Therapeutics and Clinical Risk Management Dovepress
Taylor & Francis Group

CLINICAL TRIAL REPORT

Electroacupuncture as a Non-Pharmacological
Intervention for Nicotine Dependence: Evidence
from a Randomized Clinical Trial

Zhen Lai"*, Qian Fanz’*, Ai Ling Lee3, Xujing Yao 3, Ranran Dai4, Yan Liang2

'TCM Department, Jiading District Central Hospital Affiliated Shanghai University of Medicine & Health Sciences, Shanghai, People’s Republic of
China; 2Acupuncture Department, Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, People’s Republic of China;
3Acupuncture Department, Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Shanghai University of Traditional Chinese
Medicine, Shanghai, People’s Republic of China; “Pneumology Department, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai,
People’s Republic of China

*These authors contributed equally to this work

Correspondence: Yan Liang, Acupuncture Department, Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, People’s
Republic of China, Email dr.liangy@163.com

Abstract: Nicotine dependence, a chronic addictive disorder characterized by high relapse rates, represents a significant global public
health challenge. This study employed a randomized, single-blind, parallel-group controlled design to systematically evaluate the
efficacy and safety of electroacupuncture compared with varenicline in the treatment of nicotine dependence. The results demonstrated
that electroacupuncture achieved significantly superior outcomes across multiple key outcome measures relative to varenicline: the
electroacupuncture group exhibited a greater mean daily reduction in Fagerstrom Test for Nicotine Dependence (FTND) scores (—1.11
points/day vs —0.33 points/day, P < 0.001) and a higher rate of sustained improvement at the 3-month follow-up (84.4% vs 69.5%).
With respect to the Heaviness of Smoking Index (HSI), the electroacupuncture group showed a more rapid and sustained decline
(sustained rate: 81.7% vs 63.9%, P = 0.002). Moreover, electroacupuncture demonstrated significant advantages in alleviating nicotine
withdrawal symptoms (sustained rate: 75.3% vs 52.8%, P = 0.026) and reducing daily cigarette consumption (79.0% vs 56.2%, P <
0.001). The potential mechanism may involve modulation of the mesolimbic dopamine system. These findings support electroacu-
puncture as a safe, effective, and sustainable non-pharmacological intervention for smoking cessation, particularly suitable for
individuals with high nicotine dependence who are sensitive to adverse drug reactions or exhibit poor medication adherence, and
suggest its potential role as a complementary or alternative strategy in clinical smoking cessation programs. Future research should
further validate its long-term efficacy and investigate the neurobiological mechanisms underlying its effects on relapse prevention.
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Introduction

Long-term exposure to nicotine, the main addictive component of tobacco, induces feelings of euphoria and pleasure in
smokers. When nicotine intake is reduced or discontinued, individuals often experience dependence and withdrawal
symptoms, a condition known as nicotine dependence.' Nicotine dependence typically manifests in two dimensions:
physiological and psychological. Physiological dependence may present with withdrawal symptoms such as throat
irritation, cough, anxiety, depression, impaired concentration, and insomnia;* psychological dependence is characterized
by a strong subjective craving to smoke.”

According to the World Health Organization (WHO), the tobacco epidemic represents one of the greatest public
health threats globally, being a leading cause of mortality, morbidity, and poverty.* China is currently the world’s largest
producer and consumer of tobacco, with more than 300 million smokers. Each year, over one million deaths are attributed
to smoking, and an additional one million deaths are caused by exposure to second-hand smoke.” Extensive research has
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established smoking as a major risk factor for various cancers, pulmonary diseases, and cardiovascular conditions.
Consequently, smoking is not only a critical health issue but also a broader social security concern.®

The 2025 guideline on nicotine replacement therapy (NRT)’ recommends that physicians use the “5R” method to
enhance smoking cessation motivation and the “5SA” method to support cessation. First-line pharmacological treatments
include nicotine patches, nicotine chewing gum, sustained-release bupropion, and varenicline, while second-line agents
include clonidine and nortriptyline. Although these medications demonstrate certain therapeutic benefits, they are
frequently associated with adverse effects such as headache, dry mouth, and insomnia.® Furthermore, side effects
combined with limited willpower often lead smokers to relapse. Consequently, the WHO has classified nicotine
dependence under the International Classification of Diseases (ICD-10, F17.2) as a mental and behavioral disorder. As
a chronic condition, nicotine dependence poses a serious threat to public health.” Therefore, identifying a green, safe,
effective intervention that prolongs relapse intervals and minimizes adverse reactions has become a global priority.

Tobacco was introduced to China during the Wanli period of the Ming Dynasty, and historical records regarding its
use have become increasingly comprehensive. The application of acupuncture for smoking cessation was first docu-
mented in the context of auricular acupuncture therapy. By the 1970s, international research had reported on both
auricular acupuncture and combined body-auricular acupuncture approaches for smoking cessation.'® As a core compo-
nent of Traditional Chinese Medicine, acupuncture exerts preventive and therapeutic effects through the stimulation of
specific acupoints, with its theoretical foundation rooted in the Huangdi Neijing.""

Recent studies suggest that acupuncture may alleviate withdrawal symptoms and craving behaviors associated with
substance use disorders by modulating the mesolimbic dopamine system.'*'* However, the precise mechanisms and
clinical efficacy of acupuncture in the treatment of nicotine dependence remain to be systematically validated. Building
upon preliminary investigations conducted by our research group on acupuncture-based interventions for addiction,'* we
have identified a set of effective acupoints and incorporated electroacupuncture to enhance stimulation intensity. This
study aims to systematically evaluate the effects of electroacupuncture on nicotine withdrawal symptoms.

The present study proposes to test the following hypothesis through a randomized controlled trial: electroacupuncture
can effectively reduce withdrawal symptoms and diminish psychological craving intensity in individuals with nicotine
dependence. The findings are expected to provide high-quality clinical evidence supporting the use of acupuncture in the
management of nicotine dependence and to contribute novel insights into the neural regulatory mechanisms underlying
addictive behaviors.

Methods

Study Design

This randomized clinical trial adopted a participant-blinded, parallel-group controlled design, and was conducted from
April 2024 to April 2025. The trial design and reporting followed the Consolidated Standards of Reporting Trials
(CONSORT)'” and the Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA).'® The study
complied with the Declaration of Helsinki and was approved by the Ethics Committee of Shanghai Yueyang Hospital of
Integrated Traditional Chinese and Western Medicine (Approval No. 2024—-042). The trial was registered in the Chinese
Clinical Trial Registry (ChiCTR2400087626).

Participants

Patients with nicotine dependence presenting to the Acupuncture Department of Yueyang Hospital, Shanghai University
of Traditional Chinese Medicine, were recruited and underwent an initial clinical interview. All interventions were
performed at the outpatient acupuncture clinic of Yueyang Hospital.

Diagnostic Criteria

Nicotine dependence was diagnosed according to the diagnostic criteria for substance dependence,'’ including:
@ Strong craving for smoking;
@ Uncontrollable smoking behavior;
@ Withdrawal symptoms after cessation or reduction of smoking;
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@ Tolerance to tobacco, requiring increased smoking to achieve the same effect previously obtained with smaller amounts;

@ Abandonment or reduction of other activities and preferences due to smoking;

@ Persistent smoking despite awareness of harmful consequences.

A diagnosis of nicotine dependence was established if at least three of the above criteria were met within the
past year.

Inclusion Criteria
@ Voluntary smokers meeting the diagnostic criteria;
(2 Aged 18-70 years;
@ Smoking history >1 year;
@ Daily cigarette consumption >10;
@ Provided informed consent and voluntarily participated;
@ No smoking cessation treatment received within the past two weeks.

Exclusion Criteria
@ Severe cardiovascular, pulmonary, cerebrovascular, hematologic disease, or diabetes;
(2 Psychiatric disorders or illicit drug use;

@ Pregnancy.

Interventions

All acupuncture procedures in this study were performed by licensed attending physicians holding a Master’s degree in
Traditional Chinese Medicine and Acupuncture and possessing at least three years of clinical experience. These
physicians completed a 48-hour standardized training and assessment program, achieving a Kappa value of >0.85,
indicating high inter-rater reliability in protocol implementation. During treatment sessions, participants wore opaque eye
masks and maintained a standardized prone position, with isolation bed curtains deployed to prevent visual exposure.
Physicians strictly adhered to aseptic techniques, including the use of sterile gloves and a three-step disinfection
procedure with 75% alcohol, and utilized disposable sterile acupuncture needles to ensure patient safety. The medication
group received varenicline tartrate, a first-line pharmacological agent for smoking cessation, serving as a positive control.
This design enabled a direct comparison between electroacupuncture—a non-pharmacological physical intervention—
and standard drug therapy, with the aim of evaluating its potential as an effective alternative in clinical practice. The
study was specifically designed to investigate differential mechanisms of action, namely neuromodulation versus receptor
antagonism. Both groups were balanced with respect to non-specific factors, including physician-patient interaction and
treatment context, to isolate the specific effects of the interventions. To ensure the integrity of blinding, independent
monitors were appointed to conduct regular process audits throughout the trial, thereby minimizing performance and
detection biases to the greatest extent possible.

Electroacupuncture Group
Based on our previous clinical studies on acupuncture for substance dependence,'* a series of validated acupoints were selected
for the electroacupuncture treatment protocol in this trial. The following bilateral acupoints were used: PC6 (Neiguan), HT7
(Shenmen), ST36 (Zusanli), SP6 (Sanyinjiao), Huatuojiaji (T5), BL23 (Shenshu), and the Sweet Point. Acupoint locations were
defined according to the WHO Standard Acupuncture Point Locations in the Western Pacific Region'® (Table 1). Disposable
sterile acupuncture needles (0.25 mm % 40 mm; Guizhou Andi Medical Equipment Co., Ltd.) were used. Needle insertion depths
were as follows: PC6 (Neiguan): 0.5—1 cun (1-2 cm), perpendicular insertion (90°); HT7 (Shenmen): 0.3-0.5 cun (0.5-1 cm),
perpendicular; ST36 (Zusanli): 1-1.5 cun (2-3 cm), perpendicular; SP6 (Sanyinjiao): 0.5—1 cun (1-2 cm), perpendicular; BL23
(Shenshu): 0.5-1 cun (1-2 cm), perpendicular; Huatuojiaji (TS): 0.5-1 cun (1-2 cm), oblique insertion toward the spine at 45°—
60°; Sweet Point: 0.1-0.2 cun (1-2 mm), shallow insertion at 15°-30°.

All acupoints were stimulated using a balanced reinforcing—reducing method. After eliciting the deqi sensation,
electrodes were connected with the positive pole (+) attached to Huatuojiaji (T5) and the negative pole (-) to BL23
(Shenshu) on the same side. A G6805-II low-frequency electroacupuncture device (Shanghai Medical Electronic
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Table | Locations of Selected Acupoints

Acupoint Location The Functions of Acupoints
Name
PCé On the anterior aspect of the forearm, between the tendons of | Relieve stomach discomfort and reverse upward qi
(Neiguan) palmaris longus and flexor carpi radialis, 2 B-cun proximal to the | movement, broaden the chest and regulate qi, calm the mind
wrist crease. and soothe the spirit.
HT7 On the wrist, at the ulnar end of the palmar wrist crease, in the | Tranquilizing and calming the mind
(Shenmen) depression lateral to the tendon of flexor carpi ulnaris.
ST36 On the anterior aspect of the leg, one fingerbreadth lateral to the | Regulates gastrointestinal function and enhances immune
(Zusanli) anterior crest of the tibia, 3 B-cun below ST35. function
SPé6 On the medial aspect of the leg, posterior to the medial border of | Spleen fortification, coupled with liver and kidney
(Sanyinjiao) the tibia, 3 B-cun superior to the prominence of the medial supplementation.
malleolus.
BL23 On the back, at the level of the lower border of the spinous Anxiolytic and antidepressant effects
(Shenshu) process of the second lumbar vertebra (L2), 1.5 B-cun lateral to
the posterior midline.
Huatuo Jiaji On the back, 0.5 B-cun lateral to the lower borders of the spinous | Anxiolytic and antidepressant effects
(EX-B2) processes of vertebrae from T| to LS.
Sweet Point On the wrist, on the dorsal aspect, between the tendons of Diminish the desire for smoking
(Extra) extensor digitorum and extensor digiti minimi, at the wrist crease.

Instrument Co., Ltd.) was applied, delivering continuous waves at 2 Hz. The intensity was adjusted to the maximum
tolerance level of each participant. Each treatment lasted 20 minutes, administered three times per week for four weeks,
constituting one treatment course. Participants were followed up for three months after completion of treatment.

Drug Group

Participants in the drug group received varenicline tartrate tablets (Champix). The dosing regimen was as follows: Days
1-3: 0.5 mg once daily, orally administered 30 minutes after breakfast; Days 4-7: 0.5 mg twice daily, orally administered
30 minutes after breakfast and dinner; Weeks 2—4: 1.0 mg twice daily, orally administered 30 minutes after breakfast and
dinner. The treatment course lasted 4 weeks, constituting one full treatment cycle. All participants were followed up for 3
months after completion of therapy.

Outcome Measures

Primary Outcome Measures

Nicotine Dependence Severity (FTND)

The Fagerstrom Test for Nicotine Dependence (FTND)'® was used to evaluate the degree of nicotine dependence. The
scale includes core items such as smoking frequency, time to first cigarette after waking, difficulty refraining from
smoking in restricted situations, number of cigarettes smoked per day, and nocturnal smoking. Each item is scored based
on behavioral characteristics, with higher total scores indicating greater severity of nicotine dependence, and lower scores
reflecting milder dependence.

Heaviness of Smoking Index (HSI)

The Heaviness of Smoking Index (HSI)** was employed to assess the overall severity of smoking. This index evaluates
the impact of smoking behavior on physiological, psychological, and social functioning, including interference with daily
life and concerns regarding smoking-related health issues. Scores are graded according to severity, with higher scores
reflecting more severe smoking problems and lower scores indicating milder severity.

Nicotine Craving (QSU-Brief)
Nicotine craving was measured using the Brief Questionnaire of Smoking Urges (QSU-Brief).?! This scale focuses on the
subjective intensity of craving and the frequency of uncontrollable urges to smoke. Items are scored on a Likert scale (eg,
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from “none” to “extremely strong”), with higher total scores indicating stronger nicotine craving and lower scores
suggesting reduced craving.

Nicotine Withdrawal Symptoms (MNWSYS)
The Minnesota Nicotine Withdrawal Scale (MNWS)** was used to assess withdrawal symptoms. The scale covers
emotional disturbances (eg, irritability, anxiety) and physiological discomfort (eg, insomnia, difficulty concentrating,
changes in appetite). Scores are assigned according to frequency and severity, with higher totals reflecting more severe
withdrawal symptoms and lower scores indicating milder withdrawal.

All scales were completed under the guidance of trained assessors. For participants unable to complete the
questionnaires independently, trained evaluators recorded responses based on accurate verbal descriptions to ensure
objectivity and accuracy of data collection.

Safety Assessment
During treatment, any adverse reactions associated with electroacupuncture or varenicline administration were docu-
mented in detail. The causes of such events were analyzed, and preventive as well as management strategies were
implemented accordingly. Potential adverse events related to electroacupuncture included device malfunction (eg,
electrical leakage), allergic reactions, needle bending, needle stagnation, fainting, hematoma, and local skin infection.
Varenicline-related adverse reactions may include nausea, dizziness, and other gastrointestinal or neurological effects.
In addition, participants’ vital signs were closely monitored throughout the trial. If any participant experienced
discomfort, treatment was temporarily suspended or the trial was discontinued as appropriate.

Sample Size
The sample size was calculated using the formula for comparing two independent proportions:

(uan/2P(1 = P) + tipr/Pi (1 —p1) + (1 =)’
(pl —P2)2

Where nland n2 represent the required sample size for each group, pl and p2 denote the estimated effective rates of

ny = ny =

the two groups, and ua and uf correspond to the critical values for type I error (o) and type II error (B), respectively.

Assuming an expected efficacy rate of 60% in the electroacupuncture group (p1) and 50.6% in the drug group (p2),>
with a = 0.05 and B = 0.20, the calculation yielded n = 26 per group. Considering a 15% dropout rate (=5 cases), the
required sample size was increased to 31 per group. Therefore, the total sample size for this study was set at 62
participants.

Randomization and Blinding

This trial adopted a randomized controlled, partially blinded design, with participants randomly assigned in a 1:1 ratio to
either the electroacupuncture group or the drug group. Random numbers between 1 and 62 were generated using SPSS
27.0 software and placed in opaque, sealed envelopes labeled only with sequence numbers. The treating acupuncturists
opened the envelopes immediately prior to treatment after verifying the integrity of the seal.

To ensure blinding, outcome assessment and data analysis were conducted independently by investigators who were
unaware of group allocation. Given the inherent differences between electroacupuncture and pharmacological treatment,
several measures were implemented to minimize bias:

A standardized treatment protocol was used to ensure procedural consistency;

Primary outcome measures were assessed by blinded evaluators;

Treatment adherence and adverse events were monitored throughout the study;

An independent data monitoring committee supervised trial quality.

These measures ensured maximal objectivity of results while acknowledging the unavoidable differences between
intervention modalities.
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Statistical Analysis

All data were analyzed using SPSS Statistics version 23.0. Continuous variables with normal distribution were expressed
as mean = standard deviation (¥ = s) and compared using independent-samples t tests; non-normally distributed data were
presented as median (interquartile range) and analyzed using the Mann—Whitney U-test. Categorical variables were
expressed as frequency or percentage and compared using the chi-square (%) test. Repeated measures analysis of
variance (ANOVA) was applied to evaluate changes over time and between groups. A two-sided P value < 0.05 was
considered statistically significant.

Results

Participant Characteristics
This trial was conducted from April 2024 to April 2025. During this period, 96 potential participants underwent
eligibility screening. After strict evaluation, 62 individuals met all inclusion criteria and none of the exclusion criteria,
and were subsequently enrolled. Participant flow is shown in Figure 1. Two participants withdrew during the trial: one
from the drug group due to adverse drug reactions, and one from the electroacupuncture group due to intolerance of
needle sensation. Ultimately, follow-up assessments were completed in April 2025, with 60 participants completing the
entire protocol (30 in the electroacupuncture group and 30 in the drug group).

Baseline characteristics, including age, smoking history, daily cigarette consumption, education level, and marital
status, showed no significant differences between groups (P > 0.05), indicating comparability (Table 2).

Efficacy

Comparison of FTND Scores Between Groups

At baseline, there was no significant difference in FTND scores between the two groups (P = 0.753), confirming the
validity and balance of the randomization process.

Acute phase (0-3 days): The rate of FTND score reduction in the electroacupuncture group was —1.11 points/day
(95% CI: —1.18 to —1.04), significantly faster than that of the drug group (—0.33 points/day; A = 0.78 points/day, P <
0.001). Within the first three days of treatment, the electroacupuncture group achieved the same level of improvement
that required seven days in the drug group (56.1% vs 16.3%). Maintenance phase (1-4 weeks): By the end of week 4, the
electroacupuncture group demonstrated a cumulative reduction in FTND scores that was 15.8% greater than that of the
drug group (F = 188.1, P < 0.001, n* = 0.75).

Follow-up phase (3 months): The electroacupuncture group maintained 84.4% of its initial improvement, significantly
higher than the 69.5% retention observed in the drug group (A = 14.9%, P < 0.001) show in Table 3. Overall,
electroacupuncture produced significantly greater reductions in FTND scores across all phases compared with varenicline
treatment. In the acute phase (03 days), the electroacupuncture group achieved a 56.1% reduction (95% CI: 53.0-59.2),
markedly higher than the 16.3% reduction in the drug group (95% CI: 13.2-19.4). At the end of the maintenance phase
(week 4), the cumulative reductions were 83.2% (95% CI: 79.9—-86.5) in the electroacupuncture group and 67.4% (95%
CI: 63.1-71.7) in the drug group. At the 3-month follow-up, the retention of improvement remained significantly higher
in the electroacupuncture group (84.4%, 95% CI: 81.1-87.7) compared with the drug group (69.5%, 95% CI: 65.2-73.8),
show in Figure 2.

Heaviness of Smoking Index (HSI) Scores
At baseline, there was no significant difference in HSI scores between groups (P = 0.730), confirming the validity of the
randomization process.

Acute phase (03 days): The rate of HSI score reduction in the electroacupuncture group was —0.62 points/day (95% CI:
—0.68 to —0.56), significantly greater than the drug group’s —0.12 points/day (A = 0.50/day, P < 0.001). Notably, electro-
acupuncture achieved within 3 days the absolute reduction that required 25 days in the drug group (50.9% vs 9.7%).

Maintenance phase (1-4 weeks): The electroacupuncture group demonstrated a cumulative reduction that was 17.8%
greater than the drug group (F = 188.9, P < 0.001, n* = 0.78).
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Figure | Flow diagram of participant enroliment and trial process.

Follow-up phase (3 months): Electroacupuncture maintained 81.7% of the initial improvement, which was signifi-
cantly higher than the 63.9% retention observed in the drug group (A = 17.8%, P = 0.002), show in Table 4.

Overall, electroacupuncture produced consistently greater improvements in HSI scores across all phases compared
with drug therapy. In the acute phase, reductions were 50.9% (95% CI: 47.9-53.9) in the electroacupuncture group versus

Table 2 Comparison of Baseline Characteristics Between Groups

Drug group 30 26.40+12.74 26.40+12.74 24.53%11.52 25/5 5/19/6 412412
Electroacupuncture group | 30 25.73+10.41 25.73+1041 26.00+14.53 29/1 2/24/4 2/28/0
P - 0.180 0.825 0.666 0.085 0.789 0.506
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Table 3 Comparison of FTND Scores Between Groups

Baseline 6.14 (5.21-7.07) 5.94 (5.08-6.80) —0.20 (—1.42 to 1.02) t(58)=0.32, P=0.753
Acute Phase (0-3d)

Slope —0.33/day (—0.38 to —0.28) —1.11/day (—1.18 to —1.04) 0.78/day (0.70-0.86)* F=352.6, P<0.001
% Reduction 16.3% (13.2-19.4) 56.1% (53.0-59.2) 39.8% (35.7-43.9)*

Maintenance (I—4w)

Weekly slope —0.24 (-0.27 to —0.21) —-0.41 (-0.45 to —0.37) 0.17/week (0.12-0.22)* F=188.1, P<0.001
Cumulative reduction 67.4% (63.1-71.7) 83.2% (79.9-86.5) 15.8% (10.5-21.1)*

Follow-up 3 months)

Score retention 69.5% (65.2-73.8) 84.4% (81.1-87.7) 14.9% (9.6-20.2)* F=12.8, P<0.001

Notes: Model summary: Time effect: F(5, 290) = 167.48, P < 0.001, 1% = 0.74, Group effect: F(1, 58) = 8.95, P = 0.004, > = 0.13, Time x Group interaction: F(5, 290)
=168.12, P < 0.001, n* = 0.75, Random intercepts: ¢ = 1.05 (95% Cl: 0.88—1.22). *Between-group comparison, p < 0.05.

9.7% (95% CI: 6.8-12.6) in the drug group. By the end of the maintenance phase, cumulative reductions reached 81.7%
(95% CI: 78.4-85.0) and 63.9% (95% CI: 60.6-67.2), respectively. At 3 months, retention of improvement remained
significantly higher in the electroacupuncture group (81.7% vs 63.9%), show in Figure 3.

Effect of Electroacupuncture on Nicotine Craving (QSU-Brief)
At baseline, there was no significant difference in QSU-Brief scores between groups (P = 0.165), confirming the validity
of the randomization process.

Acute phase (0-3 days): The reduction rate in the electroacupuncture group was —4.72 points/day (95% CI: —5.02 to
—4.42), significantly faster than the drug group’s —1.08 points/day (A = 3.64 points/day, P < 0.001). Within 3 days, the
electroacupuncture group achieved the same degree of improvement that required 12 days in the drug group (38.6% vs 7.9%).

Maintenance phase (14 weeks): During weeks 1-4, the cumulative reduction in QSU-Brief scores did not differ
significantly between groups (P = 0.296). The early advantage observed in the electroacupuncture group persisted, with no
evidence of catch-up by the drug group. Follow-up phase (3 months): At 3 months, score retention was similar between
groups (64.7% in the electroacupuncture group vs 63.4% in the drug group; A = 1.3%, P = 0.542), show in Table 5.

Overall, electroacupuncture produced more rapid improvements in nicotine craving during the acute phase, while the
long-term outcomes were comparable between groups. In the acute phase, reductions were 38.6% (95% CI: 35.9-41.3) in

100

[ Control
J I Electroacupuncture

80

60

40 -

Percentage (mean +95% ClI)

20

0 -

Acute Reduction (0-3d) Cumulative Reduction (1-4w) 12-Week Retention

Figure 2 Key percentage outcomes of FTND scores: Control vs Electroacupuncture (mean + 95% CI).
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Table 4 Comparison of HSI Scores Between Electroacupuncture and Drug Groups

Baseline 3.81 (3.25-4.37) 3.68 (3.19-4.17) —0.13 (-0.86 to 0.60) t(58)=0.35, P=0.730
Acute Phase (0-3d)

Slope —0.12/day (—0.15 to —0.09) —0.62/day (—0.68 to —0.56) 0.50/day (0.43-0.57)* F=188.9, P<0.001
% Reduction 9.7% (6.8—12.6) 50.9% (47.9-53.9) 41.2% (37.3-45.1)*

Maintenance (I—4w)

Weekly slope -0.21 (-0.24 to —0.18) —0.33 (-0.37 to —0.29) 0.12/week (0.06-0.18)* F=126.8, P<0.001
Cumulative reduction 63.9% (60.6-67.2) 81.7% (78.4-85.0) 17.8% (13.5-22.1)*

Follow-up (3 months)

Score retention 63.9% (60.6-67.2) 81.7% (78.4-85.0) 17.8% (13.5-22.1)* F=10.66, P=0.002

Notes: Model diagnostics: Time effect: F(5, 290) = 126.75, P < 0.001, n? = 0.70. Group effect: F(I, 58) = 10.66, P = 0.002, n* = 0.15. Time X Group interaction: F(5, 290) =
188.90, P < 0.001, > = 0.78. Random effects: intercept 6 = 0.89 (95% Cl: 0.73—1.05), slope 6 = 0.07 (95% Cl: 0.05-0.09). *Between-group comparison, p < 0.05.

the electroacupuncture group and 7.9% (95% CI: 5.2-10.6) in the drug group. At the end of the maintenance phase,
cumulative reductions were 67.4% (95% CI: 64.1-70.7) vs 67.0% (95% CI: 63.7-70.3). At the 3-month follow-up,
retention of improvement remained comparable (64.7% vs 63.4%), show in Figure 4.

Effect of Electroacupuncture on Nicotine Withdrawal Symptoms (MNWS)
At baseline, there was no significant difference in MNWS scores between the two groups (P = 0.409), confirming the
validity of randomization.

Acute phase (0-3 days): The rate of MNWS score reduction in the electroacupuncture group was —2.90 points/day
(95% CI: —3.13 to —2.67), significantly greater than the drug group’s —0.99 points/day (A = 1.91/day, P < 0.001). Within
3 days, the electroacupuncture group achieved a 55.2% reduction in withdrawal symptoms, equivalent to the improve-
ment that required 8 days in the drug group (55.2% vs 20.5%), show in Table 6.

Maintenance phase (1-4 weeks): By the end of week 4, the cumulative reduction was 71.0% (95% CI: 67.7-74.3) in
the electroacupuncture group, significantly higher than 49.6% (95% CI: 46.3-52.9) in the drug group, with a between-
group difference of 21.4% (F = 73.1, P < 0.001, n* = 0.58).

Follow-up phase (3 months): Electroacupuncture maintained 75.3% of the initial improvement, significantly higher
than the 52.8% observed in the drug group (A = 22.5%, P = 0.026), show in Figure 5.
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Figure 3 Key percentage outcomes of HSI scores: Control vs Electroacupuncture (mean * 95% ClI).
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Table 5 Comparison of QSU-Brief Scores Between Electroacupuncture and Drug Groups

Baseline 40.82 (36.21-45.43) 36.73 (32.12-41.34) —4.09 (-9.87 to 1.69) t(58)=1.41, P=0.165
Acute Phase (0-3d)

Slope —1.08/day (—1.32 to —0.84) —4.72/day (—5.02 to —4.42) 3.64/day (3.27-4.01)* F=250.8, P<0.001
% Reduction 7.9% (5.2-10.6) 38.6% (35.941.3) 44.4% (40.1-48.7)*

Maintenance (I—4w)

Weekly slope 0.28 (0.25-0.31) —7.35 (-7.98 to —6.72) 0.40/week (—0.35 to I.15) F=85.3, P<0.001
Cumulative reduction 67.0% (63.7-70.3) 67.4% (64.1-70.7) 0.4% (—3.9 to 4.7)

Follow-up (3 months)

Score retention 63.4% (60.1-66.7) 64.7% (61.4-68.0) 1.3% (—2.9 to 5.5) F=5.28, P=0.025

Notes: Model specifications: Time effect: F(5,290)=85.33, P<0.001, n?=0.61. Group effect: F(1,58)=5.28, P=0.025, 1?=0.08. Time*Group: F(5,290)=250.83, P<0.001,
1?=0.82. Variance structure: Diagonal (6>=12.7), AIC=1582.4. *Between-group comparison, p < 0.05.

Overall, electroacupuncture demonstrated significantly greater improvements in withdrawal symptoms during both
the acute and maintenance phases, and these effects were better preserved at follow-up compared with drug therapy.

Comparison of Cigarette Consumption Scores
At baseline, there was no significant difference in cigarette consumption scores between groups (P = 0.899), confirming
the validity of randomization.
Acute phase (0-3 days): The rate of reduction in cigarette consumption was —0.27 cigarettes/day (95% CI: —0.30 to —0.24) in
the electroacupuncture group, significantly faster than —0.03 cigarettes/day in the drug group (A = 0.24/day, P < 0.001). After 3
days, the electroacupuncture group had reduced cigarette consumption by 50.9%, compared with only 6.5% in the drug group.
Maintenance phase (1-4 weeks): At the end of 4 weeks, the cumulative reduction was 76.4% (95% CI: 73.1-79.7) in
the electroacupuncture group, significantly greater than 58.8% (95% CI: 54.5-63.1) in the drug group (F = 175.3, P <
0.001, n* = 0.58), reflecting a between-group difference of 17.6% show in Table 7.
Follow-up phase (3 months): The electroacupuncture group maintained 79.0% (95% CI: 75.7-82.3) of the initial improve-
ment, significantly higher than 56.2% (95% CI: 51.9-60.5) in the drug group (A = 22.8%, P < 0.001), show in Figure 6.
Overall, electroacupuncture resulted in a significantly faster and more sustained reduction in cigarette consumption
compared with varenicline.
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Figure 4 Key percentage outcomes of QSU-Brief scores: Control vs Electroacupuncture (mean * 95% ClI).
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Table 6 Comparison of MNWS Scores Between Electroacupuncture and Drug Groups

Baseline 14.47 (12.31-16.63) 15.77 (13.61-17.93) 1.30 (—1.86 to 4.46) t(58)=0.83, P=0.409
Acute Phase (0-3d)

Slope —0.99/day (—1.14 to —0.84) —2.90/day (—3.13 to —2.67) 1.91/day (1.66-2.16)* F=225.4, P<0.001
% Reduction 20.5% (17.4-23.6) 55.2% (52.1-58.3) 34.7% (30.6-38.8)*

Maintenance (I—4w)

Weekly slope —=1.19 (-1.35 to —1.03) —1.52 (-1.71 to —1.33) 0.33/week (0.09-0.57)* F=73.1, P<0.001
Cumulative reduction 49.6% (46.3-52.9) 71.0% (67.7-74.3) 21.4% (16.9-25.9)*

Follow-up (3 months)

Score retention 52.8% (49.5-56.1) 75.3% (72.0-78.6) 22.5% (18.0-27.0)* F=5.24, P=0.026

Notes: Model Specifications: Time effect: F(5,290)=73.05, P<0.001, n?=0.58. Group effect: F(1,58)=5.24, P=0.026, 1?=0.08. TimexGroup: F(5,290)=225.40, P<0.001,
n?=0.80. Variance function: Power=0.85 (0.78-0.92), BIC=1428.7. *Between-group comparison, p < 0.05.

In summary, across the five core efficacy indicators—FTND, HSI, QSU-Brief, MNWS, and cigarette consumption—
the electroacupuncture group demonstrated significantly greater improvement rates compared to the pharmacotherapy
group during the acute phase (0-3 days), as evidenced by a more rapid decline in scores (P < 0.001). During the
maintenance phase (1-4 weeks), the electroacupuncture group showed significantly greater cumulative reductions in four
of the five indicators (excluding QSU-Brief) relative to the pharmacotherapy group (P < 0.001). At long-term follow-up
(3 months), the electroacupuncture group maintained significantly higher rates of improvement retention in FTND, HSI,
MNWS, and cigarette consumption compared to the pharmacotherapy group (P < 0.05), whereas both groups exhibited
comparable retention rates for QSU-Brief (P = 0.542). Overall, electroacupuncture demonstrated superior efficacy in
alleviating nicotine dependence, reducing smoking severity and withdrawal symptoms, and modifying smoking behavior,
characterized by a faster onset of action, stronger cumulative effects, and more sustained therapeutic benefits.

Safety Evaluation
During the treatment period, one participant in the drug group (n = 31) and one in the electroacupuncture group (n = 31)
withdrew, resulting in a total dropout rate of 2/62.
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Figure 5 Key percentage outcomes of MNWS scores: Control vs Electroacupuncture (mean * 95% ClI).
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Table 7 Comparison of Cigarette Consumption Scores Between Electroacupuncture and Drug Groups

Parameter Control (95% CI) Electroacupuncture (95% CI) Contrast (95% CI) | Statistical Evidence
Baseline 1.54 (1.21-1.87) 1.57 (1.30-1.84) 0.03 (—0.42 to 0.48) t(58)=0.13, P=0.899
Acute Phase (0-3d)

Slope —0.03/day (—0.05 to —0.01) —0.27/day (—0.30 to —0.24) 0.24/day (0.21-0.27)* F=341.8, P<0.001

% Reduction 6.5% (3.2-9.8) 50.9% (47.6-54.2) 44.4% (40.1-48.7)*

Maintenance (I—4w)

Weekly slope —0.11 (-0.13 to —0.09) —0.15 (—0.18 to —0.12) 0.04/week (0.01-0.07)* F=175.3, P<0.001
Cumulative reduction 58.8% (54.5-63.1) 76.4% (73.1-79.7) 17.6% (12.3-22.9)*

Follow-up (3 months)

Score retention 56.2% (51.9-60.5) 79.0% (75.7-82.3) 22.8% (17.5-28.1)* F=18.6, P<0.001

Notes: Model diagnostics: Time effect: F(6, 348) = 135.20, P < 0.001, n* = 0.72. Group effect: F(I, 58) = 12.45, P = 0.001, n* = 0.18. Time x Group interaction: F(6,
348) = 92.80, P < 0.001, n = 0.64. Variance function: Power = 0.85 (95% Cl: 0.78-0.92), BIC = 1428.7. *Between-group comparison, p < 0.05.

In the drug group, show in Table 8, mild adverse reactions were observed in 41.94% of participants (13/31) during
varenicline treatment, including nausea in 9 cases (29.03%), constipation in 2 cases (6.45%), and insomnia in 2 cases
(6.45%). All adverse reactions occurred within 3—14 days of treatment initiation and gradually subsided thereafter. Only
one participant discontinued treatment due to drug intolerance.

In the electroacupuncture group, one participant withdrew due to intolerance of needle sensation.

Discussion

This study systematically evaluated the efficacy and safety of electroacupuncture for nicotine dependence using
a multimodal assessment strategy. By monitoring changes in nicotine dependence severity, craving, cigarette consump-
tion, and withdrawal symptoms, we found that electroacupuncture produced more significant improvements than
varenicline, effectively reducing the likelihood of relapse and increasing cessation success rates. Importantly, electro-
acupuncture demonstrated a faster onset of action, with therapeutic effects maintained up to three months after treatment.
These findings provide high-quality clinical evidence supporting electroacupuncture as a green, effective, non-
pharmacological intervention for smoking cessation.
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Figure 6 Key percentage outcomes of Smoking volume scores in the control and electroacupuncture groups (mean * 95% ClI).
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Table 8 Adverse Events Recorded in the Two Groups

Adverse Events (Drug Group) | Cases | Adverse Events (Electroacupuncture Group) | Cases

Nausea 9 Needle sensation intolerance |
Constipation 2 — —
Insomnia 2 — —
Total 13 Total |

Electroacupuncture significantly reduced nicotine dependence. In the acute phase, the rate of FTND score reduction in
the electroacupuncture group was —1.11 points/day, 3.4 times faster than the drug group (—0.33 points/day, P < 0.001). At
follow-up, 84.4% of the initial improvement was retained in the electroacupuncture group, significantly higher than the
69.5% in the drug group (P < 0.001).

Electroacupuncture effectively reduced smoking severity as measured by the HSI. In the acute phase, the electro-
acupuncture group achieved within three days the absolute reduction that required 25 days in the drug group (1.86 vs
0.36 points). At follow-up, the electroacupuncture group retained 81.7% of initial improvement, compared with 63.9% in
the drug group (P = 0.002).

Electroacupuncture also alleviated withdrawal symptoms more effectively. On the MNWS, the electroacupuncture group
eliminated 55.2% of withdrawal symptoms within three days, compared with only 20.5% in the drug group. At follow-up,
retention of improvement remained significantly higher in the electroacupuncture group (75.3% vs 52.8%, P = 0.026).

Electroacupuncture reduced cigarette consumption more rapidly and sustainably. In the acute phase, cigarette consumption
declined by 50.9% in the electroacupuncture group versus only 6.5% in the drug group. At three months, the electroacu-
puncture group retained 79.0% of the initial reduction, significantly higher than 56.2% in the drug group (P < 0.001).

Interestingly, the effect of electroacupuncture on psychological craving was comparable to that of varenicline.
According to QSU-Brief scores, no significant differences were observed between groups at week 4 or during follow-
up (P > 0.05). Several mechanisms may account for this equivalence: (1) both interventions modulate the dopaminergic
reward system, thereby reducing nicotine dependence;** (2) both alleviate withdrawal-related negative emotions, such as
anxiety and depression, with prior evidence showing electroacupuncture is as effective as varenicline in improving mood
disturbances;*’ (3) electroacupuncture may regulate addiction-related neural pathways, such as NRG3/ErbB4 signaling in
the hippocampus, thereby affecting synaptic plasticity and weakening craving-related memory consolidation; (4) the
use of the “Sweet Point”, widely applied in smoking cessation, may alter taste perception during smoking (eg, inducing
bitter, astringent, or metallic sensations), thereby reducing smoking-related pleasure.?’ Varenicline similarly diminishes
the rewarding effect of nicotine, which may explain the comparable efficacy in psychological craving.

The earliest documented reports on the use of acupoints for the treatment of drug addiction date back to the late
Republic of China period, appearing in Dr. Huang Hanru’s “Manual of One-Finger Meditation Massage — Miscellaneous
Notes”. Subsequently, medical practitioners evolved the approach from manual acupressure to acupuncture and even-
tually to electroacupuncture. In modern times, building upon research into the analgesic mechanisms of acupuncture—
particularly its influence on endogenous opioid peptides*®>—electroacupuncture has emerged as a non-pharmacological
intervention grounded in the principle of “physiological regulation” and has been widely validated for its efficacy in
substance use disorders.?’

First, in terms of mechanism of action, electroacupuncture exhibits multi-system regulatory capabilities that extend
beyond single-receptor targeting. Varenicline acts selectively on the a4B2 nicotinic acetylcholine receptor,'' whereas
electroacupuncture exerts networked neuromodulatory effects. Studies have demonstrated that low-frequency (2 Hz)
electroacupuncture not only activates p and & opioid receptors,’® promoting the release of endorphins, enkephalins, and
endomorphins to alleviate negative affective states and withdrawal-related pain, but also concurrently modulates
monoamine neurotransmitters such as norepinephrine and serotonin.’' This dual action contributes to synergistic
improvements in anxiety, depression, and other emotional disturbances associated with withdrawal. The capacity to
simultaneously engage multiple endogenous neurochemical systems represents a therapeutic advantage that single-target
pharmacological agents cannot easily replicate.
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Second, regarding depth of intervention, electroacupuncture can directly target core pathological processes in addiction—
namely neuroadaptation and addiction memory. Addiction is fundamentally a disorder of maladaptive learning and memory.
Evidence indicates that low-frequency electroacupuncture can attenuate the consolidation and reactivation of addiction
memories by restoring homeostasis between the cholinergic and dopaminergic systems in the hippocampus.®* This contrasts
sharply with varenicline, which primarily blocks acute reward signaling. By intervening at the level of memory formation and
retrieval, electroacupuncture offers a more fundamental strategy for preventing relapse.

Finally, at the level of neural system repair, electroacupuncture demonstrates protective and restorative effects on impaired
neural circuits. As shown in preliminary data from this study, morphine or heroin dependence induces adaptive changes in
receptors within the dopamine projection pathways. Electroacupuncture not only suppresses craving behaviors and with-
drawal symptoms but also normalizes the aberrant expression of dopamine receptors, thereby protecting neuronal integrity and
facilitating functional recovery of the dopaminergic system.>*** These findings suggest that the “physiological regulation”
achieved through electroacupuncture transcends mere substitution or blockade; rather, it involves active “guidance” and
“repair”, promoting the restoration of disrupted neural networks to physiological homeostasis.

In this study, we selected bilateral PC6 (Neiguan), HT7 (Shenmen), ST36 (Zusanli), SP6 (Sanyinjiao), Huatuojiaji
(T5), BL23 (Shenshu), and the Sweet Point. Electroacupuncture was delivered to bilateral Huatuojiaji (TS) and BL23,
with the positive pole connected to Huatuojiaji (T5) and the negative pole to BL23. Each acupoint has specific
therapeutic effects: PC6 is associated with harmonizing the stomach, regulating qi, and calming the mind;*> HT7
calms the spirit;*® ST36 strengthens the body and tonifies qi;>’ SP6 harmonizes the spleen, liver, and kidney;*®
Huatuojiaji (TS5), in combination with PC6, has been shown to alleviate anxiety and depression following

1;* the Sweet Point modifies taste perception during smoking, thereby reducing craving.*® A 2 Hz stimulation

withdrawa
frequency was chosen, consistent with prior evidence that low-frequency electroacupuncture effectively suppresses
craving-related behavior.*'

This study systematically evaluated the efficacy and safety of electroacupuncture in the treatment of nicotine
dependence. The results demonstrated that electroacupuncture significantly outperformed varenicline in reducing
nicotine dependence (FTND), smoking severity (HSI), withdrawal symptoms (MNWS), and cigarette consumption,
with this therapeutic advantage being sustained throughout the 3-month follow-up period. Regarding psychological
craving, as assessed by the QSU-Brief, electroacupuncture exhibited comparable efficacy to pharmacological treat-
ment, suggesting its potential to achieve similar long-term effects in mitigating psychological dependence. These
findings indicate that electroacupuncture may serve as a promising non-pharmacological therapeutic option for clinical
smoking cessation.

Limitations of this study should be acknowledged.

Because of the inherent differences between interventions, participant-reported outcomes (eg, craving scores) may
have been influenced by expectancy effects, with acupuncture’s sensory stimulation potentially enhancing placebo
response, and varenicline’s side effects possibly undermining blinding. To minimize bias, we used blinded evaluators,
standardized questionnaires, strict operator training (48 h; Kappa > 0.85), fixed acupoint selection, and independent
monitoring, with varenicline serving as an active control to address ethical concerns about sham acupuncture.

Future studies may extend the follow-up period to 6 months or 1 year. While the 3-month follow-up in this study
effectively captures the mid-term stability and trajectory of withdrawal symptom alleviation and demonstrates sustained
advantages of electroacupuncture, it is insufficient for a comprehensive assessment of long-term outcomes—such as
abstinence rates and relapse risk—in nicotine dependence. Given the chronic nature of nicotine dependence, long-term
outcomes warrant substantial clinical attention. Although the maintenance of efficacy at 3 months provides a promising
early indicator of potential long-term success, further research with extended follow-up periods is necessary to
definitively establish the durability of electroacupuncture’s therapeutic effects.

The study relied on validated behavioral scales (FTND, HSI, QSU-Brief, MNWS) but did not include biochemical
validation (eg, urinary or salivary cotinine). Future research should incorporate biomarkers to improve objectivity.

This study was conducted in a Chinese population, where cultural acceptance of acupuncture is higher than in many
Western regions, potentially influencing adherence and expectancy effects. Replication in diverse populations is neces-
sary to enhance external validity and global generalizability.
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This study did not include a control group receiving standard behavioral interventions, such as the 5A approach.
Although this design is consistent with the primary objective of comparing electroacupuncture with first-line pharma-
cotherapy, future studies employing a three-arm trial design—incorporating behavioral intervention, pharmacotherapy,
and electroacupuncture groups—would allow for a more comprehensive and precise evaluation of electroacupuncture’s
distinct contribution and clinical value across the spectrum of smoking cessation strategies.

In conclusion, this study demonstrates that electroacupuncture is a safe and effective non-pharmacological interven-
tion for nicotine dependence. Electroacupuncture significantly reduced dependence severity, craving, withdrawal symp-
toms, and cigarette consumption, with sustained benefits up to three months. For patients intolerant of pharmacotherapy,
with contraindications, or preferring non-drug options, electroacupuncture may represent a valuable alternative or
complementary therapy. Integrating electroacupuncture into clinical smoking cessation programs could be especially
beneficial for individuals who have failed conventional methods or are reluctant to rely on long-term pharmacological
treatment. With its high acceptance, minimal side effects, and sustained efficacy, electroacupuncture offers a novel
strategy for tobacco control and public health promotion.
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