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Abstract

Background Non-alcoholic steatohepatitis (NASH) had not yet been approved therapy. Electro-acupuncture (EA) has
been reported to have potential efficacy. However, high-quality clinical evidence was still lacking.

Methods NASH patients were randomized and allocated to either sham acupuncture (SA) or EA group in a 1:1 ratio,
with the patient blinded. Each patient received 36 sessions of SA or EA treatment over 12 weeks, followed by addi-
tional 4 weeks. The primary outcome was the changes in relative liver fat content measured by magnetic resonance
imaging proton density fat fraction (MRI-PDFF).

Results A total of 60 patients were enrolled. From baseline to week 12, the reduction of relative liver fat content
measured by MRI-PDFF in the EA group (— 33.6%, quantile range: — 52.9%, — 22.7%) was significantly more significant
than that in the SA group (— 15.8%, quantile range: — 36.1%, — 2.7%) (p =0.022). Furthermore, the EA group had more
patients who achieved MRI-PDFF to 30% reduction at week 12 (53.3% vs. 25.9%, p=0.035). EA treatment also signifi-
cantly reduced body weight (— 3.0 vs.4-0.1 kg, p=0.034) and BMI (— 1.5 vs. — 0.2 kg/m?, p=0.013) at week 16. Except
for AST (— 274 vs. —16.2 U/L, p=0.015), other biochemical varieties, including ALT, fasting-glucose, cholesterol, and
triglyceride, showed no statistically significant difference. Both groups measured no significant changes in liver stiff-
ness by magnetic resonance elastography (MRE). There were no serious adverse events in either group.

Conclusions Twelve weeks of EA effectively and safely reduces relative liver fat content in NASH patients. Further
multicenter randomized controlled studies are needed.

Trial registration Chinese Clinical Trial Registry, ChiCTR2100046617. Registered 23 May 2021, http://www.chictr.org.cn/
edit.aspx?pid=127023&htm=4
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of the
most frequent causes of chronic liver disease worldwide,
with a prevalence of 29.8% [1]. In China, a dramatic
increase in the overall prevalence of NAFLD and its
proportion in liver disease was projected [2]. Non-alco-
holic steatohepatitis (NASH) is the progressive form of
NAFLD characterized by hepatic steatosis, inflammation,
ballooning, and fibrosis. It occurs in up to 30% of NAFLD
patients and carries an increased risk of cirrhosis, liver
decompensation, and hepatocellular carcinoma (HCC)
[3].

The lack of approved pharmacological interventions for
NASH makes lifestyle modifications such as diet manage-
ment and physical exercise the cornerstone for managing
this disease [4]. However, inappropriate cognition and
poor adherence make these approaches impossible for
many people in real-world settings [5]. Therefore, explor-
ing convenient and effective adjunctive therapies with
minimal side effects is warranted.

Acupuncture has a long history of treating diseases.
It is increasingly accepted by patients in many parts of
the world, as accumulating high-level evidence on the
effect and safety of acupuncture is recognized [6-8]. For
NAFLD, a meta-analysis including eight randomized
controlled trials (RCTs) with 939 patients showed that
acupuncture or acupuncture plus conventional medicine
was superior to conventional medicine alone in terms of
overall clinical efficacy, mainly including biochemical test
[9]. Another meta-analysis of acupoint therapy, including
3 RCTs with 108 patients, showed that the effectiveness
of EA in decreasing TC and TG was significantly changed
than manual acupuncture because of the higher stimu-
lation intensity of EA [10]. However, no well-designed
studies compared the efficacy of acupuncture versus
placebo/sham acupuncture on variables measured by
internationally accepted modalities and chose the inter-
nationally recognized measurement as the outcome [11].

Therefore, we conduct this single-center, randomized,
sham-acupuncture controlled, patients-blinded pilot
study to investigate the efficacy and safety of electro-
acupuncture on the reduction of relative liver fat content
measured by MRI-PDFF in NASH patients.

Patients and methods

Study design

This single-center, randomized, sham-acupuncture con-
trolled trial was conducted between June 2021 and July
2022. The protocol was approved by the institutional
review board and ethics committee of Beijing Friendship
Hospital, Capital Medical University (No. 2021-P2-071-
03). The study was registered with ChiCTR (www.chictr.
org.cn) on 23 May 2021 before recruiting the first patient
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(ChiCTR2100046617). Before participation, all patients
provided written informed consent. The results of this
study are reported to be consistent with the Additional
file 7. CONSORT 2010 checklist.

Patient selection
The study population included men and women between
the ages of 18 and 65 years if they had a diagnosis of
NASH based on either A) a liver biopsy within 12 months
of screening which was consistent with NASH with fibro-
sis (no cirrhosis) or B) phenotypic diagnosis: a) fatty
liver diagnosed by ultrasound or CT scan or vibration-
controlled elastography (VCTE, with FibroScan or Fibro-
Touch), b) ALT > 1.5 x ULN confirmed two times with
1 week apart in the previous 3 months, c) BMI > 25 kg/
m?, d) baseline MRI-PDFF showing > 8% steatosis.
Critical exclusion criteria included hepatitis B, C, and
other liver diseases, advanced liver cirrhosis, decom-
pensation, and evidence of HCC. Patients receiving acu-
puncture within 1 month before enrollment were also
excluded. The supplement provided a complete list of
the inclusion and exclusion criteria (Additional file 1:
Table S1).

Randomization and blinding
Eligible participants were randomized in a 1:1 ratio to
receive SA or EA. Block randomization was used in this
trial, and the block size was 6. A biostatistician who
did not participate in this trial created a randomization
sequence. The random number was assigned after the
participants had met all inclusion criteria and completed
baseline assessments. Acupuncturists were not blinded
to the treatment.

Patients, outcome assessors, and statisticians were
blinded to group assignment. These two groups were
identified as groups 1 and 2 during the statistical analysis.

Intervention (SA or EA)

The therapeutic regimen was based on the TCM theory,
and the clinical experience of the research assistant used
a centralized randomization procedure to implement the
allocation schedule expert acupuncturist. All licensed
acupuncturists involved in this trial had at least 3 years
of experience in acupuncture. Before patient enrollment,
all acupuncturists participated in the training of stand-
ardized operating procedures, including the location of
acupoints and non-acupoints and the manipulation of
needling. Sterile disposable needles (length 40-60 mm,
diameter 0.3 mm; HuanQiu, Suzhou, China) were used.
A 30-min treatment was delivered thrice weekly for
12 weeks (usually every other day) with 36 sessions. All
participants received education about eating and physi-
cal activity according to guidelines from the American
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Gastroenterological Association (AGA) institute clinical
practice updates Committee [5] before treatment, and
they did not allow to accept combining the other method
of traditional Chinese medicine, such as decoction, acu-
point catgut embedding and so on.

Patients in the SA group received superficial skin
penetration (2 to 3 mm in depth) at non-acupoints was
done without “de gi” manipulations. The location of
non-acupoints was shown in Additional file 1: Table S2
and Additional file 2: Fig. S1, parts of points referred to
by previous study [6]. Then paired electrodes from the
Hwato electro-acupuncture instrument (SDZ-II, Suzhou
Medical Co, Ltd, Jiangsu, China) were used at NA2-NA3,
but no electrical stimulus was applied.

Patients in the EA group received needling at tradi-
tional acupuncture points, including CV12 (Zhong-
wan), CV4 (Guanyuan), bilateral ST25 (Tianshu), SP15
(Daheng), LV13 (Zhangmen), ST36 (Zusanli), SP6 (Sany-
injiao), L14 (Hegu), and LV3 (Taichong). The location of
points was described in the Additional file 1: Table S3
and Additional file 3: Fig. S2. Following insertion, needles
were manipulated by twirling, lifting, and thrusting for
30 s at each acupoint to achieve “de qi” (a composite of
sensations including soreness, numbness, distention, and
heaviness), which was believed to be an essential compo-
nent for acupuncture’s efficacy. Then paired electrodes
from the same instrument were used at bilateral ST25-
SP15 by the acupuncturists. The electro-acupuncture
lasted for 30 min with a dilatational wave of 2 Hz and an
intensity of 0.1 to 1 mA depending on the participant’s
comfort level.

Similarities and differences between the two acupunc-
ture groups were shown in the Additional file 1: Table S4
and Additional file 4: Fig. S3.

Outcomes

The primary outcome was the changes in relative liver fat
content measured by MRI-PDFF [12] at week 12. Criti-
cal secondary endpoints included the patients with a 30%
relative decline in MRI-PDFF, the change of liver stiffness
by MRE at weeks 12 and 16, and the change of biochemi-
cal variables at week 12.

All patients underwent non-contrast scans using a
3.0-Tesla MRI scanner (MR750, GE Healthcare, Wauke-
sha, WI, USA) with an eight-channel phased-array body
coil centered over the liver. The whole liver was covered
during the axial IDEAL IQ examination. PDFF meas-
ured by locations included each of the Couinaud seg-
ments of the liver (including S1 through S8). The area of
Couinaud components showed in Additional file 5: Fig.
S4. Detailed Standard Operating Procedure (SOP) of
MRI-PDFF can be found in our recent publication [13].
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MRE measurement used a two-dimensional (2D) spin-
echo—echo planar imaging (SE- EPI) MRE sequence;
detailed Standard Operating Procedure (SOP) of
MRE can be found in our group publication [14] (Addi-
tional file 6: Fig. S5).

Exploratory outcomes including the score of several
questionaries about sleep quality assessment (question-
naire of Athens insomnia scale-8, AIS-8), emotional
assessment (patient health questionnaire-2, PHQ-2 and
generalized anxiety disorder-2, GAD-2), quality of life
(chronic liver disease questionnaire, CLDQ-NAFLD/
NASH) [15], the behavior of eating (the three-factor eat-
ing questionnaire-21, TFEQ-21) [16], physical activity
(international physical activity questionnaire-7, IPAQ-7)
[17] and attitude of behavior change (the university of
Rhode Island change assessment scale URICA) [18].

A complete procedure of enrollment, intervention, and
assessments of this study was provided in Additional
file 1: Table S5.

Adverse events

Participants or acupuncturists monitored and recorded
acupuncture-related and unrelated adverse events (AEs).
Common acupuncture-related AEs included subcutane-
ous hematoma, residual needling sensation after needle
removal, itching at the sites of needle insertion, and diz-
ziness throughout the treatment.

Considerations for sample size calculation

This is a pilot study; the minimum sample size for explor-
atory trials is 20 to 30 per group, according to Provisions
for Drug Registration in China. It is generally accepted
that at least 30 participants are required for a pilot study
[19]. Based on clinical experience and published refer-
ences of pilot study [20, 21], a total sample size of 60 sub-
jects was needed to ensure that both SA and EA groups.
The results of this study were intended to facilitate the
calculation of the appropriate sample size for a further,
adequately powered randomized clinical trial.

Statistical methods
Descriptive analyses were performed on all baseline
variables. Continuous variables whose distribution met
normality assumptions were given as mean = standard
deviation or else given as medians and quartiles (quartile
1 [Q1], quartile 3 [Q3]); categorical variables were pre-
sented as the absolute value and relative frequency. The
comparisons of continuous or categorical variables were
examined using the t-test, non-parametric Mann—Whit-
ney test, or Chi-square test, as appropriate.

The outcomes were analyzed according to the inten-
tion-to-treat (ITT) principle and using imputed data
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to avoid potential confounding by missing data. All
randomized participants were included in the ITT
analysis. Assuming that the occurrence of missing data
was random, we used multiple imputations by chained
equations to impute one complete dataset with five
interactions. The imputation models included all vari-
ables under analyses [22].

The sensitivity analysis was performed in the per-
protocol (PP) set; the PP set was used for all partici-
pants who completed the treatment (> 80% completed
sessions) and follow-up without significant violations.

The analyses were implemented with SAS version
9.4 (SAS institute Inc Cary, NC) and R version 4.1.2
(https://www.r-project.org/). P<0.05 was considered
statistically significant.

Enrollment

Screening and clinical examination of subject
(n=71)
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Results
Baseline characteristics of the enrolled patients
Between May 2021 and July 2022, 71 consecutive patients
with NASH were screened. Of these, 11 (15.5%) were
excluded for various reasons. Consequently, 60 patients
were recruited. A total of 6 (10%) patients dropped out
of the study (4 in the electro-acupuncture group and 2 in
the sham acupuncture group; 5 during the 12-week treat-
ment and one during the 4-week follow-up; 4 patients
had home quarantine for relative to COVID-19 and
two patients had no time to treatment for on business.)
(Fig. 1).

Of the patients who completed the 12-week treat-
ment, 25 were in the sham acupuncture group, and 26
were in the electro-acupuncture group. Unfortunately,

Excluded (n=11)
- ALT < 1.5%ULN two times: n=5
_»|- ALT > 5xULN: n=2

- MRI-PDFF < 8%: n=3
- Declined to participate: n=1

/

Randomization
(n=60)

Allocation

Sham acupuncture group(SA)
(n=30)

Electro-acupuncture group(EA)
(n=30)

Fmmmmmmmmm oo
:Drop out (n=2) |
i Protocol violation (n=3) |
e e e e e e e e - ----- 4 "

e

Completed treatment
(n=25)

\

Completed follow-up
(n=25)

A\

ITT data analysis (n=27)
PP data analysis (n=25)

Fig. 1 Flow chart of the study from enrollment to analysis

Treatment for 12 weeks
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Completed follow-up
(n=26)
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ITT data analysis (n=30)
PP data analysis (n=26)
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three patients were protocol violations in the sham
acupuncture group because the ALT >5 x ULN in the
screening period and the investigator missed. In the
process of trial, the drugs used by recorded strictly,
two groups had no significant differences (Additional
file 1: Table S6).

Patient demographic characteristics were similar
between the two groups at baseline, except the gen-
der of female in the electro-acupuncture group [22/30
(73.3%)], compared to the sham-acupuncture group
[12/27 (44.4%)]; these differences turned out to be sta-
tistically significant (p=0.026*) (Table 1). The aver-
age age was 41.6+£10.8 years in the EA group and
39.1+10.8 in the SA group; in two groups of patients
with smoking, drinking, type 2 diabetes, and hyperten-
sion, the mean baseline values for liver fat content by
MRI-PDFF, liver stiffness by MRE, biochemical varie-
ties by blood test and anthropometry parameters were
no significant difference (p > 0.05).

Table 1 Baseline characteristics of patients in SA and EA group
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Relative liver fat content by MRI-PDFF was significantly
decreased in the EA group

The primary endpoint was the relative change of liver
content by MRI-PDFF from baseline to 12 weeks in this
study. The MRI-PDFF reduced rapidly in 12 weeks of
treatment by EA and maintained a reduction trend dur-
ing the next 4 weeks in follow-up. However, the liver fat
reduction was slow in the SA group at 12 weeks and had
a slight upward trend in 4 weeks in follow-up.

In the ITT population, the relative liver fat reduction
from baseline in MRI-PDFF at week 12 (the primary
endpoint) was —15.80% (—36.1%, —2.7%) in the SA
group, —33.6% (—52.9%, —22.7%) in the EA group,
two groups have statistically significant (p =0.022%).
The relative liver fat reduction from baseline in MRI-
PDFF at week 16 was — 13.2% (— 35.0%, — 3.2%) in the
SA group, — 38.4% (— 55.3%, — 16.6%) in the EA group,
two groups have statistically significant (p=0.026%)
(Table 2, Fig. 2B). Based on the unbalance of gender

Sham acupuncture (SA) n=27 Electro-acupuncture p value
(EA)n=30
Age, years (mean = SD) 4164108 39.14+108 0.389
Gender, n (%) 0.026%

Female 12 (44.4%) 22 (73.3%)
Male 15 (55.6%) 8 (26.7%)
Smoking, n (%) 3(11.1%) 3(10.0%) 0.891
Drinking, n (%) 5(18.5%) 6 (20.0%) 0.888
Diabetes, n (%) 5(18.5%) 9 (30.0%) 0315
Hypertension, n (%) 9 (33.3%) 9 (30.0%) 0.787
Non-invasive Test
Liver fat by MRI-PDFF, % [medium (p25, p75)] 20.8 (14.0,28.1) 20.3(13.8,25.1) 0.371
Liver stiffness by MRE, kPa (mean % SD) 24407 26409 0519
Anthropometry parameters
BMI, kg/m? (mean =+ SD) 31.8+49 33.0+41 0.342
Body weight, Kg (mean = SD) 914+£193 909+ 140 0.899
WHR % (mean =+ SD) 928+6.7 925456 0.870
Biochemical varieties
ALT, U/L [medium (p25, p75)] 89.0 (81.5,114.0) 95.5(78.0,121.0) 0.576
AST, U/L [medium (p25, p75)] 50.5 (44.5, 66.0) 60.6 (48.9,80.1) 0.099
GGT, U/L [medium (p25, p75)] 67.0 (40.0, 78.0) 54.0(37.8,79.8) 0.533
ALP, U/L (mean + SD) 9284275 89.8+2338 0.659
TC, mmol/L (mean % SD) 5710 56£13 0.675
TG, mmol/L [medium (p25, p75)] 1.8(13,22) 1.7(14,34) 0.743
LDL-C, mmol/L (mean %= SD) 35407 33407 0.296
FBG, mmol/L (mean = SD) 59+1.1 6.1+£12 0.522
HbA1c % (mean =+ SD) 59408 6.00+0.7 0.624
HOMA-IR [medium (p25, p75)] 6.9 (4.3,135) 9.3(56,13.7) 0.174
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Table 2 Treatment outcomes of patients in the SA and EA group
Sham acupuncture (SA) Electro-acupuncture (EA) p value
n=27 n=30
Primary Endpoint
Relative liver fat reduction from baseline in MRI-PDFF %, [medium (p25, p75)]
Week 12 —158(—36.1,-27) —336(—529,-227) 0.022*
Week 16 —13.2(=350,—-3.2) —384(—553,—16.6) 0.026*
Secondary endpoints
Patients with a > 30% relative decline in MRI-PDFF%, n (%)
Week 12 7/27 (25.9%) 16/30 (53.3%) 0.035*
Week 16 11/27 (40.7%) 18/30 (60.0%) 0.146
Liver stiffness by MRE, kPa [medium (p25, p75)]
Week 12 02(=0.2,06) —0.1(=05,03) 0.156
Week 16 0.2(—=0.2,05) —0.1(—04,04) 0.201
BMI, kg/m? [medium (p25, p75)]
Week 12 —06(—14,03) —13(=30,—-03) 0.024*
Week 16 —02(—=12,03) —15(—24,-03) 0.013*
Body weight, kg [medium (p25, p75)]
Week 12 —13(—=4.7,05) —30(—64,—-05) 0.185
Week 16 0.1(=29,09) —3.0(=6.0,-0.8) 0.034*
WHR, % [medium (p25, p75)]
Week 12 —0.7(—58,23) —23(—4.7,10) 0.260
Week 16 —03(—40,1.8) —08(—43,298) 0.528
Biochemical varieties, Week 12 [medium (p25, p75)]
ALT, U/L —34.0(-49.0, —10.0) —525(—=76.0,—20.0) 0.114
AST, U/L —162(—243,—64) —274(—=45.1,-150) 0.015*
GGT, U/L —150(—26.0,—7.0) —13.0(—280,—50) 0.749
ALP, U/L 00(=11.0,6.0) —05(=50,120) 0.667
CHO, mmol/L 0.0 (—0.7,06) —03(=1.0,02) 0.228
TG, mmol/L —03(=09,02) —05(=09,0.1) 0.306
LDL, mmol/L —0.1(=0.5,03) —0.1(—=04,03) 0.848
FBG, mmol/L —03(—=04,02) —03(—08,00) 0.139
HbA1c% 00(=03,0.1) —02(=03,00) 0.161
HOMA-IR —16(—3.9,04) —22(—=57,-07) 0.164

in the two groups, we used the linear regression analy-
ses with the primary endpoint to exclude the poten-
tial confounding effect of gender (Additional file 1:
Table S7). In the PP population, the result was like ITT
(Additional file 1: Table S8).

The number of patients who achieved a 30% or more
relative reduction of liver fat content at week 12 was 7
(25.9%) of 27 patients in the SA group, 16 (53.3%) of
30 patients in the EA group; there were significant dif-
ferences (p =0.035*) (Table 2). At week 16, 11 (40.7%)
of 27 patients in the SA group and 18 (60.0%) of 30
patients in the EA group, there were no significant dif-
ferences (p=0.146) (Table 2). In the PP population,
there were significant differences in the two groups at

weeks 12 and 16 (p=0.016* and 0.036*) (Additional
file 1: Table S8).

Changes in anthropometry parameters in the EA group

In the ITT population, the change in BMI from base-
line to weeks 12 and 16 were — 0.6 (— 1.4, 0.3) and — 0.2
(—0.2, 0.3) in the SA group, —1.3 (—3.0, —0.3) and — 1.5
(—2.4, —0.3) in the EA group, which was statistically sig-
nificant (p =0.024* and 0.013*).

In the change of body weight from baseline to week
12 in the two groups, there was no significant difference
(p=0.185), but EA lost more weight [— 3.0 (— 6.0, —0.8)]
than SA [0.1 (— 2.9, 0.9)] at week 16 (p =0.034*) (Table 2).
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Fig. 2 The clinical study design and primary outcome of MRI-PDFF reduction in the SA and EA group. A The procedure of this trial was from screen
to follow-up in the SA (orange color) and EA (blue color) groups. B The primary outcome in the SA (orange color) and EA (blue color) groups was
after 12 weeks of treatment and 4 weeks of follow-up. C Representative case from the SA and the EA group by MRI-PDFF. SA: sham-acupuncture; EA:

electro-acupuncture; PDFF: proton density fat fraction

The change of WHR from baseline to week 12 and
week 16 in the two groups have little significant differ-
ence (p=0.260 and 0.528); however, the more reduction
trend in the EA group [—2.3 (—4.7, 1.0) and — 0.8 (—4.3,
2.8)] than SA group [—0.7 (—5.8, 2.3) and —0.3 (—4.0,
1.8)] at weeks 12 and 16. (Table 2).

Serum AST significantly declined in the EA group.

In the ITT population, the change of AST from baseline
to week 12 was —16.2 (—24.3, —6.4) in the SA group,
—27.4 (—45.1, —15.0) in the EA group, there were sig-
nificant differences (p =0.015%), the change of biochemi-
cal variables by a blood test from baseline to week 12 in
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the EA group compared to the SA group, which was not
statistically significant (Table 2). In the PP population,
the result was similar to ITT (Additional file 1: Table S9).

Liver stiffness by MRE had no significant change

in either group

In the ITT population, the change of liver stiffness from
baseline in MRE at week 12 and week 16 was [—0.1
(—0.5, 0.3) and —0.1 (—04, 0.4)] in the EA group,
[0.2 (—0.2, 0.6) and 0.2 (—0.2, 0.5)] in the SA group,
two groups had not statistically significant (»p=0.156)
(Table 2). The PP population’s result was similar to ITT
(Additional file 1: Table S9).

Behavior and emotional questionaries characteristics

in two groups

In the ITT population, the characteristics of three fac-
tors of eating attitude included cognitive restriction,
uncontrolled eating, and emotional eating by TFEQ-21 at
baseline, week 4, week 8, week 12 to week 16 was no sig-
nificant difference between the two groups (Fig. 3A). The
sleep quality (Fig. 3B1) and depression, anxiety assess-
ments (Fig. 3B2), and quality of life for NAFLD/NASH
(Fig. 3B3) were not a significant difference between the
two groups at baseline and week 12. The characteristics
of physical activity level by IPAQ-7 at baseline, week 4,
week 8, week 12 to week 16 were not significantly differ-
ent between the two groups (Fig. 3C1).

The attitude of change behavior assessment by URICA
at baseline, week 4, and week 8 were similar between the
two groups. However, the number of patients who were
in the preparation period at week 12 and week 16 was 7
(25.9%) of 27 patients and 8 (30.8%) of 26 patients in the
EA group, 0 (0.0%), and 2 (8.0%) of 25 patients in the SA
group, and there were significant differences (p=0.017*
and 0.028*) (Fig. 3C2).

Blind assessment and credibility/expectancy questionnaire
in patients

Patients were unaware of assigned treatments after
the first treatment in two groups (p=0.697). However,
unsuccessful blinding was maintained after the last treat-
ment (week 12), and there were significant differences
between the two groups (p=0.000*) (Additional file 1:
Table S10).

Patients with the credibility/expectancy score after
the first treatment and after the last treatment in the
two groups had no significant differences (p=0.725 and
0.174) (Additional file 1: Table S11).

Page 8 of 12

Adverse events

Adverse events related to acupuncture were reported
in 3 (11.11%) of 27 in the SA group and 2 (6.67%) of 30
patients in the EA group. The most frequently reported
adverse events included hematoma and residual needling
sensation after needle removal. All events were mild and
self-limiting, and none required medical interventions.
There were no serious adverse events (Table 3).

Adverse events of unrelated to acupuncture, including
cold, dental ulcer, toothache, insomnia, stomach, diar-
rhea, constipation, U-arthritis, paramecia, and shingles,
had not a significant difference (p >0.05) (Table 3).

Discussion

In this prospective randomized sham-acupuncture con-
trolled, patient-blinded trial, we demonstrated that
12 weeks of EA treatment significantly reduced the rela-
tive liver fat content, with patients achieving a>30%
decline in MRI-PDFF. The therapeutic benefits were
maintained and continued for at least 4 weeks after
completion of the treatment. In many cases, acupunc-
ture plays a variety of influential roles in the treatment
of NAFLD through the intervention of multiple targets
and multiple signaling pathways, such as by inhibiting the
inflammatory response, regulating lipid metabolism dis-
order, antagonizing oxidative stress injury, and interfer-
ing with endoplasm reticulum stress, among others [23].
Notably, the better effective and specific mechanism of
electro-acupuncture was revealed by anti-inflammation
[24], lipid-lowering [25], and mitigating insulin resistance
[26]. It provides potential mechanisms of electro-acu-
puncture intervention in NASH.

In the theory of Chinese medicine, the pathogen-
esis of NAFLD is based on the “deficiency of the spleen
and stagnation of the liver and Qi” We choose Zhong-
wan (CV12), Tianshu(ST25), and Daheng(SP15) have
the effect of regulating gastrointestinal activities [6].
Zusanli(ST36) combined with Sanyinjiao(SP6) can sup-
port the function of spleen and stomach transportation
and transfusion [27]. Zhangmen (LV13), Hegu (LI4), and
Taichong (LV3) can smooth the liver qi to promote diges-
tion and regulate endocrine. Guanyuan (CV4) is the main
acupoint for strengthening the power of immunity and
metabolism following the theory of Chinese medicine
[28]. Above acupoint stimulation can help suppress appe-
tite, accelerate glucose and lipid metabolism, and anti-
inflammation in NASH.

To our knowledge, this study is the first randomized con-
trolled trial testing the efficacy of EA in NASH patients by
using MRI-PDFE. Compared with other imaging modali-
ties, MRI-PDFF has the highest diagnostic accuracy for
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Fig. 3 Behavior and emotional questionaries characteristics in the SA and EA group. A The questionnaire score of eating attitude by TEFQ-21 in
the SA (orange color) and the EA (blue color) groups from the baseline to week 16. There were three factors of eating behavior: cognitive restraint,
uncontrolled eating, and emotional eating. B The questionnaire score of sleep/emotion/life quality in the SA (orange color) and EA (blue color)
groups. B1 The score of AIS-8 shows the quality of sleep. B2 The score of PHQ-2 and GAD-2 reflects depression and anxiety emotion. B3 The score
of CLDQ-NAFLD/NASH shows the quality of life in NASH patients. C1 The score of IPAQ-7 reflects the physical activity level in the SA (orange color
series) and EA (blue color series) groups; more light color showed HEPA active (> 3000 MET-minutes/week), the medium color showed minimally
active (600-2999 MET-minutes/week), the more dark color led inactive (< 599 MET-minutes/week). C2 The score of URICA to reflect the physical
activity level in the SA (orange color series) and EA (blue color series) groups, the patients in the preparation period (more light color), in the
contemplation period (medium color), in pre-contemplation period (more dark color). TEFQ-21: the three-factor eating questionnaire-21; AlS-8:
questionnaire of Athens insomnia scale-8; PHQ-2: patient health questionnaire-2; GAD-2: generalized anxiety disorder-2; CLDQ-NAFLD/NASH:
chronic liver disease questionnaire for NAFLD/NASH; IPAQ-7: international physical activity questionnaire-7; HEPA: health-enhancing physical
activity; MET: metabolic equivalent; URICA: the university of Rhode Island change assessment scale
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Table 3 Adverse Events during treatment in the SA and EA group
Sham acupuncture Electro-acupuncture p value
(SA)n=27 (EA)n=30
AEs related to acupuncture, no. (%)
Serious AEs 0 (0.0%) 0 (0.0%) -
Subcutaneous Hematoma 3(11.1%) 1(3.3%) 0.251
Post-needling pain 0 (0.0%) 1(3.3%) 0.399
AEs of unrelated to acupuncture, no. (%)
Cold and cough 6 (22.2%) 6 (20.0%) 0.837
Dental ulcer 1(3.7%) 0 (0.0%) 0.288
Toothache 1(3.7%) 0 (0.0%) 0.288
Headache 1 (3.7%) 1(3.3%) 0.940
Insomnia 2 (7.4%) 0 (0.0%) 0.129
Stomached 0 (0.0%) 2 (6.7%) 0172
Diarrhea 2 (7.4%) 0 (0.0%) 0.129
Constipation 0 (0.0%) 1(3.3%) 0.399
U-arthritis 0 (0.0%) 1(3.3%) 0.399
Paramenia 1(3.7%) 0 (0.0%) 0.288
Shingles 1(3.7%) 0 (0.0%) 0.288
Total number of AEs, no. (%)
18 13 -

quantifying liver fat content and is commonly used in trials
in NASH [29]. The FDA, in December 2018, issued guid-
ance for clinical trial design for patients with noncirrhotic
NASH, permitting the use of MRI-PDFF as the method
for enrolment and evaluating therapeutic effect for early-
phase clinical trials in NASH instead of liver biopsy [30].
In patients with NAFLD, change in MRI-PDFF (>30%
decline relative to baseline) is associated with a histologi-
cal response (NAFLD activity score >2 points improve-
ment with no worsening of fibrosis) and fibrosis regression
(reduction of one or more stages) [31]. Therefore, our
study would be a perfect jumping point for further validat-
ing the therapeutic efficacy of EA for NASH.

Indeed, previous studies have shown that acupunc-
ture or EA can reduce body weight and improve NAFLD
[32—34]. However, none of the studies included in a
meta-analysis adopted sham acupuncture as a control,
and none used MRI-PDFF as the study endpoint [9]. In
the current study, we used the SA with non-acupoint and
superficial insert method, hoping to decrease the chance
for the participants to discriminate between real EA and
SA [35]. However, we still found that the reduction of
relative liver content by MRI-PDFF was —15.8% in the
SA group, which is higher than the placebo response
(—2.4%) in trials for new therapeutic agents [36]. These
facts indicated the necessity to have a SA as a control to
avoid overestimation of the therapeutic efficacy of EA.

Our study also demonstrated an effective reduction
in body weight and serum AST, which is in line with a
previous survey [32]. However, except for serum AST,
the other biological markers, including ALT, GGT, TC,
TG, and FB@G, decreased have no significant change com-
pared with the SA group. We assumed the reasons for the
lack of statistical significance include the short treatment
duration period and the relatively small sample size.

Our study also has several limitations. First, the pre-
sent study was a single-center pilot study on a small
number of patients for a relatively short period. Second,
not all patients with histological diagnosis of NASH, but
we hope that as a proof-of-concept stage in clinical tri-
als, the use of well-accepted MRI-PDFF to evaluate the
effect of liver fat content would be reasonable [12]. Third,
the blind patients were unsuccessful since 80.0% of the
SA group correctly guessed their treatment allocation at
week 12. However, we hope that using objective imaging
and biochemical endpoints could partially counter this
downside.

In conclusion, this randomized, SA-controlled pilot
study of twelve weeks of EA could effectively reduce the
liver fat content measured by MRI-PDFF. Further multi-
ple centers participate in blinded, SA-controlled studies
are justified to verify the therapeutic efficacy of electro-
acupuncture for NASH patients.
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Abbreviations

NASH Non-alcoholic steatohepatitis

NAFLD Non-alcoholic fatty liver disease

HCC Hepatocellular carcinoma

EA Electro-acupuncture

SA Sham-acupuncture

MRI-PDFF Magnetic resonance imaging proton density fat
fraction

MRE Magnetic resonance elastography

ALT Alanine transferase

AST Aspartate transferase

GGT y-Glutamyl transferase

ALP Alkaline phosphatase

TC Total cholesterol

TG Triglyceride

LDL-C Low density lipoprotein cholesterol

FBG Fasting blood glucose

INS Fasting insulin

HbA1c% Glycosylated hemoglobin

HOMA-IR Homeostatic model assessment insulin resistance

BMI Body mass index

WHR Waist hip rate

AlS-8 Questionnaire of Athens insomnia scale-8

PHQ-2 Patient health questionnaire-2

GAD-2 Generalized anxiety disorder-2

CLDQ- NAFLD/NASH  Disease-specific quality of life via the chronic liver

disease questionnaire

TFEQ-21 The three-factor eating questionnaire-21
IPAQ-7 International physical activity questionnaire-7
URICA The university of Rhode Island change assessment

scale

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513020-023-00724-w.

Additional file 1: Supplementary tables.

Additional file 2: Locations of non-acupoints in sham acupuncture(SA)
group.

Additional file 3: Locations of acupoints in electro-acupuncture(EA)
group.

Additional file 4: The real image of different acupuncture method in two
groups.

Additional file 5: Quality control of MRI-PDFF.
Additional file 6: Quality control of MRE.
Additional file 7: Consort checklist.

Acknowledgements

We appreciated Pro. Cunzhi Liu and Dr. Jingwen Yang from Beijing University
of Chinese Medicine for suggestions on the study, Mr. Ligang Deng from the
radiology department of Beijing Friendship hospital provided the MRI scan
for this study, Miss. Qingxia Song from Beijing Friendship hospital drew blood
for the participations, Miss. Meiyu Sun and Miss. Wenxin Chen from Ashermed
was the clinical research coordinator in the study.

Author contributions

Study design: JZ and HY. Acupuncturist: JL, CH, YD. MRI-PDFF assessment: DC
and HR. Recruitment: QW, LW, WD, Xinyan Z, XO. Data collection: WZ, SX, XT.
Statistical analysis: Xinyu Z. Manuscript writing: JZ. Critical revision of the man-
uscript: HY and JJ. All authors commented on previous versions and approved
the final manuscript. All authors read and approved the final manuscript.

Funding
This study was funded by Capital’s Funds for Health Improvement and
Research of China (Grant Nos. 2022-2-20213 and 2022-1-2021) and the State

Page 11 of 12

Key Program of the National Natural Science Foundation of China (Grant No.
82130018).

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the institutional review board and ethics commit-
tee of Beijing Friendship Hospital, Capital Medical University (No. 2021-P2-071-
03). Before participation, all patients provided written informed consent.

Consent for publication

Written informed consent was obtained from the patient to publish this case
report and any accompanying images. A copy of the written permission is
available for review by the Editor-in-Chief of this journal.

Competing interests
All authors declared no potential conflicts of interest concerning this article’s
research, authorship, and publication.

Author details

'Liver Research Center, Beijing Friendship Hospital, Capital Medical University,
National Clinical Research Center of Digestive Diseases, No. 95 Yong-an Road,
Xi-Cheng District, Beijing 100050, China. *Clinical Center for Metabolic Associ-
ated Fatty Liver Disease, Capital Medical University, Beijing, China. *Depart-
ment of Traditional Chinese Medicine, Beijing Friendship Hospital, Capital
Medical University, Beijing, China. “Clinical Epidemiology and EBM Unit, Beijing
Friendship Hospital, Capital Medical University, Beijing, China. >Department

of Radiology, Beijing Friendship Hospital, Capital Medical University, Beijing,
China.

Received: 25 December 2022 Accepted: 7 February 2023
Published online: 24 February 2023

References

1. Le MH,Yeo YH, Li X, et al. 2019 Global NAFLD prevalence: a systematic
review and meta-analysis. Clin Gastroenterol Hepatol. 2021. https://doi.
0rg/10.1016/j.cgh.2021.12.002.

2. Estes C, Anstee QM, Arias-Loste MT, et al. Modeling NAFLD disease bur-
den in China, France, Germany, Italy, Japan, Spain, United Kingdom, and
United States for the period 2016-2030. J Hepatol. 2018;69(4):896-904.
https://doi.org/10.1016/jjhep.2018.05.036.

3. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management
of nonalcoholic fatty liver disease: practice guidance from the American
Association for the Study of Liver Diseases. Hepatology. 2018;67(1):328-
57. https://doi.org/10.1002/hep.29367.

4. Dufour JF, Anstee QM, Bugianesi E, et al. Current therapies and
new developments in NASH. Gut. 2022. https://doi.org/10.1136/
gutjnl-2021-326874.

5. Younossi ZM, Corey KE, Lim JK. AGA clinical practice update on lifestyle
modification using diet and exercise to achieve weight loss in the man-
agement of nonalcoholic fatty liver disease: expert review. Gastroenterol-
0gy. 2021;160(3):912-8. https://doi.org/10.1053/jgastr0.2020.11.051.

6. Yang JW,Wang LQ, Zou X, et al. Effect of acupuncture for postpran-
dial distress syndrome: a randomized clinical trial. Ann Intern Med.
2020;172(12):777-85. https://doi.org/10.7326/M19-2880.

7. LiuZ LiuY, Xu H, et al. Effect of electroacupuncture on urinary leakage
among women with stress urinary incontinence: a randomized clinical
trial. JAMA. 2017;317(24):2493-501. https://doi.org/10.1001/jama.2017.
7220.

8. ZhangYQ, LuL, Xu N, et al. Increasing the usefulness of acupuncture
guideline recommendations. BMJ. 2022;376:e070533. https://doi.org/10.
1136/bmj-2022-070533.

9. Chen P, Zhong X, DaiY, et al. The efficacy and safety of acupuncture in
nonalcoholic fatty liver disease: a systematic review and meta-analysis of


https://doi.org/10.1186/s13020-023-00724-w
https://doi.org/10.1186/s13020-023-00724-w
https://doi.org/10.1016/j.cgh.2021.12.002
https://doi.org/10.1016/j.cgh.2021.12.002
https://doi.org/10.1016/j.jhep.2018.05.036
https://doi.org/10.1002/hep.29367
https://doi.org/10.1136/gutjnl-2021-326874
https://doi.org/10.1136/gutjnl-2021-326874
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.7326/M19-2880
https://doi.org/10.1001/jama.2017.7220
https://doi.org/10.1001/jama.2017.7220
https://doi.org/10.1136/bmj-2022-070533
https://doi.org/10.1136/bmj-2022-070533

Zhao et al. Chinese Medicine (2023) 18:19

20.

21.

22.

23.

24.

25.

26.

27.

28.

randomized controlled trials. Medicine. 2021;100(38):e27050. https://doi.
org/10.1097/MD.0000000000027050.

BiY,Yin B, Fan G, et al. Effects of acupoint therapy on nonalcoholic fatty
liver disease: a systematic review and meta-analysis. Complement Ther
Clin Pract. 2021;43:101376. https://doi.org/10.1016/j.ctcp.2021.101376.

. Loomba R, Ratziu V, Harrison SA, Group NCTDIW. Expert panel review to

compare FDA and EMA guidance on drug development and endpoints
in nonalcoholic steatohepatitis. Gastroenterology. 2022;162(3):680-8.
https://doi.org/10.1053/j.gastro.2021.10.051.

Caussy C, Reeder SB, Sirlin CB, Loomba R. Noninvasive, quantitative
assessment of liver fat by MRI-PDFF as an Endpoint in NASH Trials. Hepa-
tology. 2018;68(2):763-72. https://doi.org/10.1002/hep.29797.

Cao D, Li M, Liu'Y, et al. Comparison of reader agreement, correlation with
liver biopsy, and time-burden sampling strategies for liver proton density
fat fraction measured using magnetic resonance imaging in patients
with obesity: a secondary cross-sectional study. BMC Med Imaging.
2022;22(1):92. https://doi.org/10.1186/512880-022-00821-6.

Wang XP, Wang Y, Ma H, et al. Assessment of liver fibrosis with liver and
spleen magnetic resonance elastography, serum markers in chronic liver
disease. Quant Imaging Med Surg. 2020;10(6):1208-22. https://doi.org/
10.21037/qims-19-849.

Huang R, Fan JG, Shi JP, et al. Health-related quality of life in Chinese
population with non-alcoholic fatty liver disease: a national multicenter
survey. Health Qual Life Outcomes. 2021;19(1):140. https://doi.org/10.
1186/512955-021-01778-w.

Lin YW, Lin CY, Strong C, et al. Psychological correlates of eating behavior
in overweight/obese adolescents in Taiwan: Psychometric and correla-
tion analysis of the Three-Factor Eating Questionnaire (TFEQ)-R21. Pediatr
Neonatol. 2021;62(1):41-8. https://doi.org/10.1016/j.pedneo.2020.08.006.
Choi HI, Lee MY, Kim H, et al. Effect of physical activity on the develop-
ment and the resolution of nonalcoholic fatty liver in relation to body
mass index. BMC Public Health. 2022;22(1):655. https://doi.org/10.1186/
512889-022-13128-6.

Richards DK, Schwebel FJ, Cowie KD, Pearson MR, Witkiewitz K. Measure-
ment invariance of the University of Rhode Island change assessment
scale in Project MATCH: an exploratory structural equation modeling
approach. Alcohol Clin Exp Res. 2022;46(7):1258-67. https://doi.org/10.
1111/acer.14849.

Browne RH. On the use of a pilot sample for sample size determination.
Stat Med. 1995;14(17):1933-40. https://doi.org/10.1002/sim.4780141709.
Wang TQ, Li YT, Wang LQ, et al. Electroacupuncture versus manual
acupuncture for knee osteoarthritis: a randomized controlled pilot trial.
Acupunct Med. 2020;38(5):291-300. https://doi.org/10.1177/0964528419
900781.

Qi LY, Wang Y, Wang LQ, et al. Acupuncture for the treatment of diarrheal-
predominant irritable bowel syndrome: study protocol for a pilot ran-
domized controlled trial. Trials. 2021;22(1):253. https://doi.org/10.1186/
$13063-021-05211-x.

van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by
chained equations in R. J Stat Softw. 2011;45(3):1-67. https://doi.org/10.
18637/jss.v045.i03.

Li B, Fang L. Research progress on the mechanism of acupuncture
treatment for nonalcoholic fatty liver disease. Gastroenterol Res Pract.
2022;2022:5259088. https://doi.org/10.1155/2022/5259088.

Liu'S,Wang Z, SuY, et al. A neuroanatomical basis for electroacupuncture
to drive the vagal-adrenal axis. Nature. 2021;598(7882):641-5. https.//doi.
0rg/10.1038/541586-021-04001-4.

Yeom M, Park J, Lee B, et al. Electroacupuncture ameliorates poloxamer
407-induced hyperlipidemia through suppressing hepatic SREBP-2
expression in rats. Life Sci. 2018;203:20-6. https://doi.org/10.1016/j.Ifs.
2018.04.016.

Peng Y, Yang X, Luo X, et al. Novel mechanisms underlying anti-polycystic
ovary like syndrome effects of electroacupuncture in rats: suppress-

ing SREBP1 to mitigate insulin resistance, mitochondrial dysfunction

and oxidative stress. Biol Res. 2020;53(1):50. https://doi.org/10.1186/
540659-020-00317-z.

Hong KD, Wan T, Lu SY. Clinical experience of acupuncture treatment for
non-alcoholic fatty liver disease. Evid Based Complement Alternat Med.
2022;2022:2447529. https://doi.org/10.1155/2022/2447529.

Yang G, Zheng B, Yu Y, et al. Electroacupuncture at Zusanli (ST36),
Guanyuan (CV4), and Qihai (CV6) acupoints regulates immune

Page 12 of 12

function in patients with sepsis via the PD-1 pathway. Biomed Res Int.
2022;2022:7037497. https://doi.org/10.1155/2022/7037497.

29. Tamaki N, AjmeraV, Loomba R. Non-invasive methods for imaging
hepatic steatosis and their clinical importance in NAFLD. Nat Rev Endo-
crinol. 2022;18(1):55-66. https://doi.org/10.1038/541574-021-00584-0.

30. Stine JG, Munaganuru N, Barnard A, et al. Change in MRI-PDFF and histo-
logic response in patients with nonalcoholic steatohepatitis: a systematic
review and meta-analysis. Clin Gastroenterol Hepatol. 2021;19(11):2274—
83. https://doi.org/10.1016/j.cgh.2020.08.061.

31. Loomba R, Morgan E, Watts L, et al. Novel antisense inhibition of dia-
cylglycerol O-acyltransferase 2 for treatment of non-alcoholic fatty liver
disease: a multicentre, double-blind, randomised, placebo-controlled
phase 2 trial. Lancet Gastroenterol Hepatol. 2020;5(9):829-38. https://doi.
0rg/10.1016/52468-1253(20)30186-2.

32. DrazRS, Serry ZMH, Rahmy AF, El Bardesi MS, Taha MM. Electroacupunc-
ture versus aerobic interval training on liver functions in patients with
nonalcoholic fatty liver. J Altern Complement Med. 2020,26(1):51-7.
https://doi.org/10.1089/acm.2019.0182.

33, Taha MM, Abdelghany Al, Draz RS. Lipid profile response to electroa-
cupuncture in non-alcoholic fatty liver patients with hyperlipidemia. J
Acupunct Meridian Stud. 2021;14(1):21-6. https://doi.org/10.51507/].
jams.2021.14.1.21.

34. Chen J, Shergis JL, Guo X, et al. Acupuncture therapies for individuals
with overweight or obesity: an overview of systematic reviews. Diabetes
Metab Syndr Obes. 2022;15:1651-66. https://doi.org/10.2147/DMSO.
S356853.

35. ChaeY,Um S, YiSH, et al. Comparison of biomechanical properties
between acupuncture and non-penetrating sham needle. Complement
Ther Med. 2011;19(Suppl 1):58-12. https://doi.org/10.1016/j.ctim.2010.09.
002.

36. Han MAT, Altayar O, Hamdeh S, et al. Rates of and factors associated
with placebo response in trials of pharmacotherapies for nonalcoholic
steatohepatitis: systematic review and meta-analysis. Clin Gastroenterol
Hepatol. 2019;17(4):616-29. https://doi.org/10.1016/j.cgh.2018.06.011.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1097/MD.0000000000027050
https://doi.org/10.1097/MD.0000000000027050
https://doi.org/10.1016/j.ctcp.2021.101376
https://doi.org/10.1053/j.gastro.2021.10.051
https://doi.org/10.1002/hep.29797
https://doi.org/10.1186/s12880-022-00821-6
https://doi.org/10.21037/qims-19-849
https://doi.org/10.21037/qims-19-849
https://doi.org/10.1186/s12955-021-01778-w
https://doi.org/10.1186/s12955-021-01778-w
https://doi.org/10.1016/j.pedneo.2020.08.006
https://doi.org/10.1186/s12889-022-13128-6
https://doi.org/10.1186/s12889-022-13128-6
https://doi.org/10.1111/acer.14849
https://doi.org/10.1111/acer.14849
https://doi.org/10.1002/sim.4780141709
https://doi.org/10.1177/0964528419900781
https://doi.org/10.1177/0964528419900781
https://doi.org/10.1186/s13063-021-05211-x
https://doi.org/10.1186/s13063-021-05211-x
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1155/2022/5259088
https://doi.org/10.1038/s41586-021-04001-4
https://doi.org/10.1038/s41586-021-04001-4
https://doi.org/10.1016/j.lfs.2018.04.016
https://doi.org/10.1016/j.lfs.2018.04.016
https://doi.org/10.1186/s40659-020-00317-z
https://doi.org/10.1186/s40659-020-00317-z
https://doi.org/10.1155/2022/2447529
https://doi.org/10.1155/2022/7037497
https://doi.org/10.1038/s41574-021-00584-0
https://doi.org/10.1016/j.cgh.2020.08.061
https://doi.org/10.1016/S2468-1253(20)30186-2
https://doi.org/10.1016/S2468-1253(20)30186-2
https://doi.org/10.1089/acm.2019.0182
https://doi.org/10.51507/j.jams.2021.14.1.21
https://doi.org/10.51507/j.jams.2021.14.1.21
https://doi.org/10.2147/DMSO.S356853
https://doi.org/10.2147/DMSO.S356853
https://doi.org/10.1016/j.ctim.2010.09.002
https://doi.org/10.1016/j.ctim.2010.09.002
https://doi.org/10.1016/j.cgh.2018.06.011

	Electro-acupuncture reduced steatosis on MRI-PDFF in patients with non-alcoholic steatohepatitis: a randomized controlled pilot clinical trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Study design
	Patient selection
	Randomization and blinding
	Intervention (SA or EA)
	Outcomes
	Adverse events
	Considerations for sample size calculation
	Statistical methods

	Results
	Baseline characteristics of the enrolled patients
	Relative liver fat content by MRI-PDFF was significantly decreased in the EA group
	Changes in anthropometry parameters in the EA group
	Serum AST significantly declined in the EA group.
	Liver stiffness by MRE had no significant change in either group
	Behavior and emotional questionaries characteristics in two groups
	Blind assessment and credibilityexpectancy questionnaire in patients
	Adverse events

	Discussion
	Acknowledgements
	References


