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Abstract
Background Amphetamine-type stimulant (ATS) abuse is strongly associated with an elevated risk of HIV infection 
and transmission. Antiretroviral therapy (ART) serves as the primary approach for managing HIV infection and AIDS 
progression. However, ATS abuse diminishes the efficacy of ART in HIV/AIDS patients, amplifying the vulnerability 
to immunological non-response (INR) and ultimately increasing the incidence rate and mortality of opportunistic 
infections. Currently, no effective interventions targeting INR exist. Acupuncture has demonstrated promise in 
bidirectionally modulating the body’s immune response and may be beneficial for INR in HIV/AIDS combined with 
ATS abuse. Nevertheless, further research and comprehensive evaluation are imperative to substantiate these findings.

Methods This study is a two-center, randomized, non-acupoint controlled, single-blind clinical trial. It will be 
conducted in two large drug rehabilitation centers in western China, involving 114 INR patients receiving ART. The 
participants will be randomly assigned to either the Transcutaneous Electrical Acupoint Stimulation (TEAS) + ART 
group or the sham-TEAS + ART group, in a 1:1 ratio. Both groups will receive a 48-week treatment. The primary 
outcome measure assessed after treatment is the CD4 + T cell count. Secondary outcome measures include the 
immune reconstitution efficiency of HIV patients, CD4/CD8 ratio, CD4 + CD45RA + and CD4 + CD45RO + counts, 
CD4 + CD28 + counts, CD4 + CD38 + and CD8 + CD38 + counts, CD4 + ki67 + and CD8 + ki67 + counts, JC mitochondrial 
membrane potential testing, the incidence of opportunistic infections, and the HIV/AIDS PRO scale. Adverse events 
occurring during the study observation period will be documented.

Discussion This study will investigate the effect of TEAS on immune reconstitution in patients with amphetamine 
abuse and HIV infection.

Trial registration Chinese Clinical Trial Registry, ChiCTR 2300076363. Registered on October 7, 2023,  h t t p s : / / w w w . c h 
i c t r . o r g . c n /     .  
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Background
Acquired Immune Deficiency Syndrome (AIDS) is a seri-
ous immune system disease caused by human immuno-
deficiency virus (HIV) infection. It is distinguished by a 
progressive decline in CD4 + T cell count and functional 
impairment. Consequently, the immune system under-
goes severe damage, leading to various opportunistic 
infections and tumors [1]. In China, the outbreak of HIV/
AIDS originated from intravenous drugs [2, 3]. However, 
the rising prevalence of amphetamine-type stimulant 
(ATS) abuse has contributed to significant changes in the 
behavior of drug users. ATS consumption leads to height-
ened dopamine secretion, alters mental states, reduces 
self-control, and increases risky sex [4, 5]. As a conse-
quence, the proportion of HIV transmission through 
sexual routes has been steadily increasing over the years 
[6, 7]. According to China’s latest diagnostic report, more 
than 95% of AIDS-infected people are sexually infected 
[8]. This demonstrates a strong correlation between ATS 
abuse and HIV transmission [9], with ATS abuse serving 
as an independent risk factor for HIV exposure [10, 11].

Currently, antiretroviral therapy (ART) serves as the 
primary approach to managing HIV infection and AIDS, 
transforming AIDS into a chronic and controllable dis-
ease [12, 13]. However, a significant proportion (approxi-
mately 10-40%) of HIV/AIDS patients fail to achieve 
adequate recovery of their peripheral blood CD4 + T 
cell count even with sufficient ART, leading to immuno-
logical non-response (INR) [14–17]. INR appears to be 
more prevalent among individuals who abuse ATS and 
are infected with HIV. On one hand, HIV-infected ATS 
abusers tend to exhibit higher viral loads compared to 
non-users. Therefore, initiation of ART in ATS abus-
ers is associated with delayed viral suppression, and an 
increased likelihood of drug resistance mutations, result-
ing in CD4 + T cell depletion, immune activation, and 
accelerated disease progression [18, 19]. On the other 
hand, ATS abuse can also impede patients’ access to 
medical services and hinder adherence to treatment regi-
mens, thus diminishing the overall effectiveness of ART 
interventions [18].

The primary clinical manifestation of INR in HIV/
AIDS is long-term immunodeficiency, which significantly 
increases the risk of opportunistic infections and mortal-
ity [16, 20]. In recent years, there has been growing inter-
est in implementing effective interventions to address 
INR in HIV patients. While certain studies suggest that 
drug therapies can enhance the immune response by 
suppressing abnormal immune activation [21], numer-
ous studies have demonstrated the limited therapeu-
tic efficacy of immunomodulators such as statins [22], 

mesalazine [23], rifaximin [24], and rapamycin [25] in 
improving INR. Currently, there is a scarcity of effective 
intervention measures for INR.

As a component of traditional Chinese medicine, acu-
puncture has the potential to modulate immune cells 
and immune molecules bidirectionally, thereby enhanc-
ing overall immunity and disease resistance [26, 27]. 
Transcutaneous electrical acupoint stimulation (TEAS) 
integrates traditional Chinese medicine principles with 
modern electrical stimulation techniques [28]. Apply-
ing electrical stimulation to specific acupoints can 
potentially regulate the patient’s immune microenviron-
ment through multiple pathways and targets, ultimately 
improving immune function and facilitating recovery 
[29]. Previous studies have demonstrated that TEAS can 
regulate the quantities of CD4 + and CD8 + cells, boost 
immunity, and reduce the risk of infection [30]. Addi-
tionally, TEAS has shown efficacy in enhancing immune 
function in perioperative patients [31], mitigating bone 
marrow suppression following chemotherapy [32], and 
improving postoperative immune function in lung can-
cer patients [33]. Considering the disease characteristics 
of INR patients, TEAS may serve as a promising novel 
intervention strategy to promote immune reconstitution. 
Investigating the impact of TEAS on INR in HIV/AIDS 
and ATS abuse patients can provide valuable insights for 
its clinical application.

Methods
Study design
This is a two-center, randomized, non-acupoint con-
trolled, single-blind clinical trial designed to demonstrate 
the efficacy of TEAS in improving INR among HIV/AIDS 
combined with ATS abusers. The study will be conducted 
at the Deyang Women’s Drug Rehabilitation Center and 
Ziyang Men’s Drug Rehabilitation Center in Sichuan, 
China, with drug users from all over the country. Patients 
who simultaneously satisfy ATS abuse and HIV immu-
nological non-response will be included in our study 
and randomly divided into TEAS group and sham-TEAS 
group in a 1:1 ratio. The total observation period for this 
study will span 73 weeks, consisting of a 1-week baseline 
period, a 48-week treatment period, and a 12-week fol-
low-up period. The study protocol follows the Standard 
Protocol Items: Recommendations for Interventional Tri-
als (SPIRIT) [34]. The SPIRIT schedule is shown in Fig. 1, 
and the flowchart is shown in Fig. 2.
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Fig. 1 The SPIRIT schedule
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Diagnostic criteria
ATS abuse
According to the diagnostic criteria for ATS abuse with-
drawal in the Diagnostic Manual of the American Psychi-
atric Association (DSM-5). [35]

1. Criterion A: The cessation of or reduction in 
prolonged use of amphetamine-type substances.

2. Criterion B: Dysphoric mood and at least two of the 
following physiological changes, developing within a 
few hours to several days after Criterion A: Fatigue; 
Vivid, unpleasant dreams; Insomnia or hypersomnia; 
Increased appetite; Psychomotor agitation or 
retardation.

3. Criterion C: The symptoms in Criterion B cause 
clinically significant distress or impairment in 
social, occupational, or other important areas of 
functioning.

4. Criterion D: The symptoms are not attributable to 
another medical condition or better explained by 
another mental disorder.

HIV immunological non-response
Referring to the diagnostic criteria for INR in previous 
relevant studies [16, 36]. 

1. CD4 + T lymphocyte count < 200 cells/µL in patients 
who have been receiving antiretroviral therapy 
(ART) for more than 1 year but less than 2 years.

2. CD4 + T lymphocyte count < 350 cells/µL in patients 
who have been receiving ART for more than 2 years.

3. After a prolonged period of treatment (e.g., 4–7 
years), if the CD4 + T lymphocyte count does not 
exceed a specific threshold (e.g., > 350 cells/µL or 500 
cells/µL) and HIV-RNA remains below the detection 
limit.

Fig. 2 Flowchart of the study
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Inclusion criteria

1. The study includes individuals between the ages of 18 
and 65, irrespective of gender.

2. Participants should have a history of previous ATS 
abuse and meet the diagnostic criteria for ATS 
withdrawal.

3. HIV patients should have received standard ART for 
a minimum duration of 1 year.

4. Participants should meet the diagnostic criteria for 
INR.

5. Following treatment, the viral load should be 
consistently controlled at a level below 50 copies/mL 
for at least 1 year.

6. All participants are required to provide voluntary 
informed consent by signing a consent form.

Exclusion criteria

1. Presence of uncontrolled serious opportunistic 
infections.

2. Coexistence of other serious organic diseases, such 
as tumors, cardiovascular diseases, cirrhosis, or 
mental illnesses, such as schizophrenia.

3. Participation in other clinical trials within the past 3 
months.

4. Receipt of treatment other than the ART regimen 
within the past 1 month.

5. Coexistence of liver and kidney dysfunction.

Participants who meet the inclusion criteria but satisfy 
any of the above conditions will be excluded from the 
study.

Sample size
According to relevant literature, the standard deviation 
of CD4 + T cell count in INR patients receiving ART is 
reported to be 137.77 [37]. This study is designed as a 
superiority trial, according to the sample size formula 
[38], α = 0.05, β = 0.2, unilateral test. The minimum effect 
size is set at 50 [39]. The sample size of n = 47 is initially 
determined. However, considering a 20% potential drop-
out rate, we have decided to collect 57 patients per group.

Recruitment
Recruitment of participants is scheduled to commence in 
October 2023 and is expected to be completed by Sep-
tember 2024. Due to the poor compliance of HIV patients 
with combined ATS abuse receiving ART therapy, we 
have decided to select the drug rehabilitation center as 
the research site. All HIV-infected patients in the center 
will receive or are currently receiving ART treatment. We 
will publicly recruit potential participants through post-
ers, public lectures, and survey questionnaires.

Randomization and allocation concealment
Stratified block randomization will be implemented in 
this study to ensure a balanced allocation of subjects 
across study centers. The randomization process involved 
dividing eligible subjects into two groups, namely the 
TEAS group and the sham-TEAS group, in a 1:1 ratio. 
We will use a computer system to generate a random 
sequence before starting to recruit patients. The random-
ization plan will be managed and maintained by a third-
party randomization team, independent of the study 
investigators. The randomization scheme will be securely 
enclosed in a sealed opaque envelope with a unique 
code. The envelope will be handed over to the recruiting 
researcher. At the time of subject enrollment, the enve-
lope corresponding to the subject’s assigned number will 
be opened to reveal the group allocation information.

Blinding
In this experiment, a blinding method will be employed 
for the participants to ensure they are unaware of the 
type of TEAS. However, due to the nature of the TEAS 
treatment, it is not possible to blind the acupuncture 
doctor. Nevertheless, the blinding assessment will be fol-
lowed, and efficacy evaluation, as well as statistical analy-
sis, will be conducted by third-party individuals who are 
not involved in the trial, achieving separation of research, 
evaluation, and statistics. To facilitate the blind evalu-
ation process, the acupoints or non-acupoints will be 
labeled as A1, A2, B1, and B2 in the Case Report Form. 
The specific acupoints or non-acupoints will not be men-
tioned in the tables to further ensure blinding during the 
evaluation process.

Interventions
ART
Both groups of patients refer to the ART treatment 
scheme recommended in the 2021 Chinese HIV/AIDS 
Diagnosis and Treatment Guide [40].

TEAS and sham-TEAS
TEAS operation: Before treatment, the patients will be 
instructed to empty their bladder and lie flat on the bed. 
The TEAS electrode patch will be applied to the corre-
sponding acupoint. The selection of acupoints is based 
on previous research [36, 41–43]. Detailed informa-
tion about acupoint location is shown in Table 1; Fig. 3. 
The current intensity will begin at 0, and each button 
press will increase the intensity by 1  mA. The intensity 
of stimulation will be adjusted to a range of 15–25 mA, 
based on the patient’s maximum tolerance. The stimula-
tion frequency will be set at 2/100Hz, with a density wave 
alternating every 3 s. The operation will be performed by 
two qualified Traditional Chinese Medicine practitioners 
trained in acupuncture techniques. TEAS recommends 
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replacing a set of acupoint stimuli every three months. 
Based on the duration of this research experiment, it is 
suggested to alternate between two sets of acupoints. 
The left and right acupoints will be used alternatively, 
with only one side acupoint used during each treatment 
session.

Sham-TEAS operation: Before treatment, the patient 
will be informed to empty the bladder and lie flat on 
the bed. The electrode patch will be applied to the 

corresponding non-acupoint skin, and detailed informa-
tion about acupoint positions is shown in Tables  1and 
Fig.  3. The current intensity does not exceed 5  mA and 
only produces a slight sensation under non-acupoint 
conditions to ensure psychological comfort and simu-
late the treatment experience. Two sets of acupoints are 
used alternately, with only one acupoint used during each 
treatment period. The operation will be carried out by two 

Table 1 Non-acupoints and acupoints were used in the trial
Treatment 
group

Acu-
point 
group

Non-acupoint/Acupoint Location

Sham-TEAS A1 Non-acupoint 1 Under the spinous process of the 9th thoracic vertebra, 2.25 cun horizontally apart from GV8 
(Jinsuo)

Non-acupoint 2 Under the spinous process of the 11th thoracic vertebra, 2.25 cun horizontally apart from GV 
6 (Jizhong)

Non-acupoint 3 Under the spinous process of the 2nd lumbar vertebra, 2.25 cun horizontally apart from GV4 
(Mingmen)

Non-acupoint 4 The midpoint of the connection between SP 6 (Sanyinjiao) and KI 9 (Zhubin)
A2 Non-acupoint 5 1.25 cun horizontally apart from the CV12 (Zhongwan)

Non-acupoint 6 1 cun horizontally apart from the ST25 (Tianshu)
Non-acupoint 7 1.25 cun horizontally apart from the CV4 (Guanyuan)
Non-acupoint 8 On the lateral side of the lower leg, 1 cun lateral to ST36 (Zusanli), between the Stomach 

Meridian of Foot-Yangming and Gallbladder Meridian of Foot-Shaoyang (needled bilaterally)
TEAS B1 BL18 (Ganshu) Under the spinous process of the 9th thoracic vertebra, 3 cun horizontally apart from GV8 

(Jinsuo)
BL20 (Pishu) Under the spinous process of the 11th thoracic vertebra, 3 cun horizontally apart from GV 6 

(Jizhong)
BL23 (Shenshu) Under the spinous process of the 2nd lumbar vertebra, 3 cun horizontally apart from GV4 

(Mingmen)
SP6 (Sanyinjiao) On the medial side of the shank, 3 cun above the medial malleolus, by the posterior border 

of the tibia (needled bilaterally)
B2 CV12 (Zhongwan) On the anterior median line of the upper abdomen, 4 cun above the navel.

ST25 (Tianshu) 3 cun horizontally next to the navel
CV4 (Guanyuan) On the anterior median line of the lower abdomen, 3 cun below the navel.
ST36 (Zusanli) On the anterior lateral side of the shank, 3 cun below ST35 (Dubi), one horizontally placed fin-

ger distance lateral to the anterior border of the tibia (the middle finger) (needled bilaterally)

Fig. 3 Location of acupoints and non-acupoints
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qualified doctors who have received acupuncture techni-
cal training.

Treatment time and observation period
ART takes medication according to the prescribed treat-
ment plan. Each acupoint receives 30 min of TEAS treat-
ment, three times a week. The total observation period 
for this study will span 73 weeks, consisting of a 1-week 
baseline period, a 48-week treatment period, and a 
24-week follow-up period.

Outcome measures
Primary outcome measurement
CD4 + T cell count: It is a crucial indicator for assessing 
the immune function recovery in individuals with HIV 
[44]. It holds significant importance in understanding 
the immune status and disease progression, determin-
ing disease staging, evaluating treatment effectiveness, 
and identifying potential complications in HIV-infected 
patients [40].

Secondary outcome measurement
Efficiency of immune reconstitution The evaluation 
criteria for assessing the efficiency of immune reconstitu-
tion are outlined in the Chinese Medicine Diagnosis and 
Treatment Plan for AIDS (Adults) (2016 Edition), devel-
oped by experts organized by the China Administration of 
Traditional Chinese Medicine and the China Health and 
Family Planning Commission.

1. Effective: An increase in CD4 + T cell count of ≥ 50/
µl or ≥ 30% compared to the baseline.

2. Stable: CD4 + T cell count shows an increase 
or decrease of less than 50/µl or less than 30% 
compared to the baseline.

3. Invalid: A decrease in CD4 + T cell count of ≥ 50/µl 
or ≥ 30% compared to the baseline.

T cell subset

1. CD4+/CD8+: The CD4+/CD8 + ratio is a crucial 
indicator of immune status that reflects the 
activation level of T cells. It holds significant 
importance in predicting the risk of CD4 cell 
depletion in HIV patients undergoing ART [45].

2. CD4 + CD45RA + and CD4 + CD45RO+: 
Following ART treatment, the early-stage immune 
reconstitution primarily involves the expansion 
of peripheral memory CD4 + T cells, while the 
later stage relies on the replenishment of naïve 
CD4 + T cells. Therefore, the quantification of 
CD4 + CD45RA + and CD4 + CD45RO + subsets is 

highly relevant for assessing the reconstruction of 
immune function [46].

T cell activation levels and functions

1. CD4 + CD28+: CD28 is a critical receptor on 
T lymphocytes that plays a vital role in their 
activation. Research has indicated a significant 
reduction in both the number and percentage of 
CD4 + CD28 + cells in individuals infected with 
HIV-1 compared to the general population [47].

2. CD4 + CD38 + and CD8 + CD38+: The expression 
levels of CD4 + CD38 + and CD8 + CD38 + molecules 
serve as crucial indicators reflecting the level of 
immune activation in the body [48, 49].

T cell proliferation and apoptosis

1. CD4 + ki67+, CD8 + ki67+: Ki67 is a non-histone 
protein found in the nucleus that serves as an 
important marker of cell proliferation. The 
expression of Ki67 indicates the presence of cells in 
the proliferative stage [50].

2. JC mitochondrial membrane potential detection/
CD4+, JC mitochondrial membrane potential 
detection/CD8+: reflect the apoptosis rate of 
CD4 + T cells and CD8 + T cells.

Opportunistic infection According to the Chinese 
AIDS Diagnosis and Treatment Guidelines (2021 Edi-
tion), the diagnosis of all opportunistic infections will be 
confirmed based on clinical manifestations and relevant 
auxiliary examinations. This diagnostic process involves 
the collaboration of two or more attending physicians.

HIV/AIDS PRO scale The HIV/AIDS PRO Scale will be 
used as a tool to evaluate the quality of life and health sta-
tus of HIV/AIDS patients.

Data management
Researchers will be required to complete CRF in a timely, 
accurate, complete, standardized, and truthful manner. 
To establish a database, EpiData2.1 software will be uti-
lized. Two well-trained data entry personnel perform 
parallel double entry of the data from the CRF table. 
After the parallel double entry is completed, the EpiData 
function is employed to compare and verify the consis-
tency of the double entry. In cases where inconsistencies 
are identified during the comparison, manual verification 
will be conducted to compare and correct the data con-
cerning the CRF data on an individual basis. Once the 
data verification process is completed, it will be submit-
ted to the project team for review. The data administrator 
then will announce the locking of the data and securely 
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store the password. The finalized data will be subse-
quently transferred to the statistical department for fur-
ther statistical analysis.

Statistical analysis
Statistical analysis will utilize SPSS 25.0 software. A sig-
nificance level of P < 0.05 will be considered statistically 
significant for assessing differences. Continuous vari-
ables will be described using mean ± standard deviation, 
median, P25, P75, maximum, and minimum values. 
Categorical variables will be presented as percentages. 
Compare two groups of demographic data and other pre-
treatment efficacy evaluation indicators between groups 
to measure comparability. Group t-tests are used for 
metric data that conform to a normal distribution, while 
nonparametric tests (Wilcoxon Test) are used if not. If 
there are significant differences in age, gender, disease 
type, or other relevant factors between the two groups 
before the experiment, or if there are significant factors 
that influence efficacy, these variables should be consid-
ered as covariates. In such cases, covariance analysis or 
logistic regression analysis will be performed. Primary 
per-protocol (PP) and intention-to-treat (ITT) analyses 
will be utilized for the main and overall indicators. We 
will use multiple imputations to process missing data.

Interim analyses
There will be no interim analysis.

Quality control
To ensure the progression of the research, a clinical train-
ing meeting will be conducted prior to the clinical trial. 
This meeting will focus on training the project imple-
mentation plan and various standard operating proce-
dures. All methods of TEAS will be recorded on video 
to maintain consistency in operation. Furthermore, all 
acupuncturists involved in the study will possess valid 
licenses and a minimum of 2 years of clinical practice 
experience in acupuncture. To ensure data and mate-
rial security, all research documents (such as screening 
tables, CRF, and treatment records) and treatment mate-
rials will be stored in locked storage units at restricted 
study locations. Weekly checks of the CRF and records 
of acupuncture treatments will be conducted at each 
research site. Additionally, a quality control review will 
be performed every 3 months at each site, generating a 
comprehensive report on the research process’s overall 
quality. Regular meetings among the primary researchers 
will be held to discuss and address any issues that arise 
during the observation period.

Patient and public involvement
The development, outcome measures, study design, 
recruitment, and implementation of this study did not 

incorporate patient priorities, experiences, or prefer-
ences. The results will not be shared with the study par-
ticipants. Moreover, the burden of intervention will not 
be assessed by trial participants. The findings of this 
study will be disseminated to the study participants 
exclusively through our hospital’s website. We will keep 
the personal information of any participants confidential.

Trial status
This study is currently in the recruitment stage. Since 
December 2023, the participants have exhibited remark-
able motivation, and the recruitment process has pro-
ceeded seamlessly.

Discussion
This article presents a comprehensive introduction to a 
parallel randomized controlled trial aimed at evaluating 
the efficacy of TEAS on INR in patients of ATS abuse 
combined with HIV/AIDS. Currently, there is a lack 
of effective interventions to achieve satisfactory thera-
peutic outcomes in improving immune reconstitution. 
Acupuncture has been demonstrated to bidirectionally 
regulate the effect on the body’s immune system. TEAS 
combines traditional Chinese medicine theory with mod-
ern electrical stimulation technology to regulate immune 
function, improve disease symptoms, and promote reha-
bilitation by applying electrical stimulation to specific 
acupoints. Previous studies have reported the beneficial 
effects of TEAS on various immune system disorders 
[30–33]. Therefore, it is believed that TEAS can effec-
tively enhance reconstitution in ATS abuse combined 
with HIV/AIDS.

The significance of this study lies in the absence of 
reports on the effectiveness of TEAS in immune recon-
stitution among ATS abuse combined with HIV/AIDS. 
With TEAS being highly accessible and readily available, 
it is expected to improve immune function. However, this 
study does have certain limitations. Firstly, due to the 
nature of acupuncture, blinding is not feasible when con-
ducting TEAS or sham TEAS. Therefore, blind method 
evaluation and statistical analysis are adopted, with effi-
cacy evaluation and statistical analysis being performed 
by a third party not involved in the experiment. Secondly, 
the longer observation period of this study may result 
in subjects being unable to complete follow-up or pro-
vide complete data due to various reasons. This could 
lead to missing data, potentially impacting the integrity 
and reliability of the results. Lastly, the study is primarily 
conducted in two cities in Sichuan, China, and the partic-
ipant recruitment may not fully represent other cities in 
China or Western countries, limiting the generalizability 
of the research findings to the wider population.

To ensure comprehensive reporting, this study will 
adhere to the Guidelines for Comprehensive Reporting 
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Standard Test Report and the recommended standards 
for reporting intervention measures in acupuncture clini-
cal trials [51, 52]. The proposed revisions to the protocol 
will be subject to discussion among all members of the 
research team in a meeting, aiming to reach a consen-
sus. The revised protocol will be submitted to the Ethics 
Committee of Chengdu University of Traditional Chinese 
Medicine Affiliated Hospital, and if deemed necessary, 
the participants will be informed accordingly. The aim is 
to provide high-quality evidence for the use of TEAS in 
the treatment of immune unresponsive individuals with 
ATS combined with HIV infection. The results of this 
study will be presented at selected conferences and sci-
entific meetings and will be published in peer-reviewed 
journals.
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