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Introduction: Diminished ovarian reserve (DOR) is characterized by a reduced response to ovarian stimulation and a decline in
fertility potential among women of reproductive age. Although previous research has suggested potential benefits of acupuncture for
DOR, the evidence remains inconclusive. This study evaluates the effectiveness of electro-acupuncture in patients with DOR by
examining changes in ovarian reserve indicators and reproductive outcomes. The study aims to determine whether electro-acupuncture
significantly improves ovarian reserve markers and reproductive outcomes in women with DOR, thereby informing clinical decision-
making.

Methods and Analysis: A randomized, subject- and assessor-blinded, placebo-controlled trial will be conducted in two hospitals in
Shenzhen, China. A total of 112 participants (2048 yr) will be allocated to either the electro-acupuncture (EA) group or the sham
electro-acupuncture (SA) group in a 1:1 ratio. Each participant will receive 3 treatment sessions per week over a continuous period of
12 weeks. The primary outcome is the change in antral follicle count, with an anticipated mean increase of approximately 2.2 follicles
based on previous meta-analytic findings. Secondary outcomes will include changes in serum basal hormone levels, serum anti-
Miillerian hormone levels, and self-rating anxiety, depression, and Kupperman Index scores compared to baseline. Subgroup analyses
will explore variations in pregnancy outcomes (eg, clinical pregnancy rate, live birth rate), age groups (<32, 32-40, >40 years), and
ovulation induction outcomes (eg, number of oocytes retrieved, MII oocyte rate). Adverse events will be recorded following each
session of treatment, and a blinded evaluation is conducted upon the completion of the treatment. Study results will be primarily
analyzed using the full analysis set, supplemented by the per-protocol set.

Ethics and Dissemination: This protocol have been approved by the Ethics Committee of Shenzhen Hospital of Shanghai
University of Traditional Chinese Medicine (No0.2023-LHQZYYYXLL-KY-147) and Luohu People’s Hospital (No.2024-
LHQRMYY-KYLL-009). The results will be disseminated to participants, the public, and other relevant groups through open-
access journals and conferences.

Trial Registration Number: ISRCTN:69623204. Registered on 10 January 2024.

Keywords: acupuncture, diminished ovarian reserve, study protocol, randomized controlled trial

Introduction

Diminished ovarian reserve (DOR) is defined as a condition in which women of reproductive age with regular menstrual
cycles exhibit a reduced response to ovarian stimulation or a decreased ability to conceive compared to peers.! The
etiology of DOR is multifactorial, with primary associations found with aging,® psychological factors® and autoimmune
diseases, among others.* The incidence of infertility attributed to DOR is increasing. Data from the American Society for
Assisted Reproductive Technology revealed that the prevalence of DOR among the assisted reproductive population rose
from 19% in 2004 to 26% in 2011.° By 2021, infertility affected 19% of the American population, with 26.9% of these
cases using assisted reproductive technology (ART) due to DOR, highlighting a concerning upward trend in reproductive
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health.® The most common symptoms of DOR are menstrual irregularities (amenorrhea or oligomenorrhea), reduced
estrogen levels, and infertility. Severe consequences encompass heightened risks of cardiovascular diseases,’
osteoporosis,® and diabetes,” due to the lack of estrogen’s protective role. Although hormone replacement therapy
(HRT) can mitigate symptoms of estrogen deficiency, the side effects of hormonal treatments remain contentious,'”
with potential risks of stroke'' and venous thromboembolism.'?> ART is a crucial intervention for DOR patients with
fertility needs, yet clinical pregnancy and live birth rates remain low."* Patients with DOR exhibit a weaker ovarian
response and lower pregnancy rates compared to those with normal ovarian reserve, indicating a reduced likelihood of
conception.'* Given the adverse effects of HRT and the desire to increase pregnancy odds, more DOR patients are
exploring alternatives like acupuncture, noted for its safety and non-pharmacological benefits.

The Chinese Consensus of Clinical Diagnosis and Treatment recommends acupuncture as a treatment option for DOR. ">
Recent meta-analyses indicated that acupuncture can decrease follicle-stimulating hormone (FSH) levels (SMD =—1.07, 95%
CI[-1.79,—0.36], p = 0.003) and increase antral follicle count (AFC) (MD = 1.87, 95% CI [0.96, 2.79], p < 0.0001), though
with considerable heterogeneity.'® Unlike HRT, which passively supplements exogenous hormones and suppresses the
hypothalamic-pituitary-ovarian (H-P-O) axis,'” acupuncture has been shown to promote endogenous ovarian recovery
through multi-system regulation. Specifically, studies suggest that acupuncture regulates folliculogenesis, reduces oxidative
stress and inflammation, and enhances cellular resilience by modulating apoptotic and autophagic pathways.'® These effects
are associated with improved follicular recruitment, increased numbers of high-quality oocytes and embryos, enhanced
fertilization and retrieval rates, and reduced cycle cancellation and implantation failure.'® In addition, acupuncture may offer
psychological benefits by reducing stress and anxiety, further reinforcing its appeal among DOR patients.”’ However, many of
these studies are limited by methodological flaws, including inadequate statistical power, lack of sham controls or blinding,
inconsistent outcome measures, and reliance on subjective or short-term endpoints. Despite its widespread clinical use in
China, acupuncture still faces limited international acceptance due to regional differences in medical paradigms and a shortage
of high-quality randomized controlled trials conducted under rigorous biomedical standards. Therefore, methodologically
sound studies are needed to generate cross-cultural evidence and promote broader global recognition of acupuncture-based
interventions in reproductive medicine. To bridge this evidence gap and enhance global understanding of acupuncture’s
therapeutic value in DOR, we have applied our clinical experience with electro-acupuncture in the design of a robust
randomized controlled trial. The study features a sham acupuncture control using non-meridian, non-acupoint stimulation
to minimize placebo effects. Objective and clinically validated biomarkers (eg, anti-Miillerian hormone, FSH, and AFC) are
employed as primary outcomes to rigorously assess changes in ovarian reserve. Recognizing that prior studies in this field have
often been limited by inadequate statistical power, we conducted a formal sample size calculation based on the expected
change in AFC, drawing from a published systematic review. The calculation applies conservative variance estimates and
a one-sided test under a superiority framework. A total of 112 participants will be enrolled to achieve 80% statistical power
with a type I error rate of 2.5%, accounting for an anticipated dropout rate of up to 20%. Through this well-controlled design,
standardized outcome measures, and rigorous statistical methodology, this trial aims to provide high-quality evidence
supporting the integration of traditional therapies into modern reproductive care and contribute meaningfully to the field of
evidence-based integrative medicine.

Methods and Analysis

Study Design

This is a randomized, subject-and assessor-blinded, placebo-controlled trial, and will conduct at Shenzhen Hospital of
Shanghai University of Traditional Chinese Medicine and Luohu People’s Hospital, Shenzhen, China., from
January 2024 to October 2026. A total of 112 participants will be randomly assigned to 2 groups according to a ratio
of 1:1. The report of trial protocol is based on the Standard Protocol Items: Recommendations for Interventional Trials
(SPIRIT) 2013 Checklist*' (see Supplemental File 1). The trial has been approved by the ethics committees of Shenzhen
Hospital of Shanghai University of Traditional Chinese Medicine (No. 2023-LHQZYYYXLL-KY-147) and Luohu
People’s Hospital (No. 2024-LHQRMY Y-KYLL-009), and is registered on ISRCTN (No. 69623204). The trial flowchart
is shown in Figure S1. The schedule for enrollment, interventions and assessments are presented in Table 1.
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Table | SPIRIT Figure of Schedule of Enrolment, Interventions, and Assessments

Study Period

Enroliment | Allocation Post-Allocation Follow-Up

TIMEPOINT —4 wk 0 I-12 wk | Ovulation induction | Post-ovulation

ENROLMENT

Eligibility screen

Informed consent

Allocation X

INTERVENTION

Acupuncture group

Sham acupuncture group

ASSESSMENTS:

AFC X! X2

Basal hormone levels' X! X2

AMH X! X2

SAS/SDS/MKIS X X2

Ovulation induction outcomes" X

Pregnancy outcomes™ X

AE/SAE

Acupuncture X X

Drug X

Notes: ' Basal hormone levels include basal follicle-stimulating hormone, basal estradiol, basal luteinizing hormone, FSH/LH ratio; " Ovulation induction
outcomes include retrieved oocytes number, MIl oocyte rate, and endometrial thickness and morphology; ™ Pregnancy outcomes include biochemical
pregnancy rate, clinical pregnancy rate, live birth rate, and miscarriage rate. X': The assessment should be carried out on days 2—4 of the menstrual cycle. X*:
The assessment should be completed on days 2—4 of the menstrual cycle following the conclusion of the acupuncture treatment.

Abbreviations: AFC, antral follicle count; AMH, anti-Miillerian hormone; SAS, self-rating anxiety scale; SDS, Self-Rating Depression Scale; MKIS, Modified
Kupperman Index scores; AE, adverse event; SAE, severe adverse event.

Participants Recruitment

Participants will be recruited through online recruitment advertisements and posters of these two hospitals. Research
assistants are responsible for screening potential eligible participants. Before allocation, participants will be informed
about the content of the research as well as their related rights and obligations, and they will complete demographic
characteristic collection, medical history surveys, and laboratory examinations. Each participant voluntarily attends the
trial and a written informed consent form will be required before enrollment.

Diagnosis Criteria

The diagnosis of DOR is established according to the 2011 European Society of Human Reproduction and Embryology (ESHRE)
guidelines:22 1) serum basal FSH > 10IU/L; 2) serum anti-Miillerian hormone (AMH) < 1.1ng/mL; 3) the total number of AFC <7
(measuring 2~10mm in diameter in both ovaries); a diagnosis of DOR can be made if any two of the three criteria are met.

Inclusion Criteria
Participants will be deemed eligible for inclusion if they meet all of the following criteria:
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1. Women aged 20 to 48 years.
2. Conforming to the clinical diagnostic criteria for DOR.
3. Voluntary and written informed consent.

Exclusion Criteria
Participants will be excluded if they meet any of the following criteria:

1. Endocrine disorders such as hyperprolactinemia, hyperandrogenemia, chronic adrenal insufficiency, and severe
thyroid dysfunction.

2. Reproductive system anomalies such as severe hydrosalpinx, significant tubal or pelvic adhesions, and myomas
invading the endometrium, which adversely affect the outcome of pregnancies.

3. Immune system disorders such as immune nephritis and systemic lupus erythematosus, which may lead to
infertility.

4. Contraindications to pregnancy or uterine non-viability for gestation.

5. Infertility attributable to congenital malformations of the reproductive system, chromosomal anomalies, or other
genetic etiologies.

6. Severe comorbidities include serious cardiovascular, hepatic, renal, hematopoietic system diseases, malignancies,
and mental health disorders.

7. Received DOR-related interventions within 3 months.

8. Deemed unsuitable for participation in the trial by the researcher.

Randomization and Blinding

Following confirmation of eligibility, participants are randomly assigned to either the electro-acupuncture or sham
electro-acupuncture group in a 1:1 ratio, using a random allocation sequence generated by version 25.0 of the
Statistical Package for the Social Sciences (SPSS, Inc., Chicago, United States). The concealment of the random
sequence uses sequentially numbered, opaque, and sealed envelopes.

Randomization and group assignment are managed by research assistants who are not involved in the treatment or
evaluation. Acupuncturists, informed about group allocations, facilitate the implementation of distinct intervention
strategies but are excluded from the randomization and data analysis. Participants, outcome assessors, and statisticians
will be blinded to treatment assignment until the conclusion of the trial. To preserve the integrity of blinding among
participants, each subject will be individually visited and be treated in separate, curtain-partitioned rooms. Within
5 minutes following the final acupuncture intervention session in the 12th week, a brief blinded assessment survey
will be conducted to ascertain the efficacy of the blinding procedure.

Procedure for Unblinding if Needed
If a participant’s condition deteriorates and the research team determines that continuing the blinding may endanger their
safety, the blinding can be lifted. Our Emergency Response Plan (see Supplemental File 2) outlines the definition of

serious adverse events (SAEs). In cases of emergencies, such as SAEs or unexpected serious adverse reactions,
particularly those that are life-threatening or require hospitalization, unblinding is permitted to protect the participant.

Intervention Description
Permitted and Prohibited Concomitant Treatments

During the 12-week acupuncture intervention period specified by this study, participants are generally not permitted to
use medications or other therapies related to DOR. Initiating ART during the intervention period is discouraged,
however, participants have the right to terminate the trial at any time to start a cycle. Subsequent to the 12-week
acupuncture intervention, the reproductive medicine center will determine the appropriate protocol for initiating ovula-
tion induction and cycles. Any medications used or the initiation of a cycle during the trial must be documented in the
case report forms (CRFs).
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Acupuncture Intervention
The acupuncture intervention scheme and the selection of acupoints in this trial were strategically chosen based on our
previous clinical experience in treating DOR. Acupuncture treatments are administered by licensed acupuncture practi-
tioners (JXW, SZZ, YFJ), who have at least 2 years of clinical experience in acupuncture. The procedure utilizes sterile,
disposable acupuncture needles (0.30mm x 25mm, 0.30mm x 40mm, and 0.35mm X 75mm) produced by SuZhou
Acupuncture & Moxibustion Appliance Co., Ltd., brand Hua Tuo. The electro-acupuncture device used in this study is
the KWD-808I Pulse Acupuncture Machine, manufactured by Changzhou Yingdi Electronic Medical Equipment
Co., Ltd.

Acupuncture treatments will be conducted for a continuous 12 weeks, with 3 sessions per week. This study consists of
a 4-week baseline period, a 12-week treatment period, and follows up with patients who are planning to conceive until
the end of pregnancy, with a maximum follow-up duration of 12 months after the treatment concludes (see Figure S2).

Electro-Acupuncture (EA)

The acupoints in the EA group will include as follows: Liangmen (ST 21), Huangshu (KI 16), Guanyuan (CV 4), Zhongji
(CV 3), Zigong (EX-CA 1), Zusanli (ST 36), Sanyinjiao (SP 6), Baihui (GV 20) and Shenting (GV 24). The location of
acupoints are referenced to the WHO Standard Acupuncture Point Locations in the Western Pacific Region®® and EX-CA
1 referenced to the 2021 National Standard of the People’s Republic of China (GB/T40997—2021), as detailed in Table 2
and Figure S3. The patient lies in a supine position, and after routine disinfection of the skin at the acupoint area,
acupuncture is performed using needles of appropriate length (see Table 2). Acupuncture is performed by experienced
practitioners using a balanced reinforcement and reduction technique. When the de qi sensation occurs, patients may
experience feelings such as soreness, numbness, or swelling. From the practitioner’s perspective, de qi is often described
as a sensation similar to a fish biting on a line. After achieving the sensation of de gi with the needle insertion, connect
the two pairs of electrodes to the same side acupoints (EX-CA 1, KI 16). The electro-acupuncture parameters are set as
follows: continuous wave, frequency of 2—6 Hz, intensity of 2—-8 mA, with the patient’s abdominal muscles showing
slight tremors and the intensity being tolerable for the patient. The duration of needle retention is 30 minutes.

Table 2 Locations and Manipulations of Electro-Acupuncture Group Acupoints

Acupoint

Location

Manipulation

Liangmen (ST 21)

+Huangshu (K1 16)

1Zigong (EX-CA 1)

Guanyuan (CV 4)

Zhongji (CV 3)

Zusanli (ST 36)

Sanyinjiao (SP 6)

Baihui (GV 20)

Shenting (GV 24)

On the upper abdomen, 4 B-cun* superior to the centre of the
umbilicus, 2 B-cun lateral to the anterior median line

On the upper abdomen, 0.5 B-cun lateral to the centre of the umbilicus

On the lower abdomen, 4 B-cun inferior to the centre of the umbilicus,
3 B-cun lateral to the anterior median line

On the lower abdomen, 3 B-cun inferior to the centre of the umbilicus,
on the anterior medianline

On the lower abdomen, 4 B-cun inferior to the centre of the umbilicus,
on the anterior median line

On the anterior aspect of the leg, on the line connecting ST35 with
ST41, 3 B-cun inferior to ST35

On the tibial aspect of the leg, posterior to the medial border of the
tibia, 3 B-cun superior to the prominence of the medial malleolus

On the head, 5 B-cun superior to the anterior hairline, on the anterior
median line

On the head, 0.5 B-cun superior to the anterior hairline, on the
anterior median line

Puncture perpendicularly at a depth of 0.5-1.5
B-cun(15~40mm)

Puncture perpendicularly at a depth of 0.5-1.5
B-cun(15~40mm)

Puncture perpendicularly or obliquely at a depth
of [-2 B-cun(25~50mm)

Puncture perpendicularly or obliquely at a depth
of 1-2 B-cun(25~50mm)

Puncture perpendicularly or obliquely at a depth
of [-2 B-cun(25~50mm)

Puncture perpendicularly at a depth of 1-2 B-cun
(25~50mm)

Puncture perpendicularly at a depth of 1-2 B-cun
(25~50mm)

Puncture horizontally or obliquely at a depth of
0.5—1 B-cun(15~25mm)

Puncture horizontally or obliquely at a depth of
0.5—1 B-cun(15~25mm)

Notes: *B-cun (bone proportional cun): divide the height of the human body into 75 equal units, then estimate the length and width of a certain part of the body according
to such units. One unit is equal to one cun. tThe acupoints connected to the two pairs of output wires of the electro-acupuncture device.
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Sham Electro-Acupuncture (SA)

Participants in the SA group will undergo superficial needling at non-meridian, non-acupoint sites approximately one
B-cun lateral to the real acupoints employed in the EA group, as shown in Table 2 and Figure S4. The needles are
inserted to a depth of 1 to 2 mm without employing any lifting, thrusting, twisting, or rotating movements to avoid
inducing the de gi sensation. Electrodes are attached to the non-meridian, non-acupoint sites corresponding to EX-CA 1
and KI 16. The electro-acupuncture device settings are as follows: a continuous wave at a frequency of 0.1 Hz and an
intensity between 0.1 and 0.5 mA. The duration of needle retention is 30 minutes, with the device being deactivated
30 seconds after activation.

Outcomes

Primary Outcome

Compared to baseline, the change in antral follicle count of bilateral ovarian diameters measuring 2—10 mm is observed
via ultrasound after 12 weeks of treatment.

Secondary Outcomes

1. Basal hormone levels (follicle-stimulating hormone, estradiol, luteinizing hormone, FSH/LH ratio) measured using
blood samples at baseline and after 12 weeks of treatment.

2. Anti-Miillerian hormone measured using blood samples at baseline and after 12 weeks of treatment.

3. Anxiety, depression, and menopause symptoms measured using the Self-Rating Anxiety Scale (SAS), Self-Rating
Depression Scale (SDS), and Modified Kupperman Index scores at baseline and after 12 weeks of treatment.

4. Endometrial thickness and morphology measured using ultrasound on the day of embryo transfer.

5. The number of retrieved oocytes and MII oocyte rate measured using data collection within 1 to 7 days for patients
undergoing ovulation induction cycles.

6. Pregnancy outcomes (biochemical pregnancy rate, clinical pregnancy rate, live birth rate, and miscarriage rate) are
assessed using data collection about on-site visits, telephone calls, and WeChat communications up to 12 months
after treatment for patients planning pregnancy.

Adverse Event Reporting and Harms

We have set up Emergency Response Plan for adverse events (AEs) and SAEs. Acupuncture-related AEs including
broken needles, fainting needles, unbearable acupuncture pain (visual analogue score > 8), local hematoma, infection or
abscess, and other discomforts after acupuncture (eg, fatigue, palpitations, dizziness, headache, insomnia). Drug-related
AEs including ovarian hyperstimulation syndrome, gastrointestinal reactions (eg, nausea, diarrhea), dizziness, headache,
and abnormal liver or kidney function. SAEs including those threatening the life of the patient, causing persistent or
significant functional loss or disability, or other serious medical events. To ensure comprehensive monitoring of potential
AEs during the intervention, patients will complete a “Per-Session Treatment and Adverse Event Record” (see Table 3)
after each electro-acupuncture session. This form will document the treatment date and any AE that may have occurred.
Both the patient and the acupuncturist will review and sign the form to confirm the accuracy of the information. Detailed
records of the time of occurrence, duration, and severity of these events will be kept, assessing their potential relation to
the acupuncture treatment of this study. Treatment will be paused and follow-up will continue until the adverse reaction
resolves. Any SAE related to the study will be reported to the Ethics Committee of Shenzhen Hospital of Shanghai
University of Traditional Chinese Medicine within 24 hours.

Sample Size

The primary endpoint of this study is the change in AFC from baseline to 12 weeks post-treatment. The sample size
calculation is based on the primary outcome. According to a systematic review,'® the expected difference in AFC
between acupuncture and control groups is approximately 2.2, with the control group having a standard deviation of
about 2, and a set margin of A = 1. Given this evidence base and the directional hypothesis that electro-acupuncture is
superior to sham acupuncture in improving ovarian reserve, the study is designed as a superiority trial, and a one-sided
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Table 3 Per-Session Treatment and Adverse Event Record

Session No. : Treatment Completion

0o No Reason:
0, Yes Date of Completion (YYYY/MM/DD): / /

Adverse Event Occurrence

0o No

O | Yes Code(s):

Symptom Code (check all that apply):
01-Needle breakage

02-Bent needle

03—Fainting

04—Local bleeding

05-Local infection

06—Local swelling
07-Unbearable pain (VAS 2 8)
08—Fatigue

09—Palpitations

10-Dizziness

| I-Headache

I2—-Insomnia

I3-Other:

Patient signature: Acupuncturist signature:

test was used for the sample size calculation. Assuming equal standard deviations across groups and using a one-sided
test with o = 0.025 and B = 0.20 (power = 80%), participants will be randomly assigned to the EA or SA group in a 1:1
ratio. Using the Power Analysis and Sample Size (PASS, NCSS, Kaysville, Utah, USA) version 15 software for
calculations, the required sample size is 90 participants. Allowing for a dropout rate of up to 20%, the final sample
size was set at 112 participants (56 per group).

Statistical Analysis

Data analysis will be based on the full analysis set (FAS), which operates under the intention-to-treat (ITT) principle,
aiming to exclude as few participants as reasonably possible. Those who have been allocated and have received at least
one intervention are included in the FAS, with missing data imputed using the last-observation-carried-forward (LOCF)
method. Sensitivity analyses will be performed using multiple imputation techniques to assess the robustness of the
outcome results under different missing data assumptions. All participants who have received at least one treatment post-
allocation will be included in the Safety Set (SS) for the analysis of safety data.

Statistical analyses will be performed using SPSS software (version 25.0; IBM Corp., Armonk, NY, USA). The
Shapiro—Wilk test will be utilized for normality testing, and Levene’s test for homogeneity of variances. If the data meet
the assumptions of normality and homogeneity, independent samples t-tests will be used for between-group comparisons,
and paired t-tests for within-group comparisons. If these assumptions are violated, non-parametric alternatives will be
applied: the Mann—Whitney U-test for between-group comparisons and the Wilcoxon signed-rank test for within-group
comparisons. The Pearson Chi-square test or Fisher’s exact test will be applied to categorical data. All statistical tests will
be one-sided (a = 0.025), with a test power of 80%, and a P-value of less than 0.05 will be considered statistically
significant.

Subgroup analyses will be conducted based on the method of conception (ie, natural conception, ovulation induction,
or assisted reproduction), patient age (ie, stratified into <32 years, 32—40 years, and >40 years), and ovulation induction
outcomes (eg, number of oocytes retrieved and MII oocyte rate). Stratified analyses will be conducted to examine
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differences in treatment effects across predefined subgroups. To formally evaluate the potential effect modification,
interaction terms (eg, treatment X age group, treatment x conception method) will be incorporated into multivariable
regression models, where appropriate. These models will also adjust for relevant baseline covariates, including patient
age, infertility duration, and male factor infertility, to account for potential confounding and enhance the validity and
interpretability of the estimated treatment effects.

Data Collection and Management

Trained research assistants will be tasked with collecting data and entering the data into CRFs. Before CRFs are
submitted to the data analysts, data monitoring staff will verify their authenticity and reliability. The same data will be
independently entered into SPSS software version 25.0 by two trained data entry personnel, with any inconsistencies
being reconciled against the original CRFs. For any issues related to the data, research assistants will conduct thorough
checks and provide responses. All dropout cases will be tracked from their most recent assessment, with detailed
documentation of the reasons and timing of dropout in the CRFs.

Monitoring and Quality Control

A comprehensive quality control framework was implemented to ensure data integrity and consistency throughout the
trial. Prior to trial initiation, all study personnel—including recruiters, acupuncturists, outcome assessors, and data
collectors—participated in a centralized training session led by the principal investigator. This training covered the
entire trial protocol, standard operating procedures, outcome definitions, CRF completion guidelines, and standardized
acupuncture techniques.

To ensure treatment consistency, all acupuncturists were required to have a minimum of two years of clinical
experience, thereby reducing variability stemming from differences in practitioner proficiency. After the initial training,
a senior acupuncturist with over 20 years of reproductive acupuncture experience conducted a standardized skills
assessment of all three practitioners. During the trial, the senior acupuncturist and the trial coordinator supervise
treatments regularly to ensure continued protocol adherence and consistency in needling techniques. Deviations from
protocol, if any, are recorded and reviewed in investigator meetings.

During the treatment period, all patients are prohibited from receiving any other treatments or medications that could
affect the disease, to prevent any interference with the accuracy of the study results. The consistency of clinical research
operations is ensured by assigning specific individuals to perform acupuncture. Detailed records are maintained for
participants who drop out, including the reasons and the timing of their departure.

To minimize inter-individual and inter-institutional variation and uphold the scientific integrity of the data collection
process, all laboratory and ultrasound assessments are scheduled within specific time windows to account for the
menstrual cycle-dependent variability in ovarian reserve biomarkers, such as follicle count and sex hormone levels.
For participants with regular menstrual cycles, testing is scheduled between days 2 and 4 of menstruation. For those with
irregular cycles or amenorrhea, assessments are performed during the early follicular-like phase (defined as no follicles
>10 mm), between 8:00 a.m. and 12:00 p.m. To ensure standardization while maintaining assessor blinding, all
ultrasound and laboratory assessments are conducted by qualified technicians in tertiary-grade A hospitals. All personnel
are professionally trained and operate under consistent clinical protocols.

Data collection is managed by designated personnel to ensure uniformity in the timing, method, and standards.
Additional staff are assigned to verify the authenticity of the data, and specialized personnel rigorously evaluate and
process the data according to statistical principles, ensuring the scientific integrity and reliability of the study.

Discussion

The primary challenge in treating DOR is the limited effectiveness of available therapies, further complicated by
significant individual variability in patient response. Although pharmacological interventions are commonly used to
improve menstrual health and ART cycle outcomes, their efficacy remains suboptimal** Patients with DOR often
experience lower clinical pregnancy and live birth rates, requiring multiple treatment cycles. Many may also seek
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complementary and alternative fertility treatments to achieve conception, leading to increased financial burdens and
emotional stress.*’

Acupuncture treatment for menstrual diseases and infertility has been documented for thousands of years. Two
systematic reviews have highlighted the benefits of acupuncture on endocrine hormone levels*® and its potential to
improve clinical pregnancy rates and live birth rates.”” Recent studies suggest that acupuncture enhances ovarian function
by regulating the H-P-O axis, enhancing uterine tissue morphology, and strengthening the immune system through the
regulation of the nerve-endocrine-immune network.”® Additionally, acupuncture has been shown to improve ovarian
reserve by regulating key signaling pathways such as PI3K/Akt, Nrf2/ARE, and Bcl-2/Caspase-3, balancing hormone
levels, and reducing granulosa cell apoptosis.'®**>° Further research highlights that acupuncture can improve ovarian
function by exerting antioxidant and anti-apoptotic effects.>! While these mechanisms have not yet been clinically
validated, they offer a biologically plausible framework for understanding how acupuncture may enhance ovarian reserve
and support reproductive function. Collectively, they provide a theoretical foundation for its potential use as
a complementary treatment option for patients with DOR.

Based on Traditional Chinese Medicine theory, ovarian function is intricately connected to the Ren, Chong, and
Kidney meridians. Accordingly, we selected the CV 4 and CV 3 on the Ren meridian, the KI 16 on the Kidney meridian,
and the ST 21 and ST 36 on the Stomach meridian to nourish blood and balance Qi. The EX-CA 1 specifically improves
uterine and ovarian disorders, while GV 20 and GV 24 are used to improve sleep quality and reduce anxiety. Our clinical
observations have shown that electro-acupuncture at these points is beneficial for regulating menstrual cycles and
enhancing the likelihood of clinical pregnancy. A consensus among experts on acupoint selection for DOR aligns with
our choices, validating our choice of points as referential *>

Sham acupuncture serves as a common control design to mitigate the placebo effect in acupuncture RCTs. Variations
in sham acupuncture include different needling techniques (eg, blunt needles, non-penetrative cotton pads, deactivating
electric currents), alternative acupoint locations (eg, non-meridian, non-acupoint sites), and diverse needling details (eg,
different insertion depth and number of needles).*® In this study, the treatment frequency, duration, and total treatment
period in both groups are identical. The key differences lie in acupoint selection, needling depth, and the activation of the
electro-acupuncture device. Given the abdominal location of our chosen acupoints, where the cotton pad method could
compromise blinding, we utilize superficial needling at non-meridian, non-acupoint sites to exclude placebo effect. To
maintain blinding while distinguishing therapeutic effects from the real electro-acupuncture group, the electro-
acupuncture device in the SA group is deactivated after 30 seconds while retaining the needles for the full 30 minutes.

The ovarian reserve represents the number of oocytes available for potential fertilization at a given time and can be
assessed through serum tests or ultrasound examination. The ASRM Practice Committee recommends using FSH, E2,
AMH, and AFC to evaluate ovarian reserve. Elevated basal FSH is a specific marker for DOR, and normal basal FSH
levels with elevated E2 levels (>60—-80 pg/mL) may also suggest DOR. AFC is commonly used to estimate the number of
available oocytes and ovarian responsiveness,' while AMH is considered a more sensitive marker that typically declines
earlier than FSH.>* In this study, serum basal hormone levels, AMH, and AFC will be collected before and after
treatment to evaluate its impact on ovarian function. However, these biomarkers are surrogate endpoints and may not
fully predict fertility outcomes. As such, any observed improvements in these indicators will be interpreted cautiously
and supplemented by clinical endpoints to assess treatment efficacy. Given the high prevalence of emotional distress
among women with DOR, and prior evidence suggesting that acupuncture may exert anxiolytic and mood-stabilizing
effects, validated instruments (SAS, SDS, and Modified Kupperman Index) will be included to evaluate potential
psychological benefits. Nonetheless, as such outcomes may be partially influenced by non-specific effects or patient
expectations, findings related to psychological measures will be interpreted cautiously and contextualized within the
limitations of sham-controlled designs.

In rigorous randomized controlled trials, excluding specific patient groups is crucial for ensuring patient safety and
maintaining data accuracy.®” In this trial, we excluded participants with conditions that might impact ovarian function,
allowing the observed outcomes to be directly attributed to the electro-acupuncture treatment. For instance, endocrine
disorders such as hyperprolactinemia or severe thyroid dysfunction can alter hormonal balance, complicating the
evaluation of treatments for DOR.***’ Similarly, reproductive system abnormalities, such as severe hydrosalpinx or
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invasive fibroids, impair fertility and could mask the true effects of the intervention.*®>° Patients with autoimmune
disorders like lupus present additional risks due to the increased likelihood of pregnancy complications and the need for
immunosuppressive treatments.*” We also excluded individuals with infertility linked to congenital malformations or
genetic abnormalities to focus solely on DOR as the primary cause.

Additionally, for patients seeking to conceive, we conduct a subgroup analysis by collecting data on ovulation
induction outcomes (eg, number of oocytes retrieved, MII oocyte rate), along with pregnancy outcomes (eg, miscarriage,
clinical pregnancy, and live birth) between both groups. This subgroup analysis is designed to assess and compare the
impact of electro-acupuncture on both the quantity and quality of oocytes and the subsequent pregnancy results.
Compared to conditions such as premature ovarian insufficiency and premature ovarian failure, which are limited by
strict age and clinical criteria, DOR encompasses a broader spectrum of patients experiencing a gradual decline in
ovarian reserve.*' To explore age-related differences in etiology and treatment response, we will perform stratified
analyses across three age groups: >40 years, 32—40 years, and <32 years. This exploratory age-based grouping aims to
assess whether the effects of electro-acupuncture vary across different reproductive stages and underlying causes of
DOR.*? In addition, the study adopts a broad definition of DOR and conducts subgroup analyses based on both age and
method of conception to better evaluate the potential differential effects of electro-acupuncture in various clinical
contexts and identify its optimal timing and application. Specifically, electro-acupuncture may serve as a non-
pharmacological adjunct in ART clinics for women with poor ovarian response or repeated ART failure, and as
a standalone option for those with early-stage DOR seeking to improve ovarian function or delay fertility decline. Cost-
effectiveness, accessibility, and integration into fertility care pathways will be further explored in follow-up research
based on the trial outcomes. Ultimately, this study aims to generate evidence that may inform future clinical research and

support the potential integration of acupuncture into reproductive medicine for women with DOR.

Trial Status

The approval of the ethics committee was given on 6 December 2023. The first patient was enrolled on March 3, 2024,
and the trial is projected to conclude in October 2026. The current protocol version is 2.0, dated 05 December 2023. This
trial is in the recruiting phase at the time of manuscript submission.

Confidentiality

All information regarding potential and enrolled participants in this trial will be kept confidential, accessible only to trial
members for administrative purposes. Acupuncturists will not have access to the data before the trial’s completion.
Participants’ names will not appear in any public disclosures or reports related to the study. Researchers will make every
effort to protect the privacy of the participants’ medical information.

Data Sharing Statement
The full data set will be made available when the trial is completed and published. Application for the data to be released
should be made in contact to HZ.

Ethics Statement

The final revised version of the study protocol (version 2, dated 15 December 2023) and the written informed consent
used in the study were assessed and approved by the Ethics Committee of Shenzhen Hospital of Shanghai University of
Traditional Chinese Medicine (2023-LHQZYYYXLL-KY-147) and Luohu People’s Hospital (2024-LHQRMYY-KYLL
-009). This trial will be performed in accordance with the World Medical Association Declaration of Helsinki, the
guidelines for Good Clinical Practice, and relevant Chinese clinical trial research norms and regulations. Written
informed consent will be obtained from every participant prior to registration.
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