CI) Weight
i
Men :
Auvinen 2010 ——— 1.14 (0.82, 1.59) 4.18
I
Lusa 2015 —_—— 1.30 (0.76, 2.22) 1.81
1
Mork 2014 == 1.34 (1.21, 1.48) 15.63
Kim 2019 : + 2.35(1.28, 4.29) 1.45
Suri 2017 —— 1.60 (1.45, 1.78) 15.47
Yang 2018 - 1.59 (1.51, 1.68) 19.55
Subtotal (I-squared = 65.9%, p = 0.012) <> 1.49 (1.34, 1.65) 58.10
1
Women :
Auvinen 2010 —_ 1.88 (1.34, 2.65) 3.99
Mork 2014 - 1.38(1.28, 1.48) 18.05
Yang 2018 -+ 1.64 (1.56, 1.72) 19.87
Subtotal (I-squared = 87.6%, p = 0.000) <> 1.56 (1.33, 1.81) 41.90
1
Overall (l-squared = 74.2%, p = 0.000) O 1.51(1.40, 1.63) 100.00
1

T
.233

@ Springer

Sleep disturbances and back pain

7



Fig. 5 Sleep disturbances  study
and back pain accordingto ID
study design

%

OR (95% Cl) Weight

Prospective Cohort ;
Agmon 2014 — 1.40(1.10,1.73) 5.37
Auvinen 2010 - 1.46 (1.15, 1.85) 5.23
Kaila-Kangas 2006 - - 2.90(1.20,7.10) 1.1
Kawaguchi 2017 :I 1.50 (0.60, 3.40) 1.16
Lusa 2015 —_— 1.30 (0.76,2.22) 242
Miranda 2008 —_—— 1.40(1.16,1.69) 5.85
Mork 2014 * 1.36 (1.29,1.44) 7.15
Rasmussen-Barr 2017 -~ 1.71(1.52,1.93) 6.64
Yabe 2018 —— 1.94 (1.34,2.80) 3.74
Subtotal (l-squared = 53.2%, p = 0.029) (b 1.50 (1.35, 1.67) 38.66
I
Cross sectional :
Zanuto 2015 | ————  321(1.84,561) 229
Chun 2018 | 1.32 (1.17,1.50) 6.59
Douma 2018 + ] 0.93(0.88,0.98) 7.16
Kim 2019 —_— 2.35(1.28,4.29) 2.04
Soe 2015 & 1.52 (0.97, 2.39) 3.01
Stubbs 2016 | - 2.37 (2.19,2.57) 6.99
Suri 2017 - 1.60 (1.45,1.78) 6.80
Wei 2018 . + 2.39(1.08,5.26) 1.35
Yang 2018 * 1.61 (1.55, 1.67) 7.23
Yoshimoto 2019 S o 1.14 (0.91, 1.43) 5.37
Taylor 2016 —_— 1.40(1.10,1.78) 5.19
Subtotal (l-squared = 97.8%, p = 0.000) << 1.60(1.28,2.01) 54.03
. 1
Retrospective Cohort :
Kardouni 2016 o 1.32(1.31,1.33) 7.30
Subtotal (I-squared =.%,p=.) [ 1.32 (1.31,1.33) 7.30
I
Overall (I-squared = 96.2%, p = 0.000) 4} 1.52 (1.37, 1.68) 100.00
NOTE: Weights are fror]n random effects analysis : :
141 1 71
following sleep disturbances were included: insom- Extraction

nia, sleep quality, sleep quantity and sleep disorders.
Sleep disturbance scales or self-reported items were
applied for measuring sleep dimensions. Participants
who had sleep disturbances at baseline and were from
the general population and the working population
were considered eligible. Participants were considered
healthy if they were without health problems. The de-
pendent variable was included as back pain. Valid
scales, interview, and self-reporting items were con-
sidered as the criteria for measuring back pain. Back
pain was described as the following: low back pain,
sciatic, chronic low back pain, acute low back pain,
recurrent low back pain, local low back pain and dis-
abling low back pain. Studies that were found eligi-
ble reported odd ratios. Randomized controlled trials,
nonobservational studies and review studies were not
eligible. Studies with mixed outcome were not eligible
either. The studies in which participants had adjusted
for physical or psychological comorbidity were also
eligible. In most studies the results were controlled
for confounders; therefore, some comorbidities were
adjusted.

The researchers extracted the data from qualified ar-
ticles, which include the following: the authors and
the year of publication of the study, country and con-
tinent where studies took place, the type of popula-
tion which studies were conducted on, follow-up pe-
riod in cohort studies, age, gender composition of the
studies, sample size, types of sleep disturbances and
how they were measured, the type of back pain and
its results. Extractions were performed by S. Amiri
and S. Behnezhad independently. When each of the
researchers prepared the extracted information, they
finally came together by consensus. Cases of disagree-
ment were resolved through explanation and discus-
sion.

Quality assessment

For qualitative evaluation, four dimensions of the
EPHPPC (Effective Public Health Practice Project
Quality Assessment) tool [37] were used.
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Fig. 6 Sleep disturbances  Study
and back pain accordingto ID
adjust quality

%
OR(95% Cl)  Weight

Good .

Agmon 2014 —— 1.40 (1.10,1.73) 5.37

Auvinen 2010 — 1.46 (1.15,1.85) 5.23

Kaila-Kangas 2006 : * 2.90 (1.20, 7.10) 1.11

Miranda 2008 — 1.40(1.16, 1.69) 5.85

Mork 2014 - 1.36 (1.29, 1.44) 7.15

Yabe 2018 —_— 1.94 (1.34, 2.80) 3.74

Chun 2018 -~ 1.32(1.17, 1.50) 6.59

Douma 2018 - : 0.93 (0.88,0.98) 7.16

Yoshimoto 2019 ! 1.14 (0.91, 1.43) 5.37

Taylor 2016 —— 1.40 (1.10, 1.78) 5.19

Subtotal (l-squared = 92.8%, p = 0.000) <> 1.35(1.15, 1.59) 52.76
1

2 1

Poor !

Kawaguchi 2017 + 1.50 (0.60, 3.40) 1.16

Lusa 2015 —_— 1.30 (0.76, 2.22) 2.42

Rasmussen-Barr 2017 —— 1.71(1.52,1.93) 6.64

Zanuto 2015 D —— 3.21(1.84,561) 2.29

Kim 2019 —_— 2.35(1.28,4.29) 2.04

Soe 2015 — 1.52(0.97,2.39) 3.01

Stubbs 2016 ! - 2.37 (2.19, 2.57) 6.99

Suri 2017 - 1.60 (1.45, 1.78) 6.80

Wei 2018 . -+ 2.39(1.08,5.26) 1.35

Yang 2018 . 1.61 (1.55, 1.67) 7.23

Kardouni 2016 . 1.32(1.31, 1.33) 7.30

Subtotal (I-squared = 97.1%, p = 0.000) <> 1.75(1.49,2.05) 47.24
1

Overall (l-squared = 96.2%, p = 0.000) S 1.52 (1.37, 1.68) 100.00
1

NOTE: Weights are frolm random effects analysis ! |

141 1 T4l
Meta-analysis Result
The results of the studies are listed in online Table 1 Study selection

(in the Electronic Supplementary Material). The ef-
fect size in this study is the odds ratio. To calculate
this index, the researchers referred to eligible articles.
For calculating the odd ratio, sample and event of the
exposure and nonexposure groups are required. The
results of the odds ratio for each study are listed in
online Table 1. When the hazard ratio was reported
(two studies), they were pooled with the odds ratio. In
cases where the prevalence is less than 10%, the odds
ratio and risk ratio have relatively similar results. To
perform the meta-analysis, the results of each study
were converted into a single index, and the result was
calculated for each study. Pooling the results was done
using random effects method. In total, a number of
subgroup analyses were conducted, including conti-
nents, study designs, adjusted quality, type of sleep
disturbances, and gender. To test the heterogeneity
and bias of publication, the > and P tests were used
[38, 39] and yield two indicators. Other visual (funnel
plots) and statistical tests (Begg, Egger, trim-fill) were
also performed to estimate the probability of propa-
gation bias [40-42].

The diagram for study selection is shown in Fig. 1.

A total 0f 9334 articles were found inside the databases.

Repetitive and overlapping articles were dropped and
the number of the articles decreased to 7345. Articles
were reviewed based on abstracts and titles, and 605
articles were reviewed in full-text. Thus, 98 articles
remained for evaluating the eligibility. In the qualita-
tive synthesis, 51 articles remained, 30 of which were
omitted for the following reasons: three articles due
to inadequate results, 2 articles because of adequate
results not provided after contacting authors, 3 arti-
cles due to the usage of the same databases, and one
study because of its low sample size. Furthermore,
21 studies in which the exposure was back pain were
also excluded. In all, 21 studies [43-63] including
10 cross-sectional studies, 9 prospective cohort and
1 retrospective cohort were presented for meta-analy-
sis (Table 1 available online). The total population in
the meta-analysis consisted of 1,505,124 participants.

Quality assessment

Qualitative assessment of the studies was done in four
dimensions. Fourteen studies with low selection bias,
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Fig. 7 Sleep disturbances  Study

and back pain according to ID

the continent
Europe
Agmon 2014
Auvinen 2010
Kaila-Kangas 2006
Lusa 2015
Miranda 2008
Mork 2014
Rasmussen-Barr 2017

Subtotal (I-squared = 58.2%, p = 0.026)

Asia

Kawaguchi 2017
Yabe 2018
Chun 2018

Kim 2019

Soe 2015

Wei 2018
Yoshimoto 2019

Subtotal (I-squared = 47.8%, p = 0.074)

America
Zanuto 2015
Douma 2018
Suri 2017
Yang 2018
Taylor 2016
Kardouni 2016

Subtotal (I-squared = 98.3%, p = 0.000)

Worldwide
Stubbs 2016
Subtotal (l-squared = .%, p =.)

Overall (I-squared = 96.2%, p = 0.000)

%

NOTE: Weights are from random effects analysis
I

A4

Funnel plot with pseudo 95% confidence limits
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Fig. 8 Funnel plot of publication bias

three studies with moderate selection bias, and four
studies with high selection bias were found. Ten ar-
ticles had low bias, four of the studies had moderate
bias and seven studies had high bias regarding the
confounder’s bias. Two-way studies showed moder-
ate performance bias and nine studies showed high
performance bias. Twelve studies showed low with-

OR (95% CI) Weight
1
]
— 1.40(1.10,1.73) 5.37
— 1.46(1.15,1.85) 5.23
- -+ 2.90(1.20,7.10) 1.1
—_—r——— 1.30 (0.76,2.22) 2.42
—— 1.40(1.16,1.69) 5.85
* 1.36 (1.29,1.44) 7.15
- 1.71(1.52,1.93) 6.64
<} 1.47(1.32,1.64) 33.77
i
1
+ 1.50 (0.60, 3.40) 1.16
—_— 1.94 (1.34,2.80) 3.74
B 1.32 (1.17,1.50) 6.59
— 2.35(1.28,4.29) 204
—— 1.52(0.97,2.39) 3.01
T - 2.39(1.08,5.26) 1.35
- 1.14 (0.91,1.43) 5.37
<> 1.49(1.23,1.80) 23.26
i
]
P —— 3.21(1.84,561) 229
- | 0.93(0.88,0.98) 7.16
- 1.60 (1.45,1.78) 6.80
3 1.61(1.55,1.67) 7.23
—— 1.40(1.10,1.78) 5.19
., 1.32(1.31,1.33) 7.30
<> 1.41(1.20,1.66) 35.98
'
- 2.37(2.19,2.57) 6.99
! le} 2.37(2.19,2.57) 6.99
1
<$ 1.52(1.37,1.68) 100.00
:
T

Tl

drawals/dropouts bias, seven studies had moderate
bias, and two studies had high bias.

Sleep disturbances and back pain

Studying the association between sleep disturbances
and back pain in Fig. 2 revealed that sleep distur-
bances, with odds ratio of 1.52 and confidence interval
of 1.37-1.68, were associated with back pain (P<0.001;
P 96.2%).

The evaluation of the association between sleep
disturbances and back pain based on the type of
sleep disturbances are presented in Fig. 3. In in-
somnia, the results showed that this sleep distur-
bance was associated with back pain, and odds ratio
(OR) was 1.57 and confidence interval (CI)=1.29-1.90
(P<0.001; P 35.3%). Sleeping less than 7h was
associated with back pain, and OR was 1.49 and
CI=1.34-1.65 (P<0.001; P 63.0%). Low sleep quality
had a nonsignificant association with back pain, and
OR was 1.55 and CI=0.96-2.50 (P=0.073; P 88.8%).
Other sleep disturbances were associated with back
pain, and OR was 1.58 and CI=1.33-1.89 (P<0.001; P
96.9%).
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The association between sleep disturbances and
back pain based on gender is presented in Fig. 4. In
men, the OR was 1.49 with CI=1.34-1.65 (P<0.001; P
65.9%). In women, the OR was 1.56 with CI=1.33-1.81
(P<0.001; P 87.6%).

The association between sleep disturbances and
back pain based on the study design is presented in
Fig. 5. In prospective cohort studies, the OR was 1.50
with CI=1.35-1.67 (P<0.001; P 53.2%). In cross-sec-
tional studies, the OR was 1.60 with a confidence in-
terval of 1.28-2.01 (P<0.001; P 97.8%).

The association between sleep disturbances and
back pain based on the adjust quality is presented in
Fig. 6. In well adjusted studies, the OR was 1.35 with
CI=1.15-1.59 (P<0.001; P 92.8%). In poorly adjusted
studies, OR was 1.75 with a CI=1.49-2.05 (P<0.001; P
97.1%).

The association between sleep disturbances and
back pain based on the continent is displayed in
Fig. 7. In European studies, the OR was 1.47 with
CI=1.32-1.64 (P<0.001; B 58.2%). In Asian stud-
ies, the OR was 1.49 with a confidence interval of
1.23-1.80 (P<0.001; P 47.8%). In American studies,
OR was 1.41 with CI=1.20-1.66 (P<0.001; P 98.3%).

Publication bias

Evaluation of publication bias using Begg’s test (P=
0.856) and Egger test (P=0.188) did not show any
bias. The funnel plot in Fig. 8 indicates asymmetry.
Nine studies were needed to symmetry the graph
(trim-and-fill method [42]), the OR was 1.31 with
CI=1.19-1.43 (p<0.001). The P index in 21 studies
was 92.6% which indicates a high heterogeneity [64].
x?> was examined along with the degree of freedom,
which was equal to 530.32 (df 20; P<0.001).

Discussion

The effects of sleep disturbances on back pain were
pooled and to this end, 21 cohort and cross-sectional
studies were introduced into the systematic review
and meta-analysis. After the meta-analysis of the
21 studies, the main result of this study was that sleep
disturbance increases the likelihood of back pain by
52%; therefore, people with sleep disturbances are
more likely to experience back pain. A study exam-
ines the possible mechanism of insomnia effects on
back pain [43]. One explanation offered is that both
insomnia and back pain may be due to a third factor.
The second explanation is that insomnia causes non-
specific back pain. Accordingly, the study suggests
a dopaminergic abnormality in both insomnia and
back pain [65]. Dopamine is a neurobiological agent
that is associated with both insomnia and chronic
pain symptoms although the exact nature of this
relationship is still unclear. In this regard, a meta-
analysis study has shown that depressive symptoms
are associated with a higher risk of low back pain and

increase the risk by up to 59% [18]. The relationship
between dopamine and depression is also expressed
[65], and dopamine seems to play an important role
in this regard. The relationship between sleep distur-
bances and back pain problems can also be explained
through other mediating factors. Several variables
which mediate the relationship between sleep distur-
bances and back pain can be considered. Insomnia
as a sleep disturbance is associated with an increased
risk of depression up to 2.27 [66] and as it has been
said, an increase in depression is associated with low
back pain [18]. Insomnia is associated with low phys-
ical activity [67] and it has been found that physical
activity can also be a deterrent against the risk of back
pain [21].

Another finding of this study was that there was
a significant relationship between sleep disturbances
and back pain in both men and women, i.e., the rate
of back pain was higher in women than in men. Stud-
ies have reported a higher prevalence of back pain in
women than in men [68]. Given that men are more
likely to have unhealthy lifestyles including smoking,
alcohol use and eating compared with women [69-72],
an explanation regarding these differences and con-
tradictions is related to somatization of pain which
appears to be higher in women [73, 74]. In cross-
sectional studies, the relationship between sleep dis-
turbances and back pain was higher than the prospec-
tive cohort studies. In studying causal relationships,
prospective cohort studies can investigate this issue,
but cross-sectional studies cannot investigate this. In
addition, the study of the relationship between a va-
riety of sleep disturbances and back pain showed that
there was a risk of back pain in insomnia and sleep-
ing fewer than 7h a day. In studies in which the mixed
variables were well adjusted, the risk of back pain was
also significant due to sleep disturbances.

The present study which was conducted by sys-
tematic review and meta-analysis has limitations and
strengths. This is the first study of this type that ex-
amines the effects of sleep disturbances on back pain
by performing a systematic review and meta-analysis.
Both eligible cohort studies and cross-sectional stud-
ies were reviewed. These studies were controlled for
confounding variables, which could be a strong point
in explaining the relationship. Subgroups of analysis
were also performed based on adjust quality, which
again showed a significant relationship between sleep
disturbances and back pain. The relationship between
sleep disturbances and back pain based on gender,
types of sleep disturbances, study design, adjusted
quality and continents were checked. But there are
limitations which need to be mentioned. Although
this study distinguishes between cross-sectional stud-
ies and cohort studies, it should be noted that cross-
sectional studies cannot determine causal relation-
ships and this should be considered in the interpre-
tation of the results. Heterogeneity was a subject for
this study. The population of the studies varied, which
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could be one of the causes of high heterogeneity in the
current research and should be considered in the in-
terpretation [64]. It should be borne in mind that there
are methodological and clinical variations in research.
This is inevitable [64] and also increases heterogene-
ity. But in the analysis of subgroups, this heterogene-
ity was reduced to a moderate level based on cohort
studies. In insomnia, heterogeneity was reduced to
a low level. In the study of men, this heterogeneity
also decreased to a moderate level. The present stud-
ies included different cultures and age groups, so in
generalizing the results, these limitations should be
considered.
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