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Transcutaneous electrical acupoint stimulation (TEAS) is a noninvasive and therapeutic technique that stimulated the
acupoint by delivering electricity. Whether TEAS could relieve cancer-related fatigue (CRF), anxiety, and depression and
improve the quality of life in cancer patients remains controversial. Thus, we conducted a thorough literature search of
electronic Chinese and English databases for randomized controlled trials (RCTs) reporting the effect of CRF, anxiety,
depression, and quality of life in cancer patients from inception to July 1%, 2021. The Cochrane Collaboration Risk of Bias
criteria were used to assess the risk of bias for each included RCT. Continuous variables were analyzed using standardized
mean difference (SMD) and 95% confidence interval (CI). A fixed-effects model was used for the meta-analysis of all
outcomes. A total of nine RCTs with 924 cancer patients were included in this analysis, including 460 patients in the
interventional group and 464 patients in the control group. We found that TEAS could significantly reduce CRF, depression,
and anxiety (SWD =-0.83, 95% CI: —-0.99 to —0.66, P < 0.05) and improve the quality of life (SWD =-1.37, 95% CI: —2.34 to
-0.40, P <0.05). The funnel plot analysis revealed no significant publication bias. We conclude that TEAS is beneficial for
reducing CRF, depression, and anxiety and improving the quality of life of cancer patients, but additional high-quality
evidence in the future is entailed to support this.

1. Introduction

Tumor cells can be eliminated through a variety of methods,
including surgery, chemotherapy, radiotherapy, molecular
targeted therapy, and immunotherapy [1]. However, most of
these treatments are associated with significant side effects.
For instance, 30-60% of cancer patients undergoing

treatment reportedly develop severe cancer-related fatigue
(CRF), which can lead to treatment interruption because of
poor results from reduced physical function and reduced
motor capacity [1]. Fatigue usually decreases within a year
after treatment completion, but CRF is expected to last for
months or even years in a small subset of patients after
successful treatment [2]. In addition, cancer patients may
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develop serious negative emotions such as depression and
anxiety, which further adversely affect the overall quality of
life.

Transcutaneous electrical acupoint stimulation
(TEAS) is a noninvasive therapeutic approach based on
percutaneous electrical nerve stimulation [3]. TEAS uses a
combination of electrodes with traditional Chinese acu-
puncture to stimulate specific acupoints of the body
without needles, relieving symptoms and facilitating re-
covery [3]. Currently, the clinical application of TEAS in
cancer patients and those with negative emotions remains
controversial. Hou et al. [3] reported that the Revised
Piper Fatigue Scale (RPES) scores of the interventional
group decreased significantly compared with the control
group after 28 days of TEAS treatment for lung cancer,
indicating that TEAS may help reduce the CRF in lung
cancer patients. However, there was no statistical differ-
ence in the RPFS scores between the interventional and
control groups in terms of the effect of TEAS on CRF in
breast cancer patients [4]. The therapeutic effects of TEAS
on CRF, negative emotions, and quality of life of cancer
patients remain largely unknown. Therefore, our review
aims to systemically analyze and study on the effect of
TEAS in cancer patients and to quantify the effects of
TEAS.

2. Methods

2.1. Search Strategy. Investigators searched for eligible lit-
erature from the following electronic databases: PubMed,
Web of Science, Embase, Cochrane Library, China National
Knowledge Infrastructure (CNKI), Chinese Biomedical
Literature Database (CBM), Wanfang Database, and Chi-
nese Science and Technology Journal Database (VIP). For
example, we searched PubMed using combinations of
medical subject headings terms: (tumor [Title/Abstract]) OR
(cancer [Title/Abstract]) AND (transcutaneous electrical
acupoint stimulation [Title/Abstract]) AND (fatigue [Title/
Abstract]) OR (depression [Title/Abstract]) OR (anxiety
[Title/Abstract]). Manual hand-searching of reference lists
and relevant papers was performed to identify additional
studies or dissertations of relevance.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (I) Studies involving adult (age >18
years) hospitalized patients with a cancer diagnosis based
upon imaging or pathology [5]; (II) patients included
were lucid without mental disorders; (III) studies in-
volving the following intervention measures: the inter-
vention group adopted TEAS whereas the control group
adopted conventional nursing care or health education
nursing method; (IV) primary study outcome was
changes of CRF, and secondary outcomes were changes of
negative emotions (depression or anxiety) and quality of
life; and (V) study design was randomized controlled
trials (RCTs). The exclusion criteria were as follows: (I)
reviews or duplicate studies; (II) studies where the
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specific data could not be extracted; and (III) studies
involving TEAS combined with other interventions in the
intervention group.

2.3. Data Extraction. Two reviewers screened the search
results by checking the titles and abstracts according to the
inclusion criteria and subsequently read the full texts of the
articles to select relevant studies. Data were independently
extracted by two reviewers using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Interventions
[6]. The form includes four domains: (I) a description of the
characteristics of the included studies (year of publication,
name of the first author, study design); (II) characteristics of
the participants (sample size, demographics, and disease
information); (III) intervention (type and duration); and (IV)
report results and relevant questionnaires. Disagreements
between the two reviewers were resolved through discussion
or consultation with a third member of the review team.

2.4. Quality Assessment. The Cochrane Collaboration Risk
of Bias criteria were used to assess the risk of bias for each
included study [7]. The following seven domains were
considered: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective
reporting, and other sources of bias. Studies that fully met
these criteria were classified as “A” (high-quality), whereas
those that met some of the above criteria were classified as
“B” (medium quality). Studies that did not meet any of the
above criteria were classified as “C” (low quality) and ex-
cluded from the analysis.

2.5. Statistical Analyses. The meta-analysis was conducted
using RevMan software (Version 5.3; Cochrane Collabora-
tion, Oxford, England). The mean difference (MD) or stan-
dardized mean difference (SMD) with a 95% confidence
interval (CI) was used to calculate the effect size for con-
tinuous variables. The magnitude of interstudy heterogeneity
was quantified using the Cochran Q test (test level is « =0.1)
and the I” statistics. When P < 0.05 and I* >50%, the random-
effects model was used to measure heterogeneity; otherwise,
the fixed-effects model was used, and subgroup analysis was
conducted to detect the potential source of heterogeneity.
Finally, the publication bias was qualitatively analyzed by the
funnel plots and quantitatively by Egger’s test.

3. Results

3.1. Overall Summary of Meta-Analyses. A total of 267
studies were initially identified. We excluded 120 duplicate
articles, 23 case reports or reviews, 32 articles not eligible for
inclusion, 60 articles not meeting primary endpoints, and 23
articles without specific data. Finally, nine articles were
included in our models (three English articles and six
Chinese articles). The identification and screening of studies
are shown in the flow diagram (Figure 1).
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FiGure 1: Study flow diagram.

3.2. Characteristics of the Included Studies. A total of nine
RCTs published between 2009 and 2020 were included
in this analysis. The studies reported data on a total of
924 patients with cancer, including 460 patients in the
interventional group and 464 patients in the control
group. The sample size of the included studies ranged
from 60 to 127, and the intervention time ranged from
5 days to 8 weeks. Six studies assessed CRF endpoints
with RPFS, four studies included an assessment of anxiety
or depression using the Self-rating Anxiety Scale (SAS)
and Self-rating Depression Scale (SDS), and three studies
included an assessment of the quality of life based on The
European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Core30 (EORTc
QLQ-C30) and Functional Assessment of Cancer Therapy
General (FACt-G). The detailed characteristics are
summarized in Table 1 [3, 4, 8-14].

3.3. Evaluation of the Methodological Quality of the Studies.
Eight RCT studies used the randomization method. One
study only mentioned randomization without illustrating
the specific method. Three RCTs mentioned allocation
concealment. Participants were blinded in two studies, and
assessors were blinded in five studies. No statistically sig-
nificant heterogeneity was observed among the nine studies
(Figure 2).

3.4. Effects of TEAS on CRF. Six RCTs [3, 4, 10-13] that
assessed the effect of TEAS on CRE (I*>=0%, P=0.95)

showed that the CRF of the intervention group was sig-
nificantly lower than that of the control group
(SWD=-0.83, 95% CL. -0.99 to -0.66, P<0.05), as
shown in Figure 3. The included studies were further ana-
lyzed according to whether the intervention duration
exceeded 28 days. In cases where the duration of inter-
vention was <28 days, the CRF in the intervention group was
significantly lower than that of the control group
(SWD =-0.88, 95% CI: —1.13 to —0.63, P <0.05). Similarly,
in studies with a duration of intervention >28 days, the CRF
of the intervention group was also significantly lower than
that of the control group (SWD =-0.79, 95% CI: -1.01 to
-0.57, P <0.05) (Figure 4). Subgroup analyses based on the
sample size showed that statistical difference between the
two groups can be observed regardless of whether the sample
size was >100 (SWD=-0.92, 95% CI: —-1.25 to -0.59,
P <0.05) or <100 (SWD =-0.80, 95% CI: —0.99 to —0.60,
P <0.05) (Figure 4).

3.5. Effects of TEAS on Negative Emotions. Four RCTs
[8-10, 14] assessed the effect of TEAS on negative emo-
tions in patients with cancer (I*=93%, P<0.05). The
negative emotion in the intervention group was less severe
than that in the control group (SWD=-1.46, 95% CI:
—-2.15 to —-0.77, P <0.05) (Figure 5). The analysis showed
that there was a statistical difference between the two
groups after intervention in terms of anxiety
(SWD=-1.37, 95% CI: -2.34 to —0.40, P<0.05) and
depression (SWD=-1.64, 95% CI: -2.40 to -0.89,
P <0.05) (Figure 5).
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TaBLE 1: Characteristics of the included studies.
Sample Age (years) . Outcome
Author, size (mean +SD or Gender Cancer type Treatment method Interyentlon indicator Quality
year (F/M) time
(n, T/C) range) (scale)
Tai et al,, 127, 62/ . .
2020 [8] 65 - - Metastatic cancer Surgery + chemotherapy 5 days Anxiety (SAS) B
Gao and ) A ) ) Anxiety (SAS);
Luo, 2019 84, 42/42 T: 40-74 G T 19/23; Lung cancer Chemotherapy 8 days depression B
41-75 C: 18/24
(9] (SDS)
CRF (RPFS);
Hu et al, 100,50/ T:65.24+8.45; T:18/32; anxiety (SAS);
2019 [10] 50 C:6470£9.65 C:18/32  -ungcancer Chemotherapy 21 days depression B
(SDS)
Huang CRF (RPES);
120, 60/ T:58.25+6.91; T: 29/31; . quality of life
and Zhao, 60 C: 59134762 C: 32/28 Uncertain Surgery + chemotherapy 8 weeks (EORTc QLQ- B
2019 [11]
C30)
Li et al, 108, 55/ T: 59.85+10.34; T: 28/27; Uncertain Chemotherapy 5 days ;:uliit;R(l))fFlsigé B
2020 [12] 53 C: 56.83+11.06 C: 25/28 (FACT-G)
CRF (RPFS);
Wu et al., 113,57/ T:58.53+8.42; T:15/42; quality of life
2017 [13] 56 C:58.52+10.65 C:10/46  ung cancer Chemotherapy 28days  porTe QLQ- P
C30)
Hou et al., 113,57/ T:58.06+8.42; T:15/42;
2017 [3] 56 C: 582741057 C: 10/46 Lung cancer Chemotherapy 28 days CRF (RPFS) B
Sun, 2011 T: 58.0+6.1; C: T:16/14; Gastrointestinal
(4] 60, 30/30 574469 C: 18/12 cancer Chemotherapy 7 days CRF (RPFS) B
Hu et al, 113,51/ T:59.98+8.51; T:15/36; .
2017 [14] 62 C: 58.81+1050 C:11/51 Lung cancer Chemotherapy 28 days Anxiety (SAS) A

Undetermined in cancer type refers to the original literature indicating the inclusion of patients with unspecified tumor types. Full compliance with the risk of
bias in the Cochrane RCTs is grade “A” (high-quality), and partial compliance with the original studies is grade “B” (moderate quality). T, interventional
group; C, control group; F, female, M, male; CRF, cancer-related fatigue; RCT, randomized controlled trial; SAS, Self-rating Anxiety Scale; RPFS, Revised
Piper Fatigue Scale; SD, standard deviation; SDS, Self-rating Depression Scale; EORTc QLQ-C30, European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-Core 30.
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FIGURE 2: Risk of bias graph.

3.6. Effects of TEAS on the Quality of Life. Three RCTs
[11-13] assessed the impact of TEAS on the quality of life of
patients with cancer (I = 83%, P <0.05). The result showed

that the quality of life in the intervention group was higher
than that in the control group (SWD =0.74, 95% CI: 0.20 to
1.27, P <0.05) (Figure 6).
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Experimental Group Control Group Weight Std. Mean Difference Std. Mean Difference
Study or Subgroup ~ Mean SD Total Mean SD Total (%)  IV.Random.95% CI IV.Random.95% CI
1.2.1 Intervention Time>28 days
Hou et al 2017 206 09 57 3 1.29 56 18.4 -0.84(-1.23,-0.46) -
Wu YF 2017 2 3 1.29 56 18.4 -0.84(-1.23,-0.46) -+
Huang F 2017 3 428 1.85 60 20.1 -0.69(-1.06,-0.32) -+
Subtotal (95% CI) 172 56.8 -0.79(-1.01,-0.57) ‘
Heterogengeity. Tau?=0.00;Chi?=0.42, df=2 (P = 0.81); I* = 0%
Test for overall effect; Z = 7.04 (P < 0.00001)
1.2.1 Intervention Time<28 days
Sun QY 2011 6.06 0.1 30 6.17 0.11 30 9.3 -1.03(-1.57,-0.49) —
LiY 2017 3.83 0.66 55 444 085 53 17.6 -1.82(-1.22,-0.43) -+~
Hu MZ 2018 2.08 0.89 50 3.02 126 50 16.2 -0.86(-1.27,-0.44) +
Subtotal (95% CI) 135 133 43.2 -0.88(-1.13,-0.63) ‘
Heterogengeity. Tau?=0.00;Chi*=0.40, df=2 (P = 0.82); I* = 0%
Test for overall effect; Z = 6.87 (P < 0.00001)
Total (95% CI) 309 305  100.0 -0.83(-0.99,-0.66) ‘
Heterogengeity. Tau?=0.00;Chi’=1.12, df=5 (P = 0.95); I* = 0% f f f f
Test for overall effect; Z = 9.82 (P < 0.00001) -4 -2 0 2 4
Test for subgroup differences; Chi*=0.30. df = 1 (P = 0.58). I* = 0% Favours Favours

(experimental)  (Control)

FIGURE 3: Forest plot. Subgroup analysis of cancer-related fatigue in the interventional and control groups (intervention time). SD, standard
deviation; CI, confidence interval.

Experimental Group Control Group Weight Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total (%) IV.Random.95% CI IV.Random.95% CI
1.1.1 Sample Size <100
Hou et al 2017 206 09 57 3 1.29 56 18.4 -0.84(-1.23,-0.46)
Wu YF 2017 206 09 57 3 1.29 56 18.4 -0.84(-1.23,-0.46)
LiY 2017 3.81 0.66 55 444 0.85 56 17.6 -0.82(-1.22,-0.43) ]
Huang F 2017 3 1.23 60 4.28 1.85 60 20.1 -0.69(-1.06,-0.32) =
Subtotal (95% CI) 229 225 74.5 -0.80(-0.99,-0.60) :
Heterogengeity. Tau?=0.00;Chi?=0.44, df=3 (P = 0.93); I = 0% ’

Test for overall effect; Z = 8.15 (P < 0.00001)

1.1.3 Sample Size >100

Sun QY 2011 606 01 30 617 0.11 30 9.3 -1.03(-1.57,-0.49) -
Hu MZ 2018 2.08 0.89 50 3.02 126 50 16.2 -0.86(-1.27,-0.44) =
Subtotal (95% CI) 80 80 255 -0.92(-1.25,-0.59) ‘

Heterogengeity. Tau?=0.00;Chi?=0.26, df=1 (P = 0.61); I? = 0%
Test for overall effect; Z = 5.52 (P < 0.00001)

Total (95% CI) 309 305 1000 -0.83(-0.99,-0.66)
Heterogengeity. Tau?=0.00;Chi?=1.12, df=5(P = 0.95); I2 = 0% — —
Test for overall effect; Z = 9.82 (P < 0.00001) 1005 0 5 10

Test for subgroup differences; Chi?=0.41. df = 1 (P = 0.52). I* = 0% Favours Favours
(experimental)  (Control)

FIGURE 4: Forest plot. Subgroup analysis of cancer-related fatigue in the interventional and control groups (sample size). SD, standard
deviation; CI, confidence interval.
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Experimental Group Control Group Weight Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total (%) 1V.Random.95% CI IV.Random.95% CI
2.1.1 Anxiety

Hou et al 2009 27.86 6.73 51 3563 9.92 62 17.0 -0.89(-1.28,-0.51) -

Tai et al 2020 4577 848 62 47.78 7.59 65 17.2 -0.25(-0.60,-0.10) =

Hu MZ 2018 42,12 3.68 50 49.78 243 50 16.3 -2.44(-2.96,-1.92) -

Gao L 2019 463 54 42 585 6.8 42 16.3 -1.97(-2.49,-1.44) -

Subtotal (95% CI) 205 219 66.9 -0.37(-2.34,-0.40) ’
Heterogengeity. Tau?=0.93;Chi?=59.62, df=3(P < 0.00001); I = 95%

Test for overall effect; Z =2.77 (P = 0.006)

2.1.2 Depression

Hu MZ 2018b 4296 7.69 50 5521 3.53 50 16.5 -2.03(-2.52,-1.55) -

Gao L 2019b 493 65 42 572 59 42 16.6  -1.26(-1.73,-0.79) -

Subtotal (95% CI) 92 92 33.1  -1.64(-2.40,-0.89) ¢
Heterogengeity. Tau?=0.24;Chi?=4.99, df=1(P = 0.03); I> = 80%

Test for overall effect; Z = 4.27 (P < 0.0001)

Total (95% CI) 297 311 100.0 -1.46(-2.15,-0.77) ¢
Heterogengeity. Tau?=0.69;Chi*=71.79, df=5(P < 0.00001); I = 93% ; ; ; ;
Test for overall effect; Z = 4.14 (P < 0.0001) 10 -5 0 5 10

Test for subgroup differences; Chi?=0.19. df = 1 (P = 0.66). I> = 0%

Experimental Control
Group Group

FiGgure 5: Forest plot. Subgroup analysis of negative emotions in the

standard deviation; CI, confidence interval.

interventional and control groups (anxiety and depression). SD,

Experimental Group ~ Control Group  Weight Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total (%)  IV.Random.95% CI IV.Random.95% CI

Wu YF 2017 64.56 5 57 5448 9.68 56 32.6 1.30(0.90,1.71) [ |

LiY 2017 65.13 9.04 55 60.81 12.29 53 33.4 0.4(0.02,0.78)

Huang F 2017 84.69 1631 60 76.29 1551 60 33.9 0.52(0.16,0.89)

Total (95% CI) 172 169 100.0  0.74(0.20,1.27)

Heterogengeity. Tau?=0.19;Chi*=11.70, df=2 (P = 0.003); I* = 83% f f f f f

Test for overall effect; Z = 2.69 (P = 0.007) -20 -10 0 10 20

Favours Favours

(experimental) (Control)

FIGURE 6: Forest plot. Subgroup analysis of quality of life in the interventional and control groups. SD, standard deviation; CI, confidence

interval.

3.7. Publication Bias. The funnel plots of CRF and negative
emotion were not suggestive of publication bias as indicated
by relative symmetry about the cumulative effect size
(Figures 7 and 8).

4. Discussion

In this meta-analysis, we examined the effects of TEAS on the
CRF, anxiety, depression, and quality of life in cancer patients
and found that TEAS significantly improved the CRF, anxiety,
depression, and quality of life in cancer patients.

We focused on the most common symptoms related
to TEAS in nine studies with cancer patients, namely, CRF,
anxiety, and depression. CRF is one of the most common
symptoms of cancer survivors, and it is estimated that up to
90% and 27-82% of patients suffer from CRF during and after
cancer treatment, respectively [15, 16]. CRF is defined as

multidimensional and distressing fatigue related to cancer
and/or cancer treatment that interferes with activities of daily
living and significantly diminishes the quality of life [17].
Although chemotherapy and radiation therapy can be ef-
fective in treating physical disorders, they can hardly improve
mental health. In fact, anxiety, stress, and depression often
occur before and during cancer treatment [18]. As shown in
our meta-analysis, TEAS can effectively reduce CRF; however,
it must also be acknowledged that considerable heterogeneity
exists between studies, including different tumor types, du-
ration of intervention, and sample size. It has already been
suggested that TEAS can reduce levels of inflammatory cy-
tokines and improve CRF, which is a common and persistent
adverse reaction of cancer treatment [3, 19].

Our results are consistent with the findings of several
RCTs [8-10, 14], indicating that TEAS can significantly
reduce anxiety and depressive symptoms in patients with



Contrast Media & Molecular Imaging

0.0 4
0.1 4

0.2 4

SE (SMD)

0.3 4

0.4 4

N S VNS

0.5

-10 -5 0 5 10

Subgroups
O Sample size <100
<& Sample size >100

FiGgure 7: Funnel plots of studies with cancer-related fatigue as the
endpoint. SE, standard error; SMD, standardized mean difference.
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FiGure 8: Funnel plots of studies with negative emotions as the
endpoint. SE, standard error; SMD, standardized mean difference.

cancer. A variety of treatments can negatively affect cancer
patients, leading to anxiety and depression symptoms [20].
Thoughtful application of TEAS can actually increase self-
esteem and self-confidence, relieve discomfort, and alleviate
anxiety and depression symptoms among cancer patients. In
addition, our analysis showed that TEAS could significantly
improve the quality of life of cancer patients. Nevertheless,
our review found only three RCTs addressing the impact of
TEAS on the quality of life of cancer patients. Taken to-
gether, the impact of TEAS on the quality of life of cancer
patients is highly heterogeneous, partly due to different
sample sizes, assessment scales, and others.

To the best of our knowledge, this is the first meta-
analysis to investigate the effects of TEAS on CRF and
negative emotions in patients with cancer. The quantitative

evaluation of TEAS in our analysis can help strengthen the
reliability of results and provide guidance for the clinical
rehabilitation of cancer patients. Nevertheless, our study
suffers from several limitations. First, our analysis was re-
stricted to studies published in English or Chinese. Second,
the review only analyzed a few studies with a small sample
size.

5. Conclusions

In conclusion, TEAS can reduce CRF, anxiety, and de-
pression and improve the quality of life of cancer patients.
Given the above limitations, the current results should be
interpreted with caution, and high-quality RCTs with larger
sample sizes are warranted in the future to study the impact
of TEAS on cancer patients.
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