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Abstract.

BACKGROUND: Aphasia is one of the most common complications in patients with ischemic stroke. Studies have shown
that acupuncture can improve the symptoms of aphasia patients. However, the effect of acupuncture on language function in
patients with ischemic stroke is still controversial.

OBJECTIVE: This study aimed to critically assess the efficacy and safety of acupuncture for aphasia following ischemic
stroke.

METHODS: PubMed, Embase, Cochrane Central Register of Controlled Trials, Web of Science Core Collection, China
National Knowledge Infrastructure, Wanfang Digital Periodicals, and Chinese Science and Technology Periodicals database
were searched. All randomized controlled trials (RCTs) that met the criteria were included.

RESULTS: Meta-analyses showed that mean difference in change of auditory comprehension score (MD=7.71, 95% CI:
1.83to 13.59, P=0.01), spontaneous speech (MD =2.77, 95% CI: 0.59 to 4.95, P =0.01), repetition score (MD = 14.48, 95%
CI: 11.04 to 17.91, P<0.00001) and naming score (MD =14.60, 95% CI: 11.33 to 17.88, P <0.00001) measured by WAB
scale were statistically significant. Subgroup analyses demonstrated that there were statistically significant mean differences
in four items of WAB scale in patients with sub-acute stroke, and no statistically significant differences in patients with acute
stroke.

CONCLUSION: The present study suggests that acupuncture may improve the language function of patients with aphasia
following ischemic stroke, especially during the sub-acute phase. However, due to insufficient sample sizes and information
on the safety, more high-quality RCTs are still needed.
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1. Introduction

Stroke is one of the leading causes of death and dis-
ease burden worldwide (Strong, Mathers, & Bonita,
2007). Ischemic stroke is the most common type of
stroke (Feigin, Norrving, & Mensah, 2017). Aphasia
is one of the most common complications in patients
with ischemic stroke. For example, a prospective
study showed that the incidence of aphasia was 30%
in patients with first-ever ischemic stroke (Engel-
ter et al., 2006). Inatomi et al. found that 15.2% of
patients experienced aphasia during the acute phase
of ischemic stroke (2008). Wu et al. indicated that
the prevalence of aphasia was 16.93% in patients
with acute ischemic stroke (2020). Aphasia after
stroke may be associated with cardioembolism cog-
nitive impairments, and contributes to poor survival,
increased long-term mortality, and high costs (Wu
et al., 2020; Ellis, Simpson, Bonilha, Mauldin, &
Simpson, 2012; El Hachioui et al., 2014; Laska, Hell-
blom, Murray, Kahan, & Von Arbin, 2001).

There are many pharmacological and non-
pharmacological interventions for aphasia in patients
with stroke (Greener, Enderby, & Whurr, 2001;
Picano, Quadrini, Pisano, & Marangolo, 2021). How-
ever, there was only a Class-I recommendation with
a level of evidence A that speech and language
therapy (SLT) was effective for aphasia following
stroke according to the latest guideline from the
American Heart Association/American Stroke Asso-
ciation (Winstein et al., 2016). A 2016 Cochrane
systematic review also indicated that SLT was ben-
eficial for improving functional communication in
patients with aphasia following stroke (Brady, Kelly,
Godwin, Enderby, & Campbell, 2016). However, it
remains unsatisfactory after SLT rehabilitation alone
(Nouwens et al., 2017). Guidelines for Stroke Pre-
vention and Treatment in China point out that there
is no consensus on the optimal frequency, optimal
intensity, time distribution or duration of SLT for
post-stroke aphasia (2021). A latest review indi-
cated that unconventional treatments as an adjunct
to conventional interventions were still needed for
aphasia rehabilitation (Picano, Quadrini, Pisano, &
Marangolo, 2021).

Acupuncture therapy is an important part of com-
plementary and alternative medicine (Mccubbin,
Kempe, & Beck, 2017), which has been used for thou-
sands of years in China. It has been considered as
adjunctive therapy for some complications of stroke
(such as dysphagia and hemiplegic shoulder pain) in
a recent clinical guideline (Winstein et al., 2016).

A systematic review has verified the effectiveness
and safety of acupuncture in reversing neurological
impairments during post-stroke rehabilitation (Yang
etal.,2016). A piece of level-B evidence showed that
acupuncture might be beneficial for post-stroke apha-
sia according to a clinical guideline in China (Zhang
et al., 2019). A clinical study has suggested the effi-
cacy of acupuncture for aphasia after stroke, which
can reduce the degree of aphasia (Wu, Hu, Wen, Li,
& Fu, 2016). However, acupuncture was also not
mentioned in the latest review investigating the effi-
cacy of new adjunctive approaches for post-stroke
aphasia (Picano, Quadrini, Pisano, & Marangolo,
2021). Due to insufficient sample sizes, it is still
unclear whether acupuncture therapy can improve the
language function of patients with aphasia follow-
ing ischemic stroke. Also, the safety of acupuncture
for aphasia following ischemic stroke has not been
assessed. Therefore, this systematic review aimed to
critically assess the efficacy and safety of acupuncture
for aphasia following ischemic stroke.

2. Method

This study was registered in PROSPERO (No.
CRD42021230262) and conducted according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement.

2.1. Criteria for considering studies for this
review

2.1.1. Types of participants

Patients who suffered from aphasia of any type
after ischemic stroke were eligible. Patients were
diagnosed with ischemic stroke according to acknow-
ledged diagnostic criteria, such as the World Health
Organization criteria, computerized tomography, and
magnetic resonance imaging (Stroke, 1989; Cheng
et al., 2015). Aphasia was defined by recognized
diagnostic criteria or tools, such as Western Apha-
sia Battery (WAB), and Aphasia Battery of Chinese
(ABC) (Shewan, & Kertesz, 1980; Gao et al., 1992).

2.1.2. Types of interventions

Experimental intervention was acupuncture com-
bined with SLT. Control interventions included SLT
alone or combined with sham acupuncture. Two com-
parisons (acupuncture plus SLT versus SLT, and
acupuncture plus SLT versus SLT plus sham acupunc-
ture) were investigated if possible. Type, frequency,
or course of acupuncture and SLT was unrestricted.
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2.1.3. Types of outcome measures

Primary outcome measures included change from
baseline in WAB score and Aphasia Quotient (AQ)
after treatment. WAB is an internationally recognized
scale to test aphasia impairment level (Wallace et al.,
2019) and includes seven areas: spontaneous speech,
auditory comprehension, repetition, naming, reading
and writing, praxis, and construction (Shewan, &
Kertesz, 1980; Crary, & Gonzalez Rothi, 1989). AQ
is a weighted scoring of four areas in WAB (spon-
taneous speech, auditory comprehension, repetition,
and naming) to assess the severity of the spoken lan-
guage deficit in aphasia (Crary, & Gonzalez Rothi,
1989). The higher score of any area or AQ indicates
the milder language impairment.

Secondary outcome measures included change
from baseline in ABC, Clinical Rehabilitation
Research Center Aphasia Examination (CRRCAE),
Chinese Functional Communication Profile (CFCP),
Comprehensive Activities of Daily Living (CADL)
after treatment, etc. Adverse reactions were also
assessed if possible. ABC is a Chinese-specific scale
to evaluate aphasia impairment level in adults (Gao
et al., 1992). CRRCAE is also a Chinese-specific
scale to quantificationally assess the severity of apha-
sia (Zhang et al., 2005). CFCP is a stroke-specific
scale to evaluate the ability of functional commu-
nication in aphasia patients (Wang, & Zhuo, 1992).
CADL can be used to assess comprehensive activi-
ties of daily living in stroke patients with satisfactory
reliability and validity (Hsueh, Wang, Liou, Lin, &
Hsieh, 2012).

2.1.4. Types of studies

Randomized controlled trials (RCTs) as the gold
standard for evaluating efficacy of interventions were
included regardless of language, publication date or
status. Grey literatures that met the eligible crite-
ria was also included. Quasi-RCTs were excluded to
reduce selection bias.

2.2. Search methods for identifying studies

PubMed, Embase, Cochrane Central Register of
Controlled Trials, Web of Science Core Collection,
China National Knowledge Infrastructure, Wanfang
Digital Periodicals, and Chinese Science and Tech-
nology Periodicals database were searched from
inception to April 2021. A detailed search strategy is
available in the Appendix. We also checked the refer-
ence lists of eligible studies, the WHO International
Clinical Trials Registry Platform, Chinese Clinical

Trial Registry, and ClinicalTrials.gov to identify any
other eligible studies.

2.3. Selection of studies

Selection of studies was completed independently
by two reviewers (TH, MLZ). Duplicates and irrel-
evant publications were excluded by checking the
title and abstract. Full texts of the remaining stud-
ies were checked for inclusion. The disagreement
between the two reviewers was solved by a third
reviewer (CYQ). The selection process is presented
in a PRISMA flowchart (Fig. 1).

2.4. Data extraction and management

Two authors (TH, BFZ) independently extracted
information on designs, participants, interventions,
outcomes, etc. A third review author (SZD) was
involved to solve disagreements. If necessary, authors
identified from original studies were asked for addi-
tional information.

2.5. Assessment of risk of bias in included
studies

Risk of bias of included studies was assessed by
two review authors (BMS, JBZ) independently using
Cochrane’s ‘Risk of bias’ tool (Higgins et al., 2021).
This tool includes seven important items on random-
ization, allocation concealment, blinding, outcome
data, outcome reporting, etc. Any item is graded as
high, low, or unclear risk of bias according to the
relevant information from included studies. Any dis-
agreement was resolved by a third reviewer (SZD).

2.6. Statistical analysis

Dichotomous outcomes were described using risk
ratios (RR) with 95% confidence intervals (CIs).
Mean difference (MD) with CIs was used as effect
size for continuous outcomes. Change of continuous
variables from baseline after treatment was estimated
according to methods from Cochrane handbook and
an assumptive correlation coefficient of 0.5 (Hig-
gins et al., 2021; Follmann, Elliott, Suh, & Cutler,
1992). Statistical heterogeneity was assessed by chi-
square test and I? value. We used the meta-analysis
with fixed-effects model (P>0.10 and 12 <50%) or
random-effects model ((P<0.10 or I2>50%) to
estimate overall effect size. A narrative description
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Fig. 1. PRISMA flow diagram of study retrieval and selection.
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was conducted if a meta-analysis was not feasible.
The meta-analysis was performed by RevMan 5.3
software. If possible, subgroup analysis was con-
ducted based on acute (first 14 days) and sub-acute
phase (from 15days to 6 months) after ischemic
stroke (Godecke et al., 2021; Bath, Lee, & Everton,
2018; Gaoetal., 2018). Publication bias was assessed
by the funnel plot or Egger’s test for a meta-analysis
involving more than ten studies.

3. Results
3.1. Literature search

We obtained 2334 potentially eligible studies
through an extensive search. Three hundred and fifty-
eight duplicates were deleted by EndNote software.
After checking titles and abstracts, 1859 irrelevant
studies were excluded. Then, we read full texts of
the remaining studies for inclusion. Finally, thir-
teen eligible studies (Liu et al., 2006; Luo, Tan, &
Huang, 2008; Sun, Ji, Cui, Chen, & Wang, 2010;
Luo, Huang, & Zhu, 2010; Mu et al., 2010; Wu
et al., 2010; Dong, 2011; Li, Xiao, Wang, Xiong, &
Huang, 2013; Zhou, Song, Li, & Li, 2015; Wang, &
Li, 2015; Xiong, Zhang, Guo, Fan, & Zhang, 2016;
Songetal.,2019; Zhong, 2019) were included for sta-
tistical analysis. The screening process is presented in
Fig. 1.

3.2. Characteristics of included studies

The characteristics of included studies are showed
in Table 1. These studies involved 848 patients, and
were published from 2006 to 2019. Sample size
ranged from 15 to 60 in each group. Three studies
included patients with acute stroke, five studies with
sub-acute stroke, and others with acute and sub-acute
stroke. Nine studies included patients with Broca’s
aphasia, one with Broca’s and Basal ganglion apha-
sia. The remaining studies did not report the type
of aphasia. Acupuncture plus SLT in experimental
group and SLT alone in control group were used in
all of eligible studies. The frequency of acupunc-
ture ranged from 3 to 7 times a week. The course
of acupuncture ranged from 20days to 16 weeks.
The reported outcome measures included WAB,
AQ, ABC, CFCP, CRRCAE, CADL, and BDAE.
Adverse reactions were not reported in any included
study.

Table 1
Characteristics of included studies

Outcome

Control Frequency of Duration of

interventions

Phase (course) of stroke Experimental

Type of

Number of Number of

patients in
experimental

Author, year

measures

acupuncture

acupuncture

interventions

aphasia

patients in

control
group

group

7 times a week  30days CRRCAE

SLT
SLT
SLT
SLT
SLT
SLT
SLT
SLT
SLT
SLT
SLT
SLT

TA +SLT

Acute (< 14 days)
Acute and sub-acute (< 6 months)
Acute and sub-acute (7 to 59 days)
Acute and sub-acute (< 6 months)

Broca, Basal ganglion

30
30
30
30
30
15
30
28

Liu, 2006
Luo, 2008
Sun, 2010
Luo, 2010
Mu, 2010
Wu, 2010

ABC

ABC

ABC
WAB,AQ, CADL

30days
4 weeks

6 times a week

TA +SLT

Broca
Unclear

30
30
30
30
15
30
29
36
20

5 times a week

TA +SLT

30days

5 times a week

TA +SLT

Broca
Broca
Broca
Broca
Broca
Unclear

30days

5 times a week
7 times a week

TA +SLT

Sub-acute (15 to 90 days)
Sub-acute (1 to 6 months)

BDAE, CRRCAE

20 days

TA +SLT

ABC
WAB, AQ

30days
4 weeks
4 weeks
4 weeks
5 weeks
16 weeks

5 times a week

TA +SLT

Acute (7 to 10 days)

Dong, 2011
Li, 2013

Unclear
3 times a week

TA +SLT

Acute (< 14 days)
Sub-acute (3 to 6 months)

Acute and sub-acute (1 to 24 days)

ABC, CFCP
ABC, CFCP
WAB,AQ,CFCP

TA +SLT

38

Zhou, 2015

6 times a week

TA +SLT

Broca
Broca
Unclear

20
32
35 in each

Wang, 2015

5 times a week

TA +SLT
(1)TA +SLT;(2) TA +
electroacupuncture + SLT

Sub-acute (20 to 54 days)

32
35

Xiong, 2016
Song, 2019

ABC

5 times a week

Sub-acute

Unclear Unclear BDAE,CADL

TA +SLT SLT

Abbreviations: TA, traditional acupuncture; SLT, speech and language therapy; WAB, Western Aphasia Battery; AQ, Aphasia Quotient; ABC, Aphasia Battery of Chinese; CFCP, Chinese

Functional Communication Profile; CRRCAE, Clinical Rehabilitation Research Center Aphasia Examination; CADL, Comprehensive Activities of Daily Living; BDAE, Boston Diagnostic

Aphasia Examination.

Acute and sub-acute (10 to 30 days)

Broca

60 60

group

Zhong, 2019
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Fig. 2. Risk of bias summary.

3.3. Assessment of risk of bias

The results of assessment of risk of bias are pre-
sented in Fig. 2. Twelve studies used random number
table to generate random sequence. Only one did not
report the method of generating random sequence.

Opaque and sealed envelope was used to reduce selec-
tion bias in one study. Other studies did not report
the method to conceal allocation. Outcome asses-
sor was blinded in one study. Because of insufficient
information, risk of bias in blinding item was graded
as unclear in other studies. Attrition bias was low,
and reporting and other bias were unclear in all of
included studies.

3.4. Primary outcomes

3.4.1. Change of any item score in WAB
(follow-up minus baseline)

WAB was reported in three eligible studies.
The results of meta-analyses are presented in
Fig. 3. Meta-analyses showed that mean difference
(acupuncture + SLT minus SLT) in change of audi-
tory comprehension score (MD =7.71, 95% CI: 1.83
to 13.59, P=0.01), spontaneous speech (MD =2.77,
95% CI: 0.59 to 4.95, P=0.01), repetition score
(MD =14.48, 95% CI: 11.04 to 17.91, P<0.00001)
and naming score (MD=14.60, 95% CI: 11.33 to
17.88, P<0.00001) were statistically significant.
Subgroup analyses demonstrated that there were sta-
tistically significant mean differences in the four
items in patients with sub-acute stroke, and no sta-
tistically significant differences in the four items in
patients with acute stroke.

3.4.2. Change of AQ (follow-up minus baseline)

Three eligible studies reported AQ value. The
meta-analysis indicated that change of AQ in
acupuncture plus SLT group was statistically higher
than that in SLT group (MD =18.42, 95% CI: 15.03
to 21.80, P<0.00001). The statistically significant
mean difference was also found in a subgroup analy-
sis based on acute and sub-acute stroke (Fig. 4).

3.5. Secondary outcomes

3.5.1. Change of any item score in ABC
(follow-up minus baseline)

ABC was reported in six eligible studies. The
results of meta-analyses are presented in Fig. 5.
According to meta-analyses, change of auditory com-
prehension score (MD =8.49, 95% CI: 1.51 to 15.47,
P =0.02) and repetition score (MD=10.11, 95% CI:
5.91 to 14.32, P<0.00001) in acupuncture plus SLT
group was significantly higher than that in SLT group.
However, no statistically significant mean differ-
ence (acupuncture + SLT minus SLT) was found in
change of spontaneous speech score (MD=11.54,
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95% CI: —6.33 t0 29.42, P=0.21) and naming score
(MD =4.13, 95%CI: —-0.43 to 8.69, P =0.08).

The results of subgroup analyses based on acute
and sub-acute stroke found that mean difference

(a) Auditory comprehension

Acupuncture+SLT SLT

237

(acupuncture + SLT minus SLT) in change of audi-
tory comprehension and spontaneous speech score
was statistically significant in patients with acute
stroke. Change of auditory comprehension score in
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Fig. 4. Forest plots of acupuncture plus SLT versus SLT for AQ score.

acupuncture plus SLT group was significantly higher
than that in SLT group in patients with sub-acute
stroke. Acupuncture plus SLT could significantly
increase repetition score compared with SLT alone
in patients with acute and sub-acute stroke.

One trial comparing traditional acupuncture+
electroacupuncture + SLT with SLT alone found sta-
tistically significant mean difference in change of
auditory comprehension score (MD =49.44, 95% CI:
40.07 to 58.81, P<0.00001), spontaneous speech
(MD =25.02, 95% CI: 21.60 to 28.44, P <0.00001),
repetition score (MD =21.79,95% CI: 17.30t0 26.28,
P<0.00001) and naming score (MD=29.61, 95%
CI: 24.58 to 34.64, P <0.00001), respectively.

3.5.2. Change of any item score in CRRCAE
(follow-up minus baseline)
Three trials reported CRRCAE score. In Fig. 6,
the results of meta-analyses found no statistically

significant difference in change of spontaneous
speech score (MD =7.49, 95% CI: —6.23 to 21.20,
P =0.28) and repetition score (MD =5.25, 95% CI:
—0.82 to 11.31, P=0.09) between two groups. Sub-
group analyses showed that change of spontaneous
speech score in acupuncture plus SLT group was sig-
nificantly higher than that in SLT group in patients
with sub-acute stroke. No statistically significant
mean difference (acupuncture + SLT minus SLT) in
change of other CRRCAE item scores was identified
in patients with acute or sub-acute stroke.

3.5.3. Change of CFCP score (follow-up minus
baseline)

One meta-analysis showed that change of CFCP
score in acupuncture plus SLT group was statisti-
cally higher (MD =40.98, 95% CI: 38.69 to 43.26,
P<0.00001) than that in SLT group in Fig. 7.
Subgroup analyses showed that mean difference
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(acupuncture + SLT minus SLT) in change of CFCP
score was statistically significant in two trials involv-
ing patients with sub-acute stroke (MD=40.97,
95% CI: 38.68 to 43.26, P <0.00001) and one trial
involving patients with acute and sub-acute stroke
(MD=42.33, 95% CI: 10.21 to 74.45, P=0.01),
respectively.

3.5.4. Change of CADL score (follow-up minus
baseline)

One meta-analysis showed that change of CADL
score in acupuncture plus SLT group was signifi-
cantly higher than that in SLT group (MD=18.12,
95% CI: 15.50 to 20.75, P<0.00001) in Fig. 8.
Subgroup analyses showed that mean difference
(acupuncture + SLT minus SLT) in change of CADL
score was statistically significant in one trial involv-
ing patients with sub-acute stroke (MD =27.60, 95%
CI: 12.46 t042.74, P =0.0004) and one trial involving

(a) Auditory comprehension
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(b) Spontaneous speech
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6.2.1 Acute Ischemic
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patients with acute and sub-acute stroke (MD =17.83,
95% CI: 15.16 to 20.50, P <0.00001), respectively.

3.5.5. Adverse reactions
No trials reported adverse reactions.

3.6. Publication bias

Publication bias was not assessed by funnel plots
because of no meta-analyses involving more than ten
studies.

4. Discussion

4.1. Main findings and comparisons with
existing literature

The present study is the first systematic review to
critically assess the efficacy and safety of acupunc-
ture for aphasia following ischemic stroke. SLT was
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Fig. 5. (Continued)
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(c) Repetition

Acupuncture+SLT SLT Mean Difference Mean Difference
Study or Subgrou Mean SD__Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
6.3.1 Acute Ischemic
Dong 2011 32.24 30.04 30 19.83 32.08 30 12.41 [-3.32,28.14]
Subtotal (95% Cl) 30 30 57% 12.41[-3.32,28.14] e e—
Heterogeneity: Not applicable
Test for overall effect. Z=1.55 (P=0.12)
6.3.2 Subacute Ischemic
Song 2019 2655 953 35 2466 9.4 35 21.3% 1.89[-2.54,6.32] | E==
Subtotal (95% Cl) 35 35 21.3% 1.89 [-2.54, 6.32] .‘
Heterogeneity: Not applicable
Test for overall effect: Z= 0.84 (P = 0.40)
6.3.3 Acute and subacute Ischemic
Luo 2008 2274 693 30 1287 7.02 30 23.3% 9.87 [6.34, 13.40] ==
Luo 2010 227 6.95 30 889 704 30 233% 13.81[10.27,17.35] o
Sun 2010 2248 345 30 929 367 30 26.5% 13.19[11.39,14.99] -
Subtotal (95% ClI) 90 90 73.0% 12.54[10.50,14.58] <&
Heterogeneity: Tau*=1.24; Chi*=3.13,df= 2 (P =0.21); = 36%
Test for overall effect: Z=12.07 (P < 0.00001)
Total (95% ClI) 155 155 100.0% 10.11[5.91,14.32] -
Heterogeneity: Tau® = 16.54; Chi*= 23.83, df= 4 (P < 0.0001); I*= 83% o 0 5

Test for overall effect: Z= 4,71 (P < 0.00001)

Test for subaroun differences: Chi*=18.34_df= 2 (P = 0.0001). F=89.1%

(d) Naming
Acupuncture+SLT SLT
Study or Subgroup Mean SD__Total Mean

Dong 2011 31.69 2354 30 18.22 3054 30
Song 2019 2068 10.37 3% 17.7 10.26
Total (95% CI) 65

Heterogeneity: Chi*=1.98, df=1 (P = 0.16); F= 49%
Testfor overall effect: Z=1.77 (P=0.08)

(e) Reading
Acupuncture+SLT SLT
r I Mean Total n Total Weight
Zhou 2015 30.98 23 38 1455 137
Total (95% CI) 38

Heterogeneity: Not applicable
Test for overall effect: Z= 37.56 (P < 0.00001)

SD_Total Weight

SLT Acupuncture+SLT

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

65 100.0%

10.9% 13.47 [-0.33,27.27]
35 891%

2.98 [1.85, 7.81]

413 [-0.43, 8.69]

.20 10 0 10 20
SLT Acupuncture+SLT

Mean Difference Mean Difference
IV, Fixed, 95% CI IV, Fixi % CI

36 100.0%

16.43[15.57,17.29]

36 100.0% 16.43 [15.57, 17.29] ]

200 10 0 10 20
SLT Acupuncture+SLT

Fig. 5. Forest plots of acupuncture plus SLT versus SLT for ABC score.

recommended for treating aphasia following stroke
according to a latest guideline (Winstein et al.,
2016). Our meta-analysis showed that acupuncture
combined with SLT significantly improved auditory
comprehension, spontaneous speech, repetition, and
naming items measured by WAB scale compared
with SLT alone. No previous systematic reviews con-
ducted the subgroup analysis based on acute and
sub-acute ischemic stroke to assess the improve-
ment in language functioning between acupuncture
plus SLT and SLT alone (Zhang et al., 2019; Tang,
Tang, Yang, Wu, & Shen, 2019). In this study, sig-
nificant improvements in the above-mentioned four
items in WAB scale were also found in patients with
sub-acute ischemic stroke. However, there were no
significant differences in the above-mentioned four

items in WAB scale between acupuncture plus SLT
and SLT alone in patients with acute ischemic stroke.
AQ can be used to assess the severity of the spoken
language deficit in aphasia (Crary, & Gonzalez Rothi,
1989). Anincrease in AQ score indicates an improve-
ment in language impairment. The results from a
meta-analysis involving three studies showed that
acupuncture plus SLT could significantly increase AQ
score compared with SLT alone in patients with apha-
sia following ischemic stroke. However, comparisons
with existing literature were restricted because no
previous systematic reviews on acupuncture for post-
stroke aphasia reported AQ score (Zhang et al., 2019;
Tang, Tang, Yang, Wu, & Shen, 2019). A recent
review found that the optimal timing of SLT for apha-
sia after stroke was inconclusive (Nouwens et al.,



B. Sang et al. / Does acupuncture therapy improve language function of patients with aphasia 241
(a) Auditory comprehension
Acupuncture+SLT SLT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Liu 2006 76 521 30 47 6.05 28 100.0% 2.90[-0.02, 5.82)
Total (95% ClI) 30 28 100.0% 2.90[-0.02,5.82]
?:;? ?E?ECE::’H r:;;;pgn_c 7"52 {P=0.05) A0 5 0 5 10
T - SLT Acupuncture+SLT
(b) Spontaneous speech
Acupuncture+SLT SLT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liu 2006 56 5865 30 43 848 28 56.1% 1.30[-2.44,5.04]
Wu 2010 31.47 1635 15 16.07 123 15 439% 15.40[5.05, 25.75) ——
Total (95% ClI) 45 43 100.0% 7.49[-6.23, 21.20]
Heterogeneity: Tau®= 83.64; Ch*= 6.30, df=1 (P = 0.01); F= 84% 50 0 B 1 %
Test for overall effect: Z=1.07 (P =0.28) SLT Acupuncture+SLT
(c) Repetition
Acupuncture+SLT SLT Mean Difference Mean Difference
Study or Su Mean SD__Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Liu 2006 1086 11.77 30 6 1253 28 93.7% 4.60[1.67,10.87] ':._
Wu 2010 26.26 39.34 15 11.46 2682 15 6.3% 14.80[9.29,38.89]
Total (95% CI) 45 43 100.0% 5.25[-0.82,11.31] -
Heterogeneity: Chi*= 0.64, df=1 (P = 0.42); *= 0% t t t }
e s -20 10 0 10 20
Test for overall effect: Z=1.70 (P = 0.09) SLT Acupuncture+SLT
(d) Read Aloud
Acunpuncture+SLT SLT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Liu 2006 6.7 10.02 30 47 11 28 100.0% 2.00[-3.46, 7.46]
Total (95% CI) 30 28 100.0% 2.00 [-3.46, 7.46]
Heterogeneity: Not applicable I t 1 + {
g _ -100 -50 0 50 100
Testfor overall effect Z=0.72 (P=0.47) SLT Acunpunclure+SLT
(e) Reading
Acupuncture+SLT SLT Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liu 2006 87 534 30 57 878 28 100.0% 3.00 [-0.77,6.77)
Total (95% ClI) 30 28 100.0%  3.00[-0.77,6.77]
Heterogeneity: Not applicable 30 0 0 10 20

Test for overall effect: Z=1.56 (P=0.12)

SLT Acupuncture+SLT

Fig. 6. Forest plots of acupuncture plus SLT versus SLT for CRRCAE score.

2015). In this study, a subgroup analysis found that
AQ score was increased significantly after acupunc-
ture plus SLT treatment compared with SLT alone in
patients with both acute and sub-acute stroke. It sug-
gests that acupuncture may have beneficial effects on
aphasia after ischemic stroke, especially during the
sub-acute phase.

In a previous systematic review, pooled effects
were estimated with the standard mean difference
due to the heterogeneity of measurement tools (Zhang
et al., 2019). In this study, pooled effects were esti-
mated conservatively based on WAB, ABC, and
CRRCAE scale, respectively. Heterogeneous results
from different measurement tools were identified.

For example, no statistically significant difference
was found between the two groups in spontaneous
speech item in ABC scale. The use of acupuncture for
aphasia following ischemic stroke may be restricted
in making clinical decisions due to heterogeneous
results of the meta-analyses. More high-quality RCTs
on this topic are still needed.

Wallace et al. developed the Research Outcome
Measurement in Aphasia (ROMA) consensus state-
ment to measure core outcomes for patients with
post-stroke aphasia in 2019 (2019). ROMA includes
Western Aphasia Battery Revised (WAB-R), Gen-
eral Health Questionnaire (GHQ), and Stroke and
Aphasia Quality of Life Scale (SAQOL-39). In the
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Fig. 7. Forest plots of acupuncture plus SLT versus SLT for CFCP score.
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Fig. 8. Forest plots of acupuncture plus SLT versus SLT for CADL score.

present study, WAB was considered as the primary
outcome measure, and only three of thirteen included
studies reported WAB score. However, WAB was
used as a secondary outcome measure in a previ-
ous systematic review (Zhang et al., 2019). GHQ and
SAQOL-39 were not reported in systematic reviews
on this topic. The heterogeneity of reported out-
comes may lead to the difficulty of combining and
comparing results from different studies and waste
of resources. Therefore, it is recommended to use
ROMAA in further studies of acupuncture for aphasia
following ischemic stroke.

Functional magnetic resonance imaging (fMRI)
has been widely used to investigate the mecha-
nisms of language function recovery in patients
with post-stroke aphasia (Smits, Visch-Brink, van de
Sandt-Koenderman, & van der Lugt, 2012). Time
to peak (TTP) is a blood oxygen level-dependent
signal measured by fMRI. A study found that the
TTP in the left perisylvian area in 3 patients with
stroke-induced aphasia was increased significantly
compared with normal participants (Bonakdarpour,
Parrish, & Thompson, 2007). Another study showed
that patients with aphasia following stroke had
longer TTP in the left hemisphere naming network
than healthy individuals (Bonakdarpour, Beeson,

DeMarco, & Rapcsak, 2015). A negative correlation
was found between WAB-AQ and TTP in the nam-
ing network (Bonakdarpour, Beeson, DeMarco, &
Rapcsak, 2015). A regression analysis showed that
improvement in AQ was associated with blood oxy-
gen level-dependent activation in the speech area after
acupuncture treatment in patients with post-stroke
aphasia (Chau, Fai Cheung, Jiang, Au-Yeung, & Li,
2010). A review reported that acupuncture had mod-
ulatory effects in multiple brain regions (Bai, & Lao,
2013). A study found that acupuncture might induce
some specific patterns of brain activity in healthy
participants (Yan et al., 2005). Li et al. reported
that the brain on the lesion side might be activated
by acupuncture in patients with aphasia after stroke
(2011). Our findings may be explained partly by the
above-mentioned evidence.

4.2. Limitations

This systematic review has some limitations. Effect
size may be overestimated due to the small sample
size. The incidence of aphasia was different between
men and women after stroke (Wallentin 2018).
However, no subgroup analysis based on gender
was conducted because of insufficient information.
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In addition, the subgroup analysis based on the type
of aphasia was also not conducted because the type of
aphasia was not provided in some included studies.

5. Conclusions

The present study suggests that acupuncture may
improve the language function of patients with apha-
sia following ischemic stroke, especially during the
sub-acute phase. However, due to insufficient sample
sizes and information on the safety, more high-quality
RCTs are still needed.
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