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Effects of acupuncture and 
nicotine patch on smoking:  
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Aims: To evaluate the effects of acupuncture and/or nicotine patches on 
smoking cessation.

Methods: Eighty-eight participants were randomly allocated into four groups: 
acupuncture combined with nicotine patch (ACNP), acupuncture combined with 
sham nicotine patch (ACSNP), sham acupuncture combined with nicotine patch 
(SACNP), and sham acupuncture combined with sham nicotine patch (SACSNP). 
The primary outcome was self-reported smoking abstinence verified with expiratory 
Carbon Monoxide (CO) after 8 weeks of treatment. The modified Fagerstrom Test 
for Nicotine Dependence (FTND) score, Minnesota Nicotine Withdrawal Scale 
(MNWS), and the Brief Questionnaire of Smoking Urge (QSU-Brief) score were used 
as secondary indicators. SPSS 26.0 and Prism 9 software were used for statistical 
analyses.

Results: Seventy-eight participants completed the study. There were no 
significant differences in patient characteristics at baseline across the four groups. 
At the end of treatment, there was a statistically significant difference (χ2  =  8.492, 
p  =  0.037) in abstaining rates among the four groups. However, there were no 
significant differences in the reduction in the number of cigarettes smoked daily 
(p  =  0.111), expiratory CO (p  =  0.071), FTND score (p  =  0.313), and MNWS score 
(p  =  0.088) among the four groups. There was a statistically significant difference 
in QUS-Brief score changes among the four groups (p  =  0.005). There was no 
statistically significant interaction between acupuncture and nicotine patch.

Conclusion: Acupuncture combined with nicotine replacement patch therapy 
was more effective for smoking cessation than acupuncture alone or nicotine 
replacement patch alone. No adverse reactions were found in the acupuncture 
treatment process.

Clinical trial registration: http://www.chictr.org.cn/showproj.aspx?proj=61969, 
identifier ChiCTR2100042912.
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Introduction

Smoking, recognized as one of the most serious global public health 
issues, is a significant risk factor for life-threatening diseases such as lung 
cancer, coronary heart disease, and stroke (1, 2). According to the World 
Health Organization, the tobacco industry exacts a toll of more than 8 
million human lives, 600 million trees, 200,000 hectares of land, 22 billion 
tons of water, and 84 million tons of CO2 annually (3). Cigarette smoke 
contains over 5,000 harmful chemicals, with 69 identified as carcinogenic 
(4). Apart from its health impact, smoking imposes a considerable 
economic burden, particularly in low- and middle-income countries (5, 
6), reducing tobacco consumption and promoting smoking cessation 
through various interventions, including socioeconomic, 
non-pharmaceutical, and pharmaceutical approaches, is crucial (7).

Nicotine replacement therapy (NRT) is a widely used pharmaceutical 
intervention for smoking cessation (8). NRT, available as Over-the-
Counter (OTC) drugs (9), includes patches, gum, nasal sprays, and 
inhalers (10, 11).

Recently, acupuncture for smoking cessation has gained attention 
globally (12). Studies, such as a large-scale observational study in Hong 
Kong and a randomized controlled trial, have suggested that acupuncture 
is a safe and effective method for smoking cessation (13, 14). Meta-
analyses have shown its safety but called for further trials to establish 
effectiveness (15, 16). Acupuncture offers advantages, including mood 
improvement and countering appetite loss associated with NRT (17). 
When combined with counseling or educational programs, acupuncture 
enhances its efficacy for sustained smoking cessation compared to 
standalone interventions (18). Despite these findings, variations in study 
designs necessitate further exploration to comprehensively validate 
acupuncture’s effectiveness in smoking cessation.

To address this, we conducted a randomized controlled double-blind 
trial to investigate the effectiveness and safety of acupuncture and/or 
nicotine patches with a placebo in facilitating smoking cessation, aiming 
to enhance smoking cessation programs with more effective methods and 
reduced relapse rates.

Methods

Study design

This study employed a randomized, controlled, double-blind, 
double-dummy, multicenter trial to assess the effects and safety of 
acupuncture (or sham acupuncture) combined with nicotine patch (or 
placebo patch) for smoking cessation. The study, registered in the 
Chinese Clinical Trial Registry with the registration number 
ChiCTR2100042912 on January 31, 2021.1

1 http://www.chictr.org.cn/showproj.aspx?proj=61969

Participant recruitment

We recruited 88 smokers from three districts in Lanzhou City, 
Gansu Province, China (Chengguan, Xigu, and Heping). Recruitment 
involved posters and the popular Chinese social media platform, 
WeChat, to connect with ethnic communities and universities for 
community smoking cessation programs. All participants voluntarily 
participated in the study and provided written informed consent.

Inclusion criteria
Participants were required to meet the following conditions:

 1 Meet diagnostic criteria for smoking, including daily tobacco 
product use for at least 3 weeks and experiencing withdrawal 
symptoms within 24 h of cessation or reduction.

 2 Voluntarily quit smoking.
 3 Aged ≥16 years.
 4 Signed informed consent.

Exclusion criteria
 1 Participants with severe heart, brain, lung-related system diseases, 

and diabetes were excluded, along with those who received other 
relevant smoking cessation treatment in the past 2 weeks.

 2 Individuals allergic to the nicotine patch adhesive or with 
conditions elevating the risk of bleeding or taking medications 
increasing the risk of bleeding were also excluded.

Sample size

The sample size was calculated based on a completely random 
design, assuming abstinence rates of 56% (p1) (19) and 9.1% (p2) (20) 
for acupuncture and placebo, respectively. The required sample size 
for each group was 22, considering a 20% loss to follow-up rate.

The equation of sample size calculation is N

=
−( ) ± −( ) + −( )





−( )
−Z p p Z p p p p

p p

1 2 1 1 2 2

1 2

2 1 1 1 2
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Randomized allocation of participants

We generated a set of continuous serial numbers from 1 to 88 
prior to enrollment. Participants corresponded to the corresponding 
serial numbers according to the order of enrollment. Excel was used 
to generate 88 random numbers, and the random numbers were 
numbered in the order from smallest to largest. If the same random 
numbers appeared, the first appeared was small. Participants were 
randomly assigned in a 1:1:1:1 ratio to four intervention groups: 
acupuncture combined with nicotine patch (ACNP), acupuncture 
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combined with sham nicotine patch (ACSNP), sham acupuncture 
combined with nicotine patch (SACNP), and sham acupuncture 
combined with sham nicotine patch (SACSNP).

Blinding

This trial adopted a randomized, controlled, double-blind, double-
dummy, multicenter experimental design. Participants and data 
collectors were blinded. The randomization sequence was inserted 
into sequentially numbered, opaque, sealed envelopes. The 
acupuncturist treating the patient opened these envelopes (21).

Interventions

Each participant received acupuncture (or sham acupuncture) 
and nicotine patch (or placebo patch) for 8 weeks, followed by an 

8-week follow-up. Following extensive literature search, the follow-up 
period varied greatly, ranging from 2 weeks to 1 year. Considering the 
compliance of the participants, 8 weeks of follow-up chosen was 
almost the best. The acupuncture points selected for smoking 
cessation in the current study are based on previous published 
researches (22, 23). In more details, Baihui acupoint on the head has 
the function of awakening the brain (24), Lieque point belongs to lung 
meridian, can treat lung diseases (25). Hegu and Shenmen points can 
harmonize qi and blood, tranquilize and calm the mind (26, 27), and 
Sweet point is a special point to reduce smoking addiction (28). It has 
been well accepted by the Traditional Chinese Medicine practitioners 
that multiple points combination therapy offers more effective 
approaches than single point treatment. Thus, these five combined 
points acupunctures have been selected for smoke cessation in the 
current study. Sham acupuncture was selected as a component of the 
control. The sham acupuncture targeted corresponding shoulder, eye, 
knee, and elbow acupoints on the auricle that are unrelated to smoking 
cessation (29) (Figure 1). Each participant received three sessions of 

FIGURE 1

Acupuncture and sham acupuncture points map.
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treatment per week, while we established a WeChat (social media) 
group for patients to remind each participant of the appointment time 
and improve treatment compliance.

The nicotine patch dose was based on daily smoking and body 
weight (Table 1). Nicotine patch refers to a patch that absorbs nicotine 
through the skin (transdermal patch); while the sham patches were 
the patch without nicotine.

Adverse events

Adverse events in this study included needle fainting, stagnation, 
bending, folding and allergy during the use of the patch (21), as well 
as, adverse reactions such as bleeding, hematoma, dizziness, fainting, 
residual needle sensation, tenderness and infection during the 
treatment. Adverse events were graded according to the severity of the 
symptoms/signs using a 3-point scale, 1 = mild (easily tolerated, 
causing minimal discomfort), 2 = moderate (discomfort significant 
enough to interfere with daily activities) and 3 = severe (incapacitating 
and/or requiring therapeutic intervention). The relationship between 
adverse events and interventions will be  rated by participants as 
follows: 1 = not relevant, 2 = possibly, 3 = probably, 4 = definitely, and 
were monitored and records (30). Participants experiencing adverse 
reactions were assessed by the attending physician, who decided on 
trial continuation or cessation.

Outcome measures

Baseline characteristics were collected, and the primary outcome 
was the abstinence rate at the end of treatment, verified by expiratory 
Carbon Monoxide (CO < 10 ppm) (31) and/or self/report validation. 
To reduce/minimize the possible bias, we conducted multiple self-
reports over the study, as described (21). At the meantime, 
we combined the observation reports of the participants’ families and 
other medical personnel to obtain more comprehensive information.

Secondary outcomes included measures of nicotine dependence 
(Fagerstrom test for nicotine dependence, FTND score), withdrawal 
symptoms (Minnesota Nicotine Withdrawal Scale, MNWS score), 
desire to smoke (The brief questionnaire of smoking urge, QSU-Brief 
score), expiratory CO value (measured by CO detector) and blood 
pressure (measured by Electronic Blood Pressure Monitor).

Statistical methods

Intent-to-treat (ITT) and per-protocol (PP) analyses were 
conducted using SPSS 26.0 and Prism 9 software. Statistical 
significance was set at p ≤ 0.05.

Ethical aspects/considerations

The study adheres to the Helsinki Declaration, approved by the 
Human Ethics Committee of the Affiliated Hospital of Gansu 
University of Chinese Medicine (Approval No. 20203), and registered 
at the Chinese Clinical Trial Registry (Registration 
Number ChiCTR2100042912).

Results

Recruitment and dropout summary

We enrolled a total of 88 eligible participants from Chengguan, 
Xigu, and Heping Districts, Lanzhou City, Gansu Province, China, 
between August 2021 and November 2021. These participants were 
then assigned to 4 treatment groups. Out of them, 78 participants 
completed the treatment, and 10 dropped out. Specifically, there were 
3 dropouts in the ACNP group, 4  in the ACSNP group, 2  in the 
SACNP group, and 1 in the SACSNP group. Notably, only 1 participant 
in the ACNP group voluntarily withdrew due to job changes, while 
the remaining 9 participants discontinued treatment because of the 
impact of the COVID-19 epidemic (Figure 2).

Participant characteristics at baseline

No significant differences in participant characteristics were 
observed across groups, including sex, age, demographic variables, 
BMI, smoking age, FTND score, MNWS score, and QSU-Brief score, 
as presented in Table 2. Statistical analysis of baseline data on daily 
cigarette consumption also indicated a balanced distribution among 
smokers across all groups at the trial’s outset (Table 2).

Tobacco abstinence rate at the end of 
treatment

The self-reported overall abstinence rate stood at 39.8% (95% CI: 
30.0 to 50.2%). According to the ITT analysis, the self-reported 
abstaining rates were 63.6, 40.9, 22.7, and 31.8%, respectively, in the 
ACNP, ACSNP, SACNP, and SACSNP groups, with a statistically 
significant difference (χ2 = 8.492, p = 0.037). Figure 3 illustrates that the 
self-reported abstinence rate in the ACNP group surpassed the other 
groups, with pairwise comparisons revealing significantly higher rates 
compared to the SACNP group (χ2 = 7.503, p = 0.006) and the SACSNP 
group (χ2 = 4.464, p = 0.035). The per-protocol analysis confirmed 
significant differences among groups (χ2 = 10.891, p = 0.012), with 
pairwise comparisons showing distinctions between the ACNP group 

TABLE 1 Duration and dosage of nicotine patch.

Daily smoking/weight Week 1–2 Week 3–4 Week 5–8

≥20 2 patches/day

1 patch/day 0.5 patches/day<20/ ≥70 kg 2 patches/day

<20/<70 kg 1 patch/day

The amount of nicotine patch used should be determined by the amount of cigarettes smoked each day. For participants who smoke more, the cycle of 2 patches/ day should be appropriately 
extended.
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and the SACNP group (χ2 = 9.244, p = 0.004), and between the ACNP 
group and the SACSNP group (χ2 = 6.513, p = 0.014) (Table  3). ITT 
analysis based on self-report and expiratory CO demonstrated significant 
differences among all groups (χ2 = 10.907, p = 0.012), with a statistically 
significant difference in PP analysis as well (χ2 = 13.187, p = 0.004).

Regardless of NRT or placebo treatment, participants receiving 
acupuncture exhibited a significantly higher abstinence rate than 
those undergoing sham acupuncture. However, participants receiving 
NRT only slightly outperformed those receiving sham NRT (Figure 3).

The change of the number of cigarettes 
daily smoked at the end of treatment

While there was no statistical difference in the change of the 
number of cigarettes smoked daily across the groups (F = 2.075, 
p = 0.111), pairwise comparisons revealed that the ACSNP group 
exhibited a higher reduction in daily cigarettes smoked compared to 
the SACSNP group (p = 0.048) (Figure 4).

The reduction in expiratory CO, FTND 
score, MNWS score and QUS score

There was no significant difference in the change of expiratory CO 
(Z = 7.015, p = 0.071) (Figure 5A), FTND score (Z = 3.558, p = 0.313) 
(Figure 5B), and the MNWS score (F = 2.265, p = 0.088) (Figure 5C) 
across the groups from baseline to the end of treatment. However, in 
pairwise comparisons, the ACSNP group was found to be  more 
effective in reducing MNWS score than the SACSNP group (p = 0.036). 
Additionally, there was a statistical difference in the change of 
QUS-Brief score across the four groups (F = 4.013, p = 0.011), and the 
pairwise comparison results indicated that the ACSNP had a better 

effect than the SACNP (p = 0.007) and SACSNP (p = 0.005) 
(Figure 5D).

Interaction analysis of acupuncture and 
nicotine patch on expiratory CO, change in 
the number of cigarettes smoked daily

The results of the interaction analysis revealed no significant 
difference between acupuncture and sham acupuncture in 
reducing expiratory CO content (F = 1.629, p = 0.206). However, 
acupuncture showed a more pronounced effect on the change in 
the number of cigarettes smoked daily (F = 6.005, p = 0.017). The 
nicotine patch was more effective in reducing expiratory CO than 
the sham nicotine patch (F = 4.565, p = 0.036). No significant 
interaction was observed between acupuncture and the nicotine 
patch in reducing expiratory CO content (F = 0.136, p = 0.687) or 
the number of cigarettes smoked daily (F  = 0.158, p  = 0.692) 
(Table 4).

Tobacco relapse rate

Among participants who had successfully quit smoking by the 
end of the treatment, 2 individuals in the ACSNP group resumed 
smoking during the follow-up, while no relapses occurred in the other 
groups. There was no statistical difference in the relapse rate across the 
groups (p = 0.171).

Adverse events

There were no serious or mild adverse events.

FIGURE 2

Subject intervention flow chart.
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Discussion

Smoking is a common harmful behavior, and quitting unaided by 
personal willpower is challenging. Despite smokers being aware of the 
risks, with over 70% expressing a desire to quit, only 5% succeed (32). 
Acupuncture therapy has been shown to reduce the desire to smoke 
and attenuate the taste of tobacco (33). In this study, acupuncture and 
nicotine patch therapy were combined. The results showed that 
acupuncture combined with NRT patch intervention had a significant 
effect on the tobacco abstinence rate, daily cigarette consumption, 
expiratory CO, FTND score, and MNWS score. Due to good 
participant compliance in the pilot test, a 20% loss to follow-up rate 
was selected to calculate the sample size in the formal test, resulting in 
a total sample size of 88, which differed from our protocol in the 
preliminary test (21).

There was a significant difference in the abstinence rate at the end 
of treatment across the four groups, which was 63.6% in ACNP group, 
40.9% in ACSNP group, 22.7% in SACNP group and 31.8% in 
SACSNP group, respectively. The abstinence rate in each group was 

TABLE 2 Baseline characteristics comparison among all groups.

Characteristic ACNP (n  =  22) ACSNP 
(n  =  22)

SACNP 
(n  =  22)

SACSNP 
(n  =  22)

F/Z/χ2 p

Demographic information

Age (ys) 40.45 ± 2.82 44.27 ± 2.52 42.09 ± 3.34 46.32 ± 3.17 0.738 0.532

Sex, n (%)

Male 21 (95.5) 22 (100) 21 (95.5) 22 (100) 2.157 1.000

Female 1 (4.5) 0 (0) 1 (4.5) 0 (0)

BMI [kg/m2, M (P25, 

P75)]
25.08 (23.01, 29.04) 24.61 (22.47, 26.39) 23.73 (21.87, 28.39) 24.15 (23.08, 25.51) 2.013 0.570

Education, n (%)

Primary school

Middle school
1 (4.5) 0 (0) 1 (4.5) 2 (9.1)

15.432 0.172
Middle school 5 (22.7) 5 (22.7) 4 (18.2) 5 (22.7)

High school 1 (4.5) 2 (9.1) 8 (36.4) 6 (27.3)

College degree 5 (22.7) 7 (31.8) 3 (13.6) 6 (27.3)

≥ Bachelor degree 10 (45.6) 8 (36.4) 6 (26.3) 3 (13.6)

Marital status, n (%)

Unmarried 6 (27.3) 2 (9.1) 7 (31.8) 4 (18.2)

5.266 0.455Married 15 (68.2) 19 (86.4) 15 (68.2) 17 (77.3)

Divorced 1 (4.5) 1 (4.5) 0 (0) 1 (4.5)

Smoking-related variables

Smoking years 21.41 ± 2.14 25.45 ± 2.78 24.18 ± 2.98 26.64 ± 2.37 0.753 0.523

Cigarettes daily 

smoked

M (P25, P75)

20.00 (12.25, 27.75) 20.00 (15.00, 30.00) 20.00 (15.00, 27.75) 18.00 (12.75, 20.00) 0.844 0.839

Expiratory CO M 

(P25, P75)
12.25 (10.17, 13.98) 10.90 (8.15, 13.53) 11.35 (6.50, 16.10) 11.30 (8.17, 15.33) 1.178 0.758

FTND score M (P25, 

P75)
6.00 (3.75, 8.00) 5.00 (3.00, 7.25) 7.00 (5.50, 7.00) 5.00 (3.75, 7.00) 2.720 0.437

MNWS score 25.36 ± 2.24 22.27 ± 2.53 25.14 ± 2.27 20.95 ± 2.36 1.131 0.341

QSU-Brief score 39.50 ± 3.19 39.95 ± 3.04 38.18 ± 3.07 32.55 ± 2.30 1.368 0.258

FIGURE 3

Forest plot of ITT-based abstinence rate (%) by trial groups at the end 
of treatment.
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TABLE 3 Comparison of tobacco abstinence rate among groups at the end of treatment.

Standard of 
judgment

Methods Group n Give up 
smoking

Not give up 
smoking

Abstinence/
relapse rate

χ2 p

Based on the self-

reported

Intention-to-treat 

(ITT) analysis

ACNP 22 14 8 63.6^*

8.492 0.037
ACSNP 22 9 13 40.9

SACNP 22 5 17 22.7

SACSNP 22 7 15 31.8

Per-protocol (PP) 

analysis

ACNP 19 14 5 73.7^*

10.891 0.012
ACSNP 18 9 9 50.0

SACNP 20 5 15 25.0

SACSNP 21 7 14 33.3

Based on the self-

reported and expiratory 

CO

Intention-to-treat 

(ITT) analysis

ACNP 22 14 8 63.6^*

10.907 0.012
ACSNP 22 7 15 31.8

SACNP 22 5 17 22.7

SACSNP 22 5 17 22.7

Per-protocol (PP) 

analysis

ACNP 19 14 5 73.7^*

13.187 0.004
ACSNP 18 7 11 38.9

SACNP 20 5 15 25.0

SACSNP 21 5 16 23.8

p^ ≤ 0.05 compared with the SACNP group; p* ≤0.05 compared with the SACSNP group.
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consistent with previous studies (29, 34). Acupuncture combined with 
nicotine patches was more effective than nicotine patches or placebo 
patches combined with sham acupuncture, aligning with the smoking 
cessation results of Hyun S et al. (34) Additionally, we did not find that 
acupuncture therapy alone was superior to nicotine patches alone or 
the placebo group, consistent with the findings of Chai et al. (22) and 
Chae et al. (35) We also confirmed that acupuncture combined with 
nicotine patch therapy reduced withdrawal effects. Moreover, 
acupuncture for smoking cessation is safe and effective, with no 
adverse events occurring during the trial. The results of a meta-
analysis by White AR et al. in 2014 also indicated that, although there 
was a lack of consistent and unbiased evidence on long-term benefits, 
acupuncture is effective for smoking cessation and safe when used 
correctly (16).

Although there was no significant difference in the change of 
expiratory CO across the four groups before and after treatment, the 
change of expiratory CO at the end of treatment in the ACNP group 
was significantly higher than that in the SACSNP group, indicating 
that acupuncture combined with nicotine therapy may significantly 
reduce nicotine dependence. Along with the gradual reduction in 
smoking amount, the CO content in expiration also gradually 
decreased, with most participants reaching a complete withdrawal 
state (35).

The FTND score of each group showed a downward trend 
compared with that before and after treatment, and the inter-group 
comparison showed that although there was no difference in the 
amount of change in the FTND score among the groups, the 
amount of change in the ACNP group was higher than others. 
However, there was no significant difference between the ACSNP 
and SACNP groups. This finding was consistent with the report by 
Chai et  al. (22) It is worth noting that we  did not select sham 
acupuncture points near the smoking cessation points, as reported 
in previous studies, but chose control points on the auricle unrelated 
to smoking cessation, avoiding possible bias caused by the placebo 
effect (36).

The results of the MNWS scale score showed that the withdrawal 
symptoms of participants in each group were effectively relieved after 
treatment. Inter-group comparison results showed that there was no 
difference in the change of MNWS among all groups. However, the 
change in the MNWS scores before and after treatment in the ACSNP 
and ACNP groups was significantly higher than that in the two groups 
containing sham acupuncture. Therefore, we  concluded that the 
treatment groups containing true acupuncture (ACNP group and 
ACSNP group) had significantly better relief of withdrawal symptoms 
for smoking cessation than sham acupuncture combined with (sham) 
nicotine patch. The results of the QSU-brief score indicated no 
significant difference across the groups at the end of treatment, 
consistent with the results of Wu’s study (37). However, the change of 
QUS score in the ACNP and SACNP groups before and after 
treatment is higher than that in the other two groups, proving that the 
two groups containing acupuncture have a better effect in reducing 
smoking craving.

Acupuncture combined with nicotine patch, acupuncture alone, 
or pure placebo can reduce the number of cigarettes smoked. The daily 
cigarette consumption in the ACSNP group had a more significant 
reduction compared with the SACSNP group. These results suggest 
that acupuncture combined with nicotine patch was more effective 
than nicotine patch and placebo alone, which aligns with the finding 
from Wu et  al. (29) and Hyun et  al. (34) showing that combined 
interventions have had significantly improvement in smoking 
cessation compared to that of single intervention have no 
better efficacy.

The acupoints used in this study may differ from some previous 
studies because acupuncture treatment for smoking cessation has 
not been standardized. Standardization of acupuncture cessation 
is essential to enhance the credibility of clinical studies. In this 
study, we selected commonly used acupoints in previous studies 
(23, 38). During the participant recruitment phase, we informed 
and required each participant to receive three treatment courses 
per week. We  established a WeChat (social media) group for 
patients during the treatment and reminded each participant of the 
booked appointment to improve treatment compliance. In 
addition, the acupuncture treatment regimens used in this study 
were safe and easy, and their combination with nicotine patches 
achieved better therapeutic effects than other groups.

There are some limitations in the current study, e.g., the 
investigation was based on self-reporting approach, which might 
be potentially bias, despite we tried to minimize such bias, as stated 
in the Materials and Methods. More objective approach will 
be designed to overcome such issue. Secondly, the sample size was 
small due to a limited budget, and we were unable to perform any 
subgroup analyses. There may be  bias in the analysis of result 
indicators with large differences, such as daily smoking amount. 
Therefore, we recommend a multicenter, large sample randomized 
controlled trial with a longer follow-up time to evaluate the long-
term efficacy of acupuncture and/or nicotine patches on smoking 
cessation. Third, we performed appropriate verbal incentives in the 
WeChat group chat to improve patient compliance, so the smoking 
cessation effect achieved in this study may not be  related to 
acupuncture and nicotine patches alone. Finally, many confounding 
factors influence smoking. Although we  collected data on 
participant smoking and smoking cessation-related factors at 
baseline, there was collinearity between the factors due to sample 

FIGURE 4

The reduction in the number of daily smoked.
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FIGURE 5

Changes of outcome indexes before and after treatment. (A) Change of the expiratory CO before and after treatment. (B) Change of the FTND score 
before and after treatment. (C) Change of the MNWS score before and after treatment. (D) Change of the Biref-QUS score before and after treatment.

TABLE 4 The interaction analysis of acupuncture and nicotine patch on expiratory CO and the change in the number of cigarettes smoked daily.

Effect Cause F p

Acupuncture

Expiratory CO 1.629 0.206

Change in the number of cigarettes 

smoked daily
6.005 0.017

Nicotine patch

Expiratory CO 4.565 0.036

Change in the number of cigarettes 

smoked daily
0.030 0.862

Acupuncture* Nicotine patch

Expiratory CO 0.163 0.687

Change in the number of cigarettes 

smoked daily
0.158 0.692
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size constraints, making it impossible to clarify factors influencing 
smoking cessation by acupuncture. In future studies, we need to 
expand the sample size, explore factors associated with or 
modifying the effect of acupuncture for smoking cessation, and 
develop individualized smoking cessation interventions for each 
participant to improve the clinical efficacy and safety of 
acupuncture smoking cessation.

Conclusion

Acupuncture combined with nicotine replacement patch therapy 
was more effective for smoking cessation than acupuncture alone or 
nicotine replacement patch alone. No adverse reactions were found in 
the acupuncture treatment process. A combination of acupuncture 
with nicotine patches was effective in terms of withdrawal rate, 
alleviation of tobacco dependence, relief of withdrawal symptoms, and 
reduction of daily smoking, making it suitable for clinical smoking 
cessation applications.

Data availability statement

The original contributions presented in the study are included in 
the article, further inquiries can be directed to the 
corresponding authors.

Ethics statement

The studies involving humans were approved by Ethical Review 
Committee of the Affiliated Hospital of Gansu University of 
Chinese Medicine. The studies were conducted in accordance with 
the local legislation and institutional requirements. The 
participants provided their written informed consent to participate 
in this study.

Author contributions

RD: Data curation, Investigation, Methodology, Writing – original 
draft, Writing – review & editing. DR: Writing – original draft. BL: 
Methodology, Investigation, Writing – review & editing. YZ: 
Investigation, Writing – review & editing. XM: Investigation, Writing 
– review & editing. XZ: Investigation, Writing – review & editing. HZ: 
Data curation, Writing – review & editing. LZ: Data curation, Writing 

– review & editing. CZ: Data curation, Writing – review & editing. XJ: 
Investigation, Writing – review & editing. SB: Methodology, Writing 
– review & editing. JF: Data curation, Funding acquisition, 
Methodology, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the Gansu Provincial Department of Education 
university teachers innovation fund project [grant no. 2024A-084], 
Gansu Provincial Science and Technology plan (Joint research Fund) 
project [grant no. 23JRRA1528], Natural Science Foundation Project 
of Gansu Province [grant no. 22JR5RA589] and the Innovation Fund 
of Postgraduate, Gansu University of Chinese Medicine [grant no. 
2021CX67].

Acknowledgments

We are grateful to Xingke Yan, Mengqi Cao, Jing Jia and Cailian 
An, The College of Acupuncture-Moxibustion and Tuina, Gansu 
University of Chinese Medicine; Bei Xu and Haiying Yao, Gansu Gem 
Flower Hospital; Yanbin Wu, Xiaokai Xu and Yu Zhang, Health Center 
of Hekou Town, and all the staffs who assisted in recruiting. 
We appreciate the contribution from all the participants in the trial.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Papagiannis D, Malli F, Papathanasiou IV, Routis P, Fradelos E, Kontopoulou L, 

et al. Attitudes and smoking prevalence among undergraduate students in Central 
Greece. Adv Exp Med Biol. (2021) 1339:1–7. doi: 10.1007/978-3-030-78787-5_1

 2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. (2018) 
68:7–30. doi: 10.3322/caac.21442

 3. World Health Organization, WHO raises alarm on tobacco industry environmental 
impact, World Health Organization. (2022). Available at: https://www.who.int/news/
item/31-05-2022-who-raises-alarm-on-tobacco-industry-environmental-impact. 
Accessed on May 5, 2022.

 4. Hofmann SG, Gómez AF. Mindfulness-based interventions for anxiety and 
depression. Psychiatr Clin North Am. (2017) 40:739–49. doi: 10.1016/j.psc.2017.08.008

 5. Mackenbach JP, Damhuis RA, Been JV, Van Roken DG. The effects of smoking on health: 
growth of knowledge reveals even grimmer picture. Ned Tijdschr Geneeskd. (2017) 160:D869.

 6. World Health Organization. Tobacco. (2019). Available at: https://www.who.int/
health-topics/tobacco#tab=tab_1. Accessed on July 26, 2019

 7. García-Gómez L, Hernández-Pérez A, Noé-Díaz V, Riesco-Miranda JA, Jiménez-
Ruiz C. Smoking cessation treatments: current psychological and pharmacological 
options. Rev Investig Clin. (2019) 71:7–16. doi: 10.24875/RIC.18002629

https://doi.org/10.3389/fmed.2024.1418967
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1007/978-3-030-78787-5_1
https://doi.org/10.3322/caac.21442
https://www.who.int/news/item/31-05-2022-who-raises-alarm-on-tobacco-industry-environmental-impact
https://www.who.int/news/item/31-05-2022-who-raises-alarm-on-tobacco-industry-environmental-impact
https://doi.org/10.1016/j.psc.2017.08.008
https://www.who.int/health-topics/tobacco#tab=tab_1
https://www.who.int/health-topics/tobacco#tab=tab_1
https://doi.org/10.24875/RIC.18002629


Dai et al. 10.3389/fmed.2024.1418967

Frontiers in Medicine 11 frontiersin.org

 8. Swan GE, McAfee T, Curry SJ, Jack LM, Javitz H, Dacey S, et al. Effectiveness 
of bupropion sustained release for smoking cessation in a health care setting: a 
randomized trial. Arch Intern Med. (2003) 163:2337–44. doi: 10.1001/
archinte.163.19.2337

 9. Nides M, Danielsson T, Saunders F, Perfekt R, Kapikian R, Solla J, et al. Efficacy and 
safety of a nicotine mouth spray for smoking cessation: a randomized, multicenter, 
controlled study in a naturalistic setting. Nicotine Tob Res. (2020) 22:339–45. doi: 
10.1093/ntr/nty246

 10. Hajek P, West R, Foulds J, Nilsson F, Burrows S, Meadow A. Randomized 
comparative trial of nicotine polacrilex, a transdermal patch, nasal spray, and an inhaler. 
Arch Intern Med. (1999) 159:2033–8. doi: 10.1001/archinte.159.17.2033

 11. Hartmann-Boyce J, Chepkin SC, Ye W, Bullen C, Lancaster T. Nicotine replacement 
therapy versus control for smoking cessation. Cochrane Database Syst Rev. (2018) 
5:Cd000146. doi: 10.1002/14651858.CD000146.pub5

 12. Jang S, Park S, Jang BH, Park YL, Lee JA, Cho CS, et al. Study protocol of a 
pragmatic, randomised controlled pilot trial: clinical effectiveness on smoking cessation 
of traditional and complementary medicine interventions, including acupuncture and 
aromatherapy, in combination with nicotine replacement therapy. BMJ Open. (2017) 
7:e014574. doi: 10.1136/bmjopen-2016-014574

 13. Wang YY, Liu Z, Wu Y, Zhang O, Chen M, Huang LL, et al. Acupuncture for 
smoking cessation in Hong Kong: a prospective multicenter observational study. Evid 
Based Complement Alternat Med. (2016) 2016:2865831. doi: 10.1155/2016/2865831

 14. Wang YY, Liu Z, Wu Y, Yang L, Guo LT, Zhang HB, et al. Efficacy of acupuncture 
is noninferior to nicotine replacement therapy for tobacco cessation: results of a 
prospective, randomized, active-controlled open-label trial. Chest. (2018) 153:680–8. 
doi: 10.1016/j.chest.2017.11.015

 15. Dai RJ, Cao YC, Zhang HL, Zhao N, Ren D, Jiang XM, et al. Comparison between 
acupuncture and nicotine replacement therapies for smoking cessation based on 
randomized controlled trials: a systematic review and Bayesian network meta-analysis. 
Evid Based Complement Alternat Med. (2021) 2021:9997516. doi: 10.1155/2021/9997516

 16. White AR, Rampes H, Liu JP, Stead LF, Campbell J. Acupuncture and related 
interventions for smoking cessation. Cochrane Database Syst Rev. (2014) 2014:Cd000009. 
doi: 10.1002/14651858.CD000009.pub4

 17. Brumbaugh AG. Acupuncture: new perspectives in chemical dependency 
treatment. J Subst Abus Treat. (1993) 10:35–43. doi: 10.1016/0740-5472(93)90096-k

 18. Wang JH, van Haselen R, Wang M, Yang GL, Zhang Z, Friedrich ME, et al. 
Acupuncture for smoking cessation: a systematic review and meta-analysis of 24 
randomized controlled trials. Tob Induc Dis. (2019) 17:48. doi: 10.18332/tid/109195

 19. Wang YY, Liu Z, Wu Z, Tong S, Su L, Yuan GH, et al. A randomized controlled 
trial on smoking cessation by acupuncture. J Beijing Univ Tradit Chin Med. (2018) 
41:79–84.

 20. Wang M, Luo X, Xu S, Liu W, Ding F, Zhang X, et al. Trends in smoking prevalence and 
implication for chronic diseases in China: serial national cross-sectional surveys from 2003 
to 2013. Lancet Respir Med. (2019) 7:35–45. doi: 10.1016/S2213-2600(18)30432-6

 21. Wang QS, Dai RJ, Zhang HL, Jiang XM, Ma XJ, Zhang XR, et al. The efficacy and safety 
of acupuncture and nicotine replacement therapy for smoking cessation: study protocol for a 
randomized controlled trial. Trials. (2022) 23:465. doi: 10.1186/s13063-022-06384-9

 22. Chai X, Yang JS, Liu Z, Chen F, Yuan GH, Wu Y, et al. Effect of the different 
smoking cessation regimens with acupuncture on smoking withdrawal and their 

influence factors: a multi-center randomized controlled trial. Zhongguo Zhen Jiu. (2019) 
39:1255–61. doi: 10.13703/j.0255-2930.2019.12.001

 23. Zhang FF, Wang YY, Liu Z, Wu Y, Yang JS. Analysis of clinical acupoint selection 
rules of acupuncture for smoking cessation. Shanghai J Acupunct Moxib. (2016) 
35:230–2. doi: 10.13460/j.issn.1005-0957.2016.02.0230

 24. Li W, Zhang FX, Zhao WW, Zhao HF, Wu ZM, Wang J. Clinical observation of 
long-time retention acupuncture at Baihui (GV 20) in treating cognitive impairment 
after stroke. China's Naturopathy. (2024) 32:52–5. doi: 10.19621/j.
cnki.11-3555/r.2024.0117

 25. Yang YT, Tong BY, You SJ. Natures of Lieque (LU7) and its clinical application. 
Inner Mongolia J of Tradit Chin Med. (2024) 43:128–31. doi: 10.16040/j.cnki.
cn15-1101.2024.01.052

 26. Jiang CY, Wu S. Exploration and analysis of acupuncture method of Hegu 
point. J Basic Chin Med. (2022) 28:438–440+471. doi: 10.19945/j.cnki.
issn.1006-3250.2022.03.013

 27. Wang Y, Lin XG. Research progress of effect of acupuncture Shenmen acupoint on 
the brain function. Clin J Tradit Chin Med. (2017) 29:1774–6. doi: 10.16448/j.
cjtcm.2017.0590

 28. Tan SY, Zhang HR, Chen L, Gu YH. Research progress on smoking cessation by 
treating acupuncture from zang Fu organs. Hunan J Tradit Chin Med. (2023) 39:194–7. 
doi: 10.16808/j.cnki.issn1003-7705.2023.02.042

 29. Wu TP, Chen FP, Liu JY, Lin MH, Hwang SJ. A randomized controlled clinical trial 
of auricular acupuncture in smoking cessation. J Chin Med Assoc. (2017) 70:331–8. doi: 
10.1016/S1726-4901(08)70014-5

 30. Zhang AL, Di YM, Worsnop C, May BH, Xue CC. Ear acupressure for smoking 
cessation: study protocol for a randomised controlled trial. Forsch Komplementmed. 
(2013) 20:290–4. doi: 10.1159/000354597

 31. Mcewen A, Hajek P, Mcrobbie H, West R. Manual of smoking cessation. England: 
Addiction Press. (2004) 61:1016–1019.

 32. Turner JR, Gold A, Schnoll R, Blendy JA. Translational research in nicotine 
dependence. Cold Spring Harb Perspect Med. (2013) 3:a012153. doi: 10.1101/cshperspect.
a012153

 33. Lim RCH. Painless laser acupuncture for smoking cessation. Med Acupunct. (2018) 
30:159–62. doi: 10.1089/acu.2018.1295

 34. Hyun S, Huh H, Kang NG. Effectiveness of auricular acupuncture combined with 
nicotine replacement therapy for smoking cessation. Tob Induc Dis. (2018) 16:40. doi: 
10.18332/tid/94328

 35. Chae Y, Park HJ, Kang OS, Lee HJ, Kim SY, Yin CS, et al. Acupuncture attenuates 
autonomic responses to smoking-related visual cues. Complement Ther Med. (2011) 
19:S1–7. doi: 10.1016/j.ctim.2010.09.003

 36. White AR, Resch KL, Ernst E. Randomized trial of acupuncture for nicotine 
withdrawal symptoms. Arch Intern Med. (1998) 158:2251–5. doi: 10.1001/
archinte.158.20.2251

 37. Wu Y. Clinical efficacy observation of acupuncture for smoking cessation. Beijing, 
China: China Academy of Chinese Medical Sciences (2015).

 38. Zhao J, Zhai W. Review of research on different methods of nearly five years of 
acupuncture. World Latest Med Inform. (2019) 19:100–1. doi: 10.19613/j.
cnki.1671-3141.2019.66.049

https://doi.org/10.3389/fmed.2024.1418967
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/archinte.163.19.2337
https://doi.org/10.1001/archinte.163.19.2337
https://doi.org/10.1093/ntr/nty246
https://doi.org/10.1001/archinte.159.17.2033
https://doi.org/10.1002/14651858.CD000146.pub5
https://doi.org/10.1136/bmjopen-2016-014574
https://doi.org/10.1155/2016/2865831
https://doi.org/10.1016/j.chest.2017.11.015
https://doi.org/10.1155/2021/9997516
https://doi.org/10.1002/14651858.CD000009.pub4
https://doi.org/10.1016/0740-5472(93)90096-k
https://doi.org/10.18332/tid/109195
https://doi.org/10.1016/S2213-2600(18)30432-6
https://doi.org/10.1186/s13063-022-06384-9
https://doi.org/10.13703/j.0255-2930.2019.12.001
https://doi.org/10.13460/j.issn.1005-0957.2016.02.0230
https://doi.org/10.19621/j.cnki.11-3555/r.2024.0117
https://doi.org/10.19621/j.cnki.11-3555/r.2024.0117
https://doi.org/10.16040/j.cnki.cn15-1101.2024.01.052
https://doi.org/10.16040/j.cnki.cn15-1101.2024.01.052
https://doi.org/10.19945/j.cnki.issn.1006-3250.2022.03.013
https://doi.org/10.19945/j.cnki.issn.1006-3250.2022.03.013
https://doi.org/10.16448/j.cjtcm.2017.0590
https://doi.org/10.16448/j.cjtcm.2017.0590
https://doi.org/10.16808/j.cnki.issn1003-7705.2023.02.042
https://doi.org/10.1016/S1726-4901(08)70014-5
https://doi.org/10.1159/000354597
https://doi.org/10.1101/cshperspect.a012153
https://doi.org/10.1101/cshperspect.a012153
https://doi.org/10.1089/acu.2018.1295
https://doi.org/10.18332/tid/94328
https://doi.org/10.1016/j.ctim.2010.09.003
https://doi.org/10.1001/archinte.158.20.2251
https://doi.org/10.1001/archinte.158.20.2251
https://doi.org/10.19613/j.cnki.1671-3141.2019.66.049
https://doi.org/10.19613/j.cnki.1671-3141.2019.66.049

	Effects of acupuncture and nicotine patch on smoking: a multicenter, randomized, controlled, double-blind clinical trial
	Introduction
	Methods
	Study design
	Participant recruitment
	Inclusion criteria
	Exclusion criteria
	Sample size
	Randomized allocation of participants
	Blinding
	Interventions
	Adverse events
	Outcome measures
	Statistical methods
	Ethical aspects/considerations

	Results
	Recruitment and dropout summary
	Participant characteristics at baseline
	Tobacco abstinence rate at the end of treatment
	The change of the number of cigarettes daily smoked at the end of treatment
	The reduction in expiratory CO, FTND score, MNWS score and QUS score
	Interaction analysis of acupuncture and nicotine patch on expiratory CO, change in the number of cigarettes smoked daily
	Tobacco relapse rate
	Adverse events

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

