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Objectives: Chronic low back pain (CLBP) can seriously impair the quality of life of patients and has a remarkable comorbidity with
psychological symptoms, which, in turn, can further exacerbate the symptoms of CLBP. Psychological treatments are critical and
nonnegligent for the management of CLBP, and thus, should attract sufficient attention. However, current evidence does not
suggest the superiority and effectiveness of nonpharmacological interventions in reducing psychological symptoms among patients
with CLBP. Thus, this study was designed to compare the effectiveness of nonpharmacological interventions for depression,
anxiety, and mental health among patients with CLBP and to recommend preferred strategies for attenuating psychological
symptoms in clinical practice.
Methods: In this systematic review and networkmeta-analysis (NMA), PubMed, Embase Database,Web of Science, andCochrane
Library were searched from database inception until March 2022. Randomized clinical trials (RCTs) that compare different
nonpharmacological interventions for depression, anxiety, and mental health among patients with CLBP were eligible. The Preferred
Reporting Items for Systematic Reviews andMeta-analyses statement was used. Four reviewers in pairs and divided into two groups
independently performed literature selection, data extraction, and risk of bias, and certainty of evidence assessments. This NMAwas
conducted with a random effects model under a frequentist framework. The major outcomes were depression, anxiety, and mental
health presented as the standardized mean difference (SMD) with the corresponding 95% CI.
Results: A total of 66 RCTs that randomized 4806 patients with CLBPmet the inclusion criteria. The quality of evidencewas typically
low or some risks of bias (47 out of 66 trials, 71.3%), and the precision of summary estimates for effectiveness varied substantially. In
addition, 7 categories of interventions with 26 specific treatments were evaluated. For depression, mind body therapy (pooled
SMD = −1.20, 95% CI: −1.63 to − 0.78), biopsychosocial approach (pooled SMD = − 0.41, 95% CI: − 0.70 to − 0.12), and
physical therapy (pooled SMD = − 0.26, 95% CI: −0.50 to −0.02) exhibited remarkable effectiveness in reducing depression
compared with the control group. For managing anxiety, mind body therapy (pooled SMD = − 1.35, 95% CI: − 1.90 to − 0.80),
multicomponent intervention (pooled SMD = −0.47, 95% CI: − 0.88 to − 0.06), and a biopsychosocial approach (pooled
SMD = −0.46, 95% CI: −0.79 to − 0.14) were substantially superior to the control group. For improving mental health,
multicomponent intervention (pooled SMD = 0.77, 95%CI: 0.14 to 1.39), exercise (pooled SMD = 0.60, 95%CI: 0.08 to 1.11), and
physical therapy (pooled SMD = 0.47, 95% CI: 0.02–0.92) demonstrated statistically substantial effectiveness compared with the
control group. The rank probability indicated that mind body therapy achieved the highest effectiveness in reducing depression and
anxiety among patients with CLBP. Besides, the combined results should be interpreted cautiously based on the results of analyses
evaluating the inconsistency and certainty of the evidence.
Conclusion: This systemic review and NMA suggested that nonpharmacological interventions show promise for reducing
psychological symptoms among patients with CLBP. In particular, mind body therapy and a biopsychosocial approach show
considerable promise, andmind body therapy can be considered a priority choice in reducing depression and anxiety. These findings
can aid clinicians in assessing the potential risks and benefits of available treatments for CLBP comorbidity with psychological
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symptoms and provide evidence for selecting interventions in clinical practice. More RCTs involving different interventions with
rigorous methodology and an adequate sample size should be conducted in future research.

Key words: anxiety, chronic low back pain, depression, mental health, psychological symptom

Introduction

Chronic low back pain (CLBP) is one of the major public health
problems worldwide, conferring considerable discomfort, dis-
ability, medical cost, and economic burden[1,2]. In 2019, low back
pain (LBP) was the most prevalent musculoskeletal disorder
among adolescents and young adults globally, accounting for
76.4% of the incident cases and 45.2% of the prevalent cases in
204 countries and territories[3]. CLBP can seriously decrease
quality of life and has a remarkable comorbidity with mental
health; hence, it not only restricts an individual’s ability for
physical activities and daily tasks, but also impairs his/her psy-
chological well-being, causing higher levels of subclinical
depression and anxiety[4,5]. Emerging evidence suggests that
existing psychological disturbances, in turn, can exaggerate the
symptomatology of CLBP; meanwhile, the reduction of depres-
sion and anxiety, and improvement in mental health, can help
patients manage and control CLBP. Accordingly, psychological
treatments are critical and nonnegligent for managing CLBP, and
thus, should attract sufficient attention.

Nonpharmacological interventions have been primarily
recommended for managing CLBP. Some categories of inter-
ventions, such as exercise, mind body therapy, education, tele-
medicine, biopsychosocial approach, physical therapy, and
multicomponent intervention, have been proposed and demon-
strated satisfactory clinical effectiveness. However, the existing
literature has focused on the effectiveness of specific treatments
for LBP relief, while evidence for psychological outcomes remains
relatively limited. Furthermore, the meta-analysis conducted by
Anheyer et al.[6] reported that yoga, which is one form of mind
body therapy, provided short-term improvement inmental health
compared with passive control. By contrast, the meta-analysis
performed by Wieland et al.[7] found little to no difference in
depression with yoga compared with nonexercise at 3 months,
but medium improvement in depression at 12 months. Wen
et al.[8] compared mind body therapy with a nonactive and an
active control groups in a meta-analysis and found no difference
in the mental component summary at the final follow-up. Thus,
the effectiveness of these interventions in reducing psychological
symptoms, including the depression, anxiety, and other mental
disorders, remains controversial. Moreover, although pairwise
meta-analyses regarding different types of interventions,
such as mind body therapy[6–8], exercise[9], biopsychosocial
approach[10], and physical therapy[11], have been conducted to
determine their effectiveness in reducing the psychological
symptoms of patients with LBP, the superiority of different
interventions in psychotherapy remains unclear. Meanwhile, no
network meta-analysis (NMA) has been conducted on this topic
thus far.

Psychological symptoms refer to the abnormal manifestations
in emotions, thoughts, behaviors, and social interactions[12].
Among the psychological symptoms, depression and anxiety
were the most extensively studied emotional problems during the
treatment of LBP. Therefore, the primary objective of the current

systematic review andNMAwas to demonstrate the comparative
effectiveness of nonpharmacological interventions for depression
and anxiety among patients with CLBP. Besides, the data on
mental health, which serves as the secondary outcome, were also
extracted from the mental component of the Short Form (SF-12
or SF-36), aiming to provide further insight into the effectiveness
of nonpharmacological interventions for mental disorders and
recommend the preferred strategies for attenuating psychological
symptoms in clinical practice.

Methods

This NMA was performed by following the Preferred Reporting
Items for Systematic Reviews (PRISMA) criteria[13] (Supplemental
Digital Content 1, http://links.lww.com/JS9/B119) (Supplemental
Digital Content 2, http://links.lww.com/JS9/B120) and PRISMA-
NMA statement[14], (Supplemental Digital Content 3, http://links.
lww.com/JS9/B121) and Assessing the Methodological Quality of
Systematic Reviews 2 (AMSTAR 2) guidelines[15], (Supplemental
Digital Content 4, http://links.lww.com/JS9/B122). The protocol
of this study was registered in PROSPERO.

Search strategy

We conducted a systematic and comprehensive search for eligible
studies from the following databases: PubMed, Embase, Web of
Science, and Cochrane Library (from inception until 4 May
2023). The detailed search strategies and terms searched in the
databases are provided in Appendix 1 (Supplemental Digital
Content 5, http://links.lww.com/JS9/B123). During study selec-
tion, four reviewers in pairs and divided into two groups inde-
pendently conducted the literature search. They screened the
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titles, abstracts, and relevant full texts, and then assessed the
eligibility of the studies. Furthermore, a manual review of refer-
ence lists and other related studies was conducted to identity
additional eligible literature that met the inclusion criteria. Any
discrepancies were initially addressed through a consensus
meeting, and another investigator was consulted if necessary.

Eligibility criteria

The Population, Intervention, Comparison, Outcomes, and
Study (PICOS) principle was adopted to identify potentially
relevant randomized clinical trials (RCTs). (1) Population:
Patients who suffered from CLBP (pain in the area between the
lower borders of the ribcage and the creases of the buttocks
persisting for more than 3 months)[16]. Specific CLBP attributed
to a history of spinal surgery or an underlying pathology, such as
fractures or malignancies, was excluded. (2) Intervention: All
nonpharmacological treatments for CLBP were eligible. Studies
that evaluated surgical treatments were excluded. (3)
Comparison: Comparators that were considered eligible con-
sisted of active controls, usual care, or other nonpharmacological
interventions, including standard/routine care, no treatment,
placebo, wait-list control, sham treatment, low-intensity regular
exercise programs, and regular programmed health education.
(4) Outcomes: Studies that were eligible for inclusion provided
data on at least one of the following outcomes: depression,
anxiety, or overall mental health. Besides, the data of mental
health were extracted from the mental component of the short
form SF -12 or SF-36 in the included RCTs. These outcomes were
presented in the form of mean and SD, or in the format that these
values could be derived from. (5) Study design: Only RCTs were
regarded as eligible, whereas comparative cohort studies, case
reports, reviews, letters, and conference reports were excluded.
No limitations were set on age, sex, or publication year.

Data extraction

The data of RCT characteristics (author, publication year,
country/region, intervention and comparator, sample size, and
follow-up duration), participant characteristics (age, BMI, and
sex), and outcome measures (depression, anxiety, and mental
health) from eligible RCTs were extracted independently by four
reviewers in pairs and divided into two groups. Any disagreement
was resolved by a fifth reviewer. For different follow-up periods
or multiple publications reporting data from the same RCT, the
one with the most extended follow-up period was selected.
Moreover, the time end point of study follow-up and the criteria
for assessing outcome results were extracted.

Risk of bias and certainty of evidence assessments

The assessment of the risk of bias for the included RCTs was
performed using the revised Cochrane risk of bias tool for ran-
domized trials (RoB 2) including the items of randomization
process, deviation from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported
result[17]. The certainty of evidence was evaluated on the basis of
the grading of recommendation assessment, development, and
evaluation (GRADE) approach for NMA[18–21]. The assessment
of the certainty of mixed or indirect evidence included the within-
study bias, reporting bias, indirectness, imprecision, hetero-
geneity, and incoherence. Four reviewers in pairs were divided

into two groups to rate the risk of bias, and discrepancies were
resolved through discussion. A fifth investigator was invited to
adjudicate if necessary.

Statistical analysis

Data analysis

The continuous outcomes were pooled by the standardized mean
difference (SMD) with the corresponding 95% CI for the out-
comes of depression, anxiety, and mental health.

Data were pooled when studies explored similar therapies with
identical objectives or the same working mechanism. For exam-
ple, acceptance and commitment therapy and behavioral activa-
tion therapy are two forms of cognitive behavioral therapy
(CBT). Furthermore, the methods outlined in the Cochrane
Handbookwere used to estimate SDs from standard errors (SEs),
P-values, or 95% CIs[22].

Pairwise meta-analysis

Pairwise meta-analyses were conducted using Revman version
5.4.1 software (Cochrane Collaborating). The I2 test was used for
assessing heterogeneity. I2 less than 50% was considered no
evidence of heterogeneity, and a fixed effects model was chosen.
Otherwise, a random effects model was employed.

NMA

NMAs were performed using a frequentist framework of the
multivariate random effects meta-analysis model with the
ʻmvmetaʼ and ʻnetworkʼ commands in Stata SE 15.0[23–25]. The
inconsistency of NMAswas assessed in terms of global, local, and
loop inconsistencies. Global inconsistency was evaluated using
the design-by-treatment interaction model; local inconsistency
was evaluated using the node-splitting approach; loop incon-
sistency was assessed using the loop-specific method within each
closed triangular loop in the network[26–28]. A P-value above 0.05
suggested no significant inconsistency between indirect and direct
comparisons, and the consistency model will be preferred for
comparing all interventions. Moreover, the evaluation of the
transitivity assumption was based on comparing the distribution
or frequency of potential effect modifiers, including the dis-
tribution of included RCTs and patient characteristics across
treatment comparisons. Moreover, league tables with relative
treatment effect sizes were utilized to display the comparisons of
network estimations. The effectiveness of nonpharmacological
interventions for each outcome was computed and ranked with
the surface under the cumulative ranking curve (SUCRA) and
mean ranks[29].

Subgroup and sensitivity analyses

Subgroup and sensitivity analyses were conducted to explore the
sources of heterogeneity and the robustness of the outcomes.
Subgroup analyses were performed to investigate the effective-
ness of specific types of treatment on the psychological symptoms
(depression, anxiety, and mental health) of patients with CLBP.
For specific interventions, pairwise meta-analysis and NMAwere
also performed.Moreover, NMA for subgroup analyses included
only treatments that were reported in a minimum of two studies.
In addition, sensitivity analyses were performed by including
RCTs with a low overall risk of bias.
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Publication Bias

If more than six RCTswere included for a pairwise meta-analysis,
then the existence of publication bias was assessed by employing

Egger’s tests via the ʻmetabiasʼ command in Stata SE 15.0[30,31]. For
NMA, comparison-adjusted funnel plots were applied to evaluate
publication bias via the ʻnetfunnelʼ command in Stata SE 15.0[32].

Figure 1. PRISMA-NMA flow diagram for literature search and selection.

Figure 2. Summary results on risk of bias (using RoB 2) of including RCTs.

Zhou et al. International Journal of Surgery (2024)

481



Results

Study search

The detailed process for the literature selection is illustrated in
Figure 1. We identified 5268 potential records from all the
databases and 21 additional studies were examined through the
reference lists. After the removal of duplicates, 3703 records
were screened, undergoing title and abstract evaluation. Finally,
66 RCTs[33–98] were deemed eligible for the current study.

Characteristics of the included studies

The summarized characteristics of the included RCTs and
patients are provided in Appendix 2 (Supplemental Digital
Content 5, http://links.lww.com/JS9/B123). The included 66
RCTs involving 5388 recruited participants were eligible for
inclusion in the current study. Considering lost during follow-up,
the remaining 4806 participants who finished the final follow-up
estimation were analyzed for this meta-analysis. The included
studies were published between 1993 and 2023. From 2008 to
2023, a continual increase was recorded in the total number of
included publications, with the largest proportion published
from 2017 to 2023 (n=41, 62.1%). In addition, the NMA
included 52 two-arm RCTs, 12 three-arm RCTs, and two four-
arm RCTs. The studies included in this NMA employed a par-
allel RCT design. Moreover, the largest proportion of RCTs
were conducted in Europe (n= 25, 37.9%), followed by Asia
(n=24, 36.4%), North America (n= 10, 15.2%), South
America (n=3, 4.5%), Africa (n=2, 3.0%), and Oceania (n=2,
3.0%). The sample size of the included RCTs for the final follow-
up ranged from 16 to 444, with the majority of RCTs less than or

Figure 3. Network plot of comparisons in the network meta-analysis of dif-
ferent categories of interventions for depression. Nodes’ sizes and line widths
represent the number of randomized patients and controlled trials for each
treatment, respectively. The size of the node corresponds to the number of
patients randomized to each treatment, whereas the line width indicates the
number of randomized controlled trials comparing each pair of treatments. BA,
biopsychosocial approach; CO, control; EX, exercise; EDU, education; MBT,
mind body therapy; MUI, multicomponent intervention; PT, physical therapy;
TM, telemedicine. Interventions details are described in Appendix 3
(Supplemental Digital Content 5, http://links.lww.com/JS9/B123). T
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equal to 100 (n=54, 81.8%), 11 (16.7%) ranging from 101 to
400, and 1 (1.5%) greater than 400.

Interventions

Seven categories of interventions were identified to reduce psy-
chological symptoms in patients with CLBP: exercise, mind body
therapy, education, telemedicine, biopsychosocial approach,
physical therapy, and multicomponent intervention. Moreover,
the aforementioned 7 categories of interventions can be classified
into 26 specific treatments. Therefore, we conducted subgroup
analyses to explore the effectiveness of these specific treatments
further. The summary of the seven categories of interventions
and 26 specific treatments is found in Appendix 3 (Supplemental
Digital Content 5, http://links.lww.com/JS9/B123).

Risk of bias and certainty of evidence

Among the included RCTs, 10 (15.2%) studies[42,43,47,49,
54,57,67,81,88,98] had a low overall risk of bias, 37 (56.1%)[33,35,36,
38–40,44,45,48,50–52,59–61,63–66,68–71,73,75–78,84–87,91–94,97] exhib-
ited some concerns, and 19 (28.7%)[34,37,41,46,53,55,56,58,62,72,74,
79,80,82,83,89,90,95,96] had a high overall risk of bias. The majority
of RCTs presented low risks of missing outcome data (72.7%)
and randomization (75.8%). The largest proportion of high risk
arose from the measurement of outcomes (21.2%), followed by
missing outcome data (9.1%, Fig. 2). The outcomes of risk of
bias and certainty of evidence are provided in Appendices 4–14
(Supplemental Digital Content 5, http://links.lww.com/JS9/
B123).

Figure 4. Network plot of comparisons in the network meta-analysis of dif-
ferent categories of interventions for anxiety. Nodes’ sizes and line widths
represent the number of randomized patients and controlled trials for each
treatment, respectively. The size of the node corresponds to the number of
patients randomized to each treatment, whereas the line width indicates the
number of randomized controlled trials comparing each pair of treatments. BA,
biopsychosocial approach; CO, control; EX, exercise; EDU, education; MBT,
mind body therapy; MUI, multicomponent intervention; PT, physical therapy;
TM, telemedicine. Interventions details are described in Appendix 3
(Supplemental Digital Content 5, http://links.lww.com/JS9/B123).

T
a
b
le

2
C
o
m
p
ar
at
iv
e
ef
fe
ct
iv
en

es
s
o
f
d
iff
er
en

t
ca

te
g
o
ri
es

o
f
in
te
rv
en

ti
o
ns

fo
r
an

xi
et
y.

Th
e
le
ag
ue

ta
bl
es
sh
ow

th
e
po
ol
ed

ou
tc
om

es
of
th
e
ne
tw
or
k
m
et
a-
an
al
ys
es

(lo
w
er
di
ag
on
al
)a
nd

pa
irw

is
e
m
et
a-
an
al
ys
es

(u
pp
er
di
ag
on
al
)f
or
co
m
pa
ra
tiv
e
ef
fe
ct
ive
ne
ss
of
di
ffe
re
nt
ca
te
go
rie
s
of
in
te
rv
en
tio
ns

fo
ra
nx
ie
ty
.T
he

re
la
tiv
e
ef
fe
ct
si
ze
s
of
ea
ch

ap
pr
oa
ch

w
er
e
m
ea
su
re
d
as
a

st
an
da
rd
ize
d
m
ea
n
di
ffe
re
nc
e
an
d
95
%
CI
.B
ol
d
in
di
ca
te
s
st
at
is
tic
al
si
gn
ifi
ca
nc
e.
Co
m
pa
ris
on
s
be
tw
ee
n
tre
at
m
en
ts
sh
ou
ld
be

re
ad

fro
m
le
ft
to
rig
ht
,a
nd

th
e
es
tim

at
e
is
in
th
e
ce
lli
n
co
m
m
on

be
tw
ee
n
th
e
co
lu
m
n-
de
fi
ni
ng

tre
at
m
en
ta
nd

th
e
ro
w
-d
efi
ni
ng

tre
at
m
en
t.
Th
e
im
pr
ec
is
io
n

fo
rt
he

ra
tin
g
of
Ce
rta
in
ty
of
Ev
id
en
ce

on
di
re
ct
ev
id
en
ce

w
as
no
tc
on
si
de
re
d.
(A
cc
or
di
ng

to
th
e
GR

AD
E,
re
co
m
m
en
de
d
‘c
on
si
de
ra
tio
n
of
im
pr
ec
is
io
n
is
no
tn
ec
es
sa
ry
w
he
n
ra
tin
g
th
e
di
re
ct
an
d
in
di
re
ct
es
tim

at
es
to
in
fo
rm

th
e
ra
tin
g
of
th
e
ne
tw
or
k
es
tim

at
es
’.)
Th
e
de
ta
ile
d
of
Ce
rta
in
ty

of
Ev
id
en
ce

w
er
e
pr
es
en
te
d
in
Ap
pe
nd
ic
es
7
an
d
10
.B
A,
bi
op
sy
ch
os
oc
ia
la
pp
ro
ac
h;
CO

,c
on
tro
l;
EX
,e
xe
rc
is
e;
ED
U,
ed
uc
at
io
n;
M
BT
,m

in
d
bo
dy
th
er
ap
y;
M
UI
,m

ul
tic
om

po
ne
nt
in
te
rv
en
tio
n;
NA

,n
ot
av
ai
la
bl
e;
PT
,p
hy
si
ca
lt
he
ra
py
;T
M
,t
el
em

ed
ic
in
e.
In
te
rv
en
tio
ns

de
ta
ils
ar
e
de
sc
rib
ed

in
Ap
pe
nd
ix
3.

Zhou et al. International Journal of Surgery (2024)

483

http://links.lww.com/JS9/B123
http://links.lww.com/JS9/B123
http://links.lww.com/JS9/B123
http://links.lww.com/JS9/B123


Nonpharmacological interventions for psychological
symptoms

Depression

A total of 50 RCTs[33–36,38,40,41,43–46,48,49,51–54,56–62,64,65,67–70,
72,74–76,78–84,88–91,93–95,97,98] involving 3733 participants and 7
categories of interventions were included in the NMA for
depression with eight loops (Fig. 3). The pooled results of the
NMA indicated that mind body therapy (pooled SMD = −1.20,
95% CI: −1.63 to −0.78), biopsychosocial approach (pooled
SMD = −0.41, 95% CI: −0.70 to −0.12), and physical therapy
(pooled SMD = −0.26, 95% CI: −0.50 to −0.02) exhibited

remarkable effectiveness in reducing depression compared with
the control group. In accordance with SUCRA, mind body therapy
(100.0%) had the highest probability to be the most effective
intervention in reducing depression, followed by the biopsycho-
social approach (73.2%), physical therapy (54.0%), multi-
component intervention (51.0%), exercise (46.1%), education
(45.3%), and telemedicine (16.9%). In terms of subgroup analyses
based on specific treatments, 47 RCTs with 3455 participants and
15 specific treatments were included in the NMA for depression.
The pooled outcomes indicated that mind body therapy was
associated with a decrease in depression compared with CBT
(pooled SMD = −0.77, 95% CI: −1.39 to −0.15), psychosocial
intervention (PI, pooled SMD = −0.82, 95% CI: −1.48 to
−0.16), active control (pooled SMD = −1.22, 95% CI: −1.72
to −0.72), and usual care (pooled SMD = −1.22, 95%CI: −1.74
to −0.71). The SUCRA ranking indicated that mind body therapy
(98.2%) and massage (81.4%) had the highest ranking prob-
abilities, and kinesiology taping (KT, 24.8%) and telemedicine
(24.7%) had the lowest ranking probabilities.

The pooled outcomes of the pairwise meta-analyses showed that
mind body therapy (pooled SMD = −1.28, 95% CI: −2.11 to
−0.44), biopsychosocial approach (pooled SMD = −0.42, 95%CI:
−0.73 to −0.12), physical therapy (pooled SMD = −0.25, 95%CI:
−0.39 to −0.10), and exercise (pooled SMD = −0.21, 95% CI:
−0.40 to −0.01) were associated with remarkable effectiveness in
reducing depression compared with the control group. For specific
treatment, mind body therapy (pooled SMD = −1.03, 95% CI:
−1.68 to −0.37) and CBT (pooled SMD = −0.82, 95% CI: −1.59
to −0.05) demonstrated remarkable effectiveness in reducing
depression compared with usual care. PI (pooled SMD = −0.43,
95% CI: −0.82 to −0.05) for depression management was superior
to the active control. The detailed outcomes of the pairwise meta-
analysis andNMA for depression are provided in Appendices 15–19
(Supplemental Digital Content 5, http://links.lww.com/JS9/B123).

Anxiety

In the NMA involving 24 RCTs[34–38,43,45,49,51,52,54,59,68–70,72,
75–79,84,88,97], 1722 participants, and 7 categories of interventions
with six loops (Fig. 4), mind body therapy (pooled SMD = −1.35,
95% CI: −1.90 to −0.80), multicomponent intervention (pooled
SMD = −0.47, 95% CI: −0.88 to −0.06), and biopsychosocial

Figure 5.Network plot of comparisons in the networkmeta-analysis of different
categories of interventions for mental health. Nodes’ sizes and line widths
represent the number of randomized patients and controlled trials for each
treatment, respectively. The size of the node corresponds to the number of
patients randomized to each treatment, whereas the line width indicates the
number of randomized controlled trials comparing each pair of treatments. BA,
biopsychosocial approach; CO, control; EX, exercise; EDU, education; MBT,
mind body therapy; MUI, multicomponent intervention; PT, physical therapy;
TM, telemedicine. Interventions details are described in Appendix 3
(Supplemental Digital Content 5, http://links.lww.com/JS9/B123).

Table 3
Comparative effectiveness of different categories of interventions for mental health.

Notes: The league tables show the pooled outcomes of the network meta-analyses (lower diagonal) and pairwise meta-analyses (upper diagonal) for comparative effectiveness of different categories of
interventions for mental health. The relative effect sizes of each approach were measured as a standardized mean difference and 95% CI. The bold indicates statistical significance. Comparisons between
treatments should be read from left to right, and the estimate is in the cell in common between the column-defining treatment and the row-defining treatment. The imprecision for the rating of Certainty of Evidence
on direct evidence was not considered. (According to the GRADE, recommended ‘consideration of imprecision is not necessary when rating the direct and indirect estimates to inform the rating of the
network estimates’.) The detailed of Certainty of Evidence were presented in Appendices 7 and 11. BA, biopsychosocial approach; CO, control; EX, exercise; EDU, education; MBT, mind body therapy;
MUI, multicomponent intervention; NA, not available; PT, physical therapy; TM, telemedicine. Interventions details are described in Appendix 3.
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approach (pooled SMD = −0.46, 95% CI: −0.79 to −0.14) were
superior to the control group in managing anxiety. The SUCRA
ranking suggested that mind body therapy (99.8%) was the
optimal intervention for anxiety management, followed by mul-
ticomponent intervention (68.8%), biopsychosocial approach
(68.6%), education (64.6%), telemedicine (30.0%), and physical
therapy (17.9%). For the subgroup analyses of specific treatments
with 24 RCTs, 1713 participants, and 10 specific methods, mind
body therapy exhibited remarkable effectiveness in reducing
anxiety compared with usual care (pooled SMD = −1.52, 95%
CI: −2.14 to −0.90) and active control (pooled SMD = −1.30,
95% CI: −1.83 to −0.76). Moreover, CBT (pooled SMD =
−0.62, 95%CI: −1.06 to −0.17), PI (pooled SMD = −0.57, 95%
CI: −1.06 to −0.08), multicomponent intervention (pooled SMD
= −0.52, 95% CI: −0.94 to −0.10), and education (pooled SMD
= −0.51, 95% CI: −0.95 to −0.06) were superior to usual care in
anxiety reduction. SUCRA ranking indicated that mind body
therapy (99.8%), CBT (73.5%), and PI (69.8%) were the top three
recommended treatments for anxiety.

The pooled results of the pairwise meta-analyses reported that
mind body therapy (pooled SMD = −1.34, 95% CI: −1.66 to
−1.02), multicomponent intervention (pooled SMD = −0.41, 95%
CI: −0.63 to −0.19), biopsychosocial approach (pooled SMD =
−0.47, 95% CI: −0.88 to −0.06), and education (pooled SMD =
−0.55, 95% CI: −1.04 to −0.06) were superior to the control
group. For specific treatments, mind body therapy (pooled SMD =
−1.34, 95% CI: −1.69 to −0.99) was superior to active control,
andmulticomponent intervention (pooled SMD = −0.51, 95%CI:
−0.78 to −0.24) was superior to usual care. The detailed outcomes
of the pairwise meta-analysis and NMA for anxiety are provided in
Appendices 20–24 (Supplemental Digital Content 5, http://links.
lww.com/JS9/B123).

Mental health

A total of RCTs[42,45–47,51,53–56,58,60,63,65–67,70–72,78,86,87,92,96,97]

involving 2061 participants and 6 categories of interventions
provided data for the intervention of mental health with two
loops (Fig. 5). Compared with the control group, multi-
component intervention (pooled SMD = 0.77, 95% CI: 0.14 to
1.39), exercise (pooled SMD = 0.60, 95% CI: 0.08 to 1.11), and
physical therapy (pooled SMD = 0.47, 95% CI: 0.02–0.92)
demonstrated statistically substantial effectiveness on improve-
ment in mental health. In accordance with SUCRA, multi-
component intervention (79.8%) had the highest probability to
be the most effective intervention for mental health, followed by
exercise (66.3%), physical therapy (54.1%), biopsychosocial
approach (50.6%), telemedicine (49.9%), and education
(40.6%). For the subgroup analyses involving 16 RCTs, 1397
participants, and 5 specific treatments, multicomponent inter-
vention (pooled SMD = 1.20, 95% CI: 0.19–2.22) and aerobic
training (AT, pooled SMD = 0.97, 95% CI: 0.25–1.69) were
superior to active control. The SUCRA ranking showed that
multicomponent intervention (83.0%), AT (67.5%), and medi-
tation (66.4%) were the top three recommended treatments for
mental health.

The pooled outcomes of the pairwise meta-analyses demon-
strated that multicomponent intervention (pooled SMD = 0.60,
95% CI: 0.01–1.19) and physical therapy (pooled SMD = 0.47,
95% CI: 0.11–0.83) were superior to the control group for
improvement in mental health. For the specific treatments,

multicomponent intervention (pooled SMD = 0.60, 95% CI:
0.01–1.19) exhibited substantial effectiveness on mental health
compared with usual care.Meanwhile, AT (pooled SMD = 1.03,
95% CI: 0.03–2.02) was superior to active control for improve-
ment in mental health. The detailed outcomes of the pairwise
meta-analysis and NMA for mental health are provided in
Appendices 25–29 (Supplemental Digital Content 5, http://links.
lww.com/JS9/B123).

Inconsistency analyses, sensitivity analyses, and publication
bias

No serious inconsistency was found in the NMA. Global and local
inconsistencies were insignificant in the direct and indirect com-
parisons for depression, anxiety, and mental health. For loop
inconsistency, no significant inconsistencies were observed in the
outcome measurement of mental health and its subgroup analysis.
In the outcome measurements of interventions for depression,
subgroup analysis for depression, and subgroup analysis for
anxiety, we found evidence of loop inconsistencies in 1/8 (12.5), 7/
44 (15.9%), 1/6 (16.7%), and 2/23 (8.7%) loops, and no reason
and evidence were found to explain these loop inconsistencies. The
detailed outcomes of the inconsistency analysis are presented in
Appendices 30–42 (Supplemental Digital Content 5, http://links.
lww.com/JS9/B123). For the pairwise meta-analyses with high
heterogeneity, a random effect models was used. However, sensi-
tivity analyses were not conducted because only 16.4% of the
included RCTs were judged as low risk for overall bias. The
comparison-adjusted funnel plots and Egger’s tests indicated no
evidence of publication bias in the NMA and pairwise meta-ana-
lyses. The detailed information are presented in Appendices 43–49
(Supplemental Digital Content 5, http://links.lww.com/JS9/B123).

Discussion

This systemic review and NMA included 66 RCTs involving 26
specific treatments in 7 categories, summarizing the most up-to-
date evidence on the comparative effectiveness of non-
pharmacological interventions in reducing psychological symp-
toms among patients with CLBP. The pooled outcomes indicated
that the majority of nonpharmacological therapies were effective
in reducing depression and anxiety and in improving mental
health among patients with CLBP. In particular, mind body
therapy, biopsychosocial approach, and physical therapy were
the top three efficacious interventions for reducing depression
compared with the control group. The subgroup analyses showed
that mind body therapy, massage, CBT, and PI exhibited a higher
probability in reducing depression than the other specific treat-
ments. For the management of anxiety, mind body therapy,
multicomponent intervention, and biopsychosocial approach
were remarkably efficacious than the control. Among specific
treatments, mind body therapy, CBT, PI, multicomponent inter-
vention, and education presented superior probability. For the
improvement of mental health, mind body therapy was not
included in theNMAdue to limited RCTs reporting the outcomes
of mind body therapy. The pooled results of the remaining six
interventions showed that multicomponent intervention, exer-
cise, and physical therapy were substantially efficacious than the
control, and AT had the highest probability within the exercise
category. However, rank probability also suggested that physical
therapy was ineffective in reducing anxiety compared with the
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control. For specific treatments, telemedicine and KT were asso-
ciated with less effectiveness than the control cohorts in reducing
depression, while electrical stimulation and KT were associated
with lower effectiveness than the control cohorts in reducing
anxiety. Thus, the clinical application of these therapeutic treat-
ments requires careful consideration.

Mind body therapy (e.g. yoga, pilates, and Tai Chi) is classified
under the categories of complementary medicine and alternative
medicine, emphasizing the physical postures of relaxing and
stretching the skeletal muscles, breath regulation, andmindfulness
or contemplative state[99,100]. Mind body therapy has been used
as a therapeutic treatment for CLBP by promoting physical and
mental health with promising clinical outcomes[35,88,94]. Our
study also indicated that mind body therapy was the most effec-
tive type of intervention in reducing depression and anxiety
among the included treatments. The results may be attributed to
the following reasons. First, the experience of pain is closely tied
to emotions, and hypervigilance may be induced in patients with
CLBP, increasing psychological symptoms[101,102]. In contrast
with aerobic exercise, mind body therapy focuses on controlled
and slow movements and regulation of awareness through
breathing and meditation, and thus, it has a deep effect not only
on the body, but also on the mind and emotions. The combined
effects of bodily practices, relaxation of the mind, and control of
hypervigilance can have a significant value in mitigating symp-
toms of depression and anxiety. Second, mind body therapy may
alleviate depression and anxiety through the interaction of the
psycho-neuro-endocrino-immunological system[35,103]. In typical
circumstances, the hypothalamic-pituitary-adrenal axis can be
activated by mental stress and emotions related to tension, and
cortisol is subsequently released[104]. However, prolonged LBP
may lead to a persistent stimulation of this pathway, ultimately
resulting in the dysfunction of the endocrine and immune
systems[8,105]. Feng et al.[106] found that mind body therapy can
alter the sympathetic-adrenal-medullary axis by focusing atten-
tion on breathing and reduce the reactivity of the hypothalamic-
pituitary-adrenal axis. Thus, mind body therapy is recommended
to reduce CLBP and decrease psychological symptoms.

The biopsychosocial approach includes a wide variety of
psychotherapies, such as CBT, psychological interventions,
motivational interview, and goal setting; it achieves effective
outcomes for the treatment of chronic pain and depression[36,107].
This NMA revealed that a biopsychosocial approach was
remarkably associated with reducing depression and anxiety in
CLBP. In particular, CBT and PI were effective specific treatments
that should be prioritized in clinical practice. CBT emphasizes the
use of active and structured techniques to educate patients on
how to recognize, monitor, and alter maladaptive thoughts,
emotions, and behavior[108]. To date, CBT has become one of the
most widely applied psychosocial treatments for patients with
CLBP, and different forms of CBT, including acceptance and
commitment therapy and behavioral activation therapy, have
been developed and appeared beneficial for CLBPwith depressive
symptoms[10,33,34,36–38]. Furthermore, exercise, especially aero-
bic exercise, can substantially improve mental health, as reported
in this study. However, physical therapy demonstrated remark-
able effectiveness in reducing depression but was ineffective on
anxiety and mental health. The subgroup analyses further indi-
cated that KT was ineffective in depression and anxiety. In
Celenay et al.[109], KT was not recommended as a singular
intervention for individuals experiencing CLBP. Hence, drawing

attention to the application of KT and assessing the psychological
symptoms of patients before and after physical intervention are
crucial. The assessment of psychological symptoms should be
timely to facilitate effective treatment planning of CLBP.

This NMA exhibits the following strengths. First, a compre-
hensive and up-to-date search for studies that report
nonpharmacological interventions for CLBP in reducing psy-
chological symptoms was conducted. The outcomes of this study
may provide evidence for the selection of interventions to clin-
icians in clinical practice. Second, the literature selection, data
extraction, and risk of bias assessment were rigorously performed
by four reviewers in pairs and divided into two groups.
Third, 26 specific treatments for CLBP were classified from the
7 categories of interventions. Furthermore, subgroup analyses
were conducted on the basis of specific treatments to provide
clinicians with detailed information. Fourth, the certainty of the
evidence was evaluated on the basis of GRADE methods for all
comparisons and outcomes. Fifth, this study encompassed a
broad spectrum of geographical areas, suggesting a robust
extrapolation of pooled outcomes.

This NMA also has several limitations. First, most of the
included RCTs exhibited concerns for the risk of bias assessment,
particularly for deviations from intended interventions and the
selection of reported results. Only 15.2% of the RCTs were
evaluated to exhibit a low overall risk of bias. Second, a small
number of loops in this study demonstrated loop inconsistency
between direct and indirect sources of evidence. Thus, the pooled
outcomes regarding these comparisons should be interpreted
cautiously. Third, most of the certainties of evidence varied from
moderate to extremely low, reminding clinicians to consider the
effectiveness and side effects of interventions thoroughly in
accordance with the quality of evidence while making decisions
for CLBP comorbidity with psychological symptoms. Fourth, the
number of included RCTs in the subgroup analyses for each
specific treatment was relatively small. When interpreting the
results of the present study, considering these limitations is
important. Fifth, the majority of the included RCTs were con-
ducted in Europe, Asia, and North America. Therefore, attention
should be paid to the generalizability of the findings.

Conclusion

This systemic review and NMA suggested that non-
pharmacological interventions show promise for reducing psy-
chological symptoms among patients with CLBP. In particular,
mind body therapy and psychological therapy show considerable
promise, and mind body therapy can be considered a priority
choice in reducing depression and anxiety. These findings can aid
clinicians in assessing the potential risks and benefits of available
treatments for CLBP comorbidity with psychological symptoms
and provide evidence for selecting interventions in clinical prac-
tice. More RCTs involving different interventions with rigorous
methodology and adequate sample size should be conducted in
future research Tables 1–3.
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