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ARTICLE INFO ABSTRACT

Background: Chronic obstructive pulmonary disease (COPD) is highly prevalent around the world and has a
large impact on its patients, leading to a poor health-related quality of life (HRQL) and exercise capacity. Even
under optimal medications, there are still many patients with poor HRQL. Body acupuncture therapy (BAT) is a
non-invasive and a popular therapy. Therefore, we aimed to comprehensively analyze the effects of BAT in
COPD.

Materials and methods: Eight electronic databases were searched. We included randomized controlled trials
(RCTs) that evaluated the effect of BAT, medication (M), and pulmonary rehabilitation (PR). The primary
outcome was HRQL evaluated by St. George's respiratory questionnaire (SGRQ) or COPD assessment test (CAT).
Results: Of the 922 articles, 12 studies were included with attesting a total of 798 participants. The result ob-
tained indicated a significant improvement that favored the BAT + M group over the M group in CAT scores
(MD: —4.77; 95% CI: —6.53 to —3.01; p < 0.00001).

Conclusions: BAT is an effective adjunctive non-pharmacological treatment to improve HRQL in patients under
medical treatment for COPD. We suggested that BAT should be considered as one of the methods of management
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in patients with COPD.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a highly prevalent
disease around the world and it has a large impact on the patients
[1].COPD is predicted to be the third leading cause of death worldwide
by 2020 [1]. COPD is characterized by airflow limitation along with
systemic and airway inflammation [1]. Altogether, these features lead
to muscle wasting, decreased physical activity, and worsening of dys-
pnea, which further lead to social isolation, anxiety, and depression [1].
However, even under pharmacologic and non-pharmacologic manage-
ment as suggested by the GOLD guidelines [2], there are still many
patients under poorly controlled functional status with a poor health-
related quality of life (HRQL). Hence, it is necessary to develop another
adjunctive treatment for COPD.

Pulmonary rehabilitation (PR) is regarded as an integral part of
COPD management. In previous studies, we have suggested that PR
results in several benefits which can improve the exercise capacity,
HRQL, sleep quality, exertional dyspnea and cardiac autonomic func-
tion in patients with COPD [3-7]. Vieira et al. have also suggested that
PR can improve the health status, functional capacity, respiratory
muscle strength, and HRQL in most patients [8]. PR is therefore an
important non-pharmacological management for COPD patients.
However, PR has limited benefits gained from a home-based training
programs [9]. Hospital-based PR results in greater benefits, but are
more inconvenient and underutilized [10]. Only 1-2% of COPD pa-
tients receive PR [10]. Therefore, the application of other non-phar-
macological management for COPD patients becomes necessary.

Acupuncture therapy is a popular, non-invasive therapy historically
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used to treat various complaints [11]. The theory behind the use of
acupuncture is to restore the balance of “vital flows” by inserting
needles at particular points on the body surface where the “meridians”
of these flows lie. It has been applied to many diseases, such as gut
motility disorders [12], peripheral neuropathy [13], chronic pain [14],
etc. There are also some studies about BAT in patients with COPD. We
therefore aimed to comprehensively analyze the therapeutic effects of
BAT in COPD.

2. Materials and methods
2.1. Search strategy

We searched five English databases, including PubMed, Embase,
Medline, Cochrane Central Register of Controlled Trials (CENTRAL),
Cumulative Index to Nursing, and Allied Health Literature (CINAHL),
and three Chinese databases, including China National Knowledge
Infrastructure (CNKI), Wanfang data, and Airiti library, from the ear-
liest records to June 2018.

The search strategy comprised of the following keywords: "COPD" or
"COAD" or "COBD" or "chronic obstructive pulmonary disease" or
"chronic obstructive" or "chronic bronchitis" or "emphysema" or "pul-
monary emphysema" or "lung emphysema" or "chronic airflow limita-
tion" or "chronic airflow obstruction” or "chronic airflow obstructive" or
"chronic obstructive lung disease" or "chronic obstructive airway dis-
ease" or "chronic obstructive respiratory disease" combined with “acu-
puncture” in English databases. Body acupuncture therapy (BAT) is a
widely applied therapy in the Chinese cultural sphere; hence we used
Chinese synonyms of COPD and acupuncture in Chinese databases.

2.2. Inclusion/exclusion criteria

Regarding the types of the studies, we included randomized con-
trolled trials (RCTs) and excluded comparative experimental trials,
single-armed follow-up studies, case series, and case reports. The target
population comprised patients with stable COPD, which was defined as
(1) COPD diagnosis based on the GOLD guidelines [15]; (2) stable from
exacerbations without any further deterioration of respiratory symp-
toms (i.e., dyspnea, chest tightness, and cough), any increase in the use
of rescue medication, and any unscheduled visits due to worsening
COPD for at least three months [5]. All the retrieved studies were re-
quired to comprise at least two comparative treatment arms, one
comprising BAT (including manual acupuncture and warm acu-
puncture), while the other comprising medication (M) or PR without
BAT. We excluded interventions with Chinese herbal medicines, elec-
troacupuncture, Acu-TENS, laser acupuncture, auricular acupuncture,
acupressure, sham acupuncture, point application, and single-mox-
ibustion. The bibliographies of included trials and related review arti-
cles were manually reviewed for relevant references.

2.3. Data extraction

We examined all the retrieved articles and extracted data using a
predetermined form. We recorded the first author, year, diagnosis,
treatment arms, enrolled sample number, age of participants, duration
of the disease, and outcome measurements. The intervention details of
BAT, comparative arm regimens, and adverse effects were also re-
corded.

2.4. Assessment of risk of bias

The methodological quality of the enrolled studies was evaluated by
the two reviewers independently using the Cochrane RoB 2.0 tool [16].
The tool used to assess the quality of RCTs contained five assessment
domains for risk of bias that lead to an overall bias. Discrepancies be-
tween the reviewers were solved through discussions with a third
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reviewer who acted as an arbiter.
2.5. Data synthesis

Primary outcomes included the mean difference of HRQL: St.
George's respiratory questionnaire (SGRQ) and COPD assessment test
(CAT). Secondary outcomes included the mean differences between (1)
the lung function: FEV;% predicted, and FEV;/FVC ratio, (2) six-minute
walk test (6MWT) and (3) risk ratio (RR) of the presence of adverse
effects.

2.6. Statistical analysis

Statistical analysis was conducted by RevMan 5.3 (Cochrane,
London, UK). Continuous outcomes were presented as weighted mean
difference, with 95% confidence intervals (CI). Dichotomous data were
presented as RR, with 95% CI. If the data could not be applied to meta-
analysis, we summarized them in the text. Subgroup analyses were
conducted to assessment whether the treatment effects were different in
subgroups. If the value of IZ test was greater than 50% or a low p value
(p < 0.10) was reported for the ??? test, we regarded it as a substantial
between-trial heterogeneity. The random-effects model was employed if
statistical heterogeneity existed. The fixed-effect model was employed
if there was no significant statistical heterogeneity. Statistical sig-
nificance was defined as p values < 0.05, except for the determination
of publication bias, that employed p < 0.10. Analysis were performed
by intention-to-treat if possible. For continuous variables, we used
simple sensitivity analysis. For dichotomous outcome (presence of ad-
verse effect), patients with incomplete or missing data were included in
sensitivity analyses by counting them alternately as presence or absence
of adverse effect.

If more than 10 studies were included in the meta-analysis, pub-
lication bias was investigated by funnel plots. In addition, a meta-re-
gression analysis was performed to explore potential associations be-
tween the effect size and covariates of interest (treatment total times,
treatment period, publication year, and sample size).

3. Results
3.1. Study identification

We retrieved 922 identified citations through database searching by
reviewing their titles and abstracts. After eliminating the duplicated
references that violated the inclusion criteria, 32 articles were included
to conduct meticulous full-text evaluation for eligibility. We excluded
20 studies: 4 non-RCT studies, 3 studies whose diagnosis was not COPD,
6 studies that diagnosed AECOPD and 7 studies without targeted out-
comes. Therefore, 12 RCT studies [17-28] were included for con-
ducting the meta-analysis. The flow diagram for searching and identi-
fication of included studies is outlined in Fig. 1.

3.2. Characteristics of included participants and treatment

The final quantitative analysis included 798 participants. The se-
verity of the disease in the included studies ranged in all the stages as
judged by the GOLD staging [15]. The baseline lung function and
quality of life were generally well balanced between the treatment
groups. The included studies had similar inclusion and exclusion cri-
teria. Patients diagnosed with stable COPD were included in the study,
whereas those suffering from diseases showing similar clinical mani-
festation such as asthma or respiratory infection (in the weeks before
enrollment) were excluded. Patient characteristics and study metho-
dology of the retrieved studies were listed in Table 1.

All of the retrieved studies were RCTs comparing the effects of BAT,
M, or PR on HRQL and lung function. Intervention details are listed in
Table 2.
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Fig. 1. Study flow diagram. Preferred reporting items for systemic reviews and meta-analysis (PRISMA) flow diagram for searching and identification of included

studies.

3.3. Risk of bias assessment

The risk of bias assessment of the retrieved studies is shown in the
risk of bias summary and risk of bias graph (Fig. 2A and B). The quality
was variable, especially showing a high risk in the “bias due to devia-
tions from intended interventions” domain. The possible reason for this
is that none of the retrieved studies is patient-blinded study design.

3.4. Publication bias

Egger's test was not conducted as none of the meta-analysis included
more than 10 studies. Although we conducted comprehensive searches,
the potential publication bias cannot be avoided.

3.5. Primary outcome: HRQL

Between BAT + M group and M group: Two studies used CAT score
as their outcome [23,25]. Pooled analysis did not show significant
statistically heterogeneity (I = 0%, ??> = 0.04, p = 0.84); hence, the
fixed-effect model was performed. The result obtained indicated a sig-
nificant improvement that favored the BAT + M group over the M
group in CAT scores (MD: —4.77; 95% CI: —6.53 to —3.01; Z = 5.32,
p < 0.00001) (Fig. 3A).

Between BAT + PR group and PR group: Only one study used SGRQ
score as its outcome [18]. The fixed-effect model was performed. The
result obtained indicated that the BAT + PR group was equivalent to
the PR group in SGRQ scores (MD: 0.30; 95% CI: —6.83 to 7.43)
(Fig. 3B).

Between BAT group and M group: Two studies used SGRQ scores
[19,20] and another one study used CAT scores [28] as their outcome.
Pooled analysis showed statistically heterogeneity (I° = 94%,
2?2 = 34.25, p < 0.00001); hence, the random-effects model was
performed. The result obtained indicated that the BAT group was
equivalent to the M group in SGRQ and CAT scores (MD: —3.32; 95%
CI: —9.20 to 2.55; Z = 1.11, p = 0.27). (Fig. 3C).

3.6. Secondary outcomes

3.6.1. FEV% predicted

Between BAT + M group and M group: Three studies used FEV;%
predicted [23-25] as their outcome. Pooled analysis did not show sta-
tistically significant heterogeneity (I° = 32%, ??% = 2.92, p = 0.23);
hence, the fixed-effect model was performed. The result obtained
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indicated an improvement that favored the M group over the BAT + M
group in FEV,% predicted (MD: 1.98; 95% CI: 0.26 to 3.70; Z = 2.25,
p = 0.02). (Fig. 4A).

Between BAT group and M group: Four studies used FEV;% pre-
dicted as their outcome [19-21,28]. Pooled analysis showed statisti-
cally heterogeneity (2 = 73%, ??2 =11.14, p = 0.01); hence, the
random-effects model was performed. The result obtained indicated
that the BAT group was equivalent to the M group in FEV;% predicted
(MD: —0.33; 95% CI: —3.45 to 2.80; Z = 0.20, p = 0.84). (Fig. 4B).

Between BAT + PR group and M + PR group: Two studies used
FEV;% predicted as their outcome [22,27]. Overall pooled analysis did
not show statistically significant heterogeneity (¥ = 0%, ??% = 0.33,
p = 0.57); hence, the fixed-effect model was performed. The result
obtained indicated a significant improvement that favored M + PR
group over the BAT + PR group in FEV;% predicted (MD: 7.80; 95% CI:
6.91 to 8.68; Z = 17.19, p < 0.00001). (Fig. 4C).

3.6.2. FEV;/FVC ratio

Between BAT + M group and M group: Three studies used FEV,/
FVC ratio as their outcome [23-25]. Pooled analysis did not show
statistically significant heterogeneity (F = 20%, ??% = 2.49, p = 0.29);
hence, the fixed-effect model was performed. The result obtained in-
dicated that the BAT + M group was equivalent to the M group in
FEV,/FVC ratio (MD: 1.53; 95% CI: —0.42t0 3.48; Z = 1.54,p = 0.12).
(Fig. 5A).

Between BAT group and M group: Four studies used FEV;/FVC ratio
as their outcome [19-21,28]. Pooled analysis showed statistically het-
erogeneity (2 = 50%, ??? = 6.01, p = 0.11); hence, the random-effects
model was performed. The result obtained indicated that the BAT group
was equivalent to the M group in FEV;/FVC ratio (MD: 0.01; 95% CI:
—2.00 to 2.03; Z = 0.01, p = 0.99). (Fig. 5B).

Between BAT + PR group and M + PR group: Two studies used FEV;/
FVC ratio as their outcome [17,26]. Pooled analysis showed statistically
heterogeneity (I7 = 91%, ??? = 10.98, p = 0.0009); hence, the random-
effects model was performed. The result obtained indicated that the
BAT + PR group was equivalent to the M + PR group in FEV;/FVC ratio
(MD: —3.50; 95% CI: —10.11 to 3.12; Z = 1.04, p = 0.30). (Fig. 5C).

3.6.3. Six-minute walk distance (6 MWD)

Only one study provided 6MWD data [24]. The fixed-effect model
was performed. The result obtained indicated that the BAT + PR group
was equivalent to the M + PR group in 6MWD (MD: 8.40; 95% CI:
—5.88 to 22.68).
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Fig. 2. Risk of bias summary and risk of bias graph. Review authors' judgement about each risk of bias item for each included study (RoB 2.0).

3.6.4. Presence of adverse effects

Three studies provided the information regarding adverse effects
[23,25,28]. None of the studies reported the occurrence of any adverse
effects during and after the trial. Hence the meta-analysis was not
conducted.

3.6.5. Meta-regression analysis

The meta-regression analysis based on all included studies indicated
potential associations between effect size and covariates of interest
(treatment total times, treatment period, publication year, and sample
size) (Table 3). However, the results showed that there were no sta-
tistically significant associations between effect size and those
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covariates except the treatment total times. Treatment total times
showed a significant association and may lead to the heterogeneity of
studies included.

4. Discussion

Our results indicate that BAT can further improve HRQL in patients
under medical treatment. However, BAT cannot further improve the
lung function (FEV,% and FEV;/FVC). Therefore, we suggested that
BAT is a useful modality to improve HRQL in COPD.

A recent quantitative analysis evaluating the effects of acupuncture
therapy in COPD patients [29] revealed that acupuncture therapy may
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A. body acupuncture therapy + medication vs medication (CAT scores)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Lee 2015 -10.52 4.07 29 -5.9 4.88 30 58.9% -4.62[-6.91, -2.33] 2015 —i—
Yang 2016 -10.96 6.11 30 -5.97 4.71 31 41.1% -4.99[-7.73,-2.25] 2016 ——
Total (95% CI) 59 61 100.0% -4.77 [-6.53, -3.01] B
Heterogeneity: Chi? = 0.04, df = 1 (P = 0.84); I> = 0% t } t

-10 -5 0 5 10

Test for overall effect: Z = 5.32 (P < 0.00001) Favors BAT+M Favors M

B. body acupuncture therapy + pulmonary rehabilitation vs pulmonary rehabilitation (SGRQ scores)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed, 95% CI

Deering 2011 7.1 12.7 16 -7.4 8.7 24 100.0% 0.30[-6.83, 7.43] 2011
Total (95% CI) 16 24 100.0% 0.30 [-6.83, 7.43]
5 0 5

Heterogeneity: Not applicable t

] -10 - 10
Test for overall effect: Z = 0.08 (P = 0.93) Favors BAT4PR Favors PR
C. body acupuncture therapy vs medication (SGRQ and CAT scores)
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Fan 2011 -10.22 3.88 29 -12.87 3.42 30 35.5% 2.65[0.78, 4.52] 2011 —
Gao 2011 -12.84 3.43 30 -10.21 3.89 30 35.5% -2.63 [-4.49, -0.77] 2011 —
Shi 2017 -26.33 9.65 30 -14.85 10.33 31 29.0% -11.48[-16.49, -6.47] 2017 I
Total (95% CI) 89 91 100.0% -3.32 [-9.20, 2.55]
Heterogeneity: Tau? = 24.39; Chi? = 34.25, df = 2 (P < 0.00001); I> = 94% 1 ) 1 1 v
. -20 -10 0 10 20
Test for overall effect: Z = 1.11 (P = 0.27) Favors BAT Favors M
Fig. 3. Comparisons of HRQL
A. body acupuncture therapy + medication vs medication
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95% CI
Lee 2015 0.72 6.45 29 0.74 5.97 30 29.5% -0.02[-3.19, 3.15] 2015 . E—
Liu 2015 10.12 6.58 40 7.01 225 40 63.9% 3.11[0.95,5.27] 2015 ——
Yang 2016 0.86 13.39 30 0.9 13.23 31 6.6% -0.04 [-6.72, 6.64] 2016
Total (95% ClI) 929 101 100.0% 1.98 [0.26, 3.70] P
Heterogeneity: Chi? = 2.93, df = 2 (P = 0.23); I* = 32% —iO —:5 ) é 1I0
Test for overall effect: Z = 2.25 (P = 0.02) Favors BAT+M Favors M
B. body acupuncture therapy vs medication
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Fan 2011 13.25 6.11 29 16.44 7.42 30 24.1% -3.19[-6.65,0.27] 2011 I —
Gao 2011 13.25 6.11 30 15.44 7.42 30 24.2% -2.19[-5.63, 1.25] 2011 —_— 7
Xie 2014 13.25 6.12 40 13.44 7.43 40 26.1% -0.19[-3.17,2.79] 2014 e
Shi 2017 5.94 5.78 30 1.94 6.61 31 25.6% 4.00[0.89, 7.11] 2017 —
Total (95% CI) 129 131 100.0% -0.33 [-3.45, 2.80] ’
Heterogeneity: Tau? = 7.41; Chi? = 11.14, df = 3 (P = 0.01); I> = 73% t t 1 } t
Test fi Il effect: Z = 0.20 (P = 0.84 S0 s . 2 10
est for overall effect: Z = 0.20 (P = 0.84) Favors BAT Favors M
C. body acupuncture therapy + pulmonary rehabilitation vs medication + pulmonary rehabilitation
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% ClI
Yu 2014 10.01 2.47 30 1.96 2.44 30 51.2% 8.05[6.81,9.29] 2014 ——
Lee 2017 12.25 3.34 45 4.72 2.79 45 48.8% 7.53[6.26,8.80] 2017 ——
Total (95% CI) 75 75 100.0% 7.80[6.91, 8.68] 2
PP 2 _ _ _ 12 — 0o | ! ! !
Heterogeneity: Chi* = 0.33,df = 1 (P = 0.57); I = 0% 1o =+ 5 i "

Test for overall effect: Z=17.19 (P < 0.00001) Favors BAT+PR Favors M+PR

Fig. 4. Comparisons of FEV;% predicted.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Lee 2015 1.78 5.16 29 0.94 5.88 30 38.0% 0.84[-1.98,3.66] 2015 —r
Liu 2015 735 7.1 40 4.02 5.87 40 37.1% 3.33[0.48,6.18] 2015 —
Yang 2016 1.07 6.07 30 1.06 7.72 31 25.0% 0.01[-3.47,3.49] 2016 I E—
Total (95% CI) 929 101 100.0% 1.56 [-0.18, 3.29] ‘
Heterogeneity: Chi? = 2.49, df = 2 (P = 0.29); I*> = 20% t } } }
Test f Il effect: Z = 1.75 (P = 0.08 S o L 2 0
est for overall effect: Z = 1.75 (P = 0.08) Favors BAT+M Favors M
B. body acupuncture therapy vs medication
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Fan 2011 7.04 5.39 30 8.09 6.77 30 22.9% -1.05[-4.15,2.05] 2011 e
Gao 2011 7.04 5.39 30 8.09 6.77 30 22.9% -1.05[-4.15,2.05] 2011 e
Xie 2014 7.04 5.4 40 8.09 6.76 40 26.5% -1.05[-3.73,1.63] 2014 I
Shi 2017 4.25 5.32 30 1.46 4.85 31 27.7% 2.79[0.23, 5.35] 2017 - &
Total (95% CI) 130 131 100.0% 0.01 [-2.00, 2.03] ’
Heterogeneity: Tau? = 2.11; Chi? = 6.02, df = 3 (P = 0.11); 1> = 50% t t 1 } t
Test Il effect: Z = 0.01 (P = 0.99 0 o g g e
est for overall effect: Z = 0.01 (P = 0.99) Favors BAT Favors M
C. body acupuncture therapy + pulmonary rehabilitation vs medication + pulmonary rehabilitation
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Jia 2004 8.2 1.41 22 14.8 1.42 22 54.2% -6.60 [-7.44, -5.76] 2004 -
Chu 2017 11.46 10.23 34 11.29 5.57 34 45.8% 0.17 [-3.75, 4.09] 2017
Total (95% CI) 56 56 100.0% -3.50[-10.11, 3.12]
Heterogeneity: Tau? = 20.83; Chi®? = 10.98, df = 1 (P = 0.0009); I> = 91% -iO _55 ) é 1I0

Test for overall effect: Z = 1.04 (P = 0.30)

Favors BAT+PR Favors M+PR

Fig. 5. Comparisons of FEV;/FVC ratio.

be effective in improving the functional effects, pulmonary function,
and quality of life in COPD patients. However, the comparative groups
in the pooled analysis comprised of various types of treatment, such as
Chinese herbal medicine, spreading moxibustion, manual acupuncture,
electroacupuncture, auricular acupuncture, and warm acupuncture. It
is difficult to define the pure effect of BAT in patients with COPD.
Hence, to provide a clear recommendation regarding BAT, we con-
ducted the meta-analyses to clarify the therapeutic effects of BAT in
combination with M and PR. According to our study, BAT is an effective
management for patients with COPD. In the retrieved studies, BL13,
BL23, ST36, CV17, EX-B1, BL43, BL12, LU5, and LU7 were the most
common acupuncture points [17-28]. Those points are also mainly
used in treating respiratory system related symptoms and diseases in
clinical practice [30].

The SGRQ is a questionnaire designed to measure the influence of
COPD on HRQL [31]. A higher SGRQ score corresponds to poor HRQL.
In our analysis, BAT significantly improved the HRQL even in patients
under medical treatment. A decrease by 4 U in the SGRQ score met the
minimal clinically important difference (MCID) [31,32]. Suzuki et al.
showed that the SGRQ score decreased by 16.0 U in patients who

Table 3
Meta-regression model with univariate analysis of interested covariates.

underwent BAT [33]. They also suggested that BAT improved the
6MWD, and decreased exertional dyspnea [33]. Deering and colleagues
also reported significant improvements in the functional capacity,
HRQL; and breathlessness [18]. Liu et al. has proven that BAT com-
bined with Seretide can further improve clinical signs, symptoms, and
6MWD [24]. Therefore, the effects of BAT on the exercise capacity,
HRQL, and breathlessness were satisfactory in these studies.

PR with exercise training is an important management in COPD. In
many previous studies, PR is known to improve the HRQL, exercise
capacity, breathlessness, and health status [3-6,8]. However, PR with
exercise training is relatively inconvenient and hinder many patients
from attending the training program [10]. Through this meta-analysis,
we compared the effects of PR and BAT. We suggested that PR and BAT
have similar benefits in patients with COPD. However, BAT is a con-
venient and feasible intervention [34].

It is interesting to address the mechanisms associated with ther-
apeutic effects of BAT. Several factors are thought to relate to poor
HRQL and breathlessness in patients with COPD, including dynamic
hyperinflation, poor respiratory muscle strength, and the limitation of
rib cage movement [1,35,36]. Dynamic hyperinflation is one of the

Covariates of interest Coefficient Std. error p value 95% confidence intervals (CI)

Lower limit Upper limit
Treatment total times 0.06387 0.01432 0.00211* 0.03085 0.09690
Treatment period —0.04860 0.03143 0.17300 —0.12550 0.02831
Sample size 0.01913 0.03586 0.64700 —0.13517 0.17343
Publication year 0.07494 0.15785 0.64800 —0.28906 0.43894

*p < 0.05.
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common causes of dyspnea and functional limitation [35]. Patients with
COPD often develop lung hyperinflation, impairment of the inspiratory
respiratory muscles, and an increased in work of breathing [35]. Ka-
wakita et al. suggested that BAT suppressed electromyogram activity of
the respiratory muscles that were hyper-activated by repeated eccentric
contraction [37]. Decreased muscle tone consequently caused the re-
covery of the muscle strength in the rib cage, resulting in an increased
mobility of the rib cage [37]. Relaxation of the respiratory muscles also
resulted in a further reduction in energy expenditure, a reduction in
oxygen consumption, and an improvement in breathlessness [33].
Therefore, BAT can improve respiratory muscle strength, decrease re-
spiratory muscle hyper-activation as well as dynamic hyperinflation
and breathlessness.

Poor nutrition is highly prevalent and correlated with skeletal
muscle dysfunction, poor health status, and poor prognosis in patients
with COPD [36]. In a previous study, the nutritional status in COPD
patients was recovered after 12 weeks of BAT [33]. It was reported that
BAT improves the gastrointestinal function, consequently facilitating
food ingestion [12]. Suzuki et al. therefore suggested that improvement
in gastrointestinal function and reduced dyspnea may facilitate food
intake, resulting in a better nutritional status for these patients [33].

COPD is characterized by not only the airflow limitation but also by
the airway and systemic inflammation [1]. The inflammatory markers,
including interleukins (IL) (IL-6 and IL-8), tumor necrosis factor, and C-
reactive protein levels are raised in patients with COPD compared to
those of the healthy controls [1]. A previous study suggested that
acupuncture can modulate the immune system by suppressing the in-
flammatory cytokines [38]. Another previous study also found that the
phlegm expectoration, and shortness of breath were more significantly
improved after BAT, indicating the improvement in airway inflamma-
tion by BAT [24].

5. Conclusions

Patients with COPD often suffer from poor HRQL, exercise capacity,
and breathlessness. BAT is a convenient and feasible intervention to
improve HRQL in patients under medication.

6. Limitation of study

Although, we suggested that BAT is effective in improving HRQL in
COPD patients, a few limitations of this analysis still exist. Firstly, the
standard treatment times of BAT for patients with COPD are unknown.
The total times of treatment in the involved studies varied from 12
times to 50 times, and the greater the treatment times, greater were the
benefits. However, the standard treatment times are still unknown.
Secondly, these studies did not assess the effects of BAT in different
severities of COPD. It is still unclear whether BAT is beneficial in severe
or mild COPD. Therefore, further studies addressing the duration or
severity of COPD are necessary.
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