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Introduction: Polycystic ovary syndrome (PCOS) is a common endocrine disorder in women of reproductive age. Although multiple
treatment strategies have been proposed, many patients still experience suboptimal outcomes. Our research team has developed the
Lingshu formula, which is grounded in traditional Chinese medicine theory, focusing on kidney deficiency and phlegm dampness.
Clinical and animal studies have demonstrated its efficacy in improving insulin resistance, regulating hormonal and lipid metabolism,
and reducing obesity, which was non-inferior to metformin. However, Lingshu is traditionally prepared in formula decoction, with
a complicated and time-consuming process. The granule preparations have offered the advantages of stable drug quality, convenient
storage and administration, and high patient compliance. However, the efficacy, safety, and optimal dosage of the Lingshu formula
granules compared to its traditional decoction in the treatment of PCOS patients with insulin resistance still require further
investigation. Therefore, this study aims to determine whether the Lingshu formula granules are superior to the traditional decoction
and to establish their optimal dosage.

Methods: We will conduct a multicenter, randomized, controlled clinical trial targeted to enroll 200 patients. Eligible participants will
be randomly assigned, in a 1:1:1:1 ratio, to group A (low-dose Lingshu granules, —20% from standard dose), group B (medium-dose
Lingshu granules, standard dose), group C (high-dose Lingshu granules, +20% from standard dose), or group D (Lingshu decoction).
Treatment will last 90 days. The primary outcome is the insulin resistance index, and secondary outcomes include body mass index,
waist-to-hip ratio, and laboratory tests, which will be recorded and compared across these four groups. In addition, variations in
symptoms related to the Chinese traditional medicine and adverse events will also be documented and compared.

Discussion: The findings are expected to provide a scientific basis for the clinical application of the Lingshu formula granules in
PCOS patients with insulin resistance and promote widespread use of traditional Chinese medicine.
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Introduction

Polycystic ovary syndrome (PCOS) is an endocrine disorder characterized by irregular menstrual periods, excessive
androgen levels, and polycystic ovaries.' Clinically, affected women often present with obesity, acne, hirsutism, and
infertility.> The global prevalence of PCOS is estimated to be as high as 13%, with particularly high incidence in the
Asia—Pacific region.>* Approximately 35-80%of PCOS patients have insulin resistance (IR) or hyperinsulinemia.’

Without appropriate management, patients with PCOS and IR can develop various short- and long-term complications
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—such as dyslipidemia, type 2 diabetes, and cardiovascular disease—that negatively affect psychological well-being and
quality of life.®

The exact pathogenesis of PCOS remains unclear, although genetic and lifestyle factors are thought to contribute.’
Current treatments focus on symptom management through lifestyle modification, medications, and hormonal
therapy.® In patients with PCOS and IR, pharmacologic interventions that improve insulin sensitivity are a mainstay
of care.” The most commonly used agent is metformin. Randomized clinical trials have demonstrated its benefits in
regulating insulin sensitivity, menstrual cycles, and metabolic parameters; however, its impact on fertility and
androgenic symptoms is uncertain.” Thiazolidinediones constitute another class of insulin-sensitizing agents that
enhance insulin action by activating peroxisome proliferator-activated receptor gamma (PPAR-y) in adipose tissue,
muscle, and liver. These drugs can improve insulin sensitivity, reduce androgen levels, restore ovulatory function, and
optimize the lipid profile.'® However, previous studies have shown that thiazolidinediones might cause weight gain
and increase the risk of cardiovascular events (hazard ratio 2.10, 95% confidence interval 1.35-3.27, p = 0.0010).""" "
Therefore, new treatment strategies with improved efficacy and safety profiles are still needed for patients with PCOS
and IR.

In traditional Chinese medicine (TCM), PCOS is viewed as a syndrome of combined deficiency and excess
involving multiple organ systems, with kidney deficiency as the root cause and phlegm-dampness and blood stasis
as its manifestations.'* Several Chinese herbal formulas have been reported for PCOS treatment, yielding variable
outcomes.'>'® Over the past few decades, our research team has developed a novel herbal combination—the
Lingshu formula—primarily comprising six ingredients: Epimedium, Curculigo, Atractylodes macrocephala,
Angelica sinensis, Pinellia, and Arisaema. Preliminary studies indicate that the Lingshu formula can modulate
lipid levels, normalize sex hormones, improve insulin resistance, and reduce body weight.'” 2"

The initial preparation of the Lingshu formula involves a decoction, which offers high bioavailability and
customizable formulations. However, it is time-consuming to prepare and has an unpleasant taste. The decoction
formula also has a short shelf life, making it inconvenient for storage and transportation, which in turn limits its
clinical application. Therefore, TCM formula granules of Lingshu have been developed in recent years. TCM
formula granules are powdery in texture and are produced and mixed from each component of traditional TCM
according to traditional methods, through processes such as extraction and concentration.”> TCM formula granules
preserve the strengths and characteristics of traditional Chinese medicine, including treatment based on syndrome
differentiation and flexible modification of prescriptions according to symptoms, offering advantages such as
convenience in administration, portability, and long shelf life, and simultaneously overcoming the drawbacks
associated with traditional decoctions, such as time-consuming preparation and inconvenience in storage and
transport. The formula granules can better reflect the modernization and standardization of TCM medication use,
leading to improved patient compliance.?* 2> Pharmacokinetic studies have shown that TCM formula granules could
exhibit improved solubility and bioavailability, allowing them to rapidly enter the systemic circulation and exert
therapeutic effects.’® Therefore, we developed Lingshu formula granules from a mixture of each herb granule
contained in the Lingshu formula decoctions. However, as a new formula applied in clinical TCM practice, whether
Lingshu granules are therapeutically equivalent to traditional decoction remains controversial. Furthermore, some
studies have reported that the efficacy of traditional decoctions was only approximately 69% to 84% of that of
formula granules.?’ It is therefore recommended that the dosage be appropriately reduced when TCM formula
granules are administered.

The efficacy comparisons between different Lingshu formulas and the optimal dosage in the treatment of PCOS
patients are unknown. Therefore, more studies on the clinical efficacy and safety of the Lingshu granule formula are
required before it can be introduced to a wide range of patients with PCOS and IR. We plan to conduct a randomized
controlled clinical trial comparing different doses of Lingshu granules with decoction in patients with PCOS and IR,
aiming to determine the optimal dose and formula of Lingshu for these patients. This is the first time the granular and
decoction forms have been directly compared with each other. Successful completion of this trial may advance the

widespread acceptance of TCM.
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Materials and Methods

Study Design

This randomized controlled clinical trial plans to use different doses of Lingshu granules and decoction to treat patients
with PCOS-IR (Figure 1). We will compare the clinical efficacy and safety of different formulas to determine the optimal

therapeutic dose of Lingshu granules and evaluate different Lingshu formulas for the treatment of PCOS-IR patients.

Participant Selection

Patients with PCOS and IR who visited the gynecology clinics of Guangdong Provincial Hospital of Traditional Chinese
Medicine Dade Road Hospital, Guangdong Provincial Hospital of Traditional Chinese Medicine Ersha Island Hospital,
Guangdong Provincial Hospital of Traditional Chinese Medicine Fangcun Hospital, and Guangdong Provincial Hospital
of Traditional Chinese Medicine University City Hospital in China will be screened for eligibility.

PCOS Diagnostic Criteria

PCOS diagnosis is based on the Rotterdam diagnostic criteria recommended by the European Society of Human
Reproduction and Embryology (ESHRE) and the American Society for Reproductive Medicine (ASRM) in 2003.
POCS is diagnosed based on the presence of any two of the following items.*®

1) Abnormal menstruation, such as ovulation or anovulation;

2) Clinical and/or biochemical measurements suggesting hyperandrogenism, and exclude hyperprolactinemia and
other endocrine diseases that can produce hyperandrogenism, such as congenital adrenal hyperplasia, ovarian or adrenal
tumors, and Cushing’s syndrome;

3) Polycystic ovaries: ultrasound shows that one or both ovaries have> 12 follicles with a diameter of 2-9 mm and/or

one or both ovarian volumes > 10 mL.

PCOS-IR patient screening l

Enroliment, informed consent ‘

randomization

Group A Group B Group C Group D
Low-dose granule Medium-dose granule High-dose granule Decoction

l Treatment efficacy and safety evaluations |

v
‘ Data analysis and conclusion ‘

l

‘ Submission for publication ‘

Figure | Study flow chart. IR, insulin resistance; PCOS, polycystic ovary syndrome.

International Journal of Women’s Health 2025:17 https: 4303



Feng et al

IR Diagnostic Criteria
IR has two diagnostic criteria. The Western medicine diagnostic criteria are based on the Expert Consensus on Methods
Assessing and Diagnosing Insulin Resistance, published by the Chinese Diabetes Society in 2018.>° The homeostasis
model is applied to assess the IR index (HOMA-IR), HOMA-IR = FPG x FINS/22.5,

FPG, fasting plasma glucose level measured in mmol/L; FINS, fasting insulin level measured in pU/mL.

A HOMA-IR value > 1.66 is diagnosed as IR.>°

The Traditional Chinese Medicine (TCM) diagnostic criteria for insulin resistance (IR) are based on the syndrome
differentiation of kidney deficiency with phlegm-dampness, as described in the Guiding Principles for Clinical Research
of New Traditional Chinese Medicine, issued by the China Ministry of Health in 2002, together with recommendations
from relevant TCM gynecological literature.>’ The main symptoms include 1) infrequent menstruation or even amenor-
rhea; 2) waist and knee weakness; 3) chest and abdominal fullness and discomfort. The secondary symptoms (Table 1)
include: 1) Pale and thin menstruation; 2) dizziness and tinnitus; 3) fatigue, shortness of breath, and reluctance to
speak; 4) overweight or obesity; 5) loose stools; 6) greasy mouth and excessive phlegm.

Tongue: pale and swollen, with a white, greasy, or thick coating.

Pulse: deep and slippery, or thin and soft.

A diagnosis of IR (kidney deficiency with phlegm dampness syndrome) can be made when all primary symptoms are
present, along with at least one to two secondary symptoms, combined with specific tongue and pulse signs.

Participant Selection Criteria

The inclusion criteria are: 1) age 18—40 years old; 2) meeting all the above diagnostic criteria for PCOS, as well as IR
with secondary symptoms; 3) negative blood pregnancy test result and no intention for pregnancy within the next 90
days. The exclusion criteria are, 1) with severe concurrent diseases, such as cardiovascular, cerebrovascular, liver, kidney,
and hematopoietic system illnesses or mental disorder; 2) diagnosed as type 1 or 2 diabetes; 3) with malignant tumors,
adrenal diseases, or other diseases leading to organ failure; 4) received any hormone drugs or drugs that affect insulin
secretion in the past month; 5) abnormal liver and kidney function, with serum creatinine>133 pmol/L, alanine
aminotransferase and aspartate aminotransferase more than twice the upper limit of normal range, total bilirubin more
than twice the upper limit of normal range; 6) with previous allergic reaction to medications or herbs used in the current
study; 7) history of alcohol or drug abuse, or other diseases or conditions that reduce the treatment and follow-up

Table | Traditional Chinese Medicine Symptom Score System

Symptom Score

Main symptom

Menstrual cycle

No progesterone

Progesterone given once

Progesterone given twice

Progesterone given three times

Waist and knee weakness

None

Occasional

Frequent

Always

Chest and abdominal fullness

None

Occasional

Frequent

Always

Secondary symptom

Menstruation color and appearance

Bright red, medium texture

Mild bright red, mild thin

Light red, thin

Light red, extremely thin

Dizziness, tinnitus None Occasional Frequent Always
Fatigue, shortness of breath None Occasional Frequent Always
Obesity (BMI) 18.5-24.0 24.1-28.0 28.1-30.0 >30.0

Loose stools None Occasional Frequent Always
Greasy mouth and excessive phlegm | None Occasional Frequent Always

Abbreviation: BMI, body mass index.
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compliance, such as frequent job changes or unstable living environment; 8) participation in other clinical studies in the
past month, or those who have been using similar drugs and related treatments in the month before randomization,
making it difficult to determine the efficacy of the trial medications.

Sample Size Estimation

The trial will include four groups of patients (low, medium, and high doses of Lingshu granules, Lingshu decoction).
Based on a pilot study, HOMA-IR could decline 1.4, with a standard deviation of 0.6, after Lingshu treatment. We expect
a decrease in the HOMA-IR value of more than 0.4 in the medium-dose group compared to the decoction group.
Therefore, we set the threshold as 0.4. With a = 0.025, f = 0.1, and a statistical power of 90%, we determine a sample
size of 45 patients in each of the four groups (PASS version 11). Considering a loss-to-follow-up rate of 10%, we aim to
include a total of 200 patients in the current study.

Randomization and Blinding

Enrolled patients will be randomly assigned to four groups at a ratio of 1:1:1:1, including group A (low-dose Lingshu
granule), group B (medium-dose Lingshu granule), group C (high-dose Lingshu granule), and group D (Lingshu
decoction).

The random numbers will be generated in SPSS (version 20.0, IBM, USA). These random numbers will be placed
into light-proof, sealed envelopes and managed by a dedicated person for patient group assignment. Both the patients and
the research personnel who recorded patient outcomes will be blinded to the group assignment. The randomization plan
preparation, storage, and quality control are carried out by the clinical research service team based on evidence-based
medicine.

Intervention

Trial herbs will be started within three days of the onset of spontancous menses or progesterone-induced withdrawal
bleeding and will be taken without interruption, including during menstruation. If menses have not occurred within 45
days, one-time oral dydrogesterone (10 mg, twice a day for 5 days) will be given to induce withdrawal bleeding.
Treatment continues for 90 days.

Patients in groups A, B, and C receive different doses of Lingshu granules once a day. Patients in group D received
Lingshu decoction, 100 mL, twice a day. The Lingshu decoction primarily contains epimedium 9 g, curculigo 9 g,
atractylodes macrocephala 15 g, angelica sinensis 9 g, pinellia 9 g, and arisaema 9 g (other components are undisclosed
due to patent restriction). The medium-dose Lingshu granule contains the same dose of herbs as the decoction formula.
The low-dose Lingshu granule contains 20% less of each herb. The high-dose Lingshu granule contains 20% more of
each herb.

Data Collection and Outcome Measurements

All patients will be followed up once every 30 days after the initiation of herb treatment. Pre- and post-treatment
data will be collected and recorded promptly in a case report form by dedicated research personnel. Treatment
outcomes and safety will be evaluated 90 days after the initiation of the trial herbs. The entire trial phases are shown
in Table 2.

Efficacy Evaluation

The primary outcome is the change in HOMA-IR before and after treatment. The secondary outcomes include pre- and
post-treatment changes in the body mass index, waist-to-hip ratio, FINS, FPG, serum follicle stimulating hormone (FSH),
luteinizing hormone (LH), testosterone, estradiol, prolactin, progesterone, total cholesterol, triglycerides, low-density
lipoprotein, high-density lipoprotein, apolipoprotein A, and apolipoprotein B levels, as well as ovarian size measured by
the ultrasound. In addition, we developed a TCM symptom-score table with reference to the diagnostic criteria for kidney
deficiency and phlegm-dampness in the Guiding Principles for Clinical Research of New Chinese Medicines and the
symptom criteria for kidney deficiency and phlegm-dampness in TCM Gynecology (Table 1).%'
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Table 2 Flowchart of Trial Phases of Enrollment, Interventions, and Assessment

Event Trial phase
Enrollment Baseline Treatment and Assessment
—32 - 0 days | Days 2-5 of the 0*" | Day 30 * 2 after Day 30 * 2 after Within 3 days after
menstrual cycle medication initiation | medication initiation | medication given for 90 days
Inclusion/exclusion criteria N
Informed consent R
Demographics and history N
TCM syndrome V
Vital signs and menstrual conditions N v
Laboratory tests \
Electrocardiogram N
Adverse events R y \/
Trial herbs dispense N V y
Trial herbs recover R y V
Compliance assessment N v N
Research termination record V 3 y V
Research report N

Abbreviation: TCM, traditional Chinese medicine.

Safety Evaluation

Safety will be assessed by monitoring vital signs (temperature, heart rate, and blood pressure), laboratory tests—
including urinalysis, coagulation profile, and liver and renal function panels—and electrocardiograms, as well as adverse
events that occurred during medication administration.

Statistical Analysis

All data will be analyzed in SPSS version 20.0 (IBM, USA) by a dedicated study statistician. Continuous variables will
be expressed as mean + standard deviation or median (interquartile range), depending on the results of normality testing.
Categorical variables will be summarized as counts (percentages). Pre- and post-treatment changes among groups will be
compared with analysis of variance (ANOVA) for continuous data and the chi-square test or Fisher’s exact test for
categorical data, as appropriate. Results with a one-sided P < 0.025 will be considered statistically significant.

Discussion
PCOS is the most common endocrine-metabolic disorder among women of reproductive age.' IR is a key contributor to
the pathogenesis of PCOS. Evidence shows that IR can increase androgen levels, disrupt follicle development, impair
ovarian function, and reduce oocyte quality. IR can also worsen glucose and lipid metabolism and raise the risk of
metabolic syndrome. The incidence of Hashimoto’s thyroiditis was also related to IR and relatively low thyroid function
and high left ovarian volume in PCOS patients.®**** Although multiple pharmacologic treatments have been used for
PCOS-associated IR, their efficacy remains controversial.>* Growing research on TCM suggests that Chinese herbs may
offer a meaningful therapeutic option for patients with PCOS and IR.*

Based on TCM principles, we have developed the Lingshu formula, which primarily contains six herbs: Epimedium,
Curculigo, Atractylodes macrocephala, Angelica sinensis, Pinellia, and Arisaema (other components are undisclosed due
to patent restrictions). Epimedium tonifies the kidney, strengthens bone and muscle, dispels dampness, and enhances
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libido and fertility.*® Curculigo warms the spleen and strengthens the kidneys and is commonly prescribed for impotence
and infertility.37 Atractylodes macrocephala fortifies the spleen, dries dampness, and promotes water metabolism; it is
used for fatigue and digestive complaints.>® Angelica sinensis nourishes and invigorates the blood, regulates menstrua-
tion, and alleviates pain, thereby improving female reproductive health and correcting blood deficiency.*® Pinellia dries
dampness and resolves phlegm and is indicated for cough, excessive phlegm, and indigestion.*® Arisaema transforms
phlegm-heat, calms convulsions, and relieves spasms; it is frequently employed for wind-phlegm conditions, stroke, and
seizures.*!"*?

Clinical and animal studies have demonstrated that Lingshu decoction could effectively reduce the HOMA-IR index,
body mass index, testosterone, and LH/FSH ratio of PCOS-IR patients and improve the blood lipid profile.'”2° However,
traditional preparations, such as Lingshu decoction, have several limitations, including time-consuming preparation,
unpalatable taste, short shelf life, and challenges in storage and transportation. In contrast, the formula granules can
overcome these drawbacks while preserving the advantages and characteristics of TCM. The granules are easy to take,
which can improve patient compliance. Patients may prefer to take granules over decoction formulas. However, whether
the pharmacological effects of formula granules are equivalent to those of traditional decoctions remains controversial.*?
To date, no studies have directly compared Lingshu formula granules with decoctions in patients with PCOS and IR,
which will be the focus of our study. In addition, our clinical trial will also identify the optimal granule dose and clarify
the relative effectiveness of the granule and decoction preparations. These results will not only support the clinical use of
the Lingshu formula in PCOS-IR but also guide future research. Moreover, successful completion of this trial may
advance the widespread acceptance of TCM.

Limitations

We acknowledge several limitations. First, although the trial will be conducted across multiple research centers, all
participants will be recruited from the local region, which may limit the generalizability of our findings. Second, the
relatively long study duration could affect participant compliance. Finally, only three doses of the Lingshu formula will
be evaluated, which may not capture the optimal efficacy dose; additional dose-response studies are therefore warranted.

Ethics and Clinical Registration
The study received approval from the Ethics Committee of Guangdong Provincial Hospital of Chinese Medicine on
August 1, 2024 (approval No. BF2024-199-01) and will adhere strictly to the Declaration of Helsinki. The trial was
registered with the International Traditional Medicine Clinical Trial Registry Platform (ITMCTR2024000837) on
December 17, 2024. All participants will provide written informed consent before enrollment. The study’s purpose,
procedures, privacy safeguards, benefits, potential risks, and the voluntary nature of participation will be thoroughly
explained to each participant. All data will be securely stored to protect participant confidentiality, and the ethics
committee will oversee study conduct.

Study results will be submitted for peer review and publication and will be presented at national and international
conferences. After study completion, all data will be stored in a secure cabinet under the custody of the corresponding
authors.
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