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Objective: From the health care and societal perspectives, this study aimed to evaluate
the clinical and economic effects of acupuncture as an adjunctive therapy for patients
receiving methadone maintenance treatment (MMT).

Methods: \We conducted a parallel-arm RCT in China in 2019. Patients were included
who met the diagnostic criteria and receive MMT for more than 30 days. Patients were
randomly assigned to the exposed group (acupuncture plus MMT) or control group (MMT)
ata 1:1 ratio. Daily methadone dosage, drug cravings using the VAS score, and insomnia
using the Pittsburgh Sleep Quality Index (PSQI) were chosen as the effectiveness indexes,
and the quality-adjusted life years (QALYs) was chosen as the utility index.

Results: Overall, 123 patients were included. The exposed group was significantly
(P < 0.05) better than the control group in the improvement of daily methadone dosage
(17.68 vs. 1.07), VAS (38.27 vs. 2.64), and PSQI (2.18 vs. 0.30). The QALY was 0.0784
(95%Cl: 0.0761-0.0808) for the exposed group and 0.0762 (95%CI: 0.0738-0.0787)
for the control group. The total cost of the exposed group (2869.50 CNY) was higher
than the control group (2186.04 CNY). The ICER of daily methadone dosage (41.15),
VAS (17.86), and PSQI (313.51) were shown to be economically efficient. While ICUR
(310,663.64 CNY/QYLY) was higher than the cost suggested by WHO.

Conclusion: Acupuncture as an adjuvant therapy for MMT patients realizes its
cost-effectiveness by reducing the dosage of methadone, improving drug cravings, and
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alleviating insomnia. It helps to improve quality of life, but since its cost exceeds what
society is willing to pay, further study is needed.

Keywords: opioid dependence, acupuncture - therapy, methadone maintenance therapy, clinical evaluation,
economic evaluation, randomized controlled trial

INTRODUCTION

Opioid use disorder (OUD) is a type of addictive disease that
includes compulsive opioid use, increased tolerance to opioids,
and obvious withdrawal reactions after stopping drug taking
(1, 2). Evidence from The World Drug Report 2018 shows that
approximately 31 million people worldwide suffer from OUD,
which has caused the huge burden of serious disease and drug-
related deaths (3). In the United States, approximately $1.02
trillion was spent on opioid use disorders and fatal opioid
overdoses in 2017 (4). Incidence of fatal opioid overdose continue
to surge in the United States (5). In China, about 1.8 million
people use illicit drugs, of which 734,000 are opioid abusers,
accounting for 40.8% of it (6). Opioid dependence have caused
a heavy economic burden on patients and the health care
systems worldwide.

Methadone maintenance treatment (MMT), an effective
intervention for the treatment of opioid dependence, is by far the
most widely used treatment (7, 8). MMT uses less dependency-
inducing methadone to replace opioids, aiming to reduce opioid
use through the principle of cross-tolerance. It is one of the
current worldwide treatments for opioid dependents, reducing
a range of social and public health problems caused by opioid
abuse (9).

Though the widespread use of methadone in maintenance
treatment for opioid dependence in many countries, MMT
patients are often troubled by side effects, such as constipation,
drowsiness, menstruation, decreased libido, and gastrointestinal
symptoms (10). Besides, Lai’s (11) study showed that there was
still a high proportion, more than 30%, of patients who were
caught re-taking drugs during MMT treatment. Despite this, it
remains to be further studied whether the cause is drug addiction
or methadone underdosing.

Acupuncture has been treating various diseases for thousands
of years in China. As an alternative and complementary
therapy, it is becoming increasingly popular in Western countries
(12). Acupuncture has been recognized as an appropriate
non-pharmacological therapy for the treatment of substance
dependence by the World Health Organization (13). The existing
studies have shown evidence that acupuncture might potentially
reduce relapse through inhibiting attention bias to heroin
(14), lowering the complications of drug dependence (15), and
modifying morphine withdrawal syndrome (16). Compared with
Western medicine, acupuncture has fewer side effects and limited
adverse reactions. Several studies have found that acupuncture
has potential effects in improving opioid dependence (17, 18).
In the RCT of Chan 2014 (19), 60 patients treated with MMT
were randomized to receive either true or sham acupuncture for
a period of 4 weeks. Significant reductions in daily methadone
consumption and improvements in sleep latency were observed

in the true acupuncture group compared with the sham
acupuncture group. A pilot RCT by Deng et al. (20) found
that acupuncture helped reduce drug dose in patients who had
already taken opioids and alleviate opioid cravings in patients
who had not taken opioids. Another study by Crawford et al.
(21) found that among 172 patients who had received at least
four acupuncture treatments at the US Air Force Medical Center,
the total prescription of morphine equivalent was reduced by
45%. A systematic review article by Baker et al. (22) concluded
that auricular acupuncture may be effective as an adjuvant
therapy to increase treatment retention and decrease methadone
maintenance dosage. These studies proved the effectiveness of
acupuncture for reducing drug use in different disease areas.
Some have even suggested that it is better at pain relief than
opioids (23-25). In addition, a randomized controlled trial we
carried out proved that the effect of acupuncture as an adjunctive
therapy of treating opioid dependence is better than methadone
treatment alone (26).

Previous studies found that there is evidence that acupuncture
improves opioid dependence. Whether this translates into better
health outcomes for patients and fewer costs for the health care
system needs to be investigated. And there is little known about
the clinical and economic evaluations on acupuncture for opioid
dependence patients, thus, this study aimed to conduct clinical
and economic evaluation of acupuncture as an adjunctive therapy
for patients receiving MMT in a randomized controlled trial. It is
expected that the findings can provide references for clinicians to
optimize treatment options.

METHODS
Study Design

We implemented a randomized controlled trial (RCT) in which
135 patients were randomly assigned to a routine group (control
group) or an acupuncture plus routine group (exposed group)
via a central randomization system (SAS 9.4) in a 1:1 ratio. After
completing the clinical trial, we conducted the cost-effectiveness
analysis (CEA) and cost-utility analysis (CUA) on the collected
data from the societal perspective. The protocol approved by the
Ethics Committee of the First affiliated Hospital of Guangzhou
University of Chinese Medicine (No. Y-2019-241) and registered
in the Chinese Clinical Trial Registry (ChiCTR1900026357) has
been published.

Participants

Participants were recruited with OUD from the methadone
clinic of the Substance Dependence Department of Guangzhou
Huiai Hospital from October 2019 to September 2020. OUD was
diagnosed according to the Diagnostic and Statistical Manual
of Mental Disorders [Fifth Edition (DSM-V)] of the American
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TABLE 1 | The inclusion and exclusion criteria of subjects.

Inclusion criteria Exclusion criteria

(1) Male or female.

(2) 18-60 years old. disease.

(8) Had received MMT for not <30 (2) Venereal disease or AIDS.
days. (3) The presence of severe digestive

(4) Were able to sign the informed disease and athrepsia.
consent. (4) Major psychosis.

(5) Had not received any kind of (5) The receipt of other treatment that
acupuncture therapy during the may affect the efficacy evaluation of
previous 3 months. the present intervention.

(6) An infection, inflammation, scar, or
injury close to the site of the selected
acupoints.

(7) Pregnant or planning to
become pregnant.

(1) Serious heart, liver, lung, or kidney

Psychiatric Association. The specific inclusion and exclusion
criteria are presented in Table 1.

Intervention

Exposed Group: Acupuncture Plus MMT

Participants received acupuncture plus MMT treatment in this
group. Acupuncture was performed by a licensed acupuncturist.
The selection of acupoint groups based on Jin’s three-needle
theory have specific names and contain three or four points.
And three acupoints groups named Dingshen-zhen, Sishen-zhen,
and Shouzhi-zhen were chosen in this study. The acupoints
are described in detail in Appendix 1. Disposable stainless steel
needles (Huatuo, Suzhou, China. Lengths and diameters 0.3 x
25mm or 0.3 x 40mm) were used in this group. Insertion
was followed by manual stimulation, aiming to make patients
feel the typical acupuncture sensation of de qi (considered to
indicate effective needling, it is a sensation of soreness, numbness,
distention, or radiating). Then the needles remained on the point
for 30 min. Patients received a total of 18 sessions over a period
of 6 weeks (3 times per week).

Control Group: MMT

Participants received MMT only. The dosage and reduction
of methadone maintenance treatment are based on relevant
national regulations (the details of the methadone instructions
and reduction methods are in Appendix 2).

Clinical Outcome Measures

Effectiveness Indexes

Daily Dosage of Methadone

The daily consumption of methadone was recorded from baseline
(0 week) to the 2nd, 4th, and 6th weeks. One primary outcome
measure was the change in the daily consumption of methadone
from baseline to the 6th week. Enrolled patients went to the
clinic to take methadone every day, and the dosage was strictly
administered by the doctor which was recorded in the clinic’s
computer system.

VAS

The severity of the opioid craving was assessed using a 100-mm
visual analog scale (VAS) at baseline (0 week) and the 2nd, 4th,
and 6th weeks. The amount of opioid craving that a participant
felt ranged across a continuum from 0 (no craving) to 100
(strong craving). The opioid craving VAS score was determined
by measuring in millimeters from the left-hand end of the line
to the point that the participant marked (27). The other primary
outcome measure was the change in VAS from baseline to the
6th week.

PSQI

Sleep quality was assessed using the Chinese version of the
Pittsburgh Sleep Quality Index (PSQI) (28) at baseline and at the
6th week. The Chinese version of the PSQI has demonstrated
reliability and validity similar to that of the original language
version (29). The PSQI evaluates sleep disturbances through
subjective sleep quality, sleep duration, sleep latency, habitual
sleep efficiency, sleep disturbances, daytime dysfunction, and the
use of sleeping medication. Each item is graded on a 4-point
scale (0 points to 3 points), which is summed for a total score
(0 points to 21 points). Higher scores show that patients suffer a
higher severity of sleep disturbance, and a total score higher than
5 indicates “poor sleep.”

Utility Index

The Quality adjusted life years (QALY) assessment was used
as the utility index. The quality of life was assessed through
the Chinese version of the SF-36 (30) at baseline and at the
6th week. The Chinese version of the SF-36 has demonstrated
validity similar to that of the original language version (31).
The quality of life was estimated by the SF-36 in eight domains:
general health (GH), physical functioning (PF), role limitations
due to physical problems (RP), role limitations due to emotional
problems (RE), bodily pain (BP), social functioning (SF), vitality
(VT), and general mental health (MH) (32). PE, RP, RE, BP, and
SF assess the absence of limitations or disability, while GH, VT,
and MH assess the positive state of well-being. Mid-range scores
indicate no reported limitations or disabilities (33). In this study,
higher scores indicate a better health status.

QALY was used to calculate the health utility value according
to the corresponding coeflicients of each dimension level in the
SE-6D UK utility scoring model (health utility value = C + PF +
RL + SF 4 PAIN + MH + VIT). Using the Area Under the Curve
(AUC) method to calculate QALY (34-36), QALY is calculated
as follows:

n—1

QALY = % Z(tifl —t)(yi +yi-1)
i=0

In the above formula, “y;” represents the utility value of the health
status of a survey object at time “¢;” (i = 0, 1, 2...... , 1), and
“n” represents the number of measurements taken by the survey
object. This study is adjusted to be based on a time frame of
1 year.

Moreover, the subjects will be randomly asked to undergo a

urine test to detect relapse of opioids.
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Selection and Determination of Cost

All costs were calculated with CNY as the unit. Expense
information was collected through questionnaires, which were
filled out by the patient or accompanying family members based
on their actual expenses.

Direct Costs

Direct costs consist of direct medical costs and direct non-
medical costs. In this study, direct medical costs include the costs
for acupuncture treatment, physical examination, and urine tests.
Direct non-medical costs are related to transportation expenses
incurred by the trial.

The standard of acupuncture treatment fee comes from the
“Price Summary List of Basic Medical Services in Guangdong
Province” published by the Guangzhou Municipal Development
and Reform Commission in December 2018, the price of
acupuncture treatment is 33 CNY per session. Since methadone
is a controlled drug in China and there is no reference price,
we investigated the material dependence clinic of methadone at
Huiai Hospital in Guangzhou. The results of the investigation
are as follows: Methadone is provided by China Pharmaceutical
Group (Shenzhen) Pingshan Pharmaceutical Co., Ltd. The
dosage of MMT for patients is determined by doctors and
adjusted reasonably according to the patient’s requirements.
Regardless of the dosage, patients only need to pay 10 CNY
per time.

Indirect Costs

Indirect costs were considered as a result of lost productivity
caused by a reduction in the effective working hours or the ability
to work of the patient and his/her family due to morbidity. The
unit labor value was based on the per capita GDP of Guangzhou
in 2019. The indirect costs were measured as follows:

Indirect costs = Labor loss time x Unit time labor value
(Unit time labor value = GDP per capita < 365 days = 8 h).

Statistical Analysis

In this study, descriptive statistic analysis was conducted on
the description of basic characteristics, comparative analysis of
outcome, and cost. Measurement data were described by mean,
and enumeration data were described by frequency and rate.
CEA and CUA were conducted in the study. Further, incremental
cost-effectiveness ratio (ICER) and incremental cost-utility ratio
(ICUR) were adopted to determine which group would bring
more economic benefit to patients.

In addition, only when ICER or ICUR is within the threshold
standard range will it be applied. This study was classified
according to the WHO’s threshold level and China Guidelines
for Pharmacoeconomic Evaluations (2020), taking 3-time per
capita GDP as the threshold. According to China’s per capita
gross national product (GDP: 72,447 CNY) announced by the
National Bureau of Statistics in 2020, the threshold for this study
was determined to be 217,341 CNY.

Statistical analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC), including SAS PROC MIXED

for linear mixed models. Two-sided P < 0.05 indicated

statistical significance.

Sensitivity Analysis

Probabilistic sensitivity analysis was used to test the stability
of the results. Probability sensitivity analysis was performed by
the @RISK software, and its results are presented by the cost-
effectiveness acceptability curves (CEAC).

RESULTS

From October 2019 to September 2020, 135 of the 326 patients
screened were included at baseline and randomly assigned to the
exposed group (n = 68) or the control group (n = 67). A total
of 12 patients dropped out during the study period: 3 patients
left the hospital, 1 patient fainted during acupuncture, 2 patients
lost contact, and 6 patients had personal problems. Thus, we
analyzed 123 patients who completed all treatments and after 6
weeks of follow-up. The flowchart of sampling and grouping is
summarized in Figure 1.

Baseline Characteristics

Patient baseline characteristics are listed in Table 2. There was
little difference in age, sex, weight, marital status, job, education,
and other personal conditions between the two groups. In
addition, there was no significant difference in specific situation
of drug use, such as years of opioid use, route of previous
opioid use, daily dosage of opioid used before MMT, and positive
rate of urine test. And except the sex proportion, all scores of
standardized differences were <0.2. According to standardized
difference scores, most of the baseline variables were balanced
between the two groups.

Outcomes

Outcomes of Effectiveness

As shown in Table 3, the outcomes of both groups included daily
dosage of methadone, VAS score, and PSQI score.

Daily Dosage of Methadone

In the exposed group, the daily methadone dosage at the 6th
week was reduced by an average of 17.68 mg compared to the 0
week and a P < 0.001 indicated a significant difference. While
in the control group, the dosage was only reduced by 1.07 mg on
average with no statistical significance (P = 0.595). Moreover, at
the 6th week, it was statistically significant (P < 0.001) that the
daily methadone dosage of the exposed group was 13.67 mg less
than that of the control group.

VAS Score

In terms of VAS score, at the 6th week, the exposed group had a
score of 11.39 £ 6.45 which compared to the baseline improved
by 38.27 &+ 2.97 (P < 0.001) after treatment, while the control
group had a score of 48.93 + 13.03 which had no improvement
compared to the baseline (—2.64 & 1.84, P = 0.156). Besides, the
difference between the groups was significant at 37.54 £ 1.93 (P
< 0.001).
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261 Individuals assessed for eligibility

126 Excluded:

/

68 Randomized to acupuncture group

6 Discontinued treatment
3 left the hospital
1 fainted during acupuncture

2 had personal problems

135 Randomized

89 didn't meet the inclusion criteria.

v

37 rejected to participate.

67 Randomized to routine group

6 Discontinued treatment
2 lost to contact

1 had a family problem
3 had personal problems

62 Completed 6-week treatment

62 Analyzed with PPS

FIGURE 1 | Flow chart.

\/

61 Completed 6-week treatment

|

61 Analyzed with PPS

PSQI Score

As to the PSQI score, the mean score of the exposed group was
8.18 £ 4.55 and the control group was 9.06 = 5.00 at the 6th week.
Compared with the baseline, the exposed group improved by 2.18
£ 0.52 (P < 0.001), while the control group did not improve
(—0.30 £ 0.42, P = 0.477). And difference between the groups
was 0.93 =+ 0.83 with no significance.

Outcome of Utility

No significant difference was observed in health utility values
between the exposed group and control group (P > 0.05), though
health utility values of the exposed group showed an increasing
trend over time (see Appendix 3).

The QALY score was 0.0784 (95%CI: 0.0761-0.0808) for
the exposed group and 0.0762 (95%CI: 0.0738-0.0787) for the
control group. And the exposed group had more 0.0022 QALYs
than the control group.

Costs
Details of the costs are shown in Table 4.

Total Costs

The mean total costs were 2,869.50 CNY and 2,186.04
CNY, respectively for the exposed group and control
group. Total cost in the exposed group was higher
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than the control group, and the difference of the mean
total costs was statistically significant between the two
groups (P < 0.001).

TABLE 2 | Characteristics at baseline (PPS).

Variable Exposed Control Standardized
group group difference
(n =62) (n =61)
Age, mean (SD), y 51.79 (4.77) 51.08 (6.71) 0.02
Sex (male/female) 49/13 56/5 0.22
BMI, mean (SD), kg/m? 21.76 (3.68) 22.54 (3.57) 0.06
Marital status (%)
Married 20 (32.3) 21 (34.4) 0.03
Single 17 (27.4) 22 (36.1) 0.13
Divorced 25 (40.9) 18 (29.4) 0.16
Unemployed rate (%) 51(82.9) 51 (83.6) 0.02
Education (%)
Primary school 11(17.7) 18 (29.5) 0.18
Middle school 25 (40.3) 22 (36.1) 0.06
High school or university 26 (41.9) 21 (34.4) 0.1
Years of opioid use, mean 16.76 (6.12) 16.44 (8.54) 0.01
(SD)
Route of previous opioid use (%)
Injection 49 (79) 41 (67.2) 0.13
Nasal 13 (21) 18 (29.5) 0.18
Oral 0(0) 2 (3.3 0.09
Daily dosage of opioid used 1.08 (1.15) 0.90 (1.14) 0.14
before MMT (g/d)
Urine test positive (%) 5(8.1) 11 (18) 0.17

PPS, per protocol set; SD, standard deviation; BMI, body mass index; MMT, methadone
maintain treatment.

Standardized difference = difference in means or proportions divided by standard error.
Imbalance was defined as an absolute value >0.20 (small effect size).

Direct Costs
In terms of direct medical costs, the mean was 1,303.94
CNY (exposed group) and 729.66 CNY (control group)

with a P < 0.05 indicating a significant difference.
The mean of direct non-medical costs was 112.35
CNY (exposed group) vs. 105.05 CNY (control group),
and the P = 0.766 indicated that the difference was

not significant.

Indirect Costs

The mean of indirect costs was 1,453.21 CNY and 1,351.33
CNY with the median of 958.50 CNY and 1,917.00 CNY for the
exposed group and control group, respectively.

In sum, both groups showed a significant difference
in direct medical costs (P < 0.001) and a non-significant
difference in direct non-medical costs (P = 0.766)
or indirect costs (P = 0.690). Overall, all types of
costs were higher in the exposed group than in the
control group.

Results of CEA

As shown in Table 5, regarding daily methadone dosage, the
exposed group was associated with a more reduction of daily
methadone dosage (16.61) compared with the control group, and
with a higher cost (683.46 CNY). This means that increasing the
effective rate by 1% cost an extra 41.15 CNY.

Regarding VAS score, compared with the control group, the
exposed group was associated with a higher cost (683.46 CNY)
and a higher effective rate (38.27). This means that increasing the
effective rate by 1% cost an extra 17.86 CNY.

In terms of PSQI score, compared with the control group, the
exposed group was associated with a higher cost (683.46 CNY)
and a higher effective rate (2.18). This means that increasing the
effective rate by 1% cost an extra 313.51 CNY.

TABLE 3 | Outcome comparison of the exposed group and control group (X & SD).

Outcome Follow-up Exposed group Control group Difference between the groups P-value
Daily dosage of methadone Week O 52.44 4+ 9.03 49.41 + 17.05 3.066 + 2.65 0.250
(Unit: mg)
Week 4 37.05 + 6.23 48.54 + 16.71 —11.71 £ 2.01 <0.001
Week 6 3476 £ 7.9 48.34 £ 17.44 —18.67 £ 2.11 <0.001
Effectiveness 17.68 + 1.50 1.07 £2.24 / /
P-value <0.001 0.635 / /
VAS score Week O 49.39 £ 22.78 46.30 + 19.63 3.10 £ 4.05 0.447
Week 4 26.69 + 15.17 50.92 + 13.16 24.23 + 2.55 <0.001
Week 6 11.39 £ 6.45 48.93 + 13.03 37.54 +1.93 <0.001
Effectiveness 38.27 £2.97 —2.64+1.84 / /
P-value <0.001 0.156 / /
PSQI score Week O 10.35 + 4.81 8.76 + 4.95 1.58+0.88 0.077
Week 4 8.75 + 4.65 8.73 £ 4.80 0.02 +0.82 0.985
Week 6 8.18 + 4.55 9.06 + 5.00 0.93 +0.83 0.271
Effectiveness 218 £0.52 —0.30 £ 0.42 / /
P-value <0.001 0.477 / /

SD, standard deviation.

Repeated measures analysis of variance were used to analyze the individual effects of each factor due to interaction.
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TABLE 4 | Description of different types of costs (Unit: CNY).

Cost type Group Mean SD Pos M Pis P value

Total costs? Exposed group 2,869.5 1,5661.91 1,406 2,426 4,296.25 0.008
Control group 2,186.04 1,247.36 899.5 2,422.5 2,844.5 —

Total direct costs® Exposed group 1,416.29 172.75 1,369.5 1,409.5 1,470 <0.001
Control group 834.71 113.39 795.5 819.5 903.5 —

Total direct medical costs® Exposed group 1,303.94 98.72 1,317.5 1,337.5 1,341.5 <0.001
Control group 729.66 64.03 723.5 733.5 747.5 —

Acupuncture fee Exposed group 594 — — — — —
Control group — - — — - —

Physical examination fee Exposed group 286.44 98.72 300 320 324 0.192
Control group 306.16 64.03 300 310 324 -

Urine test fee Exposed group 3.5 — — — —
Control group 3.5 - — — - —

Medicine fee Exposed group 420 - - - — -
Control group 420 - — — - —

Direct non-medical cost? Exposed group 112.35 165.70 72 72 144 0.766
Control group 105.05 96.38 72 72 162 —

Indirect costs® Exposed group 1,453.21 1,530.28 0 958.5 2,875.5 0.690
Control group 1,351.33 1,278.52 0 1,917 1,917 —

SD, standard deviation.

@Total costs are the sum of direct and indirect costs.

bDirect costs include direct medical expenses and direct non-medical expenses.

¢Total direct medical costs include acupuncture fee, physical examination fee, urine examination fee, and drug fee.

9Direct non-medical cost is related to the transportation expenses incurred by the trial.

CIndirect cost is calculated by multiplying the labor lost time by 53.25 CNY per hour.

TABLE 5 | Results of CEA.

Cost (CNY) Effectiveness CER AC (CNY) AE ICER

Daily methadone dosage

Exposed group 2,869.50 17.68 162.30 683.46 16.61 41.15

Control group 2,186.04 1.07 2,043.08

VAS score

Exposed group 2,869.50 38.27 74.98 683.46 38.27 17.86

Control group 2,186.04 0 -

PsQl

Exposed group 2,869.50 2.18 1,316.28 683.46 2.18 313.51

Control group 2,186.04 0 -

CEA, cost-effectiveness analysis; CNY, China Yuan; CER, cost-effectiveness ratio; C, cost; E, effectiveness; ICER, incremental cost-effectiveness ratio.
AC = Costexposed Gourp — COStontrol groups AE = Effectivenessexposed Gourp — Effectivenesscontror groups ICER = AC/AE.

Results of CUA

It was calculated that the incremental cost of the exposed group
was 683.46 CNY with 0.0022 QALY as the incremental utility.
The ICUR under the exposed group was 310,663.64 CNY/QALY,
indicating that it may not be economical as an auxiliary treatment
for patients in MMT given a willingness to pay 217,341 CNY per
QALY (triple China’s per capita GDP in 2020).

Sensitivity Analysis

The results of probability analysis are shown in Figures 2-4.
The CEAC represents how the likelihood of a treatment regimen
having a cost-effectiveness advantage changes as the threshold
changes. The CEAC shows that for the MMT patients, the

addition of acupuncture in MMT to reduce methadone dosage
is cost-effective, with a 50% probability of being cost-effective at
a willingness to pay <50 CNY. At the same time, to improve
the VAS and PSQI, the willingness to pay is <20 CNY and 400
CNY, respectively. When triple China’s per capita GDP (217,341
CNY) indicates a cost-effective threshold, all three CEAC reach a
probability of 100%.

DISCUSSION

In this study, we focused on the clinical and economic
evaluation of acupuncture plus MMT treatment, comparing
with MMT only, which has been proved to be clinically
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effective in the treatment of opioid dependence. We compared
the MMT with acupuncture plus MMT through clinical and
economic evaluation outcome indicators including daily dosage
of methadone, VAS score, PSQI score, and SF-36 score, to
evaluate the treatment economy and effectiveness of acupuncture
treatment in a randomized controlled trial.

By the end of 2020, China had about 1.80 million drug
users (6). The United States has become the epicenter of the
opioid epidemic and is experiencing an ongoing overdose crisis
(4, 37). In 2017, the cost of opioid use disorders and fatal
opioid overdoses was estimated at $1.02trillion (34). Methadone
maintenance therapy is currently the most widely used and
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effective treatment for opioid dependence worldwide (38-40).
However, higher relapse rates persist during treatment (41,
42). But methadone itself also has many disadvantages. Long-
term dependence on maintenance agents can cause insomnia,
constipation, decreased libido, decreased sexual power, sweating,
and other symptoms (40, 43, 44). Moreover, methadone is a
synthetic opioid, and patients treated with MMT may become
physically dependent and may experience methadone withdrawal
symptoms (45). Methadone overdose has become a growing
phenomenon in some countries (45). It has even led to a
number of deaths from methadone overdoses (46). Therefore,
in the treatment of OUD patients, methadone dependence and
reduction of methadone dosage should also be paid attention to.

As a non-pharmacological method, acupuncture therapy is
safe, has no side effects, and is not addictive. Its therapeutic
effect on addictive diseases has been confirmed in animal
and human studies (17, 47), and in addition, the therapeutic
effects of acupuncture are also shown in various categories of
diseases. A study of Eccleston et al. (48) showed that patients
with chronic non-cancer pain after 6 weeks of acupuncture
had lower consumption of opioids compared with the placebo
group. Acupuncture may be an effective and safe pain-reducing
treatment in palliative care for cancer patients that can help
reduce the side effects of opioid use, including insomnia,
constipation, and anxiety, according to a systematic review
published in the BMJ (49). Chen et al. (50) conducted a meta-
analysis which analyzed nine articles from the US, UK, and
China involving 1,063 patients and concluded that acupuncture
could be an effective treatment for OUD, among them,
electroacupuncture could relieve opioid cravings and depression
symptoms, and transcutaneous acupoint electrical stimulation
is beneficial to the improvement of insomnia and anxiety.
Following this, our research complements the effectiveness of
manual acupuncture for OUD. Compared with methadone
maintenance alone, the addition of acupuncture therapy could

not only reduce the consumption of methadone, but also
lowered cravings and improved insomnia. The therapeutic
effect was better than methadone maintenance therapy alone
(44, 51). These results are consistent with the results of
our study. Our study outcome directly shows that in the
group that was treated with acupuncture therapy, the daily
dosage of methadone was significantly decreased, drug cravings
based on the VAS score table were greatly lessened, and the
insomnia score was also improved. Acupuncture therapy is also
effective for other types of addictive diseases. Zeng et al. (52)
observed that electroacupuncture helped improve psychiatric
symptoms and anxiety and depression in methamphetamine
addicts during abstinence in a 68-sample RCT using placebo
needles as the control group. In a three-arm trial conducted
at a German addiction center, Krause et al. (53) observed that
ear acupuncture may improve autonomic cardiac function in
alcohol addicts. We can say that acupuncture therapy as adjuvant
treatment for addictive diseases has considerable potential and
development prospects.

Furthermore, it should be noted that acupuncture treatment
is cost-effective. In this study, after 6 weeks of treatment, we see
that the CER value of reducing daily methadone dosage in the
group that had been treated with acupuncture was dramatically
lower than the MMT only group. In addition, as to the ICER,
although the incremental cost-effectiveness ratio of acupuncture
was not high, acupuncture’s health value from the perspective
of effectiveness deserves serious consideration, such as reduced
drug usage, reduced drug cravings, and improvement of sleep.
In other words, the extra cost it pays to get better results is in
line with economic values. From the perspective of effectiveness,
it is proven that acupuncture therapy has cost-effectiveness. But
the cost-utility of acupuncture is not obvious. Its advantages are
not positive either from a CUR or ICUR perspective. This may
be due to the fact that acupuncture therapy mainly improves
opioid dependence symptoms, while QALY is a comprehensive
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indicator, including physical, psychological, and social aspects.
Therefore, its effect on QALY improvement is not obvious. In
all, these results suggest that the short-term economic benefits
of acupuncture treatment in MMT patients are certain, and the
long-term benefits can be further explored.

This research is meaningful. OUD imposes a significant
economic burden on both individuals and society. It is of
great significance to learn what method we choose to achieve
better benefits with fewer costs to reduce the economic burden
brought by OUD. We conducted this economic evaluation on
acupuncture as an adjuvant therapy for MMT patients from
a social perspective. The purpose was to provide decision-
makers with an economic and effective reference for treatment
strategies. Given that economic benefits of acupuncture are
identified above, choosing acupuncture as an adjuvant treatment
for MMT patients has the benefits of low expense, reliable effects,
and security.

The strengths of this study are obvious. First, the pragmatic
study design allowed the evaluation of clinical data of
acupuncture for opioid-dependent patients receiving MMT in
the RCT. Second, we collected both effectiveness indexes (daily
dosage of methadone, VAS, and PSQI) and a utility index (SF-36)
to evaluate clinical outcomes, whereas most evaluation studies
only collected effectiveness indexes. Third, different types of
costs were included in the evaluation. Fourth, it provides a new
alternative treatment for opioid-dependent patients.

However, this study has some limitations which can be
addressed in future studies. Firstly, the study had a relatively
small sample size which may introduce uncertainty in the clinical
results. Secondly, there was a gender difference between the two
groups due to the absence of some participants. Though there
is no evidence that gender difference would affect the efficacy
of acupuncture on addictive diseases so far, it is an undeniable
pity for us. And we may investigate this further through real-
world studies. Thirdly, in the analysis of QALY, it is possible
that a substantial QALY difference cannot be detected due to
the short follow-up time. Until our study was conducted, no
Chinese value set based on the mainland Chinese population
was available and we used the UK population-based value set for
the calculation of QALYs. So it is not clear whether our utility
result is acceptable. We have planned to launch a new clinical
trial next, which will have a larger sample size and a longer
period of treatment and follow-up and use the Chinese-specific
value set for the calculation of QALYs. Last, our country lacks
authoritative data for reference, which leads to controversy over
socially acceptable cost to raise a QALY cost. And taking foreign
social willingness to pay standards as a reference may lead to
misjudgment of the results (34). Hence, research on the treatment
of MMT patients with acupuncture therapy still needs further
development and improvement.

CONCLUSION

Acupuncture therapy showed advantages in reducing the daily
dosage of methadone and improving VAS score and PSQI score
for opioid-dependent patients receiving MMT when compared

with routine treatment. The results of this study also showed
the dominating cost-effectiveness advantage and potential cost-
utility advantage for the exposed group. Therefore, this study
can help to inform prescription practice for opioid-dependent
patients receiving MMT, and the health care system can adjust
or formulate policies to reduce the disease burden of opioid-
dependent patients receiving MMT and improve their quality
of life.
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