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Introduction: Diaphragm dysfunction is a significant extrapulmonary effect in chronic
obstructive pulmonary disease (COPD), which is manifested by changes in diaphragm
structure and reduced diaphragm strength. Acupuncture is a traditional rehabilitation techni-
que in China, which has been used in rehabilitation for COPD. But whether acupuncture can
improve the diaphragm function of COPD patients remains to be verified.

Objective: The objective of this study was to evaluate the rehabilitation effects of acu-
puncture on diaphragm dysfunction in patients with COPD.

Methods: The authors retrieved in CNKI, VIP, SinoMed, PubMed, Ebsco, Web of Science,
from inception to November 2020, for relevant randomized control trials. Two researchers
independently screened the articles and extracted the data. The quality of the included studies
was evaluated by Physiotherapy Evidence Database scale. The primary outcome measures
were maximal inspiratory pressure and the scale for accessory respiratory muscle mobiliza-
tion, the secondary outcome measures were pulmonary function-related indicators and
arterial blood gas indicators.

Results: Nine articles were finally obtained. Seven studies added acupuncture to standard
treatment for patients with diaphragm dysfunction in COPD and found statistically signifi-
cant changes in the maximum inspiratory pressure and the scale for accessory respiratory
muscle mobilization. Two studies have proved that use acupuncture combined with other
Traditional Chinese Medicine methods in the rehabilitation for COPD can effectively
improve the diaphragm strength and diaphragmatic motor performance. Seven studies
showed that acupuncture has obvious improvement in pulmonary ventilation function.
Seven studies reported significant differences in arterial blood gas pre- to post-intervention.
Conclusion: This systematic review found that acupuncture can effectively enhance the
diaphragm strength, relieve respiratory muscle fatigue, it can also play a promoting role in
improving lung function, hypoxia, and carbon dioxide retention, as well as preventing and
alleviating respiratory failure. The generalizability of these results is limited by the design of
the included studies.

Keywords: chronic obstructive pulmonary disease, diaphragm, dysfunction, acupuncture,
rehabilitation effect

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of chronic
morbidity and mortality worldwide and one of the top three causes of death
throughout the world, representing an important public health challenge.'? In
2018, The Lancet reported that the total number of patients with COPD in China
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was about 100 million, and the prevalence among people
over 40 years old reached 13.7%. As a chronic respiratory
disease, COPD not only induces airway and lung injury
but also has significant extrapulmonary effects, including
diaphragm dysfunction, which is mainly characterized by
changes in diaphragm structure, diaphragm atrophy, and
decline of diaphragm muscle tone and endurance.*’ The
diaphragm is an essential skeletal muscle of the human
body and plays an important role in many aspects of vital
activities, especially in respiratory movement. The dia-
phragm participates in about 80% of the breathing process
and is the main power source of respiratory movement.®
Therefore, when patients with COPD have diaphragm
dysfunction, it will probably trigger other complications,
such as dyspnea, restricted exercise capacity, and reduced
quality of life, and may eventually cause respiratory fail-
ure or even death.” Consequently, the rehabilitation for
diaphragm dysfunction in COPD should be the focus in
preventing and treating COPD. Pulmonary rehabilitation
can effectively improve the diaphragm function in COPD;
some routine pulmonary rehabilitation methods, such as
exercise training and respiratory muscle training, have
remarkable effects on enhancing diaphragm muscle
strength, increasing exercise capacity, and relieving
dyspnea.'™'" The emergence and development of dia-
phragm dysfunction in COPD is a complex process
affected by various factors; as such, no explicit rehabilita-
tion intervention program has been established. We need to
explore more effective rehabilitation methods in addition
to routine lung rehabilitation items.

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) pointed out in the 2020 report on the
Global Strategy for COPD diagnosis, treatment and pre-
vention that different countries should develop distinctive
pulmonary rehabilitation programs according to their cul-
tural background.! Acupuncture is a characteristic rehabi-
litation method guided by the theory of Traditional
Chinese Medicine under the background of Chinese tradi-
tional culture; in this process, needles are stuck into the
skin and underlying tissues to stimulate certain acupoints
and achieve the purpose of preventing and treating dis-
eases. Acupuncture has been widely used in pulmonary
rehabilitation for many respiratory diseases, including
COPD.'? Acupuncture can effectively regulate lung venti-
lation and improve peripheral skeletal muscle dysfunction
in patients with COPD."? In the rehabilitation for COPD,
acupuncture shows advantages in improving the therapeu-
tic efficacy and safety. Juan et al'® reported that

acupuncture combined with exercise therapy can reduce
exercise-induced fatigue, which is a side effect of exercise,
and improve the effect of pulmonary rehabilitation in
patients with stable COPD. In recent years, some clinical
trials and basic studies in China have begun to be con-
cerned with the effect of acupuncture on diaphragm func-
tion in COPD. Acupuncture can achieve a similar effect in
relieving diaphragm atrophy and diaphragm fatigue as
other pulmonary rehabilitation methods;'>"'” hence, acu-
puncture has potential in rehabilitation for diaphragm dys-
function in COPD.

After reviewing relevant studies, some investigators
observed that acupuncture has positive effects on the exer-
cise capacity and quality of life in COPD."®2° However,
these reviews do not compare the diaphragm function
before and after intervention, and they have a broad defi-
nition of acupuncture. The following methods are included
in the scope of acupuncture treatment: moxibustion, acu-
point pressing, point application, and cupping. Hence, the
rehabilitation effect of acupuncture on diaphragm dysfunc-
tion in COPD is not clear and needs to be explored. Our
study summarizes and analyzes the application and effects
of acupuncture, an invasive technique, on diaphragm dys-
function in COPD to provide support for follow-up
research and clinical practice.

Methods

The design and execution of this study was referred to
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines and PRISMA for
acupuncture (PRISMA-A).

Inclusion and Exclusion Criteria

Inclusion Criteria

1) Type of studies: randomized controlled trials (RCTs); 2)
Participants: males and females with stable COPD or acute
exacerbation of COPD (AECOPD); 3) Interventions: the
control group received either standard treatments or standard
treatments plus sham acupuncture, in which standard treat-
ment included but was not limited to health education, med-
dilated bronchi,
mechanical ventilation, etc; the observation group should

ication (anti-inflammatory, etc), or
be combined with acupuncture treatment on the basis of the
control group (acupuncture combined with other Traditional
Chinese Medicine treatments were also included), the type of
acupuncture must be the invasive treatment with needles,
such as filiform needle acupuncture, warming acupuncture,
abdominal acupuncture, electric acupuncture, etc; 4) Primary
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outcomes: A. Diaphragm function: maximal inspiratory pres-
sure (MIP), the scale for accessory respiratory muscle mobi-
lization (ARMM), diaphragmatic excursion (DE), diaphragm
thickening fraction (DTF), DE/time to peak inspiratory
amplitude of the diaphragm (DE/TPIAgy;,), diaphragmatic-
rapid shallow breathing index (D-RSBI); 5) Secondary out-
comes: A. Lung function: forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), the percentage of
predicted values of FEV1 (FEV1%pred), FEVI/FVC ratio
(FEV1/FVC%), maximal voluntary ventilation (MVV), vital
capacity (VC); B. Arterial blood gases: arterial partial pres-
sure of oxygen (Pa0O,), arterial partial pressure of carbon
dioxide (PaCO,).

Exclusion Criteria

1) duplicated data; 2) not RCT; 3) inconsistent with our
intervention measures, such as moxibustion, acupoint
application or acupoint pressing; 4) outcomes outside the
specified range.

Data Collection

Six databases (CNKI, VIP, SinoMed, PubMed, Ebsco, and
Web of Science) were used as data resources to retrieve
randomized controlled trials from inception to
November 2020. We used the following search language
in PubMed: (“Pulmonary Disease, Chronic Obstructive”
[Mesh]) AND (“Acupuncture” [Mesh] OR “Acupuncture
Therapy” [Mesh]) AND (respiratory muscle [All Fields]
OR diaphragm [All Fields]). We used the following search
language in Ebsco: (MM “Pulmonary Disease, Chronic
Obstructive+”) AND (MM OR MM
“Acupuncture Therapy+’) AND (TX respiratory muscle
OR TX diaphragm). In the four other databases, the search

was conducted with keywords in China or English, includ-

“Acupuncture”

ing chronic obstructive pulmonary disease (COPD OR
COAD OR chronic obstructive lung disease OR chronic
obstructive airway disease OR chronic airflow obstruction)
and acupuncture (acupuncture therapy OR electroacupunc-
ture OR warm acupuncture OR abdominal acupuncture) and
diaphragm (respiratory muscle).

Study Selection

Based on the inclusion and exclusion criteria, two reviewers
independently screened studies. They used the literature
manager, EndNote, to found and removed the duplicate
studies. Then, the title and abstract were browsed to exclude
a part of irrelevant studies. Finally, the reviewers conducted
the screening again by reading the full text of the remaining

studies, excluded the studies that did not meet the criteria. In
case of discordance between two reviewers, third parties
intervened, discussed and reached consensus.

Data Extraction and Analysis

Two reviewers independently extracted data from the
The
extracted from each

selected studies. following information was
included study: first author,
the year of publication, disease severity level, sample
size, intervention measures, acupuncture scheme (acu-
points, type of acupuncture, stimulation time, acupunc-
ture frequency, and treatment duration), and outcomes.
All the information was summed up in two data extrac-
tion tables. The high-frequency selected acupoints
(selected times >4) counted in included studies were
accepted site association analysis, special acupoint

association analysis, and meridian association analysis.

Study Quality Assessment

Two reviewers independently assessed the methodological
features of each identified study using the Physiotherapy
Evidence Database (PEDro) scale, which is a useful instru-
ment for assessing the methodological quality of rehabili-
tation trials.”' The scale measures the 11 factors: eligibility
criteria; random allocation; concealed allocation; baseline
similarity; blinding of subjects, therapists, and assessors;
measures of key outcomes for >85% of the subjects;
intention-to-treat analysis; between-group statistical com-
parisons; and point measures. Each fact corresponds to
a yes-or-no question. The second to tenth questions are
worth 1 point each (yes scores 1 point, no scores 0). The
full score is 10, the higher the score, the higher the quality
of the study (see Table 1 for the details of the scale, more
information about the scale can be obtained at https://
pedro.org.au/english/resources/pedro-scale/).

Results

Studies Retrieved

The initial search identified 186 records from electronic
databases, and 1 additional record was identified by
manual searching from reference checking. After
screening for duplicate records, we included 152 arti-
cles and excluded 34 articles. Subsequent to title and
abstract screening, 99 articles were excluded. We
searched for the full text of the reserved 53 articles,
then 44 studies were excluded (duplicate publications =

5; not match with our intervention measures = 10; not
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Table | The Physiotherapy Evidence Database Scale

| Eligibility criteria were specified No | Yes
2. Subjects were randomly allocated to groups (in No | Yes
a crossover study, subjects were randomly allocated an
order in which treatments were received)

3. Allocation was concealed No | Yes
4. The groups were similar at baseline regarding the No | Yes
most important prognostic indicators
5. There was blinding of all subjects No | Yes
6. There was blinding of all therapists who administered | No | Yes
the therapy
7. There was blinding of all assessors who measured at | No | Yes
least one key outcome
8. Measures of at least one key outcome were obtained | No | Yes
from more than 85% of the subjects initially allocated to
groups

9. All subjects for whom outcome measures were No | Yes
available received the treatment or control condition as
allocated or, where this was not the case, data for at
least one key outcome was analysed by “intention to
treat”

10. The results of between-group statistical comparisons | No | Yes
are reported for at least one key outcome
I'l. The study provides both point measures and No | Yes

measures of variability for at least one key outcome

RCT = 2; none of interest outcomes = 27). Ultimately,
nine articles were included (eight in Chinese and one
in English). Figure 1 shows the detailed search flow.
The characteristics of the 9 included studies are shown
in Table 2. Considering the limitations may cause by
the small number of included studies, the heterogeneity
of acupuncture scheme design and the large difference
in evaluation indicators, we chose vote counting based
on direction of effect as the result synthesis method.

Quality Assessment
The quality and domain scores for each study are pre-
sented individually in Table 3, with a mean value of 6.

17.22.24-28 ne scored 7

Seven studies scored 6 points,
points,'® one scored 8 points.”® All studies reported
eligibility criteria, random allocation, baseline similar-
ity, measures of key outcomes for >85% of the sub-
jects, intention-to-treat analysis, group comparison, and
One

study

measures. concealed
One

subjects.”® One study reported the blinding of assessor

point study reported

allocation.”? implemented blinding of
(assess the lung function).'® None of the studies imple-
mented blinding of therapists, due to the difficulty in
administering blindness when acupuncture.

Intervention Measure: Acupuncture

The acupuncture schemes used for patients with dia-
phragm dysfunction in COPD are not consistent in the
included studies. The diversity is reflected in five aspects:
type of acupuncture, acupoints, stimulation time, acupunc-
ture frequency, and treatment duration. Table 4 lists the
details of acupuncture scheme in each study.

Type of Acupuncture
Four types of acupuncture were used in the included studies:

filiform needle acupuncture (three studies selected),'”-**~°

22,25

warming acupuncture (two studies selected), abdominal

acupuncture (three studies selected),'®2"-*®

and big-needle
acupuncture (one study selected).”* Warming acupuncture
means that after filiform needle acupuncture, moxa wool is
wrapped in the tail of the needle and lit to warm up.
Abdominal acupuncture is a type of acupuncture for treating
diseases through filiform needle acupuncture at abdominal
acupoints. Big-needle acupuncture refers to acupuncture by
a special needle with 0.45—1 mm in diameter and 47 inches
in length, which is longer and thicker than ordinary filiform
needle, and its retention time is also longer than filiform
needle acupuncture.

Acupoints

Although the included studies varied in acupoint selection,

but we counted the top 7 acupoints that were selected

ST36,172223:2536  Cy1p,16:1723.27.28
CVe6,1617:25.28 Sp15,16:17:27.28

BL13,%22%2526 and BL23.2%%3%26 We carried out site asso-

ciation analysis, special acupoint association analysis, and

more frequently:
CV4,16:17.23.27.28

meridian association analysis on high-frequency selected
acupoints. Except ST36, the six other acupoints were located
in abdomen or back. Considering that abdominal acupunc-
ture has the characteristic of selecting acupoints in the abdo-
men, which will affect the results of acupoint-site
association analysis, we excluded three studies in which
abdominal acupuncture was selected, then re-counted the
other six studies.'”** 2 It is found that four (BL13, BL23,
BL20, EX-B1) of the top six acupoints with high utilization
rate in the six studies are located in the back. All high-
frequency selected acupoints are specific acupoints, of
which ST36 is both five-shu point and lower-he-sea point;
CV12, CV4, and SP15 are crossing points; BL13 and BL23
are back-shu points; and CV6 is yuan-primary point. Seven
acupoints are distributed on Yangming Stomach Meridian of
Foot, Ren Meridian, Taiyin Spleen Meridian of Foot or
Taiyang Bladder Meridian of Foot. In terms of the number
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measures (n=10);

- l

Not RCT (n=2);
None of interest outcomes (n=27)

Figure | Systematic search flowchart.

of acupoints selected, most studies selected 6—12 acupoints,
and only one study selected one acupoint.>*

Stimulation Time

The stimulation time of acupuncture refers to the time
that the needle retains on the acupoint for sustained
stimulation after it pierces into the skin, which is
affected by different type of acupuncture, ranged from
18 minutes to 4 hours in each study. Filiform
needle acupuncture and abdominal acupuncture mostly

retain the needle for 30 minutes; the stimulation time

o Studies included in
]
% qualitative synthesis
= (n=9)

—

of warm acupuncture is calculated by the number of

burning moxa sticks and expressed in Zhuang
units, ranging from 3 to 5 Zhuang. The stimulation
time of big-needle acupuncture is the longest, up to 4

hours.

Acupuncture Frequency and Treatment Duration
Obvious differences were found in acupuncture fre-
quency and treatment duration, and the information is

incomplete.
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Table 2 Characteristics of Studies Included in This Review

First Patients Intervention Outcome
Author(Year) K . i
Observation Group Control Group Diaphragm | Pulmonary | Arterial
Function Function Blood
Gases
Deng YQ GOLD II- Warming acupuncture+ Standard therapy+ MIpP* Fvc* PaO,*
(2019)* Ill, stable | Standard therapy+ Rehabilitation | Rehabilitation training (n=45) PaCO,”
COPD training (n=45)
Suzuki GOLD II- Filiform needle acupuncture+ Sham acupuncture+ Standard MIp# FvC# PaO,’
M (20I2)23 IV, stable Standard therapy (n=34) therapy (n=34) FEV1%pred”
COPD
Xu YG GOLD lII, Big-needle acupuncture + Filiform needle group: Filiform MIp<# / /
(2008)** stable Standard therapy (n=20) needle acupuncture+ Standard
COPD therapy (n=20)
Blank group: Standard therapy
(n=20)
Lin LJ (2015)* Stable Warming acupuncture+ Chinese Standard therapy (n=40) MIp# FEV I /
COPD materia medica+ Standard FVC%+*
therapy (n=40) FEVI/FVCH
Wu LL GOLD II- Filiform needle acupuncture+ Standard therapy (n=45) DE#* / PaO,**
(2019)% v Shenmai injection + Standard D-RSBI¥* PaCO,**
therapy (n=46) DTF#
DE/TPIAG,
Guan AECOPD Abdominal acupuncture+ Standard therapy (n=34) ARMM FEVI/ PaO,
W (2016)'¢ Standard therapy (n=33) FVCHH# PaCO,**
FEVI%
pred®##
MVV#
Wang AECOPD Abdominal acupuncture+ Standard therapy (n=50) ARMM** FEVI/FVC¥ | PaOy##
Y (2020)% Standard therapy (n=50) MV V% PaCO,*
Wang JY AECOPD Filiform needle acupuncture + Standard therapy (n=31) MIpHs## FVC# PaO,*
(2015)"7 Standard therapy (n=32) FEVI/FVC PaCO,*
MV
Cheng YY AECOPD Abdominal acupuncture+ Standard therapy (n=34) ARMM*# VC%* PaO,*
(2017)*® Standard therapy (n=34) FEVI/FVC¥ | PaCO,*
FEV1%pred
MVV%*

Notes: /, not reported; *Compare the data between post-intervention and pre-intervention in the observation group, P value < 0.05; #Compare the post-intervention data
between observation group and control group, P value < 0.05; **Compare the data between post-intervention and pre-intervention in the observation group, P value < 0.01;
##Compare the post-intervention data between observation group and control group, P value < 0.01; TCompare the changes from baseline to post-intervention data
between the observation group and the control group, P value < 0.05.

Abbreviations: ARMM, the scale for accessory respiratory muscle mobilization; DE, diaphragmatic excursion; DTF, diaphragm thickening fraction; DE/TPIAy;,, diaphragm
contraction speed; FVC, forced vital capacity; FEV|, forced expiratory volume in one second; FEV |%pred, forced expiratory volume in one second/prediction; FEV |/FVC%,
FEVI/FVC ratio; MIP, maximal inspiratory pressure; MVV, maximal voluntary ventilation; PaO,, arterial partial pressure of oxygen; PaCO,, arterial partial pressure of carbon
dioxide; D-RSBI, diaphragmatic-rapid shallow breathing index; VC, vital capacity.

One study used ultrasound technology to record DE, DTF,
DE/TPIAgi,, D-RSBI of patient in COPD;?® five studies
chose measure MIP to monitor participants’ diaphragm
strength;'*% three studies used AMRR to assess the

Outcomes
Diaphragm Function
All studies reported the indicators related to diaphragm

function, and the changes in them during the treatment.
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Table 3 PEDro Rating for Trials Included
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Note: |, PEDro criteria met; 0, PEDro criteria not met.

Abbreviation: ITT, intention-to-treat analysis.

functional performance of main respiratory muscle, which
include diaphragm.'®*7-

In a 12-week single-blind randomized controlled trial,
12* treated patients with stable COPD by using

acupuncture for 50 minutes each time (11 acupoints were

Suzuki et a

selected); they found that the MIP in the acupuncture
group increased by 13.8 [13.0] (H,Ocm) compared with
that before intervention, while the MIP in the sham acu-
puncture group decreased by 1.0 [11.9] (H,O cm). Some
Chinese scholars also interested in the changes in dia-
phragm function of patients with COPD after acupuncture
was involved in rehabilitation. Deng et al** added warm-
ing acupuncture five times a week to patients with stable
COPD in the treatment group on the basis of the same
intervention measures as the control group. The diaphragm
muscle strength of patients in this group was more sig-
nificantly improved compared with that in the control
group that only received standard therapy and rehabilita-
tion training. Wang et al'” treated patients with AECOPD
by using filiform needle acupuncture and standard therapy.
The results showed that the MIP of the treatment group
was 3.82+1.37 (kPa) after 40 days, which significantly
differed from the MIP in parallel control group, which
only received standard therapy (P value <0.01). A three-
arm RCT conducted by Xu et al** showed that the MIP
(ecmH,0) in the big-needle acupuncture group after 4
weeks intervention was superior to that in the filiform
needle acupuncture group (MD = 5.00; CI: 1.80,8.20;
P value = 0.002) and in control group (MD = 1.12; CI:
0.45,1.80; P value = 0.001), MIP in the filiform needle
acupuncture group after intervention was also significantly
higher than that before intervention, but the results that
compared with the control group were not clear. Another
three studies used similar acupuncture schemes to perform
abdominal acupuncture on patients with AECOPD in the
observation group, on the basis of the same conventional
treatment as the control group; they found that the ARMM
was significantly reduced after the treatment, and the
reduction was more obvious than that in the control
group.1627:28

Two studies added acupuncture combined with Chinese
herbal medicine to intervene in the observation group,
based on the treatment methods in the control group.
One study showed that the improvement of MIP (kPa) in
the observation group, which used warm acupuncture
combined with Chinese herbal prescription, was more sig-
nificant than that in the control group (P value <0.05).%°
Wu et al*® used Shenmai injection combined with
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Table 4 Characteristics of Acupuncture Schemes of Included Study for Diaphragm Dysfunction in COPD

First Acupoints Type of Stimulation Acupuncture Frequency Treatment
Author(Year Acupuncture Time Duration
p
Deng YQ BLI3, BL23, BL12, BL43, CV17, EX- Warming 3—4 Zhuang 5 times a week /
2019)* BI, ST36, LU7, LUS, ST40, SP10 acupuncture
p
Suzuki LUI, LU9, ST32, CV4, CV12, ST36, | Filiform needle 50 min Once a week 12 weeks
M (2012)* KI3, SI4, BLI3, BL20, BL23 acupuncture
p
Xu YG Cvi7 Big-needle 4 h 5 times a week 4 weeks
(2008)** acupuncture
Filiform needle 30 min
acupuncture
Lin LJ (2015)** | ST36, CV6, BLI3, BL20, BL23, EX- Warming 5 Zhuang Once a day 8 weeks
Bl acupuncture
Wu LL BL21I, BL20, BL23, BLI13, LU9, KI3, | Filiform needle 30 min Once pre 12 h /
(2019)% ST36 acupuncture
Guan CVI12, CVI0, CV6, CV4, ST24, Abdominal 30 min Once a day for the first 3 days; once 14 days
W (2016)'¢ ST25, SPI5, GB26 acupuncture every other day for the next | ldays
Wang CVI2, CVI0, Cv4, ST25, GB26, Abdominal 18 min / 2 weeks
Y (2020)% SPI5 acupuncture
Wang JY ST36, ST40, SPé, SPI5, CV12, Filiform needle 30 min Once a day 40 days
2015)"7 CVI3, CV6, CV4, LU9, LUS, LU6, | acupuncture
p
EX-BI
Cheng YY CVI12, CVI0, CV6, CV4, ST24, Abdominal 30 min Once a day for the first 3 days; once 7days
(2017)*® ST25, SPI5, GB26 acupuncture every other day for the next | ldays

Note: /, not reported.

acupuncture to intervene patients with COPD. The
improvement of DE, DTF, DE/TPIAg;,, D-RSBI in the
combined intervention group was significantly greater
than that before the treatment and in the control group
(P value <0.05).

Pulmonary Function
7 studies reported indicators of pulmonary ventilation
function, including FVC, FEV1, FEV1/FVC, FEV1%
pred and MVV%,'017-2223:23.2728  (pe study reported
vital capacity (VC).>®

Relevant articles have confirmed that acupuncture has
a positive effect on lung function while improving dia-
phragm function in COPD. In terms of improving pulmon-
ary ventilation, 7 studies with different acupuncture
schemes have observed significant improvements in venti-
lation function indicators such as FVC, FEV1%pred,
FEVI/EVC or MVV after intervention,'¢:'”-?2-23-25-28
Cheng et al*® also found that VC of patients with COPD
increased significantly after five times of abdominal

acupuncture combined with standard therapy; the improve-
ment was more obvious than that of the control group,
which only received standard therapy, indicating that acu-
puncture can also improve the lung volume of patients
with COPD to a certain extent (see Table 2 for details).

Hypoxia and Carbon Dioxide Retention

In terms of arterial blood gas, seven studies reported PaO,
and PaCO, in subjects before and after intervention. Five
studies showed that both PaO, and PaCO, in the observation
group were improved after intervention compared with
baseline.'®'"**2% In inter-group comparison, Deng et al*>
and Wu et al*® reported that the PaO, and PaCO, in the
observation group were significantly better than those in the
control group. Three studies only showed the advantage of
the observation group in improving Pa0,.'*!"*” Suzuki et -
al* only found that the change of PaO, in the acupuncture
group from baseline was statistically significant compared
with that in the sham acupuncture group (MD=11.18; CI:
4.70, 17.66; P value< 0.001) (see Table 2 for details).
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Discussion

Rules of Acupoint Selection for
Acupuncture on Diaphragm Dysfunction
in COPD

The rehabilitation effect of acupuncture on diseases is
closely associated with acupuncture schemes. The final
affected by different
acupuncture.”’ In this study, we hope to further discuss

outcomes are inscapes  of
the rules of acupoint selection for acupuncture on dia-
phragm dysfunction in COPD by spotting the association
between the analysis results of acupoint selection in above
and the relevant theory of Traditional Chinese Medicine.

According to the theory of Traditional Chinese
Medicine, the fundamental etiology of diaphragm dysfunc-
tion in COPD is the weakness of lung, spleen, and kidney.
The specific pathogenesis is as follows: the lung is easily
invaded by external pathogens due to the deficiency of
lung qi, which induces COPD; the disease further leads
to disorder of spleen and stomach, affects nutrient intake
and absorption, and thus causes respiratory muscle fatigue.
Therefore, the treatment for diaphragm dysfunction in
COPD should obey the therapeutical principle that treat
the manifestation and root cause of the disease. It means
that in addition to improving diaphragm function specifi-
cally, invigorating spleen and benefiting lung should also
be considered.*>?

We found that most of the studies followed the above
treatment ideas after carrying out the association analysis on
the seven high-frequency selected acupoints: 1) The running
course of the meridians where the seven acupoints are
located are related to lung, kidney, spleen, and stomach at
different angles, acupuncture on them can strengthen the
related viscera.** 2) Based on the selection of acupuncture
type (abdominal acupuncture was used in three studies) and
the result of acupoint-site association analysis, we found that
acupoints on the abdomen and back are selected more fre-
quently, which is in line with the principle of acupuncture
for viscera disorders: pay attention to local point selection.
According to the theory of Traditional Chinese Medicine,
the viscera in human body are connected with the back and
the abdomen through meridians, the acupoints on the back or
abdomen can reflect the state of the viscera and be used to
regulate the viscera.’> 3) During the acupoint-special acu-
point association analysis, it is found that all seven high-
frequency selected acupoints are special acupoints. Special
acupoints refer to acupoints with special therapeutic effects:
lower-he-sea point, yuan-primary point, and five-shu point

have the effect of regulating viscera and connecting vascu-
lar-qi; back-shu point can not only treat corresponding visc-
eral diseases but also treat musculoskeletal diseases related
to viscera; crossing point is the acupoint at which two or
several meridians intersect, acupuncture on it can stimulate
all the meridians through it, which has the characteristic that
one point can treat multi disease.*®

In conclusion, we summarized the rules of acupoint selec-
tion for acupuncture on diaphragm dysfunction in COPD: (1)
following the treatment idea of Traditional Chinese Medicine
that invigorating spleen and benefiting lung, treating the
manifestation and root cause of disease; (2) the main acu-
puncture sites are abdomen and back; (3) mostly choosing
acupoints on the meridians related to lung, kidney, spleen,
and stomach; (4) having the characteristics of combining
local point selection with specific point selection (Figure 2).

Rehabilitation Effect of Acupuncture on
Diaphragm Dysfunction in COPD

COPD can cause diaphragm fiber transform from fast-
twitch fiber with strong explosive force and poor endur-
ance to slow-twitch fiber with strong anti-fatigue ability
and low contractility, accompanied with the imbalance
between anabolism and catabolism of diaphragm myofi-
bers. This kind of fiber remodeling and atrophy will inevi-
tably lead to the decrease in diaphragm muscle
strength.>’>® Among the included studies, MIP and
ARMM were selected to assess diaphragm function. MIP
is often used to evaluate the diaphragm strength in clinic,
and it is considered to be a great indicator to indicate the
contractility of diaphragm;**> AMRR was first proposed by
Ward Patrick.* Since the contractile intensity of the aux-
iliary respiratory muscle is negatively correlated with the
functional activity of the main respiratory muscle, it can be
used to measure the diaphragm strength and reflect the
fatigue degree of the respiratory muscle by evaluating
the contractile activity of the auxiliary respiratory muscle
located in the neck, shoulder, back. Significant differences
between groups were observed in the MIP or ARMM
reported in all nine studies, regardless of whether the
participants with stable COPD or AECOPD. It is corrobo-
rated that, in the same intervention period, adding acu-
puncture to the standard therapy plan can ameliorate the
decrease in diaphragm muscle strength and respiratory
muscle fatigue of patients with COPD and improve the
rehabilitation efficiency. One study offered that the effec-
tive stimulating amount of acupuncture determined by
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Figure 2 High-frequency selected acupoints.

Notes: a, Yangming Stomach Meridian of Foot; @, ST36; b, Ren Meridian; @, CV2; ®, CV6; @, CV4; ¢, Taiyin Spleen Meridian of Foot; ®, SPI5; d, Taiyang Bladder

Meridian of Foot; ®, BLI3; @, BL23.

acupuncture time and acupuncture intensity would affect
the acupuncture efficiency.?* The researchers thought that
long-term and high-intensity acupuncture could improve
the diaphragm muscle strength of patients with COPD
more obviously than conventional acupuncture, but the
evidence supporting this view is limited and needs to be
explored further.

Patients in the COPD with diaphragm dysfunction gen-
erally perform weakened diaphragm contraction ability
and decreased diaphragm movement due to diaphragm
atrophy, increased airway resistance, and limited gas
exchange. Although Wu et al*® used a combined interven-
tion of acupuncture and Shenmai injection, but the signifi-
cant changes of DE, DE/TPIAg;, and D-RSBI observed
after the intervention, still illustrated that acupuncture may
have a positive effect on diaphragmatic motor performance
in COPD.

Apart from the abnormal variations in the diaphragm
structure, changes in the external environment around the
diaphragm brought about by COPD limit the functional
performance of the diaphragm. Airway wall structural
remodeling due to repeated inflammation can lead to air-
way obstruction, which in turn causes lung overinflation.
Lung overinflation, on the one hand, will shorten the initial
length of the diaphragm sarcomere and change the dia-
phragmatic strength; on the other hand, it can cause

changes in lung volume and compliance, resulting in
increased diaphragmatic load and restricting diaphragm
movement in space.*’*** The outcomes of a clinical trial
showed that forced expiratory volume in FEV1%pred,
FEVI/FVC and other pulmonary function indicators of
patients with COPD were significantly correlated with
transdiaphragmatic pressure, diaphragmatic electromyo-
gram signal, and other indices reflecting diaphragm work
or diaphragm electromyographic activity, which further
showed the close relationship between COPD pulmonary
function and diaphragm function.*> Results of 7 studies
that reported lung function indicators showed that acu-
puncture improved lung function to varying degrees in
patients in the COPD with diaphragm dysfunction, it is
not only demonstrates that the airflow limitation of COPD
is not completely irreversible but also suggests that affect-
ing the environment suffering diaphragm, such as pulmon-
ary ventilation capacity and lung volume, may be an
indirect way for acupuncture to improve the diaphragm
function of patients with COPD.

Owing to ventilation dysfunction and gas exchange
dysfunction, patients with COPD may experience different
severity of hypoxia and carbon dioxide retention, then
exhibit hypoxemia and hypercapnia.** This condition can
cause the changes in histological morphology and move-
ment of diaphragm, resulting in diaphragm fatigue.*’
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Diaphragm fatigue can lead to insufficient ventilation
drive and aggravate the limitation of gas exchange, form-
ing a vicious circle and causing respiratory failure.”***
Seven of the nine included studies reported PaO, and
PaCO,, and significant differences of the two indicators
were observed within or between groups. PaO, and PaCO,
are the two main indices of arterial blood gases, which
reflect the condition of hypoxia and carbon dioxide reten-
tion. They also be used as clinical diagnostic criteria for
respiratory failure. When PaO, <60mmHg or PaCO,
>45mmHg, the patients will be diagnosed with respiratory
failure.*® By combining changes in parameters of dia-
phragm function and arterial blood gases in existing lit-
erature, we speculate that acupuncture can relieve
diaphragm fatigue through improving the hypoxia state
and pulmonary ventilation ability of patients with COPD;
acupuncture may also play a preventive and alleviating
role in

respiratory failure caused by diaphragm

dysfunction.

Possible Mechanism of Acupuncture on
Diaphragm Dysfunction in COPD
Inflammatory Reaction
The GOLD still emphasized in the 2020 report on the
Global Strategy for COPD diagnosis, treatment and pre-
vention that inflammatory response caused by chronic
irritants may be closely related to some complications of
COPD.' Evidence shows that the inflammatory reaction in
COPD will directly or indirectly affect the respiratory
muscle function of patients: chronic irritants can activate
and increase the levels of proinflammatory cytokines, such
as tumor necrosis factor a (TNF-a). These inflammatory
factors regulate the activity level of ubiquitin—proteasome
system (UPS) by mediating the expression of NF- «B,
MAPK, and other pathways, thereby promoting the dia-
phragm to proteolysis and shift from metabolic balance to
catabolism.”® " TNF-a can also induce diaphragm cell
apoptosis by activating the caspase-3 protein by binding
to the receptor and eventually cause diaphragm atrophy.”'
Some studies have demonstrated that acupuncture can
effectively reduce the content of TNF-a in diaphragm
tissue of rats with respiratory muscle fatigue in COPD.>>
Chen et al'® also found that electroacupuncture can sig-
nificantly reduce the expression of ubiquitin protein ligase
atrogin-1, MuRF-1, and striated muscle differentiation
protein MyoD in the diaphragm tissue of COPD model
rats. Based on the above research results, acupuncture may

down-regulate atrogin-1 and MuRF-1 of UPS by reducing
proinflammatory cytokines in diaphragm tissue to inhibit
the diaphragm protein degraded by UPS and alleviate
dysfunction caused by diaphragm atrophy.

Oxidative Stress
Oxidative stress is common in COPD and considered an
important amplifying mechanism in COPD.' The oxide/anti-
oxidant metabolism imbalance can damage to diaphragm
tissue.”® Increase in the level of reactive oxygen species
(ROS) in diaphragm tissue of rats exposed to smoke for
a long time leads to oxide metabolism imbalance. Excess
ROS may regulate protein degradation by activating various
intracellular signaling pathways. The phenomenon can also
directly alter diaphragm protein structure through carbonyla-
tion modification of amino acid residues, ultimately causing
oxidative damage to the diaphragm.>*>® Acupuncture can
effectively alleviate oxidative stress in COPD. The possible
path of action is to promote the dynamic balance of antiox-
idant enzyme systems, such as SOD/LPO, NOS/NO, and
GSH/GSSG, or regulate nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase and the respiratory chain com-
plexes in mitochondrial, which are related to ROS production
and elimination.””->®

Through an experimental research,”* Chinese investiga-
tors found that the activity of cytochrome oxidase, NADPH
oxidase, and succinate dehydrogenase in the mitochondrial
suspension of diaphragm tissue from COPD rats in the
abdominal acupuncture group that received acupuncture
was higher than that in the model group, and the difference
between the two groups was statistically significant. Hence,
acupuncture may improve diaphragm function by increasing
the activities of NADPH oxidase and respiratory chain
complexes in mitochondrial to down-regulating diaphragm
protein damage caused by ROS overexpression.

Neural Respiratory Drive
The diaphragm is regulated by the central nervous system.
In a certain range, higher level of neural respiratory drive
(NRD) leads to higher contraction intensity of the dia-
phragm. The researchers believe that this mechanism is
used to compensate for the diaphragm dysfunction in
COPD, in which increasing respiratory drive to meet ven-
tilation needs.>® However, long-term over drive may rever-
sely aggravate diaphragm fatigue and further affect the
respiratory function in patients with COPD.®°

Some studies have explored the neural molecular
mechanism of the NRD changes in COPD and found that

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

2033

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

orexin (OX) plays an important role. OX is a kind of
neuropeptide. When OX binds to its receptors in the
Botzinger complex of medulla oblongata, it can increase
the level of NRD and the electromyographic activity of the
diaphragm.®"®® Liu ZB®* found that the excitation effect
on phrenic nerve induced by OX and the expression of
orexin and orexin receptor protein in rats with COPD were
significantly increased due to COPD. He thought that OX
may be involved in the pathophysiology of COPD and
regulate the NRD to diaphragm. Zhang et al®® performed
electroacupuncture on BL13 and ST36 of COPD rats for 2
weeks and found that the expression of orexin and its
receptors in the hypothalamus and the medulla were
decreased in response to intervention, along with the
improvement of respiratory frequency and lung ventilatory
capacity. Taking the above evidence together, we speculate
that acupuncture may participate in the central neural
regulation of diaphragm activity in COPD by affecting
the OX system. However, the specific mechanism still
needs to be further explored.

In conclusion, we summarized some potential mechan-
isms of acupuncture on diaphragm dysfunction in COPD
(Figure 3).

Strengths and Limitations
This study focused on the rehabilitation effect of acupunc-
ture on diaphragm dysfunction, which is the main extra-
effect of COPD, and the

pulmonary excluding

[

heterogeneity caused by other non-invasive acupoint treat-
ments (acupressure, moxibustion, acupoint application,
etc.). Our results further clarified the impacts of acupunc-
ture in COPD treatment. The summary of the acupuncture
schemes could provide a reference for its application in
improving the diaphragm function of COPD patients.

However, several limitations exist in this study: 1) the
design of acupuncture schemes across included studies has
obvious differences; 2) Indicators selection: MIP is widely
used as an effectively indicator to reflect the alteration of
diaphragm muscle strength in the evaluation of diaphragm
function, the scale for accessory respiratory muscle mobi-
lization has also been used in multiple studies in China to
reflect the main respiratory muscle fatigue. However, only
using the two indicators to reflect diaphragm functional
state is one-sided, and they respectively suffer from lim-
ited objectivity and insufficient sensitivity; 3) Blinding:
due to the characteristics of acupuncture operations, it is
difficult to achieve blinding for subjects and assessors,
which may introduce implementation bias.

Conclusion

In this review, we identified studies related to the effect of
acupuncture on diaphragm dysfunction in COPD and then
reorganized acupuncture schemes and rehabilitation
effects. The acupuncture schemes for diaphragm dysfunc-
tion in COPD are not uniform and lacks authority and

guidance. We conclude a possible acupoint selection idea

[ Inflammatory factors l]

NADPH Oxidase ;
Respiratory Chain Complexest

l in Mitochondria l

'

[Rosl]

[ Neural Respiratory Drive l]

L (‘Protein n diaphragm 1 | J
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Figure 3 Mechanism of acupuncture on diaphragm dysfunction in COPD.

!

[Regulate diaphragm movement]

Notes: On the one hand, acupuncture inhibits UPS activity by downregulating proinflammatory factors or reduce ROS production by upregulating NADPH oxidase and
respiratory chain complexes in mitochondrial to regulate the inflammatory response and oxidative stress on diaphragm protein degeneration and damage; on the other hand,
acupuncture may reduce neural respiratory drive by regulating OX content to affect diaphragm activity.
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after analyzing the acupoints used in each study, that is,
combining local point selection with picking specific
points to regulate lung, spleen, kidney, and stomach
while picking local points to stimulate diaphragm, so as
to treating the manifestation and root cause of COPD. We
hope that this work can provide reference for subsequent
research and clinical application.

In terms of rehabilitation effects, acupuncture has posi-
tive effects on enhancing diaphragm muscle strength and
increasing the work of respiratory muscle, whether
patients with COPD are in stable or acute exacerbation
stage. Acupuncture also could provide great boost to lung
function, hypoxia, and carbon dioxide retention. We have
found the possibility of using acupuncture to prevent and
relieve respiratory failure, a complication of diaphragmatic
dysfunction in COPD. The above findings are limited by
the heterogeneity of the acupuncture scheme and the small
number of included studies in the review, but these find-
ings remain positive and worthy of further exploration.
Moreover, we discussed the potential mechanism and
found that acupuncture may participate in the rehabilita-
tion of diaphragm dysfunction in COPD by regulating
inflammatory response, oxidative stress, or NRD.

Future Direction

The symptoms in different stages of COPD are diverse,
and individual differences in patients exist; the treatment
principle is that Traditional Chinese Medicine stress on,
such as “treatment based on syndrome differentiation” and
‘treatment in accordance with three categories of etiologic
factors’. Hence, a challenge needs to be solved when we
apply acupuncture on diaphragm dysfunction in COPD.
The acupuncture scheme lacks uniform standards and have
poor clinical reproducibility. To cope with this, we provide
a train of thought, which is whether we can divide subjects
according to different performance characteristics of
patients with COPD in the future research, on the basis
of ensuring sufficient sample size, to explore the optimal
acupuncture scheme for different performance character-
istics of COPD.

In addition, to deal with the limitations of evaluation
indicators selection in current relevant studies, we consider
that multivariate and safe methods, such as ultrasound, in
combination with indicators having stronger specificity
and multi-angle such as diaphragm mobility, diaphragm
thickness, should be chosen in future studies, to prove the
effect of acupuncture on diaphragm function in COPD
comprehensively.
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