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[bookmark: _Toc160112878][bookmark: _Toc22295]1. INTRODUCTION AND RATIONALE 
Obesity is a chronic inflammatory condition that remains one of the most significant global public health challenges, despite ongoing efforts from the scientific community and public health strategies. According to projections, the global obesity rate among women is expected to reach 21% by 2025, with the prevalence of severe obesity (body max index,BMI ≥ 35 kg/m²) rising to 9%1. In China, over 50% of the adult population is overweight or obese. The average weight for Chinese men and women aged 18 years and older is 69.6 kg and 59 kg, respectively. Obesity is a major contributor to comorbid conditions, including hypertension, dyslipidemia, type 2 diabetes (T2D), and cardiovascular diseases, and is increasingly recognized as a key factor in infertility2.
Research indicates that overweight and obese women experience lower fertility rates, reduced live birth rates, increased miscarriage rates, and higher doses of gonadotropins required for fertility treatments. The impact of obesity on infertility is substantial, and many countries have implemented BMI restrictions for publicly funded fertility treatments. As early as 2004, weight loss was identified as a key method for managing female infertility.
The influence of obesity on assisted reproductive technology (ART) outcomes is multifactorial, potentially affecting ovarian function, endometrial receptivity, and embryo quality. Obesity affects the hypothalamic-pituitary-ovarian (HPO) axis, leading to reduced levels of gonadotropins (LH and FSH) and causing menstrual and ovulatory dysfunction. Excess adipose tissue induces lipotoxicity, increased oxidative stress (ROS), and apoptosis in oocytes, which can impair ovarian function and reduce oocyte quality3. Obesity also contributes to meiotic abnormalities, mitochondrial dysfunction, and endoplasmic reticulum stress in oocytes, further reducing the number and quality of oocytes available for ART procedures4,5.
At the endometrial level, the impact of obesity is more controversial. While studies in obese mice have shown impaired endometrial decidualization6, leading to reduced endometrial receptivity and poor embryo implantation, some human studies have not found significant differences in embryo implantation rates between obese women and healthy controls7,8. However, obesity is known to cause leptin resistance, which impairs endometrial endothelial cell remodeling, lowering endometrial receptivity and negatively affecting embryo implantation9,10. Moreover, obese women show delayed embryo development and more cytoplasmic fragmentation compared to controls, which is related to decreased levels of Stella protein in their oocytes11. Additionally, lipotoxicity in obese women negatively affects embryo development, further complicating ART outcomes.
Beyond direct effects on the reproductive organs, maternal obesity can permanently alter metabolic processes in offspring, including hypothalamic responses to leptin and pancreatic β-cell regulation, leading to increased risks of obesity and T2D in future generations12. Maternal obesity during pregnancy is also associated with a higher risk of asthma, allergic diseases, and other early immunological disorders in children13. Moreover, obesity-related inflammation in the mother may contribute to neurodevelopmental disorders in offspring, including autism spectrum disorder, attention-deficit/hyperactivity disorder, and tic disorders14.
Several randomized controlled trials (RCTs) have demonstrated the effectiveness of weight loss in improving ART outcomes, including treatment cycles, natural pregnancy rates, fertilization rates, and cumulative live birth rates (LBR)15,16. Weight loss has also shown beneficial effects in women with polycystic ovary syndrome (PCOS). However, some studies have not observed a positive impact of weight loss interventions on ART outcomes17-19. Despite the uncertainty regarding weight loss's effect on ART outcomes, many studies have reported improvements in natural conception rates.
Research in European countries has shifted focus from questioning whether weight loss improves ART outcomes to exploring more effective and feasible ways to encourage patients to engage in weight loss20. In China, retrospective cohort studies have examined the relationship between BMI and ART outcomes21, and the effect of weight loss drugs (such as orlistat) on ART outcomes22,23. Studies suggest that a 10%-15% BMI reduction in obese women and 5% in overweight women significantly improves perinatal outcomes, including reductions in gestational hypertension (GH), gestational diabetes (GDM), and cesarean sections (CS)24. However, prospective RCTs investigating the effects of lifestyle-based weight loss interventions on ART outcomes are still lacking in China, and many studies have not separately analyzed the impact of PCOS, which could confound the results.
In conclusion, while the impact of weight loss on some ART outcomes remains uncertain, weight reduction before ART remains an essential measure for overweight and obese women. Further research is needed to identify weight loss strategies that are effective, highly adherent, and sustainable. More prospective clinical trials are required to explore this issue.
With increasing living standards and a growing focus on health, weight loss is now widely used to treat various conditions, such as hypertension and T2D. As a low-cost, sustainable, and non-invasive treatment for infertility, weight loss is gradually being incorporated into clinical practice. Common strategies for treating obesity include reducing energy intake and increasing physical activity. As research into weight loss strategies progresses, various non-surgical approaches, such as dietary changes, exercise, psychological or behavioral counseling, and orlistat, are being applied in clinical trials. Among these, the combination of diet and exercise is widely considered the most effective method. High-intensity aerobic exercise and resistance training have been shown to be more effective than other exercise types in reducing abdominal fat, improving weight, and increasing cardiorespiratory fitness (CRF). For sedentary obese individuals, brisk walking is the most practical and widely used form of exercise, with good adherence rates in clinical trials.
Common dietary strategies include caloric restriction diets (CRD), intermittent fasting (IF), and time-restricted feeding (TRF). CRD involves reducing daily caloric intake by 25%, while IF focuses on the ratio of fasting to eating periods. TRF limits eating to an 8-12 hour window each day without reducing caloric intake. Research has shown that shortening the eating window is effective for weight reduction and improving blood lipids, blood glucose, and insulin resistance, thereby reducing the risk of metabolic diseases25.
[bookmark: _Toc6760][bookmark: _Toc160112879][bookmark: _Toc15688][bookmark: _Toc507620815]2. OBJECTIVE
We propose a randomized controlled clinical trial, to compare the effects of different pre-IVF weight-loss interventions, relative to usual care, on IVF outcomes in women with overweight or obesity.
[bookmark: _Toc8261][bookmark: _Toc339804952][bookmark: _Toc21056][bookmark: _Toc339890243][bookmark: _Toc160112880][bookmark: _Toc507620816]3. STUDY DESIGN 
This study is a prospective, single-centre, parallel, open-label, randomized controlled trial with three arms (1:1:1 allocation ratio). The study flowchart is presented in Figure 1.

Exclusion criteria:
-Night-shift work or chronic insomnia.
-Severe metabolic,endocrine, gastrointestinal,cardiovascular, or autoimmune disease.
-Current smoking or heavy alcohol consumption.
-Male factor infertility requiring TESE.
-Uterine factors unsuitable for implantation.
-History of reproductive failure.
-Endometrial thickness <6 mm in the ovulatory phase.
-Planned oocyte-recipient cycle.
- Women with intrauterine adhesions
Violation

IVF-ET and Follow up
IVF and follow up
Women assess for eligibility
Recruitment
Inclusion criteria:
-Patients aged 20-38 years who planned IVF treatment.
-BMI 24.0-40.0 kg/m².
-AMH ≥0.5 ng/mL.
- Regular menstrual cycle
- Informed consent
CRD group
Usual care
Follow

Randomize
Luteal phase support
Comparison of cumulative live birth rate and secondary outcomes
Modified-Intention-to-treat
Follow up
Analysis
TRF+PA group
Randomization

Figure 1 Flowchart of study cohort.
[bookmark: _Toc160112881][bookmark: _Toc7631][bookmark: _Toc8428]4. STUDY POPULATION 
[bookmark: _Toc339804954][bookmark: _Toc212187670][bookmark: _Toc507620818][bookmark: _Toc339890245][bookmark: _Toc2106][bookmark: _Toc15393][bookmark: _Toc160112882]4.1 Inclusion and exclusion criteria
Inclusion Criteria:
· Patients aged 20-38 years who planned IVF treatment.
· BMI 24.0-40.0 kg/m².
· Anti-Müllerian hormone (AMH) ≥0.5 ng/mL.

Exclusion criteria:
· Long-term night-shift work or chronic insomnia.
· Severe metabolic or endocrine disorders, including hyperthyroidism, hypothyroidism, Cushing syndrome, or pituitary-related amenorrhea.
· Significant gastrointestinal or cardiovascular disease.
· Current smoking or heavy alcohol consumption.
· Male partner azoospermia requiring testicular sperm extraction (TESE).
· Uterine factors unsuitable for embryo implantation, including endometriosis with uterine cavity distortion, intrauterine adhesions, or submucosal/intramural fibroids impinging on the endometrium.
· A history of reproductive failure, including recurrent biochemical pregnancy loss, recurrent implantation failure, or ≥3 miscarriages before 28 weeks of gestation.
· Endometrial thickness <6 mm during the ovulatory phase.
· A planned oocyte-recipient cycle.
· Severe autoimmune disease (e.g., systemic lupus erythematosus or antiphospholipid syndrome).
[bookmark: _Toc30349][bookmark: _Toc160112883][bookmark: _Toc15627][bookmark: _Toc339890246][bookmark: _Toc339804955][bookmark: _Toc507620819]4.2 Sample size calculation
The sample size was determined based on a noninferiority hypothesis for cumulative live birth rate (CLBR). Assuming a CLBR of 52% in the control group based on prior literature, a noninferiority margin of 20 percentage points for each intervention group versus the control group, a one-sided α of 0.025, 80% power, and equal allocation (1:1:1), the target sample size was 91 participants per group (273 in total), including an allowance for an anticipated 15% loss to follow-up.
[bookmark: _Toc339890247][bookmark: _Toc212187674][bookmark: _Toc507620820][bookmark: _Toc160112884][bookmark: _Toc1184][bookmark: _Toc9300]5. RECRUITMENT, RANDOMIZATION, INTERVENTIONS, AND PROCEDURES
[bookmark: _Toc16494][bookmark: _Toc29972][bookmark: _Toc160112885]5.1 Recruitment

Potentially eligible women with infertility planning ART treatment will be identified and screened by the study research team. A member of the research team will explain the study procedures, potential risks and benefits, and participant responsibilities to eligible patients. Written informed consent will be obtained at a subsequent scheduled visit from those willing to participate. A screening log will be kept to record all patients who were screened but not enrolled, along with the reasons for non-enrollment.

[bookmark: _Toc7051]5.2 RANDOMIZATION AND MASKING
[bookmark: _Toc160112886][bookmark: _Toc3266]A total of 273 participants will be randomly assigned in a 1:1:1 ratio to (1) 12-hour time-restricted feeding plus moderate physical activity (TRF+PA), (2) a calorie-restricted diet (CRD), or (3) usual care (control), using a computer-generated randomization sequence.
Because of the behavioral nature of the interventions, participants and study staff delivering the interventions will not be blinded to group assignment. Clinical staff and embryology laboratory personnel involved in IVF care, as well as outcome assessors, will be masked to treatment allocation after randomization.
[bookmark: _Toc6239]5.3 Interventions
The structured pre-IVF intervention period for the TRF+PA and CRD groups will be 10 weeks. Participants in the control group will receive usual care without a mandated 10-week supervised intervention period.
[bookmark: _Toc25575][bookmark: _Toc2600]TRF+PA group
Participants in the TRF+PA group will follow a Mediterranean-style dietary pattern emphasizing vegetables, high-quality protein sources, and whole grains, with reduced refined carbohydrates and high-sugar fruits26,27. Calorie counting will not be required. Participants will be instructed to limit their daily eating window to ≤12 hours and to perform brisk walking targeting ≥8,000 steps/day.
[bookmark: _Toc4107][bookmark: _Toc4401]CRD group
Participants in the CRD group will follow a calorie-restricted diet of ≤1,500 kcal/day28, with a nutrient composition similar to that of the TRF+PA dietary pattern. No eating-window restriction and no mandated physical activity target will be specified.
[bookmark: _Toc23862][bookmark: _Toc26456]Control group
Participants in the control group will receive usual care, consisting of general counseling on healthy dietary structure and lifestyle behaviors. To reflect real-world usual care, participants in the control group will not undergo a mandated 10-week supervised intervention period. The timing of IVF initiation will be determined according to routine clinical practice and patient readiness, and participants may undertake self-directed weight management without structured study supervision. Follow-up in all groups will be conducted within a prespecified 18-month window after randomization.

IVF Procedures
This will be a pragmatic, single-center randomized trial. All clinical decisions, including the ovarian stimulation protocol, embryo culture stage, number of embryos transferred, and endometrial-preparation strategy for frozen embryo transfer (FET), will be made by the treating clinicians in accordance with routine clinical practice.
Controlled ovarian stimulation will follow a gonadotropin-releasing hormone (GnRH) agonist protocol, with individualized follitropin alfa dosing. When 3 or more follicles reach a mean diameter of ≥18 mm, serum LH, estradiol, and progesterone will be assessed, and human chorionic gonadotropin (hCG) will be administered to trigger final oocyte maturation. Oocyte retrieval will be performed 34 to 38 hours later under transvaginal ultrasound guidance.
Conventional IVF or intracytoplasmic sperm injection (ICSI) will be performed 4 to 6 hours after oocyte retrieval. Fertilization will be confirmed by the presence of 2 pronuclei (2PN) at 16 to 20 hours after insemination/injection, and embryos will be cultured to either the cleavage stage or blastocyst stage.
On the day of oocyte retrieval or shortly thereafter, treating clinicians will determine whether patients are suitable for fresh embryo transfer or embryo cryopreservation based on endometrial thickness, hormone levels, and overall clinical status. For patients undergoing fresh embryo transfer, luteal-phase support with progesterone will begin on the day of oocyte retrieval and continue until serum hCG testing 14 days after embryo transfer.
For patients undergoing FET, embryos will be vitrified at the cleavage or blastocyst stage according to routine laboratory practice. Endometrial preparation for FET will be selected by the treating clinicians using either a natural ovulatory regimen or a programmed hormone-replacement regimen. Frozen embryos will be transferred on day 3 or day 5 after ovulation (with ovulation day defined as day 0) or after progesterone administration (with progesterone initiation defined as day 0), according to embryo stage.
Serum β-hCG will be measured 12-14 days after embryo transfer. A serum β-hCG level >5 mIU/mL will be considered a positive biochemical pregnancy test. In women with biochemical pregnancy, clinical pregnancy will be confirmed by transvaginal ultrasound 35 days after embryo transfer, with the presence of a gestational sac defining clinical pregnancy.
Cleavage-stage embryos will be evaluated using the Peter grading system at our center. According to the 2022 Chinese Expert Consensus on Morphological Assessment of Cleavage-Stage Embryos and Blastocysts, high-quality cleavage-stage embryos will be defined as grade IIa or higher embryos with 7-14 cells, or early compaction embryos with ≥7 cells and <10% fragmentation29. Blastocyst morphology will be assessed using the Gardner grading system. Based on the same 2022 Chinese Expert Consensus, blastocysts graded ≥3BB on day 5 or ≥4BB on day 6 will be classified as high-quality blastocysts29.
For women who achieve pregnancy, luteal-phase support will be continued until 10 or 11 weeks of gestation, according to clinical practice. All pregnancies will be followed until delivery or pregnancy loss.

[bookmark: _Toc25041]5.4 Schedule of assessments and adherence monitoring
Before initiation of the intervention, all participants (including the control group) will undergo baseline assessments, including height, weight, BMI, body-fat percentage (BF%), waist circumference (WC), and serum biochemical testing. Laboratory assessments will include follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone (measured on cycle days 2-4); fasting and postprandial glucose and insulin; total cholesterol (TC); triglycerides (TG); high-density lipoprotein cholesterol (HDL-C); and low-density lipoprotein cholesterol (LDL-C).
Participants in the TRF+PA and CRD groups will complete a once-daily diet log using the Herb Health mobile application throughout the 10-week intervention period. Participants in the TRF+PA group will upload records of their eating window, dietary intake, and daily step counts, whereas participants in the CRD group will upload dietary logs and total daily caloric intake automatically calculated by the application. A daily check-in link will be posted in the study group chat to encourage timely log submission. Research staff will review uploaded entries and send reminder messages to participants who miss daily logs. Clinicians will provide individualized guidance every 2 weeks based on self-reported changes in body weight and WC to reinforce adherence and address barriers.
During the 10-week intervention period, participants in the TRF+PA and CRD groups will self-report body weight and WC at weeks 2, 4, 6, 8, and 10. At week 4, trained study personnel will perform in-person measurements of body weight, WC, and BF% to validate self-reported values.
Before oocyte retrieval, all participants (including the control group) will undergo repeat measurements of weight, BMI, BF%, WC and serum biochemical testing, including fasting and postprandial glucose and insulin,TC, TG, HDL-C, and LDL-C. Participants in the control group will not undergo interim self-monitoring or structured adherence support.
Body weight and BF% will be measured using a bioelectrical impedance analyzer (InBody), and WC will be measured using a flexible, non-stretchable tape measure at the level of the umbilicus.
[bookmark: _Toc5811][bookmark: _Toc212187675][bookmark: _Toc339804957][bookmark: _Toc160112889][bookmark: _Toc507620822][bookmark: _Toc32645][bookmark: _Toc339890249]6. METHODS
[bookmark: _Toc339804958][bookmark: _Toc339890250][bookmark: _Toc32466][bookmark: _Toc160112890][bookmark: _Toc212187676][bookmark: _Toc507620823][bookmark: _Toc13117]6.1 Study endpoints 
Participants will be followed for up to 18 months after randomization, and all pregnancies and live births occurring within this prespecified follow-up window will be recorded.
Primary outcome
The primary outcome will be cumulative live birth rate (CLBR), defined as the proportion of participants who achieve the birth of at least 1 live infant at ≥28 weeks’ gestation within 18 months after randomization, including live births arising from spontaneous pregnancies occurring after randomization. 

Secondary outcomes
[bookmark: _Toc5391]Key secondary outcome
The key secondary outcome will be cumulative clinical pregnancy, defined as the proportion of participants who achieve at least 1 clinical pregnancy within 18 months after randomization, including spontaneous pregnancies occurring after randomization.
[bookmark: _Toc20059]Other secondary outcomes
A. Reproductive secondary outcomes
· Spontaneous conception, defined as a clinical pregnancy achieved without IVF treatment after randomization.
· Miscarriage, defined as pregnancy loss before 28 weeks’ gestation, including losses from spontaneous conceptions after randomization. The miscarriage rate will be calculated as the number of pregnancy losses divided by the total number of clinical pregnancies (including spontaneous conceptions).
· Perinatal complications, including gestational diabetes mellitus(GDM), gestational hypertension, preterm birth, macrosomia, postpartum hemorrhage, and other complications (e.g., premature rupture of membranes, placental abnormalities, polyhydramnios, oligohydramnios, and liver dysfunction).
· Cycle cancellation: defined as cancellation of the cycle prior to embryo transfer.
B. Embryological secondary outcomes
· Number of oocytes retrieved
· 2PN embryos
· Cleaved embryos
· Day-3 good-quality embryos
· Frozen embryos
· Blastocyst formation rate,calculated as the number of embryos that formed blastocysts divided by the number of embryos cultured for blastocyst development.
· High-quality blastocyst rate,calculated as the number of embryos that formed high-quality blastocysts divided by the number of embryos cultured for blastocyst development.
C. Anthropometric secondary outcomes
Anthropometric outcomes will include changes from baseline to the last measurement obtained before or at oocyte retrieval:
· Body weight change (%) = (initial body weight−terminal body weight) / initial body weight × 100
· BF% change = initial BF% − terminal BF%
· WC change (%) = (initial WC−terminal WC)/initial WC(initial WC − terminal WC) / initial WC × 100
· BMI change = initial BMI − terminal BMI
D. Metabolic secondary outcomes
Metabolic outcomes will include changes from baseline to the last assessment before oocyte retrieval in the following indices:
· Homeostasis model assessment of insulin resistance (HOMA-IR) = fasting insulin (μU/mL) × fasting glucose (mmol/L) / 22.5.
· Metabolic score for insulin resistance (METS-IR) = Ln[(2 × fasting glucose (mg/dL) + fasting triglycerides (mg/dL)) × BMI (kg/m²)] /[LnHDL-C (mg/dL)].
· Non–high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) = (TC − HDL-C) / HDL-C.
[bookmark: _Toc2385][bookmark: _Toc17695][bookmark: _Toc339804959][bookmark: _Toc507620824][bookmark: _Toc212187679][bookmark: _Toc160112891][bookmark: _Toc339890251]6.2 Subject informed consent
Infertile couples scheduled for IVF who come to the outpatient clinic will be screened by trained clinical team. Eligible women will then be approached by a member of the research team and explained the trial details before the start of FET treatment. After this information, couples will be offered time for consideration to decide to participate the trial. If the couple agrees to participate, they will sign the consent form. An individual record of all non-recruited participants and reasons for exclusion will be obtained and stored.
[bookmark: _Toc31757][bookmark: _Toc19822][bookmark: _Toc507620825][bookmark: _Toc339890252][bookmark: _Toc339804960][bookmark: _Toc160112892][bookmark: _Toc212187680]6.3 Withdrawal of individual participants 
Participants have the right to withdraw from at any time during the process. The decision to withdraw will neither affect their conventional clinical treatments nor their relationship with clinicians.
[bookmark: _Toc339890253][bookmark: _Toc160112893][bookmark: _Toc15364][bookmark: _Toc339804961][bookmark: _Toc507620826][bookmark: _Toc4543]6.4 Duration of the study
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]The recruitment in the study centre will start in Feb 2023 and will continue until the needed number of participants is included, anticipated until Feb 2026. The study duration is therefore estimated to be three years.
[bookmark: _Toc339890254][bookmark: _Toc339804962][bookmark: _Toc507620827][bookmark: _Toc160112894][bookmark: _Toc11158816][bookmark: _Toc27280]6.5 Statistical analysis
Baseline data
Baseline characteristics will be summarized descriptively by randomized group. The balance of baseline characteristics across the 3 groups will be assessed.
For continuous variables, distributional characteristics will be assessed using histograms and the Shapiro-Wilk test. Normally distributed variables will be summarized as mean ± SD and compared across groups using one-way analysis of variance (ANOVA), whereas non-normally distributed variables will be summarized as median (IQR) and compared using the Kruskal–Wallis test. Categorical variables will be presented as counts (percentages).
In addition, recruitment numbers, numbers of participants lost to follow-up, protocol deviations/violations, and other relevant trial process data will be summarized descriptively.

Primary outcome
The primary efficacy analysis will be conducted according to the modified intention-to-treat (mITT) principle. The mITT population will include all randomized participants who initiate the assigned study strategy (i.e., complete at least 1 day of behavioral logging in the TRF+PA or CRD groups, or receive post-randomization counseling in the control group).
The primary outcome, CLBR, will be compared across the 3 randomized groups within a prespecified 18-month follow-up window after randomization. Unadjusted group comparisons will be performed using the χ² test or Fisher’s exact test, as appropriate. For adjusted analyses, adjusted risk ratios (aRR) and 95% confidence intervals (CIs) will be estimated using generalized linear models with a log link and robust variance (modified Poisson regression). To account for chance baseline imbalances, models will adjust for baseline variables showing statistically significant differences across the randomized groups.
Per-protocol (PP) analyses will be performed as sensitivity analyses..In the TRF+PA and CRD groups, the PP population consisted of women who completed at least 50 effective intervention days (≥70% of the 70-day program) and either underwent at least 1 embryo transfer or achieved a spontaneous pregnancy after randomization. Women who entered an IVF cycle but had their cycle cancelled because of absent recruitable follicles, fertilization failure, or the lack of transferable embryos were considered protocol-adherent and included in the PP population provided no other major protocol deviations occurred.

Secondary outcomes  
Secondary outcomes will be compared between the two arms using the similar approach described for the primary outcome. 
[bookmark: _Hlk100146218]Subgroup analysis
Prespecified subgroup analyses of the primary outcome will be conducted according to (PCOS status (PCOS vs non-PCOS), as the effects of pre-IVF lifestyle interventions on reproductive outcomes may differ by baseline metabolic phenotype.
Subgroup analyses will be interpreted cautiously, and subgroup results will be considered exploratory.

Exploratory analyses
Exploratory analyses will be performed to evaluate associations between weight-loss–related metrics (including changes in body weight, BF%, WC, and BMI) and reproductive outcomes. These metrics will be modeled as continuous exposures. Restricted cubic spline (RCS) analyses will be used to assess potential nonlinear relationships and threshold effects, with adjustment for baseline WC and follow-up duration. Findings from exploratory analyses will be interpreted cautiously as hypothesis-generating.

Missing data and sensitivity analysis
For missing values regarding baseline characteristics, we will first perform analysis by excluding missing values, we will then perform multiple imputation to impute missing values and conduct subsequent analysis to estimate the robustness of the findings. For loss to follow-up and protocol violation, we will attempt sensitive analyses to explore the effect of these factors on the trial findings. 

Statistical significance and software
All statistical tests will be two-sided, and a P value <0.05 will be considered statistically significant unless otherwise specified. Statistical analyses will be performed using SPSS version 27.0.

[bookmark: _Toc32134]6.6 Data and safety monitoring
Safety monitoring will be conducted by the study team and treating clinicians, with adverse events (AEs)/serious adverse events (SAEs) recorded and reported in accordance with institutional requirements.An AE is defined as any unfavorable and unintended sign, symptom, or disease occurring during the study, whether or not it is considered related to the study intervention.
A SAE is defined as any untoward medical occurrence that results in death, is life-threatening, requires inpatient hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/incapacity, or is a congenital anomaly/birth defect.Other medically important events that may jeopardize the participant or require medical intervention to prevent one of the outcomes listed above will also be considered SAEs.

[bookmark: _Toc11158819][bookmark: _Toc160112897][bookmark: _Toc507620829][bookmark: _Toc27397]7. SAFETY REPORTING 
[bookmark: _Toc339890257][bookmark: _Toc11158820][bookmark: _Toc212187683][bookmark: _Toc507620830][bookmark: _Toc160112898][bookmark: _Toc339804965][bookmark: _Toc26840]7.1 Safety monitoring and reporting of safety concerns 
[bookmark: _Toc212187684][bookmark: _Toc339804966]If information arises during the study indicating that the disadvantages or risks of participation may be significantly greater than anticipated, the investigators will promptly inform the institutional ethics committee and take appropriate action, including temporary suspension of the study if necessary, unless doing so would jeopardize participant safety. Participants will be informed of any relevant new safety information that may affect their willingness to continue participation.

[bookmark: _Toc507620831][bookmark: _Toc12314][bookmark: _Toc11158821][bookmark: _Toc160112899][bookmark: _Toc339890258]7.2 Adverse and serious adverse events 
[bookmark: _Toc507620832][bookmark: _Toc11158822][bookmark: _Toc212187685][bookmark: _Toc160112900][bookmark: _Toc339890259][bookmark: _Toc339804967]All observed or spontaneously reported AEs, regardless of study group or suspected relationship to the intervention, will be recorded. All SAEs will be reported to the institutional ethics committee in accordance with local regulatory and institutional requirements.
[bookmark: _Toc7440]7.3 Follow-up of adverse events 
All AEs and SAEs will be followed until resolution, stabilization, or until further follow-up is deemed unnecessary by the investigator. Follow-up may include additional clinical evaluation, laboratory testing, or referral to an appropriate physician or specialist, as clinically indicated.

[bookmark: _Toc160112901][bookmark: _Toc16174][bookmark: _Toc507620833][bookmark: _Toc212187686][bookmark: _Toc339890260][bookmark: _Toc339804968][bookmark: _Toc11158823]8. ETHICAL CONSIDERATIONS 
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The study will be conducted according to the principles of the Declaration of Helsinki (World Medical Association Declaration Of Helsinki Ethical Principles for Medical Research Involving Human Subjects Version Edinburgh, Scotland, October 2000, with Note of Clarification on Paragraph 29 added by the WMA General Assembly, Washington 2002 end Note of Clarification on Paragraph 30 added by the WMA General Assembly, Tokyo 2004) and in accordance with the Medical Research Involving Human Subjects Act (WMO) and other guidelines, regulations and Acts.
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Potentially eligible participants will be identified and screened by the study research team. A member of the research team will explain the nature and purpose of the study, study procedures, expected duration, and the potential risks and benefits of participation, as well as any foreseeable discomfort related to the interventions and study assessments.
Participants will be informed that participation is entirely voluntary and that they may withdraw consent at any time without affecting their routine medical care, IVF treatment, or relationship with their treating clinicians.
Written informed consent will be obtained from each participant before any study-specific procedures are performed. The consent form will be written in language that is understandable to participants. Participants will be given sufficient time to read the consent form, ask questions, and consider participation before signing and dating the document. A signed copy of the informed consent form will be provided to each participant.
The study protocol and informed consent procedures will be reviewed and approved by the Ethics Committee of Shengjing Hospital of China Medical University before study initiation.
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Each participant will be assigned an appropriate code number that is consistent with the allocated intervention, which will appear on all report forms to maintain confidentiality.
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The interventions in this trial (dietary modification and physical activity for weight loss) are behavioral and are generally considered low risk. However, participants may experience transient discomforts, particularly during the early phase of behavior change, including psychological discomfort, sleep disturbance, fatigue, hunger, thirst/dry mouth, and constipation. These symptoms are expected to be mild and manageable in most cases. Participants will receive guidance from the study team, and any adverse symptoms reported during the study will be documented and managed as clinically appropriate.
A potential risk related to study participation is breach of privacy or data security. Every effort will be made to protect participant confidentiality and prevent unauthorized disclosure of personal information. All personal identifiers and medical record information collected in this study will be handled confidentially in accordance with applicable laws and institutional requirements. Identifiable information (such as name, national identification number, address, and telephone number) will not be disclosed outside Shengjing Hospital of China Medical University.
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[bookmark: _Toc339890267][bookmark: _Toc212187692][bookmark: _Toc339804974][bookmark: _Toc507620840][bookmark: _Toc11158830][bookmark: _Toc160112908][bookmark: _Toc16798]9.1 Handling and storage of data and documents 
Study data will include clinical data (e.g., demographic and treatment records) and study-specific data. Data will be recorded using paper case report forms (CRFs).
Medical records will be stored securely at Shengjing Hospital of China Medical University, with restricted access. Paper documents, including consent forms and CRFs, will be stored in locked files. Identifiable participant information will be kept separate from study data and stored securely.

[bookmark: _Toc21622]9.2 Progress reporting
The principal investigator will submit an annual progress report to the Ethics Committee of Shengjing Hospital of China Medical University, including recruitment status, follow-up data, any AEs, SAEs, and protocol amendments.

[bookmark: _Toc10147]9.3 Public disclosure and publication policy
The study team will permit monitoring, audits, and inspections as required, with appropriate access to study documents, while maintaining participant confidentiality. The principal investigator will publish the study results in a peer-reviewed journal and present them at academic conferences. Identifiable participant information will not be disclosed in publications.
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