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Abstract
The aim of this trial was to evaluate the feasibility and effect of home-based transcutaneous electrical acupoint stimulation
(TEAS) in patients with hypertension. In this randomized pilot trial, patients with hypertension were randomly assigned to
the TEAS group or the usual care group. Participants in the usual care group were instructed to continue taking their
antihypertensive drugs and received education on lifestyle modifications. In addition, participants in the TEAS group
received 4 weekly sessions of noninvasive acupoint stimulation for 12 weeks at home. The primary outcome was the change
in office systolic blood pressure at week 12 from baseline. Withdrawal from the study and adverse events associated with
TEAS were also recorded. Sixty patients were randomized, with 30 patients in the TEAS group, of whom 1 was lost at week
36, and 30 patients in the usual care group, of whom 3 were lost by week 12. The reduction in systolic blood pressure at
week 12 was greater in the TEAS group (−8.53 mm Hg; 95% CI [−13.37, −3.70 mm Hg]) than in the usual care group
(−1.70 mm Hg; 95% CI [−4.29, −0.89 mm Hg]), with a between-group difference of −6.83 mm Hg (95% CI, [−12.23,
−1.43 mm Hg]; P= 0.014). No TEAS-related adverse events occurred. In conclusion, home-based TEAS added to usual
care for patients with hypertension was acceptable and safe and may be a potential treatment option. A larger randomized
controlled trial of this intervention is warranted.
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Introduction

Hypertension is a common risk factor for cardiovascular
diseases. Cardiovascular disease morbidity and mortality
are positively correlated with the degree of elevation of
blood pressure [1]. According to the World Health Orga-
nization (WHO), the global prevalence of hypertension is
20% for females and 25% for males, implying that 1.13
billion people are affected [2]. Hypertension accounted for
9.4 million deaths and 7.0% of global disability-adjusted
life-years (DALYs) in 2010 [3]. By 2030, the total costs of
hypertension could increase to $274 billion [4]. Hyperten-
sion has become a vital public health problem.

Lifestyle modifications are recommended by all guide-
lines in different countries [5–7], which include the Dietary
Approaches to Stop Hypertension (DASH) diet, reduced
dietary sodium intake, exercise, reduced alcohol intake, and
weight loss if overweight. Unfortunately, the reality is that
most patients are unable to start or sustain lifestyle changes.
Although antihypertensive drugs are widely prescribed for
patients with hypertension, only half of them have
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controlled blood pressure [4, 8]. The reasons for the low
control rate of blood pressure may include poor adherence.
Identifying novel nonpharmaceutical therapies that allow
for high adherence is urgently needed.

Acupuncture, as a nonpharmaceutical therapy, is used for
cardiovascular diseases, including chronic stable angina [9],
heart failure [10] and hypertension [11, 12]. A recent sys-
tematic review found that acupuncture as adjunctive therapy
may be effective for hypertension [13]. However, acu-
puncture has the limitations of logistical burdens and patient
aversion to needles. Transcutaneous electrical acupoint sti-
mulation (TEAS), a noninvasive acupuncture treatment, has
a similar effect as electroacupuncture but could be per-
formed at home by patients themselves. The aim of this
randomized controlled pilot trial was to evaluate the feasi-
bility and effect of home-based TEAS as an adjunctive
therapy for hypertension.

Methods

Study design

This two-armed, randomized, controlled, outcome assessor-
blind pilot trial was approved by the ethics committee of
Beijing University of Chinese Medicine (No
2019BZHYLL0208) and was conducted in accordance with
the Declaration of Helsinki. The protocol was registered in
the Chinese clinical trial registry (No ChiCTR1900025042)
prior to participant enrollment and was previously published
[14]. Protocol changes, including the removal of the sec-
ondary outcome of heart rate variability and the addition of
the secondary outcome of the 8-item Morisky Medication
Adherence Scale (MMAS-8), were made before recruitment
of patients. Written informed consent was provided by all
participants before randomization. The TEAS instrument
was given to the patients for free.

Participants

Participants were recruited at Nanyuan Community Health
Service Center in Beijing through the community’s hyper-
tension patient cohort and on-site flyers at the outpatient
department. Patients who had been diagnosed with grade 1
hypertension according to the European and Chinese
guidelines [5, 6], were eligible if they ① were 35–65 years
old, ② had systolic blood pressure (SBP) from 140 to 159
mm Hg and/or diastolic blood pressure (DBP) from 90 to
99 mm Hg for patients who did not take antihypertensive
drugs previously or SBP from 120 to 159 mm Hg and/or
DBP from 80 to 99 mm Hg for patients who did not change
antihypertensive therapy within the last 1 month, ③ could
complete the study questionnaires and ④ signed an informed

consent form. Exclusion criteria included the following:
secondary hypertension (primary aldosteronism, renal artery
stenosis, etc.), contraindications for the use of the TEAS
instrument (wearing a pacemaker or other implanted med-
ical devices or scars, bruises, scratches or inflammation on
the skin of LI4, LI11, ST36, or LR3), use of drugs that affect
blood pressure except antihypertensive drugs in the pre-
vious 2 months (glucocorticoids, central nervous system
inhibitors, etc.), uncontrolled diabetes, drug or alcohol
abuse, pregnancy or lactation, acupuncture treatment or
participation in another clinical study within the past month.

Randomization and masking

Eligible patients were randomly assigned to the TEAS
group or usual care group at a ratio of 1:1 using a rando-
mization sequence generated with SAS 9.3 software by an
independent statistician (Li-Qiong Wang, Beijing Uni-
versity of Chinese Medicine). The block size of randomi-
zation sequence was 4. Details about allocation
concealment were described in the published protocol [14].
The patients and the acupuncturists who taught patients how
to locate acupoints and use the TEAS instrument were not
blinded. However, outcome assessors and statisticians were
blinded to group allocation.

Interventions

Usual care group

If patients were on antihypertensive medication, they were
instructed to continue this medication but to abstain from
changing the type or dosage of drugs. Relevant anti-
hypertensive information was sent to patients every week. The
content of this information included the hazard of hypertension;
the benefit of controlling blood pressure; influence of lifestyle
on hypertension control, especially the importance of diet; and
the importance of performing moderate physical exercise,
maintaining normal weight and quitting smoking.

TEAS group

In addition to usual care, the participants in the TEAS group
received 48 sessions of acupoint stimulation over a period of
12 weeks (4 sessions/week, ideally every other day) at home.
TEAS was performed using a portable instrument for low-
frequency electrotherapy (SDP-330, Yuwell, Suzhou Medical
Appliances Co, Ltd., Suzhou, China). Patients were told that
the acupoint stimulation could be done when the participants
were spending leisure time at home. According to a previous
study [15] and our clinical experience, bilateral Hegu (LI4),
Quchi (LI11), Zusanli (ST36), and Taichong (LR3) were used
in our trial. In the first session, the electrodes were placed at
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the ipsilateral LI4 and LI11, and then the patients chose the
appropriate stimulus intensity according to their tolerance.
The TEAS would end automatically after 15min. Then, the
same acupoints on the opposite limb were stimulated in the
same way for 15 min. In the second session, the ST36 and
LR3 acupoints of the leg were treated for 15min in the same
way. Two pairs of acupoints were stimulated alternatively
every other day. Locations of acupoints are shown in Sup-
plementary Table 1 and Supplementary Fig. 1. The acu-
puncturists trained the participants on how to locate the
acupoints and use the TEAS instrument face-to-face in the
first week. Instructions and acupoint maps were created to
help patients perform the TEAS treatment at home. The
patients were instructed to record the date, time, and specific
acupoints when using the instrument.

Outcomes

Primary outcome

The primary outcome of the study was the change in mean
SBP at week 12 from baseline. SBP was measured and
recorded by using an electronic sphygmomanometer (HEM-
7136, Omron Corporation, Kyoto, Japan) in office in both
groups. Patients were asked to rest quietly for at least 5min
before taking blood pressure measurements on the upper arm in
the sitting position, with the upper arm at heart level [16].
Blood pressures were measured on both upper arms at baseline.
The side with higher blood pressure was selected as the
research arm. At subsequent detection time points, the SBP
measurement was repeated 3 times every 5min, and the
average value of the last 2 readings was taken as the mean
blood pressure [17].

Secondary outcomes

Secondary outcomes, including mean DBP, body mass index
(BMI), International Sports Activity Questionnaire (IPAQ),
MMAS-8 and 12-item Short Form Health Survey (SF-12),
were evaluated at baseline and weeks 12, 24 and 36. The DBP
measurement method is consistent with the SBP measurement
method. BMI was calculated as weight (kg) divided by the
square of height. The IPAQ includes information on the fre-
quency, intensity, timing, and type of exercise [18], which is
used to divide physical activity into low, middle, and high
levels according to metabolic equivalent. The SF-12 is a
questionnaire to evaluate general health outcomes, including
psychological and physical domains [19].

Adverse events

Any adverse events were reported by the patients and out-
come assessors, including severe pain, local infection, or

unbearable tingling during the trial. If any serious adverse
events or uncontrolled hypertension occurred, patients
immediately reported them to the primary investigator.

Statistical analysis

The following null hypothesis was tested for the primary
outcome: there was no difference in SBP between the TEAS
and usual care groups. Given that this was a pilot trial, the
sample size was determined to be n= 60 participants based
on the minimum sample size of a pilot trial [20].

Baseline characteristics were summarized in the two
groups. Continuous variables were described using the
mean ± standard deviation or median and quartile intervals
if the normality assumption was violated. Categorical
variables were described by frequencies and percentages.
The primary outcome, the change in SBP between baseline
and 12 weeks after treatment, was compared using Stu-
dent’s t test based on the intention-to-treat principle, which
included all randomized patients. Missing data were impu-
ted using the last observation carried forward (LOCF)
method. For secondary outcomes, Student’s t test, chi-
squared test, Fisher’s exact test or the Wilcoxon rank sum
test were used to test the differences in the outcomes,
including DBP, BMI, IPAQ, and SF-12, between groups
according to the distribution of variables. The relationship
between compliance of TEAS and improvements in SBP at
week 12 was explored as a post hoc analysis.

Statistical analyses were conducted by SPSS version
23.0 (IBM SPSS Statistics, New York, USA). There was no
interim analysis or additional analyses in this trial. The level
of significance was set at α < 0.05 for two-sided tests.

Results

Recruitment and retention

A total of 86 patients were screened from September 4th, 2019
to January 10th, 2020. Of them, 60 patients were included and
randomly assigned to the two study groups (Fig. 1). By week
36, 56 patients (93.3%) had completed the follow-up. Baseline
demographic and clinical characteristics were similar between
the two groups (Table 1). Participants in the TEAS group
received 44.43 ± 3.95 (mean ± standard deviation) sessions.
Twenty-six (86.7%) participants attended 39 or more sessions
(80% of targeted 48 sessions).

Scientific outcomes

For the primary outcome, the SBP was 130.00mm Hg (95%
CI, [125.47, 134.53mm Hg]) at baseline and 121.47mm Hg
(95% CI, [117.03, 125.93mm Hg]) at week 12 in the TEAS
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group and 129.10mm Hg (95% CI, [124.88, 133.32mm Hg])
at baseline and 127.40mm Hg (95% CI, [123.38, 131.42mm
Hg]) at week 12 in the usual care group. The reduction in SBP
at week 12 was greater in the TEAS group (mean, −8.53mm
Hg) than in the usual care group (−1.70mm Hg), with a mean
difference of −6.83mm Hg (95% CI, −12.23, −1.43mm Hg;
P= 0.014) (Table 2). The improvements in SBP were related
to compliance of TEAS (R2= 0.28, P= 0.003) (Fig. 2). The
benefit persisted through week 24 (mean difference,−7.03mm
Hg; 95% CI [−12.96, −1.11mm Hg], P= 0.021), but by
week 36, the difference was not significant (mean difference,
−5.73mm Hg; 95% CI [−11.94, 0.48mm Hg], P= 0.070).
No significant difference between groups was found
in any secondary outcome (P > 0.05), except for the change
in SF-12 physical health at week 24 (mean difference, 2.11;
95% CI [0.12, 4.09], P= 0.038) (Tables 2 and 3). Neither
TEAS-related adverse events nor serious adverse events
occurred.

Discussion

To our knowledge, this is the first randomized clinical trial
to investigate the effect of home-based TEAS combined
with usual care in hypertensive individuals. This trial found
that TEAS as adjunctive therapy resulted in a significantly
greater reduction in SBP at week 12 in patients with
hypertension than usual care and that the benefit was sus-
tained through week 36. Withdrawal from the TEAS group
was no greater than that in the usual care group.

Trial feasibility

In this study, 70.0% (60/86) of individuals were randomized
during the screening period. This recruitment rate reflects
that patients with hypertension are willing to be involved in
a trial and that TEAS as adjunctive therapy is acceptable.
After a 12-week treatment period, at least 26 participants
(86.7%) attended 80% of targeted sessions in the TEAS
group. At 36 weeks after randomization, only 4 participants
(6.7%) dropped out. Moreover, no TEAS-related adverse
events occurred. The results from this pilot trial provide
evidence regarding the feasibility and safety of TEAS as an
adjunctive therapy in patients with hypertension. Accord-
ingly, a future larger randomized controlled trial would be
feasible. A sample size of 392 patients in each group was

Table 1 Baseline patient characteristicsa

Characteristic TEAS
(n= 30)

Usual care
(n= 30)

P value

Female, n (%) 17 (57) 19 (63) 0.598

Age, years,
median [IQR]

58.5
[52.0, 61.0]

60.0
[57.0, 63.0]

0.154

Waist
circumference, cm

91.33 ± 8.25 88.90 ± 8.38 0.262

Body mass index,
kg/m2

26.92 ± 2.42 25.55 ± 2.74 0.044

Smoking, n (%) 4 (13) 2 (7) 0.671

Alcohol, n (%) 3 (10) 1 (3) 0.612

Antihypertensive drugs, n (%)

0 2 (6) 1 (3) 0.547

1 15 (50) 14 (47)

≥2 13 (43) 15 (50)

Office blood pressure, mm Hg

Systolic blood pressure 130.00 ± 12.13 129.10 ± 11.31 0.767

Diastolic blood
pressure

84.97 ± 10.24 80.70 ± 9.45 0.099

MMAS-8, n (%)

Poor 13 (43) 11 (37) 0.435

Moderate 11 (37) 10 (33)

Good 6 (20) 9 (30)

SF-12

Physical health 46.02 ± 7.48 46.94 ± 5.49 0.588

Mental health 45.60 ± 11.45 50.35 ± 7.38 0.062

IPAQ, n (%)

Low level 2 (7) 5 (17) 0.908

Middle level 12 (40) 7 (23)

High level 16 (53) 18 (60)

TEAS transcutaneous electrical acupoint stimulation, BMI body mass
index, MMAS-8 8-item Morisky Medication Adherence Scale, IQR
interquartile range, SF-12 12-item Short Form Health Survey, IPAQ
International Sports Activity Questionnaire
aValues are means ± standard deviation unless otherwise stated

Fig. 1 Flow diagram. TEAS transcutaneous electrical acupoint
stimulation
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needed to assess SBP change on the basis of an alpha level
of 0.025 (one-sided), a beta level of 0.80, an expected
between-group difference of 6 mm Hg, a standard deviation
of 10 mm Hg, and a superiority margin of 4 mm Hg [21].

Effects of TEAS on blood pressure

As a noninvasive acupuncture therapy, TEAS has the
potential to lower blood pressure in patients with

hypertension. A previous randomized, crossover trial
found that electrical stimulation reduced office blood
pressure by 5/1.5 mm Hg and that blood pressure was
further reduced after washout [22]. Given the chronic
nature of the disease, the relatively weak antihypertensive
effect in that trial may be related to the shorter period of
electrical stimulation. The period of electrical stimulation
was 4 weeks in that trial, while the period in our trial was
12 weeks. The other reason may be that the mechanisms
underlying different acupoints are diverse. Two acupoints
(LI 4 and LI 10) on the arms were used in the previous
trial. Four acupoints, two (LI 4 and LI 11) on the arms and
two (ST36 and LR3) on the legs, were alternately stimu-
lated in our trial.

Conventional acupuncture combined with anti-
hypertensive drugs was found to be more effective than
antihypertensive drugs alone for hypertension [23]. How-
ever, conventional acupuncture has the limitations of
logistical burden and patient aversion to needles. As a
noninvasive acupuncture therapy, TEAS can be performed
at home by patients themselves without a prescription. To
our knowledge, no study has directly compared the efficacy
of TEAS to that of conventional acupuncture. This may be
an interesting study in the future.

Table 2 Primary and secondary
outcome measures

Variables TEAS (n= 30) Usual care (n= 30) Difference (95% CI) P value

Primary outcome, mean (95% CI), mm Hg

SBP at week 12 121.47 (117.03, 125.93) 127.40 (123.38, 131.42)

Change at week 12 −8.53 (−13.37, −3.70) −1.70 (−4.29, 0.89) −6.83 (−12.23, −1.43) 0.014

Secondary outcomes

Change in SBP, mean (95% CI), mm Hg

Week 24 −8.03 (−13.07, −3.00) −1.00 (−4.32, 2.32) −7.03 (−12.96, −1.11) 0.021

Week 36 −6.67 (−11.79, −1.54) −0.93 (−4.65, 2.78) −5.73 (−11.94, 0.48) 0.070

Change in DBP, mean (95% CI), mm Hg

Week 12 −5.80 (−9.92, −1.68) −1.20 (−3.99, −1.59) −4.60 (−9.47, 0.27) 0.064

Week 24 −4.90 (−9.06, −0.74) −0.53 (−3.78, 2.71) −4.37 (−9.53, 0.80) 0.096

Week 36 −4.13 (−8.49, 0.22) 0.10 (−3.55, 3.75) −4.23 (−9.80, 1.33) 0.133

Change in BMI, mean (95% CI), kg/m2

Week 12 0.48 (0.23, 0.74) 1.26 (0.26, 2.25) −0.77 (−1.79, 0.25) 0.132

Week 24 0.44 (0.02, 0.86) 1.30 (0.32, 2.28) −0.86 (−1.92, 0.19) 0.106

Week 36 0.32 (−0.21, 0.85) 1.15 (0.15, 2.15) −0.83 (−1.94, 0.28) 0.139

Change in SF-12 Physical health, mean (95% CI)

Week 12 1.07 (0.32, 1.81) 0.23 (−1.26, 1.71) 0.84 (−0.79, 2.47) 0.307

Week 24 2.38 (1.22, 3.53) 0.27 (−1.40, 1.94) 2.11 (0.12, 4.09) 0.038

Week 36 1.79 (0.94, 2.65) 0.52 (−1.18, 2.22) 1.28 (−0.60, 3.15) 0.178

Change in SF-12 Mental health, mean (95% CI)

Week 12 0.41 (−3.43, 4.26) 0.58 (0.14, 1.01) −0.17 (−4.03, 3.70) 0.931

Week 24 0.49 (−3.33, 4.30) 0.57 (0.08, 1.07) −0.09 (−3.93, 3.76) 0.963

Week 36 0.43 (−3.45, 4.31) 0.71 (−0.04, 1.46) −0.28 (−4.22, 3.66) 0.887

TEAS transcutaneous electrical acupoint stimulation, SBP systolic blood pressure, DBP diastolic blood
pressure, BMI body mass index, SF-12 12-item Short Form Health Survey
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Fig. 2 Relationship between compliance with TEAS and improve-
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In agreement with the Food and Drug Administration,
superiority is established by a margin of 4 mm Hg for SBP
and by a margin of 2 mm Hg for DBP [24]. The changes in
both SBP (−6.83 mm Hg) and DBP (−4.60 mm Hg)
exceeded the superiority margins of SBP and DBP. Fur-
thermore, a cohort study with 36,022 hypertension patients
found that the hazard ratios for major adverse cardiovas-
cular events and all-cause mortality and myocardial
infarction were significantly lower in the acupuncture group
than in the nonacupuncture group [25].

Mechanism of TEAS for hypertension

The underlying mechanism of the blood pressure-lowering
effect of TEAS is not yet well known. A recent study
suggested that transcutaneous electrical stimulation
decreases sympathetic nervous system activity and increa-
ses parasympathetic nervous system activity [26]. Electrical
stimulation has also been shown to have a vasodilator
effect, which may contribute to reducing blood pressure
[27]. Acupuncture could decrease high blood pressure and
nicotinamide adenine dinucleotide phosphate oxidase in the
rostral ventrolateral medulla of spontaneously hypertensive
rats, and mitogen-activated protein kinases and the sciatic
nerve were involved in the mechanism of acupuncture’s
amelioration of hypertension [28].

Study limitations

This trial has several limitations. First, the participants in the
trial were not blinded; however, the primary outcome was

relatively objective. TEAS was performed at home by the
patients themselves, and it would be easy to determine
whether TEAS worked. Thus, sham TEAS is not a suitable
control and was not adopted in our trial. Second, patient
compliance with TEAS treatment was recorded by patients.
The investigator could not recognize patients with poor
compliance in a timely manner and could not then prompt
them to complete the predesigned 48 sessions. Real-time
viewing of the actual treatment sessions through the TEAS
software may help to accurately record and improve the
patient’s treatment compliance. Third, lifestyle modification
regarding physical exercise and weight loss was not imple-
mented well due to home quarantine induced by COVID-19.
Fourth, heart rate should be added as a secondary outcome.
Finally, this is a pilot study carried out in only one center,
and the generalizability of the results is uncertain.

In conclusion, this randomized clinical pilot trial pro-
vided evidence that home-based TEAS as adjunctive ther-
apy may reduce systolic blood pressure in patients with
hypertension compared with the effects of usual care. Fur-
ther larger randomized controlled trials with a tool that can
view actual treatment sessions in real time are warranted to
confirm the effectiveness of home-based TEAS for hyper-
tension in real-world circumstances.
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Data sharing statement Individual anonymous participant data will be
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approved. For inquiries about data sharing, please send requests at
https://www.lcz623780@126.com.

Table 3 Sports activity and
medication adherence

Week 12 Week 24 Week 36

TEAS
(n= 30)

Usual
care
(n= 30)

P value TEAS
(n= 30)

Usual
care
(n= 30)

P value TEAS
(n= 30)

Usual
care
(n= 30)

P value

IPAQ, n (%)

Low level 14 (47) 13 (43) 0.575 11 (37) 11 (37) 0.688 11 (37) 12 (40) 0.885

Middle level 12 (40) 11 (37) 15 (50) 13 (43) 15 (50) 12 (40)

High level 4 (13) 3 (10) 4 (13) 3 (10) 3 (10) 3 (10)

Missing 0 (0) 3 (10) 0 (0) 3 (10) 1 (3) 3 (10)

MMAS-8, n (%)

Poor 12 (40) 12 (40) 0.886 12 (40) 13 (43) 0.813 14 (47) 12 (40) 0.477

Moderate 12 (40) 14 (47) 12 (40) 9 (30) 10 (33) 10 (33)

Good 6 (30) 1 (3) 6 (20) 5 (17) 5 (17) 5 (17)

Missing 0 (0) 3 (10) 0 (0) 3 (10) 1 (3) 3 (10)

TEAS transcutaneous electrical acupoint stimulation, IPAQ International Sports Activity Questionnaire,
MMAS-8 8-item Morisky Medication Adherence Scale
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