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Background: The incidence of opioid use disorder (OUD) is increasing worldwide, and the

opioid-related overdose crisis is currently a major global challenge. This study investigated

the effects of adjuvant laser meridian massage (LMM) in men with OUD undergoing

methadone maintenance treatment (MMT).

Methods: A case-controlled study was conducted from February 2019 to April 2020. Fourteen

men with OUD on MMT were enrolled from an addiction treatment center as an experi-

mental group. An age-matched control group comprising 13 men was also enrolled. The

experimental group received LMM on the back, including over the Bladder meridian and

Governor Vessel, three times weekly for 4 weeks. The control group received only MMT.

Urinary morphine levels, patients’ self-reports of the number of episodes or days of heroin

use, and visual analog scale scores for heroin craving/refusal to use heroin during the

previous week were evaluated. Quality of life was reported using the Short Form (SF)-12v2.

Results: The experimental group showed a significant decrease in heroin use (p < 0.05),

whereas the control group showed a significant increase in heroin craving (p < 0.05). The

SF-12v2 Health Survey revealed a significant improvement in physical health in the

experimental group (P < 0.05).

Conclusion: The results of this study suggest that laser meridian massage can be considered

a safe, well-tolerated, and potentially useful adjuvant intervention for opioid use disorder.
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At a glance of commentary

Scientific background on the subject

The prevalence of opioid use disorder is increasing at an

alarming rate worldwide, associatedwith highmorbidity

and mortality. Pharmacological strategies remain un-

satisfactory for treating withdrawal symptoms of in-

dividuals with heroin addiction; therefore, the potential

advantages of complementary and alternative medicine

should be actively explored.

What this study adds to the field

This study makes a significant contribution to the liter-

ature because it is the first of its kind to investigate the

clinical efficacy of adjuvant laser meridian massage for

opioid use disorder, and provides novel evidence that

laser meridian massage can be considered a safe, well-

tolerated, and potentially useful adjuvant intervention.
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The incidence of opioid use disorder (OUD) is increasing at an

alarming rateworldwide, and the opioid-relatedoverdose crisis

is currently recognized as a major global challenge, associated

with high morbidity and mortality [1]. OUD represents the

chronic use of opioids that causes clinically significant distress

or impairment. It is estimated that the global opium use rate

(heroin and opium) in 2017 was 0.6% (29.2 million) among in-

dividuals aged 15e64 years. In addition, the number of opium

usersworldwide in the past year has increased by 50% from the

original estimate of 19.4 million in 2016 [2]. OUD affects 2.1

million individuals in theUnitedStates,andover120,000deaths

worldwide are annually attributed to the use of opioids [3].

Patients with OUD show a dependence on opioid use,

which leads to increased opioid tolerance over time. Addiction

to opioids represents the most severe form of this disorder,

and their discontinuation leads to withdrawal symptoms [4].

According to the American Psychiatric Association's Diag-

nostic and Statistical Manual of Mental Disorders, 5th Edition

(DSM-5) criteria, patients can be diagnosed with OUD when

they express a desire to obtain and take opioids despite social

and professional consequences. Methadone has been widely

used for opioid replacement therapy and studied worldwide,

and methadone maintenance is a well-established approach.

The advantages of methadone treatment include blocking

euphoric effects, decreasing narcotic cravings, and reducing

the transmission of infectious diseases. Methadone mainte-

nance is non-sedating and is medically safe, provided there is

no concomitant use of other prescriptions or illicit drugs [5,6].

However, it is common to relapse into heroin use after

cessation of agonist maintenance treatment. Moreover, there

is lack of studies identifying the optimal time, candidate, and

strategy to quit opioid agonist maintenance treatment. Com-

plications related to opioid agonist use necessitate the need

for alternative non-opioid therapies to relieve the symptoms

of immediate and long-termopioidwithdrawal [7,8]. There is a
chronic risk of accidental overdose, trauma, suicide, and in-

fectious diseases in patients with OUD. Pharmacological

strategies remain unsatisfactory for treating withdrawal

symptoms of individuals with heroin addiction; therefore, the

possible advantages of complementary and alternative med-

icine, which has been historically used to treat diseases with

limited adverse events, should be actively explored [5,6].

Since 2500 BC, a wealth of knowledge and experience has

been accumulated in the practice of acupuncture. Since then,

acupuncture has been used throughout the world, particularly

since the1970s [9].According to thetheoryof traditionalChinese

medicine (TCM), acupuncture was evolved following the prin-

ciple that physiological functions are maintained through the

“meridian” and “Qi andblood” systems. Along 14meridians, 365

identified acupoints can relieve Qi stagnation for stimulating,

balancing, and harmonizing the yin and yang [10]. This treat-

ment has been used to facilitate homeostasis of human organs.

Since 1972, acupuncture has been applied to heroin addicts. Dr.

Wen revealed that acupuncture combined with electrical stim-

ulation at four body acupoints and two auricular acupoints

ameliorated thewithdrawal symptoms inheroin addicts [11]. In

1985, the US National Acupuncture Detoxification Association

reported that the relief ofwithdrawal syndrome, the prevention

of craving, and the increase in the probability of a patient

participating in a long-term treatment program could be

ensured through the 5-point auricular acupuncture protocol

[12]. In 1996, the World Health Organization recommended

acupuncture as a therapy for drug abuse [13]. The latest modi-

fication to this therapeuticprotocolwasdeveloped in2005byDr.

Han [14]. Nowadays, over 700 addiction treatment centers use

acupuncture as an adjuvant intervention [15].

The acupuncture points on the Governor Vessel are

commonly used for treating individuals with heroin addiction

[16]. It is reported that electroacupuncture at the Bei-Shu

acupoints can reduce the persistence of early-stage with-

drawal symptoms and anxiety after heroin detoxification [17].

Laser acupuncture, a noninvasive procedure, stimulates the

traditional acupuncture points with low-power, cold laser

irradiation. Laser acupuncture combines the effectiveness of

both acupuncture and low-intensity laser therapy [18]. Laser

meridianmassage (LMM) refers to the use of laser acupuncture

to stimulate the meridian with low-intensity, cold laser

irradiation.

With OUD cases around the world rising, novel treatment

methods need to be identified to help patients suffering from

this disorder. In this study, we sought to assess the efficacy of

LMM in men with OUD undergoing methadone maintenance

treatment (MMT)usinga 4week-long, case-controlled study.To

the best of our knowledge, this study is the first to investigate

the clinical efficacy of adjuvant LMM inmenwithOUDonMMT.
Methods

Design

This case-controlled study was performed in the Department

of Psychiatry and ChineseMedicine at Kaohsiung Chang Gung

Memorial Hospital. The study began in February 2019 and
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Fig. 1 Flowchart showing the flow of subjects during the study.
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continued until April 2020. Subjects recruited from our in-

stitution's addiction treatment center who were willing to

receive LMM were assigned as the experimental group (LMM

plus MMT). Subjects matched for age with the experimental

group who did not receive LMM (MMT only) were assigned as

the control group. The study design is shown in Fig. 1.

Participants

A diagnosis of OUDwas confirmed using the diagnostic criteria

in the Diagnostic and Statistical Manual of Mental Disorders,

Fifth Edition. Male subjects aged 20e70 years with OUD, who

had received MMT for at least 1 month and provided informed

consent, were included in the study. Psychiatrists assessed

each prospective participant's eligibility to be enrolled in the

study. Subjects with a critical illness or human immunodefi-

ciency virus infection, those on antidepressant or antipsy-

chotic medication, those who had consumed Chinese herbs or

received acupuncture treatment in the past 30 days, those who

were unsuitable for recruitment according to the opinion of the

attending physician, and those who were unwilling to provide

informed consent were excluded from the study.

Sample size

A sample size of 28 was calculated based on a two-way

repeated-measures analysis of variance with a medium
effect size of 0.25, a significance level (a) of 0.05, and a desired

power (1- b) of 0.80 [19].

Interventions

The study participants received 12 LMM sessions three times

per week for 4 weeks using a gallium aluminum arsenide

LaserPen (maximal power, 150 mW; wavelength, 810 nm; area

of probe, 0.5 cm2; power density, 300 mW/cm2; pulsed-wave;

and frequencies [Bl, 667 Hz; B4, 4796 Hz]; RJ-Laser, Reimers &

Janssen GmbH, Waldkirch, Germany). Laser treatment was

applied to theback, including theBladdermeridian (BL11eBL25)

andGovernorVessel (GV3eGV14; Fig. 2 [20] and 3), for 15min, to

deliver a total treatment dose of 67.5 J/cm2. The laser treatment

was applied by the same experienced physician who had

adequate training and was a licensed Chinese medicine prac-

titioner in Taiwan. The physician and patientswere required to

wear protective eye wear during the procedure.

Outcome measurements

Outcomes were assessed at 2 and 4 weeks after the first visit;

these included subjective reporting of heroin use, quality of

life, and objective urinary morphine levels. The primary out-

comes were urinary morphine levels and self-reported heroin

use (times or days) during the previous week. The secondary

outcomes were self-reported visual analog scale (VAS) scores

https://doi.org/10.1016/j.bj.2021.04.010
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Fig. 3 Laser meridian massage performed using the LaserPen

device over the right Bladder meridian.

Fig. 2 Meridians used for heroin addiction. Bladder meridian

(BL11-BL25) and Governor Vessel (GV3-GV14) [20].
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for heroin craving/refusal to use heroin (0e10 points) in the

previous week and the quality of life, assessed using the Short

Form-12v2® (SF-12v2), before and after 4 weeks of treatment.

The participants’ heart rate variability before and after a sin-

gle treatment sessionwas also recorded. The evaluationswere

performed by one well-trained senior research assistant who

was blinded to the group allocation.

A VAS score of 0 for heroin craving indicated no heroin

craving, and a score of 10 indicated the strongest possible

heroin craving. A VAS score of 0 for refusal to use heroin

indicated no refusal, and a score of 10 indicated total refusal.

The SF-12v2 Health Survey is a multipurpose, short-form

health instrument containing 12 questions that yields an

eight-scale profile of functional health and well-being (Phys-

ical Functioning [PF], Role-Physical [RP], Bodily Pain [BP],

General Health [GH], Vitality [VT], Social Functioning [SF],

Role-Emotional [RE], Mental Health [MH]), as well as two

psychometrically-based physical andmental health summary

measures and a preference-based health utility index. The

PRO CoRE, which is part of the Smart Measurement® System

suite of products and Optum's upgrade to the Quality Metric

Health Outcomes™ scoring software, was used to score the

SF-12v2 Health Survey.

We recorded potentially adverse events, as well as the

reasons offered by the patients for not completing their

follow-up visits or dropping out of the study, such as adverse

events/intercurrent illnesses, suboptimal response to ther-

apy, failure to return for follow-up, failure to meet the
selection criteria at entry, other protocol violations, and

refusal to receive treatment.
Statistical analysis

The data were presented as the mean ± standard deviation.

The independent t-test and chi-square test were used to

evaluate and compare the baseline patient characteristics

between the experimental and control groups. The indepen-

dent t-test was used to compare the differences between the

two groups. Repeated-measures analysis of variancewas used

for comparisons between the two study groups. All analyses

were performedusing SPSS forWindows, version 22 (Statistics

22, IBM Corp., Armonk, NY, USA). A P-value of <0.05 was

considered statistically significant.
Data monitoring

A data monitoring committee (DMC) was not needed because

LMM is a routine and noninvasive intervention.
Ethics

This study was approved by our institutional human ethics

committee (Chang Gung Medical Foundation Institutional

Review Board, approval number 201801823A3) and adhered to

the tenets of the Declaration of Helsinki and its amendments.

The protocol was registered with ClinicalTrials.gov (identifier

NCT04003077). Written informed consent was obtained from

all study participants. Personal information about potential

and enrolled participants were collected, shared, and main-

tained in an independent closet in order to protect patient

confidentiality before, during, and after the trial. Fig. 3.

http://ClinicalTrials.gov
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Table 1 Demographic information and characteristics of
the participants.

Variable Experimental
(n ¼ 14)

Control
(n ¼ 13)

P-
value

Age (years) 45.64 ± 7.60 46.77 ± 4.25 .642a

Marital status .331b

Never married 7 (50%) 9 (69.2%)

Married/cohabiting 4 (28.6%) 4 (30.8%)

Divorced/widowed 3 (21.4%) 0

Occupation 1.000b

Employed 12 (85.7%) 12 (92.3%)

Unemployed 2 (14.3%) 1 (7.7%)

Education (years) 1.000b

6e12 2 (14.3%) 1 (7.7%)

12e15 9 (64.3%) 10 (76.9%)

15e18 3 (21.4%) 2 (15.4%)

SF-12v2

PF 50.88 ± 9.35 53.43 ± 6.11 .413a

RP 52.63 ± 6.61 52.27 ± 7.57 .899a

BP 51.29 ± 9.64 53.57 ± 5.96 .471a

GH 54.00 ± 8.06 45.00 ± 10.60 .020a,*

VT 60.31 ± 7.57 54.36 ± 11.79 .129a

SF 50.55 ± 8.13 49.37 ± 8.78 .722a

RE 52.20 ± 5.46 49.08 ± 7.51 .227a

MH 53.15 ± 8.85 47.44 ± 11.82 .166a

PCS 52.12 ± 7.02 52.88 ± 6.00 .762a

MCS 54.21 ± 8.53 47.92 ± 8.63 .068a

Heroin craving (VAS) 3.50 ± 2.62 2.15 ± 1.95 .145a

Refusal to use heroin

(VAS)

6.07 ± 3.69 4.54 ± 3.87 .302a

*p < 0.05.

Data are presented as mean ± SD or number (%).

Abbreviations: SF-12v2: Short Form Health Survey-12v2; PF: phys-

ical functioning; RP: role limitations due to physical problems; BP:

bodily pain; GH: general health; VT: vitality; SF: social functioning;

RE: role limitations due to emotional problems; MH: general mental

health; PCS: physical component summarymeasures; MCS: mental

component summary measures.
a Independent t-test.
b Fisher's exact test.
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Results

The addiction treatment center assessed a total of 164 par-

ticipants for study eligibility. Twenty-seven OUD patients met

the inclusion criteria, and 14 subjects were placed in the

experimental group. The remaining 13 subjects formed the

age-matched control group. One participant from the experi-

mental group dropped out because he had received MMT at

another hospital during the study [Fig. 1]. The baseline char-

acteristics did not reveal any important disparities between

the two groups, except for the GH scale in SF-12v2 [Table 1].
Urinary morphine

The positive rate of urinary morphine decreased from 0.86 to

0.64 in the experimental group, while there was no change in

the control group. The adjusted differences between the two

groups were 0.21 (95% CI -0.03e0.46) at 2 weeks of treatment

(p¼ 0.082), and 0.14 (95% CI -0.07e0.35) at 4weeks of treatment

(p ¼ 0.165) [Table 2].
Times or days of heroin use during the previous week

The times or days of heroin use during the previous week

decreased significantly in the experimental group. At 2 weeks

of treatment, the change from baselinewas�0.93 and�0.23 in

the experimental (p ¼ 0.008) and control groups (p ¼ 0.641),

respectively. At 2 weeks of treatment, the change from the

baseline was �1.39 and �0.23 in the experimental (p ¼ 0.030)

and control groups (p ¼ 0.641), respectively. Adjusted differ-

ences between the two groups were 0.63 (95% CI -0.50e1.75) at

2 weeks of treatment (p¼ 0.261) and 1.15 (95% CI -0.37e2.68) at

4 weeks of treatment (p ¼ 0.132) [Table 2, Fig. 4].

Heroin craving/refusal to use heroin relative to that in the
previous week

There was a marked improvement in heroin craving and

refusal behavior post-LMM treatment. Heroin craving relative

to that in the previous week decreased in the experimental

group after 2 and 4 weeks of treatment (�1.23, p ¼ 0.147 vs.

�1.23, p ¼ 0.120), while it increased in the control group at 2

and 4 weeks of treatment (1.08, p ¼ 0.028 vs. 1.00, p ¼ 0.016).

Adjusted differences between the two groups at 2 and 4 weeks

of treatment were 2.22 (95% CI 0.42e4.02; p ¼ 0.018) and 2.23

(95% CI 0.51e3.95; p ¼ 0.014), respectively [Table 2, Fig. 5].

Refusal to use heroin in the previous week decreased at 2

weeks of treatment and increased at 4 weeks of treatment in

the experimental group (�0.46, p ¼ 0.629 vs. 0.47, p ¼ 0.719).

However, it increased in the control group at 2 and 4 weeks of

treatment (1.31, p ¼ 0.037 vs. 0.48, p ¼ 0.724). The adjusted

differences between the two groups at 2 and 4 weeks of

treatment were 1.74 (95% CI -0.42e3.89; p ¼ 0.109) and �0.77

(95% CI -3.47e3.32; p ¼ 0.963), respectively [Table 2].

Quality of life

The SF-12v2 Health Survey revealed a significant improve-

ment in physical health in the experimental group (5.06,

p ¼ 0.024) at 4 weeks of treatment. The adjusted difference

between the two groups was �5.85 (95% CI -11.07e0.62)

(p ¼ 0.030) [Table 3].

Heart rate variability

The heart rate variability analysis revealed no significant dif-

ference between the two groups after a single treatment ses-

sion [Table 4].

Adverse events

No LMM-associated adverse events were reported.
Discussion

To our knowledge, this study is the first of its kind to inves-

tigate the clinical efficacy of adjuvant LMM in men with OUD

on MMT. An improvement in physical health and decreased

heroin use were observed in the experimental group, as there

was a statistically significant difference that favored LMM in

https://doi.org/10.1016/j.bj.2021.04.010
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Table 2 Episodes or days of heroin use and VAS scores for heroin craving/refusal to use heroin during the previous week.

Measurements Experimental Control Adjusted difference (95% CI)b

Mean ± SD P-valuea Mean ± SD P-valuea

Episodes or days of heroin use

Baseline 2.85 ± 2.30 1.46 ± 1.33

Week 2 1.92 ± 2.10 0.008* 1.23 ± 1.42 0.641 0.63 (�0.50e1.75)

Week 4 1.46 ± 1.81 0.030* 1.23 ± 2.09 0.641 1.15 (�0.37e2.68)

Heroin craving (VAS)

Baseline 3.38 ± 2.69 2.15 ± 1.95

Week 2 2.15 ± 2.19 0.147 3.23 ± 2.46 0.028* 2.22 (0.42e4.02)*

Week 4 2.15 ± 2.34 0.120 3.15 ± 1.86 0.016* 2.23 (0.51e3.95)*

Refusal to use heroin (VAS)

Baseline 6.15 ± 3.83 4.54 ± 3.87

Week 2 5.69 ± 4.03 0.629 5.85 ± 3.21 0.037* 1.74 (�0.42e3.89)

Week 4 6.62 ± 4.09 0.719 4.92 ± 3.25 0.724 �0.77 (�3.47e3.32)

Urine morphine (þ/�)

Baseline 12/2 6/7

Week 2 9/5 0.082 6/7 e 0.21 (�0.03e0.46)

Week 4 9/4 0.165 6/7 e 0.14 (�0.07e0.35)

*p < 0.05.

Abbreviations: SD: standard deviation; VAS: visual analogue scale.
a Repeated measures ANOVA.
b Independent t-test was used for the statistical analysis of changes from baseline in each outcome between two groups.

Fig. 4 Times or days of heroin use over the previous week.

*p < 0.01, **p < 0.05. Repeated measures ANOVA was used

for the statistical analysis of changes from baseline in each

outcome between the two groups. All outcomes were

adjusted for baseline values.
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terms of physical health and heroin craving after 4-week

treatment. There were no statistically significant differences

with regard to mental health or refusal to use heroin between

the two groups. The main strength of our study is that it

clearly demonstrated that LMM resulted in an improvement in

physical health and decreased heroin craving.

We chose the Governor Vessel and Bladder meridian for

LMM, as the acupuncture points over these areas are

commonly used and effective in OUD [16,17]. Electro-

acupuncture at GV14 and GV20 regulating the endoplasmic
reticulum stress response seems to mediate the neuro-

protective effect of acupuncture in heroin-addicted rats with a

brain injury. The inhibition of CCAAT-enhancer-binding pro-

tein homologous protein and c-Jun N-terminal kinase upre-

gulation, aswell as the decrease in nerve cell apoptosis,may be

the primary mechanisms underlying the effects of acupunc-

ture on heroin addiction-induced brain injury [21]. Acupunc-

ture at GV14 and GV20 significantly reduced the pathological

damage in the hippocampus and frontal lobe, upregulated Bcl-

2 expression, and downregulated Bax expression, thus pre-

venting brain cell apoptosis in heroin-readdicted rats [22].

Acupuncture at the Governor Vessel points (GV20, GV14, GV11,

GV10, GV9, GV4) has an auxiliary therapeutic effect on absti-

nence symptoms in heroin addiction, particularly with regard

to symptoms such as pain in the muscle and bone, perspira-

tion, and anxiety [23]. In our study, LMM at BL11-BL25

improved physical health in OUD. Electroacupuncture at BL23

and ST36 could suppress the expression of morphine-induced

conditioned place preference (CPP) and orexin-positive nuclei

in the lateral hypothalamus, relative to the effects in

morphine-conditioned rats [24]. Electroacupuncture at Bei-Shu

acupoints (BL13, BL15, BL23, GV20) attenuated the prolonged

withdrawal symptoms following heroin detoxification,

including somatic symptoms and anxiety [17]. Electro-

acupuncture at BL23 reduced morphine withdrawal signs and

c-Fos expression in the central nucleus of the amygdala [25].

Moreover, acupuncture at GV20 plus moxibustion at BL23 can

improve changes in synaptic ultrastructure in heroin-

readdicted rats, which may be related to their effect in regu-

lating the expression of some synaptic skeleton proteins and

genes [26].

Electroacupuncture at LI4 and ST36 and acupuncture at ear

Shenmen significantly reduced daily methadone consump-

tion and improved sleep latency in heroin addicts. After rapid

detoxification of opiate, the severity of withdrawal symptoms

https://doi.org/10.1016/j.bj.2021.04.010
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Fig. 5 Heroin craving over the previous week. *p < 0.05.

Repeated measures ANOVA was used for the statistical

analysis of changes from baseline in each outcome between

the two groups. All outcomes were adjusted for baseline

values.

Table 3 Quality of life, assessed by the SF-12v2.

SF-12v2 Experimental

Mean ± SD P-valuea Mean ±

PF

Baseline 50.40 ± 9.56 53.42 ±
Week 4 54.64 ± 4.96 0.237 52.82 ±

RP

Baseline 52.25 ± 6.72 52.27 ±
Week 4 55.18 ± 5.07 0.133 50.30 ±

BP

Baseline 51.49 ± 10.00 53.57 ±
Week 4 55.65 ± 3.96 0.165 51.49 ±

GH

Baseline 53.72 ± 8.32 45.00 ±
Week 4 56.62 ± 4.27 0.193 43.16 ±

VT

Baseline 61.17 ± 7.13 54.36 ±
Week 4 63.44 ± 6.49 0.190 50.58 ±

SF

Baseline 51.43 ± 7.74 49.38 ±
Week 4 53.48 ± 5.78 0.387 48.01 ±

RE

Baseline 52.68 ± 5.36 49.08 ±
Week 4 49.08 ± 9.85 0.145 47.09 ±

MH

Baseline 54.06 ± 8.49 47.44 ±
Week 4 55.38 ± 9.25 0.598 43.47 ±

PCS

Baseline 51.52 ± 6.93 52.89 ±
Week 4 56.58 ± 3.20 0.024* 52.10 ±

MCS

Baseline 55.44 ± 7.48 47.92 ±
Week 4 55.50 ± 11.35 0.980 44.44 ±

*p < 0.05.

Abbreviations: SD: standard deviation; SF-12v2: Short Form Health Surve

problems; BP: bodily pain; GH: general health; VT: vitality; SF: social func

mental health; PCS: physical component summary measures; MCS: men
a Repeated measures ANOVA.
b Independent t-test was used for the statistical analysis of changes from
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decreased by acupuncture at LI4, PC6, HT7, ST36, LR3, GV14,

and GV20 [27], while acupuncture at ST36 quickly inhibited

the activation of particular brain areas associatedwith craving

involved in reward, learning and memory, cognition, and

emotion [28]. Electroacupuncture at ST36 and SP6 reduced the

active response caused by discrete signals [29], revealed syn-

ergy in the treatment of heroin-seeking behaviors in addition

to extinction therapy [30], and modulated dopaminergic

reward system by activating the endogenous opioid and

endocannabinoid systems in rats [31]. Electroacupuncture at

PC6 and ST36 could inhibit heroin's attentional bias to reduce

the relapse rate [32]. Functional magnetic resonance imaging

showed that hypothalamic activation related to manual

acupuncture at ST36 was stronger in heroin addicts than in

healthy subjects [33]. Acupuncture at HT7 significantly

reduced the self-administration of morphine and modulated

the enhancement of morphine by regulating gamma-

aminobutyric acid (GABA) receptors [34]. In our study, LMM

at GV3-GV14 and BL11-BL25 decreased heroin craving in OUD.

When heroin addicts withdrew suddenly, transcutaneous

electrical acupoint stimulation of 2/100 Hz at LI4, PC6, PC8,
Control Adjusted difference (95% CI)b

SD P-valuea

6.12

6.90 0.673 �4.84 (�12.65e2.97)

7.57

7.99 0.485 �4.90 (�11.68e1.88)

5.96

7.71 0.337 �6.24 (�13.47e0.99)

10.60

10.28 0.553 �4.74 (�12.32e2.84)

11.79

10.51 0.337 �6.05 (�14.78e2.67)

8.78

10.27 0.739 �3.42 (�12.95e6.10)

7.51

8.26 0.514 1.60 (�6.17e9.37)

11.82

10.08 0.201 �5.29 (�13.17e2.58)

6.00

6.38 0.633 �5.85 (-11.07~-0.62)*

8.63

8.25 0.189 �3.54 (�10.56e3.47)

y-12v2; PF: physical functioning; RP: role limitations due to physical

tioning; RE: role limitations due to emotional problems; MH: general

tal component summary measures.

baseline in each outcome between two groups.

https://doi.org/10.1016/j.bj.2021.04.010
https://doi.org/10.1016/j.bj.2021.04.010


Table 4 HRV records before and after a single session of laser meridian massage.

Measurements Experimental Control Adjusted difference (95% CI)b

Mean ± SD P-valuea Mean ± SD P-valuea

HRV

Before 28.54 ± 15.76 33.00 ± 11.69

After 28.62 ± 7.00 0.983 34.14 ± 6.67 0.670 1.07 (�9.71e11.84)

LF

Before 57.08 ± 25.46 55.57 ± 25.45

After 63.15 ± 16.30 0.164 54.71 ± 19.59 0.925 �6.93 (�24.65e10.78)

HF

Before 42.92 ± 25.46 43.00 ± 26.14

After 36.85 ± 16.30 0.164 45.29 ± 19.59 0.800 8.36 (�9.21e25.94)

LF/HF

Before 2.55 ± 2.74 2.13 ± 1.69

After 2.29 ± 1.58 0.681 1.70 ± 1.77 0.455 �0.17 (�2.14e1.80)

Abbreviations: HRV: heart rate variability; LF: low frequency; HF: high frequency; *p < 0.05.
a Repeated measures ANOVA.
b Independent t-test was used for the statistical analysis of changes from baseline in each outcome between two groups.
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and SJ5 significantly reduced withdrawal symptoms and

reduced the need for opioids [35].

A rewarding effect induced by peripheral electric stimula-

tion (PES, 2 Hz) at ST36 and SP6 could inhibit the morphine-

induced CPP and reduce craving in rats [36], and weaken

morphine-induced reward memory by regulating the endog-

enous opioid system in the nucleus accumbens (Nac) [37]. The

inhibition of opiate addiction through electroacupuncture

may be related to the release of endogenous m-, d-, and k-

opioid agonists in the Nac shell [38] and the activation of the

cannabinoid, endogenous opioid, and dopaminergic systems

to induce CPP in rats [29]. PES (100 Hz) at ST36 and SP6 exerted

an anti-craving effect by activating the suprasegmental d- and

k-opioid receptors in the central nervous system in rats [39].

PES (2 Hz) raised preproenkephalin mRNA levels and PES

(100 Hz) raised preprodynorphinmRNA levels in the Nac; both

suppressed the expression and reinstatement of morphine-

induced CPP in rats [40]. In the treatment of opiate addic-

tion, PES (100 Hz) at ST36 and SP6 restored the function of the

dopaminergic neurons in the ventral tegmental region [41],

decreased p-cAMP response element binding, and increased

dynorphin synthesis in the spinal cord for opioid detoxifica-

tion [42]. PES (2 Hz) is a possible adjuvant treatment for

restoring immune function in opiate addicts [43], and PES

(2 Hz or 100 Hz) was found to improvemale sexual behavior in

rats during the process of morphine withdrawal by both

increasing the peripheral sexual hormone concentration and

regulating central neural pathways [44]. PES (2 Hz or 100 Hz) at

ST36 and SP6 reversed the morphological changes caused by

long-term morphine consumption [45]. By improving non-

rapid eye movement (NREM) sleep, REM sleep, and total

sleep times, PES (2 Hz or 100 Hz)may be a potential therapy for

sleep disorders during the process of morphine withdrawal

[46]. In our study, LMM at GV3-GV14 and BL11-BL25 improved

physical health in OUD. Acupuncture at SI5 prevented the

restoration of morphine-seeking behaviors after extinction

through mediating the GABA receptor system [30,47].

Laser acupuncture at BL15 increases LF and the LF/HF ratio,

and thus, activates the sympathetic nervous system [48]. Laser

acupuncture at GV14 had an on/off-effect in the blood flow

velocity of the cerebral arteries, induced a de qi sensation like
needle acupuncture does, and significantly increased the blood

flow velocity in the basilar artery [49]. Laser acupuncture

combines the effectiveness of traditional acupuncture and low-

intensity laser therapy [16]. LMM is the application of laser

acupuncture. The Bei-Shu acupoints refer to the acupoints

infusing the meridian qi of zang-fu organs into the back.

Stimulation at Bei-Shu acupoints (BL13-15, BL18-23, BL25) can

restore the function of zang-fu organs [50]. As such, LMM at

BL11-BL25 was found to improve physical health in our study.

Spinal kneading can promote homeostasis, improve appetite,

free themeridians and collaterals, improve the circulation of qi

and blood, and improve the function of zang-fu organs [50]. As

such, LMM at GV3-GV14 was found to decrease heroin craving

in our study. To improve the efficacy of LMM for OUD, the Yang

Ming meridians may be added to the therapeutic protocol

because ST36 and LI4 are the most common acupoints used in

treating OUD [16]. The optimal frequencies applied to the me-

ridians for LMM may be obtained by using the vascular auto-

nomic signal. The dose energy may be properly increased.

There were several limitations of our study. First, the

sample size was smaller than our expectation. Further trial

and investigation with a larger number of subjects is war-

ranted. Second, the LMM course in this study lasted 4 weeks; a

longer LMM treatment period may induce more obvious ef-

fects with regard to the refusal to use heroin in the previous

week as well as urine morphine levels.
Conclusion

A four-week treatment with LMM in conjunction with MMT is

moreeffective thanMMTalonein improvingphysicalhealthand

decreasing heroin craving in men with OUD. We suggest that

LMM be utilized as adjuvant therapy in patients with OUD on

MMT. Further studies should include randomization, sham

control,andfollow-upevaluationstostrengthenthisconclusion.
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