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	Title
	Effect of Different Course Metformin Combined with Lifestyle Intervention on Abnormal Glucose Metabolism in GDM Postpartum Women: A Randomized Controlled Trial

	ChiCTR trial number
	ChiCTR-IOR-17012770

	Sponsor
	Sun Yat-sen University

	Investigator
	Xiaopei Cao

	Research institute
	Department of Endocrinology, The First Affiliated Hospital of Sun Yat-sen University

	Study centers
	The First Affiliated Hospital of Sun Yat-sen University; The Third Affiliated Hospital of Guangzhou Medical University; The Eighth Affiliated Hospital of Sun Yat-sen University

	Objective
	Evaluate the efficacy of lifestyle intervention plus intermittent metformin intervention as needed in reducing the incidence of diabetes in women with prediabetes after GDM.

	Hypothesis
	Lifestyle intervention plus intermittent metformin intervention as needed is non-inferior to the lifestyle intervention plus continuous metformin intervention in reducing the incidence of diabetes in women with prediabetes after GDM.

	Study design
	Open-label, parallel, non-inferior, randomized controlled trial.

	Participants
	Women aged 18-45 years old, with prediabetes after recent GDM

	Sample size
	N = 376

	Intervention
	All participants in the two groups will receive lifestyle intervention throughout the trial. In the continuous metformin group, once lifestyle intervention alone fails to maintain euglycemia, metformin will be initiated and continued without interruption until the end of the trial regardless of changes in glycaemic status. In the intermittent metformin group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia and will be subsequently discontinued if the glycaemic status returns to normal at a later visit. 

	Primary endpoint
	The incidence of newly diagnosed diabetes after 3-year follow-up.

	Secondary Endpoints
	1. The percentage of prediabetes remission based on hemoglobin A1c (HbA1c) < 5.7%, fasting plasma glucose < 6.1 mmol/L, and oral glucose tolerance testing (OGTT) 2-hour plasma glucose < 7.8 mmol/L;
2. The change in body weight from baseline;
3. The change in body mass index from baseline;
4. The change in waist circumference from baseline;
5. The change in fasting plasma glucose from baseline;
6. The change in OGTT 2-hour plasma glucose from baseline;
7. The change in HbA1c from baseline.

	Safety endpoints
	The incidence of all adverse events, including gastrointestinal adverse events, vitamin B12 deficiency, and hypoglycemia, etc.

	Follow-up
	Study visits will be conducted at baseline and per 3 months from month 6 to 36. 

	Statistical analysis

	The primary analysis will follow the intention-to-treat principle, which include all randomized women. Per protocol analysis including only participants who completed the trial will be performed to assess the robustness of the results. For the primary outcome, the point estimate and 95% confidence interval (CI) of the difference in incidence of diabetes between both groups will be calculated. The upper limit of the 95% CI < 10% will be considered meeting criteria for non-inferiority. For the secondary outcomes, the remission rates of prediabetes between the two groups will be analyzed using χ² test. The changes in body weight, body mass index, waist circumference, fasting plasma glucose, 2-hour plasma glucose, and HbA1c from baseline between the two groups will be analyzed using Wilcoxon signed rank test or t test. For the safety outcomes, the incidence of adverse events between the two groups will be analyzed by χ² test or Fisher’s Exact test. Two-sided P < 0.05 will be considered statistically significant for the comparison of secondary outcomes and safety outcomes between the two groups.

	Schedule
	The trial should be approved by institutional review boards and registered on the Chinese Clinical Trial Registry (the primary registration institution of International Clinical Trials Registry Platform certified by World Health Organization) before participants recruitment. It is estimated to take about 9 years to implemented the trial. Participant recruitment is expected to take 4-5 years.
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	2hPG
	2-hour plasma glucose 

	AE
	Adverse events 

	ALT
	Alanine aminotransferase 

	AST
	Aspartate aminotransferase 

	BUN
	Blood urea nitrogen 

	CRF
	Case report form 

	Cr
	Creatinine 

	DSMB
	Data and Safety Monitoring Board 

	DPP
	Diabetes Prevention Program 

	FPG
	Fasting plasma glucose 

	GDM
	Gestational diabetes mellitus 

	HbA1c
	Hemoglobin A1c 
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	Informed consent form

	OGTT
	Oral glucose tolerance test 

	SMBG
	Self-monitoring of blood glucose 

	SAE
	Serious adverse events 

	T2DM
	Type 2 diabetes mellitus 

	WHO
	World Health Organization 



[bookmark: OLE_LINK11][bookmark: OLE_LINK6]1. Background
[bookmark: OLE_LINK2]GDM is defined as any degree of impaired glucose regulation with an onset or first recognition during pregnancy [1]. It affects approximately 14% of all pregnancies worldwide based on the latest IDF Diabetes Atlas [2]. GDM results in an increased risk of adverse pregnancy outcomes for both mothers and infants, such as preterm delivery, macrosomia, birth injury, and neonatal hypoglycaemia [3]. In addition, a history of GDM confers an increased risk of developing T2DM postpartum [4]. Women after GDM have a 7.4-fold higher risk of developing T2DM than those with a normoglycaemic pregnancy [5]. A prospective cohort study from Canada showed that 32.8% of women with GDM remained impaired glucose regulation within 3 months postpartum [6]. Our previous study has also shown that 28% of women with GDM had impaired glucose regulation at 6-8 weeks after delivery [7]. It has become a consensus that women with a history of GDM are a huge reserve group for T2DM. 
Impaired glucose regulation is a phase of abnormal blood glucose homeostasis that precedes the development of T2DM and is referred to as prediabetes, including impaired glucose tolerance and/or impaired fasting glucose [8]. Studies have suggested that about 5–10% of individuals with prediabetes progress to T2DM every year [9,10], and up to 70% will eventually develop T2DM [11]. Although treatment options and management concepts for diabetes have been continuously developed, the best choice for individuals with prediabetes is still to prevent or delay the development of diabetes through intervention.
The Diabetes Prevention Program (DPP) study has demonstrated that lifestyle intervention or metformin treatment reduced progression to T2DM [12]. The DPP study randomly assigned individuals with prediabetes into lifestyle intervention group, metformin group, and placebo group. The result showed that the lifestyle intervention reduced the incidence of T2DM by 58% and metformin by 31%, as compared with placebo. The subgroup analysis of DPP found that whereas entering the study with similar glucose levels, women with a history of GDM had a higher incidence of diabetes by 71% than those without GDM history. Among women reporting a history of GDM, both lifestyle intervention and metformin therapy reduced the incidence of T2DM by approximately 50% compared with the placebo group [13]. Based on these evidences, the current guidelines recommend lifestyle intervention and/or metformin treatment for individuals with prediabetes to prevent diabetes [14,15]. Women with a history of GDM are recommended to test for persistent diabetes or prediabetes at 4–12 weeks postpartum with a 75-g oral glucose tolerance test (OGTT) using nonpregnancy criteria. For those with prediabetes, guidelines recommended they should receive intensive lifestyle intervention. If lifestyle intervention fails to maintain euglycemia, metformin treatment should be initiated [14,16].
The use of metformin in previous diabetes prevention studies was persistent throughout the trials [12,17,18]. However, long-term metformin treatment is associated with the common gastrointestinal adverse events [19], potential risk of hypoglycemia [20], and increased the risk of vitamin B12 deficiency [21]. In addition, adherence to a long term use of medicine is a challenge in a preventive context. Therefore, additional approaches for metformin use in individuals with prediabetes are of consideration. To date, no study has explored whether continuous metformin treatment is required regardless of glycemic response in diabetes prevention. We hypothesize that metformin can be supplied intermittently according to the glycemic status in diabetes prevention. 
[bookmark: _Hlk206289005]The aim of this study is to provide evidence for the effectiveness of different metformin intervention strategies in diabetes prevention among women with prediabetes after a recent pregnancy complicated by GDM. The participants will be randomly assigned to lifestyle intervention plus continuous metformin group or lifestyle intervention plus intermittent metformin group. This trial will investigate if intermittent metformin treatment as needed is non-inferior to continuous treatment in preventing diabetes on the incidence of T2DM over a three-year period. 
2. Objective
This trial will evaluate the efficacy of lifestyle intervention plus continuous metformin intervention or intermittent metformin intervention as needed in diabetes prevention among women with prediabetes after GDM. We hypothesize that lifestyle intervention plus intermittent metformin intervention as needed will be non-inferior to the lifestyle intervention plus continuous metformin intervention in reducing the incidence of diabetes in women with prediabetes after GDM.
3. Study design
3.1 Overall design
This is a multicenter, open-label, parallel, non-inferior, randomized controlled trial. A total of 376 women with prediabetes after GDM will be enrolled from the First Affiliated Hospital of Sun Yat-sen University, the Third Affiliated Hospital of Guangzhou Medical University, and the Eighth Affiliated Hospital of Sun Yat-sen University. Eligible women will be randomly assigned to the continuous metformin group or intermittent metformin group with an allocation ratio of 1:1. In the continuous treatment group, metformin will be initiated once lifestyle intervention alone fails to maintain euglycemia according to self-monitoring of blood glucose (SMBG) or OGTT and be continued without interruption until the end of the trial regardless of changes in glycaemic status. In the intermittent group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT and be subsequently discontinued if the glycaemic status returns to normal at a later visit. All women in the two groups will be asked to adhere to the lifestyle intervention throughout the trial.
The study phases include: 1) Screening and baseline period: confirm whether women are eligible for the study; 2) Follow-up period: visit participants for efficacy endpoints and safety endpoints per 3 months from month 6 to 36.
3.2 Randomization and masking
All eligible women will be randomized 1:1 into two treatment arms, stratified by the participating centers. SAS (version 9.2) is used to generate the randomization list. A statistician not involved in the study encode and prepare random envelopes, which will be stored by the file administrator in The First Affiliated Hospital of Sun Yat-sen University. Both the investigators and participants will be unaware of the allocation before randomization but will be informed afterwards. Participants, site staff, and treating physicians will not be masked to therapy allocation, but the endpoint adjudication committee will be masked.
4. Study population
4.1 Inclusion criteria
Subjects must meet all the following inclusion criteria before they can participate in this study:
(1) GDM was diagnosed during pregnancy, and prediabetes (impaired fasting glucose and/or impaired glucose tolerance) was diagnosed at 4 to 12 weeks postpartum:
1) Criteria for GDM diagnosed [22]: if any of the following was met based on 75-g OGTTduring 24 to 28 weeks of gestation: 
a. FPG ≥ 5.1 mmol/L.
b. 1-h plasma glucose ≥ 10.0 mmol/L.
c. 2-hour plasma glucose (2hPG) ≥ 8.5 mmol/L.
2) Criteria for prediabetes diagnosed [8]: if any of the following was met based on 75-g OGTT:
a. [bookmark: _Hlk211250596][bookmark: _Hlk211250648]FPG ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2hPG < 7.8 mmol/L.
b. FPG < 7.0 mmol/L, and 2hPG ≥ 7.8 mmol/L and < 11.1 mmol/L.
(2) Women aged 18-45 years.
(3) Women participate voluntarily and sign the informed consent form (ICF).
4.2 Exclusion criteria
Subjects who meet any of the following exclusion criteria are not eligible to participate in this study:
(1) Pre-existing diabetes before pregnancy.
(2) Diabetes diagnosed at 4-12 weeks postpartum.
(3) Active or untreated malignant tumors at the screening visit, or malignancy within 5 years prior to the screening visit.
(4) A history of organ transplantation or autoimmune disease requiring long-term use of glucocorticoids or immunosuppressant agents.
(5) [bookmark: _Hlk206454662]A history of mental illness and inability to complete follow-up.
(6) Serious diseases or physically weak, and inability to complete this study per researcher evaluation.
(7) Severe cardiovascular, hepatic, or renal diseases.
4.3 Termination criteria
(1) [bookmark: _Hlk207226907][bookmark: OLE_LINK12]Participants are free to discontinue their participation in the study at any time for any reason without affecting their right to appropriate follow-up investigation and future treatment.
(2) Pregnancy.
(3) Occurrence of any adverse events (AE), abnormal laboratory tests or concurrent diseases. Researchers evaluate that continuing the intervention will harm the interests of participants.
(4) Occurrence of serious adverse events (SAE).
(5) Imprisonment or compulsory detention.
(6) Researchers propose to terminate the trial.
5. Study intervention
This trial aims to test the effect of intermittent metformin intervention as needed strategy on diabetes prevention in women with prediabetes after GDM. A total of 376 eligible women will be randomly assigned to receive continuous metformin treatment plus lifestyle intervention or intermittent metformin treatment as needed plus lifestyle intervention with an allocation ratio of 1:1. The duration of the study will be 3 years (Figure 1). 
[image: ]
Figure 1. Schematic outline of study
5.1 Lifestyle intervention program
All eligible women will receive lifestyle intervention alone for the first 6 months after randomization and be asked to adhere to the lifestyle intervention throughout the trial. All participants will receive more than 30-min lifestyle intervention training provided by qualified research staff. Women are educated on the harm of prediabetes and the importance of keeping a healthy lifestyle in preventing diabetes. Guidance on lifestyle modification included 150 minutes of moderate-intensity exercise per week along with healthy diet choices consistent with American Diabetes Association guideline [14]. 
5.2 Continuous metformin intervention program
[bookmark: _Hlk206627055]For women assigned to the continuous metformin group, metformin will be initiated once lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT and be continued without interruption until the end of the trial regardless of changes in glycaemic status. Euglycemia is defined if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months based on SMBG, or FPG < 5.6 mmol/L, and 2hPG < 7.8 mmol/L based on a single OGTT. Metformin will be initiated at 500 mg twice daily and be titrated to a maximum dose of 1000 mg twice daily for the rest of the trial period. 
5.3 Intermittent metformin intervention program
For women assigned to the intermittent metformin group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT (criteria is the same as mentioned above) and will be discontinued if the glycaemic status returns to normal at a later visit. Metformin will be initiated at 500 mg twice daily and be titrated to a maximum dose of 1000 mg twice daily for the rest of the trial period.
5.4 Intervention monitoring
All participants will be asked to record their lifestyle practice and metformin use. Adherence to lifestyle intervention and metformin will be assessed through the self-reported record of participants and suggestions for improvements will be provided by investigators at every visit. Participants will be also advised to conduct SMBG by measuring fingerstick capillary blood glucose at least twice every month.
6. Study outcomes
6.1 Primary outcome
The primary outcome is newly diagnosed diabetes after 3-year follow-up. The diagnosis of diabetes is based on 75-g OGTT, defined according to World Health Organization (WHO) criteria [8] as fasting plasma glucose (FPG) ≥ 7.0 mmol/L or 2-hour plasma glucose (2hPG) ≥ 11.1 mmol/L. The diagnosis of diabetes will be confirmed by at least one additional plasma glucose test or 75-g OGTT on another day unless there is unequivocal hyperglycaemia with acute metabolic decompensation or obvious symptoms.
6.2 Secondary outcomes
(1) [bookmark: _Hlk207227876]The percentage of prediabetes remission based on FPG < 5.6 mmol/L, and OGTT 2hPG < 7.8 mmol/L [14].
(2) The change in body weight from baseline.
(3) The change in body mass index from baseline.
(4) The change in waist circumference from baseline.
(5) The change in FPG from baseline.
(6) The change in OGTT 2hPG from baseline.
(7) The change in HbA1c from baseline.
6.3 Safety outcomes
The safety endpoints are the incidence of all AE, including gastrointestinal symptoms, hypoglycemia (blood glucose level < 2.8mmol/L), and vitamin B12 deficiency (defined as level below the lower vitamin B12 limit of centers), any reported unfavourable and unintended symptoms, and abnormal laboratory findings. 
7. Follow-up visits
[bookmark: _Hlk207227433]7.1 Visit 1 (screening visit)
A screening visit will take place at 4-12 weeks postpartum. At the screening visit, the subject will be informed of the study by the study doctor, have a discussion regarding the participant information/consent form, including objectives, procedures, and possible risks and benefits of the study. If the subject decides to be a part of the study, ICF is signed by the subject and study doctor before any study activities are started. After obtaining ICF from subjects, the investigators will screen them according to the inclusion and exclusion criteria, confirming that subjects do not fall under any of the exclusion criteria. Only when a subject meets all inclusion criteria and does not meet any exclusion criteria can the investigators assign the subject into a group according to the random assignment instruction.
During the screening visit, the following information will be collected and recorded: demographic data (including age, education, and ethnicity), medical history, first-degree family history of diabetes, blood glucose levels of 75-g OGTT during pregnancy, medication during pregnancy, breastfeeding after delivery, physical measurements (including blood pressure, pulse, body weight, height, and waist circumference). The blood glucose levels of 75-g OGTT, HbA1c, liver function, and renal function at 4-12 weeks postpartum will be collected. 
7.2 Visit 2 (randomization, day 0)
The investigators shall confirm again that the participants meet all inclusion criteria and do not meet any exclusion criteria. Eligible women will be randomly assigned to the continuous metformin group or intermittent metformin group with an allocation ratio of 1:1. After randomization, guidance on lifestyle intervention will be provided to the participants.
[bookmark: OLE_LINK15]7.3 Follow-up visits (visit 3-12)
Follow-up visits will be conducted every 3 months  1 month from month-6. The following contents will be carried out at each visit: 
(1) Physical measurements (including blood pressure, pulse, body weight, height, and waist circumference)
(2) [bookmark: _Hlk219408851]Record of SMBG: 1) In th continuous metformin group, metformin will be initiated if fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L based on two consecutive results of SMBG in different days; for those who received metformin since last visit, metformin will be continued without interruption until the end of the trial regardless of changes in glycaemic status. 2) In the intermittent metformin group, for women who did not receive metformin since last visit, metformin will be initiated if fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L based on two consecutive results of SMBG in different days; for those who received metformin since last visit, metformin will be discontinued if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months according to SMBG for three consecutive months. 3) For all women in both groups, if the fasting capillary blood glucose exceeds 7.0 mmol/L or 2-h postprandial capillary blood glucose exceeds 11.1 mmol/L, participants will be asked to return to the research center for further testing by 75-g OGTT to confirm diabetes. When 75-g OGTT is conducted, blood samples will be collected to measure hemoglobin A1c (HbA1c) and Vitamin B12 levels.
(3) Guidance on lifestyle intervention.
(4) Guidance on metformin intervention: For women in both groups who received metformin since last visit. The dosage of metformin will be adjusted based on SMBG. 
(5) AE assessment (including description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention).
7.4 Visit 13 (36  1 months) 
Participants who are not diagnosed diabetes during the follow-up visits will participant the final visit at 36  1 months. At this visit, the following contents will be carried out:
(1) Physical measurements (including blood pressure, pulse, body weight, height, and waist circumference).
(2) 75-g OGTT: For women in both groups, if OGTT indicates that FPG exceeds 7.0 mmol/L or 2hPG exceeds 11.1 mmol/L, additional plasma glucose test or OGTT on another day will be conducted unless there is unequivocal hyperglycaemia with acute metabolic decompensation or obvious symptoms.
(3) HbA1c level.
(4) Vitamin B12 level.
(5) Liver and renal function.
(6) AE assessment (including description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention).
7.5 End of study definition
For each participant, the trial is finished when she is diagnosed with diabetes during the follow-up visits, or after a 3-year period of intervention and follow-up, not resulting in diabetes.
[bookmark: OLE_LINK7]8. Measurements
Physical measurements: Trained staff will take measurements of blood pressure, pulse, body weight, height, and waist circumference according to standard procedures.
75-g OGTT: Participants will fast for at least 10 hours before the OGTT. After a fasting blood sample is drawn, participants will drink 75-g of glucose formulation in 250-300ml water within 10 minutes. Blood samples will be drawn at 2-h after glucose loading to measure plasma glucose. Plasma glucose will be measured by glucose oxidase-peroxidase method.
HbA1c: Participants will fast for at least 10 hours and fasting blood sample will be drawn for HbA1c detection. HbA1c will be measured by ion-exchange high-performance liquid chromatography.
Vitamin B12: Participants will fast for at least 10 hours and fasting blood sample will be drawn for vitamin B12 detection. Vitamin B12 levels will be measured using Immunoassay method.
Liver and renal function:  Liver function will be evaluated by alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Renal function will be evaluated by blood urea nitrogen (BUN) and creatinine (Cr). Participants will fast for at least 10 hours and fasting blood sample will be drawn for liver and renal function detection. ALT, AST, BUN, and Cr will be measured with the International Federation of Clinical Chemistry-recommended reference measurement systems.
SMBG: Participants will be advised to measure capillary blood glucose by portable blood glucose monitor at least twice every month during the study. It is defined as maintaining euglycemia if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months. If SMBG indicates fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L, participants will be asked to conduct additional SMBG on another day to confirm prediabetes. If the fasting capillary blood glucose exceeds 7.0 mmol/L or 2-h postprandial capillary blood glucose exceeds 11.1 mmol/L, participants will be asked to return to the research center for further testing by venous blood glucose or OGTT to confirm diabetes.
9. Adverse events
9.1 Adverse events observed in this study
AE observed in this study includes but in not limited to the following aspects:
(1) Gastrointestinal symptoms, including nausea, vomiting, reflux, dyspepsia, abdominal pain, diarrhea, and constipation, etc.;
(2) Vitamin B12 deficiency, defined as level below the lower vitamin B12 limit of centers;
(3) Hypoglycemia, defined as blood glucose level < 2.8mmol/L.
[bookmark: _Toc466035220][bookmark: _Toc466036044][bookmark: _Toc466967761][bookmark: _Toc466037433][bookmark: _Toc466036771][bookmark: _Toc466035714][bookmark: _Toc467485254][bookmark: _Toc466037929][bookmark: _Toc466988440][bookmark: _Toc466037599][bookmark: _Toc466987433][bookmark: _Toc466036606][bookmark: _Toc466035879][bookmark: _Toc466036441][bookmark: _Toc466967929][bookmark: _Toc466036938][bookmark: _Toc467247019][bookmark: _Toc466037268][bookmark: _Toc466967594][bookmark: _Toc466035055][bookmark: _Toc466035385][bookmark: _Toc466041868][bookmark: _Toc466037103][bookmark: _Toc466027562][bookmark: _Toc466035550][bookmark: _Toc466037764]9.2 Definition of adverse events
An AE is any untoward medical occurrence in a subject received intervention and does not necessarily have a causal relationship. An AE can be any unfavourable and unintended sign, abnormal laboratory finding, symptom or disease temporally associated with the use of IP, whether or not related to the intervention.
9.3 Definition of serious adverse events
An AE is defined as a SAE if it:
(1) results in death; 
(2) is life-threatening;
(3) requires in subject hospitalisation or prolongation of existing hospitalisation;
(4) results in persistent or significant disability/incapacity;
(5) results in a congenital anomaly;
(6) other medically important events.
9.4 Surveillance and recording
[bookmark: _Hlk207918118]AE occurring during the study will be collected at Visits 3-13. All information about the AE, whether spontaneously reported by the participants, documented in diaries, discovered by the investigator questioning or detected through physical examination, laboratory tests, or other means, will be documented. All AE occurring during the course of the study will be recorded on a separate AE form in the case report form (CRF). The following information will be recorded: description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention.
9.5 Assessment of severity
The severity of adverse events is assessed as follows:
(1) Mild: usually temporary, and not affecting daily activities;
(2) Moderate: causing discomfort and affecting normal activities, thought tolerable and not requiring participants to take any medication;
(3) Severe: disrupting daily activities and intolerable, requiring participants to take medication immediately.
9.6 Causality between the intervention and adverse events
(1) Definitely related: The type of AE has been confirmed as the type of reaction that must occur in investigational medical intervention, which accords with the reasonable chronological order after treatment, and this AE cannot be explained by other reasons;
(2) Probably related: The occurrence of AE may be caused by the use of investigational medical intervention, and there is a reasonable chronological order between the occurrence of events and the use of investigational medical intervention;
(3) Possibly related: The occurrence of AE may be caused by the investigational medical intervention, and other factors cannot be ruled out. There is a reasonable chronological order between the occurrence of AE and the use of investigational medical device, and the causality between the events and the use of investigational medical intervention cannot be ruled out.
(4) Possibly unrelated: The occurrence of AE is more likely related to other factors. Or the occurrence time of the AE indicates that it is unlikely to have causality with the use of investigational medical intervention;
(5) Not related: There is no correlation between the occurrence of AE and the use of investigational medical intervention;
(6) Unable to determine: The correlation between the occurrence of AE and the use of investigational medical intervention cannot be determined.
9.7 Treatment of adverse events
Any AE, appropriate care or medical treatment (if necessary) should be immediately provided to keep the safety of all participants. In addition, all AE treatment should be recorded and reported to the steering committee within 24 hours and complete the CRF. 
10. Data management
10.1 Case report form
All CRF for each participant should be filled out by study staff in a timely manner. The CRF should be double-checked for potential errors or missing data prior to patients leaving the clinic. All data, including screening assessments, physical examinations, and laboratory examinations, will be filed in the participant’s chart. Original documents, participants’ charts, and case report forms will be stored in the study office.
10.2 Data entry
All data will be double-entered into ‌EpiData database by researcher staff. Whenever inconsistencies are found, the data will be corrected by re-examination of the original CRF or laboratory reports.
10.3 Data reports
Several standardized reports will be generated as follows: 1) participant recruitment and follow-up; 2) demographics; 3) data quality and monitoring; 4) adverse events. These reports will be used for study management. These reports will be blinded to research personnel who collect study outcomes.
11. Quality control
The proposed trial will comply with China’s Standard for Quality Management of Clinical Trials and other relevant laws and regulations on clinical trials. 
[bookmark: OLE_LINK14]11.1 Steering committee
A steering committee, chaired by Dr. Xiaopei Cao, from the First Affiliated Hospital of Sun Yat-sen University, is responsible for the study. The steering committee is responsible for organizing and supervising the research implementation, approving the research program, including significant revisions, monitoring subject recruitment and retention, delivering of intervention programs, data collection, surveillance of AE, quality control, and respond to questions raised by the institutional review board. The research center will play a critical role in the patient recruitment, randomization, delivery of intervention, data collection, quality control, data analysis, and the report and publication of the research results. 
In order to facilitate communication among investigators and research staff, regular working meetings will be held. The steering committee will discuss and make decisions on relevant scientific and management issues in the study with three live meetings a year.
11.2 Establishment of research procedure manual
We will develop a standardized process of data collection, which will include the recruitment of subjects, instructions for the use of tables, intervention programs, index measurement, specimen collection and management, etc., to guide all tabular information entry, diagnosis, treatment processes, and other aspects of the study.
11.3 Training of study personnel
All investigators will receive relevant training before the start of the study, including standardized processes, recruitment processes, follow-up, intervention programs, measurement procedures, and the use of procedure manual. At the same time, regular retraining sessions will be conducted to ensure the quality of research. All investigators and other responsible staff should be listed together with their function in the study on a delegation and signature list. 
11.4 Study monitoring
The Sponsor will appoint an independent monitoring committee for quality control of the study and all safety data review and analyses. The monitoring committee will comprise an independent statistician (Yi Zhang from the Sun Yat-sen Memorial Hospital) and clinicians with expertise in obstetrics & gynaecology (Xiaoyan Liang from the Sixth Affiliated Hospital of Sun Yat-sen University) and endocrinology (Li Yan from the Sun Yat-sen Memorial Hospital). Monitoring will be performed before, during, and after study completion. The extent of monitoring will be described in a monitoring plan. Study conductance, source data, and regulatory requirements will be monitored. 
The monitoring committee will visit the research institute every year in order to verify adherence to the clinical study protocol, completeness, accuracy of data in the CRF by comparing them with the source documents and the frequency and severity of all AE. The monitoring committee will give suggestion on whether to adjust the study. A monitoring report for each visit will be sent to and signed by the Sponsor.
11.5 Confidentiality principle
All participants’ personal information, including medical records, and laboratory data of subjects must be kept confidential and will not be disclosed without permission. In the CRF and any report, the number will be used to distinguish the subject’s identity, and the subject’s identity will be kept confidential. 
12. Ethics approval
[bookmark: _Toc417809581]The proposed trial complies with the Helsinki Declaration (1996 edition) and the relevant regulations of Chinese clinical trials. The study protocol and ICF are approved by institutional review board of the First Affiliated Hospital, Sun Yat-sen University before implementation.
All revisions on protocol or informed consent must be submitted to the Ethics Committee for approval prior to the implementation of amendments. Serious adverse events must be reported to the Ethics Committee as required by the ethics committee.
Before enrollment, the informed consent is accessible to the patients. The background, aim, methods and measurements of the trial are introduced thoroughly by the researcher. Individual rights and obligations, possible risks and benefits during the intervention must be explained in detail. Researchers are responsible to answer questions raised by participants accurately in plain language. Participants are allowed to discuss with family members and decide whether to participate in the study. All participants approve the collection and use of the trial data and are willing to participate the follow-up. Participants will be required to sign informed consent before enrollment. Informed consent will be kept as original materials for future reference. The study will be registered on the Chinese Clinical Trial Registry (the primary registration institution of International Clinical Trials Registry Platform certified by WHO) before recruitment.
13. Proposed study timeline
The implementation of the trial is expected to take about 9 years after approval by Ethics Committee, in which research procedure manual development, personnel training, and participant recruitment take about 4-5 years. Intervention and data collection take about 3 years. Data entry, data analysis and manuscript preparing take about 1 years.
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Summary
	Title
	Effect of Different Course Metformin Combined with Lifestyle Intervention on Abnormal Glucose Metabolism in GDM Postpartum Women: A Randomized Controlled Trial

	ChiCTR trial number
	ChiCTR-IOR-17012770

	Sponsor
	Sun Yat-sen University

	Investigator
	Xiaopei Cao

	Research institute
	Department of Endocrinology, The First Affiliated Hospital of Sun Yat-sen University

	Study centers
	The First Affiliated Hospital of Sun Yat-sen University; Guangzhou Women and Children’s Medical Center; The Fifth Affiliated Hospital of Zunyi Medical University

	Objective
	Evaluate the efficacy of lifestyle intervention plus intermittent metformin intervention as needed in reducing the incidence of diabetes in women with prediabetes after GDM.

	Hypothesis
	Lifestyle intervention plus intermittent metformin intervention as needed is non-inferior to the lifestyle intervention plus continuous metformin intervention in reducing the incidence of diabetes in women with prediabetes after GDM.

	Study design
	Open-label, parallel, non-inferior, randomized controlled trial.

	Participants
	Women of aged 18-45 years old, with prediabetes after recent GDM

	Sample size
	N = 376

	Intervention
	All participants in the two groups will receive lifestyle intervention throughout the trial. In the continuous metformin group, once lifestyle intervention alone fails to maintain euglycemia, metformin will be initiated and continued without interruption until the end of the trial regardless of changes in glycaemic status. In the intermittent metformin group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia and will be subsequently discontinued if the glycaemic status returns to normal at a later visit. 

	Primary endpoint
	The incidence of newly diagnosed diabetes after 3-year follow-up.

	Secondary Endpoints
	1. The percentage of prediabetes remission based on hemoglobin A1c (HbA1c) < 5.7%, fasting plasma glucose < 6.1 mmol/L, and oral glucose tolerance testing (OGTT) 2-hour plasma glucose < 7.8 mmol/L;
2. The change in body weight from baseline;
3. The change in body mass index from baseline;
4. The change in waist circumference from baseline;
5. The change in fasting plasma glucose from baseline;
6. The change in OGTT 2-hour plasma glucose from baseline;
7. The change in HbA1c from baseline.

	Safety endpoints
	The incidence of all adverse events, including gastrointestinal adverse events, vitamin B12 deficiency, and hypoglycemia, etc.

	Follow-up
	Study visits will be conducted at baseline and per 3 months from month 6 to 36.  

	Statistical analysis

	The primary analysis will follow the intention-to-treat principle, which include all randomized women. Per protocol analysis including only participants who completed the trial will be performed to assess the robustness of the results. For the primary outcome, the point estimate and 95% confidence interval (CI) of the difference in incidence of diabetes between both groups will be calculated. The upper limit of the 95% CI < 10% will be considered meeting criteria for non-inferiority. For the secondary outcomes, the remission rates of prediabetes between the two groups will be analyzed using χ² test. The changes in body weight, body mass index, waist circumference, fasting plasma glucose, 2-hour plasma glucose, and HbA1c from baseline between the two groups will be analyzed using Wilcoxon signed rank test or t test. For the safety outcomes, the incidence of adverse events between the two groups will be analyzed by χ² test or Fisher’s Exact test. Two-sided P < 0.05 will be considered statistically significant for the comparison of secondary outcomes and safety outcomes between the two groups.

	Schedule
	The trial should be approved by institutional review boards and registered on the Chinese Clinical Trial Registry (the primary registration institution of International Clinical Trials Registry Platform certified by World Health Organization) before participants recruitment It is estimated to take about 9 years to implemented the trial. Participant recruitment is expected to take 4-5 years.
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List of abbreviations
	2hPG
	2-hour plasma glucose 

	AE
	Adverse events 

	ALT
	Alanine aminotransferase 

	AST
	Aspartate aminotransferase 

	BUN
	Blood urea nitrogen 

	CRF
	Case report form 

	Cr
	Creatinine 

	DSMB
	Data and Safety Monitoring Board 

	DPP
	Diabetes Prevention Program 

	FPG
	Fasting plasma glucose 

	GDM
	Gestational diabetes mellitus 

	HbA1c
	Hemoglobin A1c 

	ICF
	Informed consent form

	OGTT
	Oral glucose tolerance test 

	SMBG
	Self-monitoring of blood glucose 

	SAE
	Serious adverse events 

	T2DM
	Type 2 diabetes mellitus 

	WHO
	World Health Organization 



1. Background
GDM is defined as any degree of impaired glucose regulation with an onset or first recognition during pregnancy [1]. It affects approximately 14% of all pregnancies worldwide based on the latest IDF Diabetes Atlas [2]. GDM results in an increased risk of adverse pregnancy outcomes for both mothers and infants, such as preterm delivery, macrosomia, birth injury, and neonatal hypoglycaemia [3]. In addition, a history of GDM confers an increased risk of developing T2DM postpartum [4]. Women after GDM have a 7.4-fold higher risk of developing T2DM than those with a normoglycaemic pregnancy [5]. A prospective cohort study from Canada showed that 32.8% of women with GDM remained impaired glucose regulation within 3 months postpartum [6]. Our previous study has also shown that 28% of women with GDM had impaired glucose regulation at 6-8 weeks after delivery [7]. It has become a consensus that women with a history of GDM are a huge reserve group for T2DM. 
Impaired glucose regulation is a phase of abnormal blood glucose homeostasis that precedes the development of T2DM and is referred to as prediabetes, including impaired glucose tolerance and/or impaired fasting glucose [8]. Studies have suggested that about 5–10% of individuals with prediabetes progress to T2DM every year [9,10], and up to 70% will eventually develop T2DM [11]. Although treatment options and management concepts for diabetes have been continuously developed, the best choice for individuals with prediabetes is still to prevent or delay the development of diabetes through intervention.
The Diabetes Prevention Program (DPP) study has demonstrated that lifestyle intervention or metformin treatment reduced progression to T2DM [12]. The DPP study randomly assigned individuals with prediabetes into lifestyle intervention group, metformin group, and placebo group. The result showed that the lifestyle intervention reduced the incidence of T2DM by 58% and metformin by 31%, as compared with placebo. The subgroup analysis of DPP found that whereas entering the study with similar glucose levels, women with a history of GDM had a higher incidence of diabetes by 71% than those without GDM history. Among women reporting a history of GDM, both lifestyle intervention and metformin therapy reduced the incidence of T2DM by approximately 50% compared with the placebo group [13]. Based on these evidences, the current guidelines recommend lifestyle intervention and/or metformin treatment for individuals with prediabetes to prevent diabetes [14,15]. Women with a history of GDM are recommended to test for persistent diabetes or prediabetes at 4–12 weeks postpartum with a 75-g oral glucose tolerance test (OGTT) using nonpregnancy criteria. For those with prediabetes, guidelines recommended they should receive intensive lifestyle intervention. If lifestyle intervention fails to maintain euglycemia, metformin treatment should be initiated [14,16].
The use of metformin in previous diabetes prevention studies was persistent throughout the trials [12,17,18]. However, long-term metformin treatment is associated with the common gastrointestinal adverse events [19], potential risk of hypoglycemia [20], and increased the risk of vitamin B12 deficiency [21]. In addition, adherence to a long term use of medicine is a challenge in a preventive context. Therefore, additional approaches for metformin use in individuals with prediabetes are of consideration. To date, no study has explored whether continuous metformin treatment is required regardless of glycemic response in diabetes prevention. We hypothesize that metformin can be supplied intermittently according to the glycemic status in diabetes prevention.  
The aim of this study is to provide evidence for the effectiveness of different metformin intervention strategies in diabetes prevention among women with prediabetes after a recent pregnancy complicated by GDM. The participants will be randomly assigned to lifestyle intervention plus continuous metformin group or lifestyle intervention plus intermittent metformin group. This trial will investigate if intermittent metformin treatment as needed is non-inferior to continuous treatment in preventing diabetes on the incidence of T2DM over a three-year period.
2. Objective
This trial will evaluate the efficacy of lifestyle intervention plus continuous metformin intervention or intermittent metformin intervention as needed in diabetes prevention among women with prediabetes after GDM. We hypothesize that lifestyle intervention plus intermittent metformin intervention as needed will be non-inferior to the lifestyle intervention plus continuous metformin intervention in reducing the incidence of diabetes in women with prediabetes after GDM.
3. Study design
3.1 Overall design
This is a multicenter, open-label, parallel, non-inferior, randomized controlled trial. A total of 376 women with prediabetes after GDM will be enrolled from the First Affiliated Hospital of Sun Yat-sen University, Guangzhou Women and Children’s Medical Center, and the Fifth Affiliated Hospital of Zunyi Medical University. Eligible women will be randomly assigned to the continuous metformin group or intermittent metformin group with an allocation ratio of 1:1. In the continuous treatment group, metformin will be initiated once lifestyle intervention alone fails to maintain euglycemia according to self-monitoring of blood glucose (SMBG) or OGTT and be continued without interruption until the end of the trial regardless of changes in glycaemic status. In the intermittent group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT and be subsequently discontinued if the glycaemic status returns to normal at a later visit. All women in the two groups will be asked to adhere to the lifestyle intervention throughout the trial.
The study phases include: 1) Screening and baseline period: confirm whether women are eligible for the study; 2) Follow-up period: visit participants for efficacy endpoints and safety endpoints per 3 months from month 6 to 36.
3.2 Randomization and masking
All eligible women will be randomized 1:1 into two treatment arms, stratified by the participating centers. SAS (version 9.2) is used to generate the randomization list. A statistician not involved in the study encode and prepare random envelopes, which will be stored by the file administrator in The First Affiliated Hospital of Sun Yat-sen University. Both the investigators and participants will be unaware of the allocation before randomization but will be informed afterwards. Participants, site staff, and treating physicians will not be masked to therapy allocation, but the endpoint adjudication committee will be masked.
4. Study population
4.1 Inclusion criteria
Subjects must meet all the following inclusion criteria before they can participate in this study:
(1) GDM was diagnosed during pregnancy, and prediabetes (impaired fasting glucose and/or impaired glucose tolerance) was diagnosed at 4 to 12 weeks postpartum:
1) Criteria for GDM diagnosed [22]: if any of the following was met based on 75-g OGTTduring 24 to 28 weeks of gestation: 
a. FPG ≥ 5.1 mmol/L.
b. 1-h plasma glucose ≥ 10.0 mmol/L.
c. 2hPG ≥ 8.5 mmol/L.
2) Criteria for prediabetes diagnosed [8]: if any of the following was met based on 75-g OGTT:
c. FPG ≥ 6.1 mmol/L and < 7.0mmol/L, and 2hPG < 7.8 mmol/L.
d. FPG < 7.0mmol/L, and 2hPG ≥ 7.8 mmol/L and < 11.1mmol/L.
(2) Women aged 18-45 years.
(3) Women participate voluntarily and sign the informed consent form(ICF).
4.2 Exclusion criteria
Subjects who meet any of the following exclusion criteria are not eligible to participate in this study:
(1) Pre-existing diabetes before pregnancy.
(2) Diabetes diagnosed at 4-12 weeks postpartum.
(3) Active or untreated malignant tumors at the screening visit, or malignancy within 5 years prior to the screening visit.
(4) A history of organ transplantation or autoimmune disease requiring long-term use of glucocorticoids or immunosuppressant agents.
(5) A history of mental illness and inability to complete follow-up.
(6) Serious diseases or physically weak, and inability to complete this study per researcher evaluation.
(7) Severe cardiovascular, hepatic, or renal diseases.
4.3 Termination criteria
(1) Participants are free to discontinue their participation in the study at any time for any reason without affecting their right to appropriate follow-up investigation and future treatment.
(2) Pregnancy.
(3) Occurrence of any adverse events (AE), abnormal laboratory tests or concurrent diseases. Researchers evaluate that continuing the intervention will harm the interests of participants.
(4) Occurrence of serious adverse events (SAE).
(5) Imprisonment or compulsory detention.
(6) Researchers propose to terminate the trial.
5. Study intervention
This trial aims to test the effect of intermittent metformin intervention as needed strategy on diabetes prevention in women with prediabetes after GDM. A total of 376 eligible women will be randomly assigned to receive continuous metformin treatment plus lifestyle intervention or intermittent metformin treatment as needed plus lifestyle intervention with an allocation ratio of 1:1. The duration of the study will be 3 years (Figure 1). 
[image: ]
Figure 1. Schematic outline of study
5.1 Lifestyle intervention program
All eligible women will receive lifestyle intervention alone for the first 6 months after randomization and be asked to adhere to the lifestyle intervention throughout the trial. All participants will receive more than 30-min lifestyle intervention training provided by qualified research staff. Women are educated on the harm of prediabetes and the importance of keeping a healthy lifestyle in preventing diabetes. Guidance on lifestyle modification included 150 minutes of moderate-intensity exercise per week along with healthy diet choices consistent with American Diabetes Association guideline [14]. 
5.2 Continuous metformin intervention program
For women assigned to the continuous metformin group, metformin will be initiated once lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT and be continued without interruption until the end of the trial regardless of changes in glycaemic status. It is defined as maintaining euglycemia if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months based on SMBG, or FPG < 5.6 mmol/L, and 2hPG < 7.8 mmol/L for based on a single OGTT. Metformin will be initiated at 500 mg twice daily and be titrated to a maximum dose of 1000 mg twice daily for the rest of the trial period. 
5.3 Intermittent metformin intervention program
For women assigned to the intermittent metformin group, metformin will be supplied when lifestyle intervention alone fails to maintain euglycemia according to SMBG or OGTT (criteria is the same as mentioned above) and will be discontinued if the glycaemic status returns to normal at a later visit. Metformin will be initiated at 500 mg twice daily and be titrated to a maximum dose of 1000 mg twice daily for the rest of the trial period.
5.4 Intervention monitoring
All participants will be asked to record their lifestyle practice and metformin use. Adherence to lifestyle intervention and metformin will be assessed through the self-reported record of participants and suggestions for improvements will be provided by investigators at every visit. Participants will be also advised to conduct SMBG by measuring fingerstick capillary blood glucose at least twice every month. 
6. Study outcomes
6.1 Primary outcome
The primary outcome is newly diagnosed diabetes after 3-year follow-up. The diagnosis of diabetes is based on 75-g OGTT, defined according to World Health Organization (WHO) criteria [8] as fasting plasma glucose (FPG) ≥ 7.0 mmol/L or 2-hour plasma glucose (2hPG) ≥ 11.1 mmol/L. The diagnosis of diabetes will be confirmed by at least one additional plasma glucose test or 75-g OGTT on another day unless there is unequivocal hyperglycaemia with acute metabolic decompensation or obvious symptoms.
6.2 Secondary outcomes
(1) The percentage of prediabetes remission based on FPG < 5.6 mmol/L, and OGTT 2hPG < 7.8 mmol/L [14].
(2) The change in body weight from baseline.
(3) The change in body mass index from baseline.
(4) The change in waist circumference from baseline.
(5) The change in FPG from baseline.
(6) The change in OGTT 2hPG from baseline.
(7) The change in HbA1c from baseline.
6.3 Safety outcomes
The safety endpoints are the incidence of all AE, including gastrointestinal symptoms, hypoglycemia (blood glucose level < 2.8mmol/L) , and vitamin B12 deficiency (defined as level below the lower vitamin B12 limit of centers), any reported unfavourable and unintended symptoms, and abnormal laboratory findings. 
7. Follow-up visits
7.1 Visit 1 (screening visit)
A screening visit will take place at 4-12 weeks postpartum. At the screening visit, the subject will be informed of the study by the study doctor, have a discussion regarding the participant information/consent form, including objectives, procedures, and possible risks and benefits of the study. If the subject decides to be a part of the study, ICF is signed by the subject and study doctor before any study activities are started. After obtaining ICF from subjects, the investigators will screen them according to the inclusion and exclusion criteria, confirming that subjects do not fall under any of the exclusion criteria. Only when a subject meets all inclusion criteria and does not meet any exclusion criteria can the investigators assign the subject into a group according to the random assignment instruction.
During the screening visit, the following information will be collected and recorded: demographic data (including age, education, and ethnicity), medical history, first-degree family history of diabetes, blood glucose levels of 75-g OGTT during pregnancy, medication during pregnancy, breastfeeding after delivery, physical measurements (including blood pressure, pulse, body weight, height, and waist circumference). The blood glucose levels of 75-g OGTT, HbA1c, liver function, and renal function at 4-12 weeks postpartum will be collected. 
7.2 Visit 2 (randomization, day 0)
The investigators shall confirm again that the participants meet all inclusion criteria and do not meet any exclusion criteria. Eligible women will be randomly assigned to the continuous metformin group or intermittent metformin group with an allocation ratio of 1:1. After randomization, guidance on lifestyle intervention will be provided to the participants.
7.3 Follow-up visits (visit 3-12)
Follow-up visits will be conducted every 3 months  1 month from month-6. The following contents will be carried out at each visit: 
1. Physical measurements (including blood pressure, pulse, body weight, height, and waist circumference)
1. Record of SMBG: 1) In th continuous metformin group, metformin will be initiated if fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L based on two consecutive results of SMBG in different days; for those who received metformin since last visit, metformin will be continued without interruption until the end of the trial regardless of changes in glycaemic status. 2)In the intermittent metformin group, for women who did not receive metformin since last visit, metformin will be initiated if fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L based on two consecutive results of SMBG in different days; for those who received metformin since last visit, metformin will be discontinued if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months according to SMBG for three consecutive months. 3) For all women in both groups, if the fasting capillary blood glucose exceeds 7.0 mmol/L or 2-h postprandial capillary blood glucose exceeds 11.1 mmol/L, participants will be asked to return to the research center for further testing by 75-g OGTT to confirm diabetes. When 75-g OGTT is conducted, blood samples will be collected to measure hemoglobin A1c (HbA1c) and Vitamin B12 levels.
1. Guidance on lifestyle intervention.
1. Guidance on metformin intervention: For women in both groups who received metformin since last visit. The dosage of metformin will be adjusted based on SMBG.
1. AE assessment (including description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention).
7.4 Visit 13 (36  1 months) 
Participants who are not diagnosed diabetes during the follow-up visits will participant the final visit at 36  1 months. At this visit, the following contents will be carried out:
(1) Physical measurements (including blood pressure, pulse, body weight, height, and waist circumference).
(2) 75-g OGTT: For women in both groups, if OGTT indicates that FPG exceeds 7.0 mmol/L or 2hPG exceeds 11.1 mmol/L, additional plasma glucose test or OGTT on another day will be conducted unless there is unequivocal hyperglycaemia with acute metabolic decompensation or obvious symptoms.
(3) HbA1c level.
(4) Vitamin B12 level.
(5) Liver and renal function. 
(6) AE assessment (including description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention).
7.5 End of study definition
For each participant, the trial is finished when she is diagnosed with diabetes during the follow-up visits, or after a 3-year period of intervention and follow-up, not resulting in diabetes.
8. Measurements
Physical measurements: Trained staff will take measurements of blood pressure, pulse, body weight, height, and waist circumference according to standard procedures.
75-g OGTT: Participants will fast for at least 10 hours before the OGTT. After a fasting blood sample is drawn, participants will drink 75-g of glucose formulation in 250-300ml water within 10 minutes. Blood samples will be drawn at 2-h after glucose loading to measure plasma glucose. Plasma glucose will be measured by glucose oxidase-peroxidase method.
HbA1c: Participants will fast for at least 10 hours and fasting blood sample will be drawn for HbA1c detection. HbA1c will be measured by ion-exchange high-performance liquid chromatography.
Vitamin B12: Participants will fast for at least 10 hours and fasting blood sample will be drawn for vitamin B12 detection. Vitamin B12 levels will be measured using Immunoassay method.
Liver and renal function:  Liver function will be evaluated by alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Renal function will be evaluated by blood urea nitrogen (BUN) and creatinine (Cr). Participants will fast for at least 10 hours and fasting blood sample will be drawn for liver and renal function detection. ALT, AST, BUN, and Cr will be measured with the International Federation of Clinical Chemistry-recommended reference measurement systems.
SMBG: Participants will be advised to measure capillary blood glucose by portable blood glucose monitor at least twice every month during the study. It is defined as maintaining euglycemia if fasting capillary blood glucose < 5.6 mmol/L and 2-h postprandial capillary blood glucose < 7.8 mmol/L for three consecutive months. If SMBG indicates fasting capillary blood glucose ≥ 6.1 mmol/L and < 7.0 mmol/L, and 2-h postprandial capillary blood glucose < 7.8 mmol/L, or fasting capillary blood glucose < 7.0 mmol/L, and 2-h postprandial capillary blood glucose ≥ 7.8 mmol/L and < 11.1mmol/L, participants will be asked to conduct additional SMBG on another day to confirm prediabetes. If the fasting capillary blood glucose exceeds 7.0 mmol/L or 2-h postprandial capillary blood glucose exceeds 11.1 mmol/L, participants will be asked to return to the research center for further testing by venous blood glucose or OGTT to confirm diabetes.
9. Adverse events
9.1 Adverse events observed in this study
AE observed in this study includes but in not limited to the following aspects:
(1) Gastrointestinal symptoms, including nausea, vomiting, reflux, dyspepsia, abdominal pain, diarrhea, and constipation, etc.;
(2) Vitamin B12 deficiency, defined as level below the lower vitamin B12 limit of centers;
(3) Hypoglycemia, defined as blood glucose level < 2.8mmol/L.
9.2 Definition of adverse events
An AE is any untoward medical occurrence in a subject received intervention and does not necessarily have a causal relationship. An AE can be any unfavourable and unintended sign, abnormal laboratory finding, symptom or disease temporally associated with the use of IP, whether or not related to the intervention.
9.3 Definition of serious adverse events
An AE is defined as a SAE if it:
(1) results in death; 
(2) is life-threatening;
(3) requires in subject hospitalisation or prolongation of existing hospitalisation;
(4) results in persistent or significant disability/incapacity;
(5) results in a congenital anomaly;
(6) other medically important events.
9.4 Surveillance and recording
AE occurring during the study will be collected at Visits 3-13. All information about the AE, whether spontaneously reported by the participants, documented in diaries, discovered by the investigator questioning or detected through physical examination, laboratory tests, or other means, will be documented. All AE occurring during the course of the study will be recorded on a separate AE form in the case report form (CRF). The following information will be recorded: description of AE, date of onset, concomitant medication, severity of AE, outcome of AE, assessment of relationship to study intervention.
9.5 Assessment of severity
The severity of adverse events is assessed as follows:
(1) Mild: usually temporary, and not affecting daily activities;
(2) Moderate: causing discomfort and affecting normal activities, thought tolerable and not requiring participants to take any medication;
(3) Severe: disrupting daily activities and intolerable, requiring participants to take medication immediately.
9.6 Causality between the intervention and adverse events
(1) Definitely related: The type of AE has been confirmed as the type of reaction that must occur in investigational medical intervention, which accords with the reasonable chronological order after treatment, and this AE cannot be explained by other reasons;
(2) Probably related: The occurrence of AE may be caused by the use of investigational medical intervention, and there is a reasonable chronological order between the occurrence of events and the use of investigational medical intervention;
(3) Possibly related: The occurrence of AE may be caused by the investigational medical intervention, and other factors cannot be ruled out. There is a reasonable chronological order between the occurrence of AE and the use of investigational medical device, and the causality between the events and the use of investigational medical intervention cannot be ruled out.
(4) Possibly unrelated: The occurrence of AE is more likely related to other factors. Or the occurrence time of the AE indicates that it is unlikely to have causality with the use of investigational medical intervention;
(5) Not related: There is no correlation between the occurrence of AE and the use of investigational medical intervention;
(6) Unable to determine: The correlation between the occurrence of AE and the use of investigational medical intervention cannot be determined.
9.7 Treatment of adverse events
Any AE, appropriate care or medical treatment (if necessary) should be immediately provided to keep the safety of all participants. In addition, all AE treatment should be recorded and reported to the steering committee within 24 hours and complete the CRF. 
10. Data management
10.1 Case report form
All CRF for each participant should be filled out by study staff in a timely manner. The CRF should be double-checked for potential errors or missing data prior to patients leaving the clinic. All data, including screening assessments, physical examinations, and laboratory examinations, will be filed in the participant’s chart. Original documents, participants’ charts, and case report forms will be stored in the study office.
10.2 Data entry
All data will be double-entered into ‌EpiData database by researcher staff. Whenever inconsistencies are found, the data will be corrected by re-examination of the original CRF or laboratory reports.
10.3 Data reports
Several standardized reports will be generated as follows: 1) participant recruitment and follow-up; 2) demographics; 3) data quality and monitoring; 4) adverse events. These reports will be used for study management. These reports will be blinded to research personnel who collect study outcomes.
11. Quality control
The proposed trial will comply with China’s Standard for Quality Management of Clinical Trialsand other relevant laws and regulations on clinical trials. 
11.1 Steering committee
A steering committee, chaired by Dr. Xiaopei Cao, from the First Affiliated Hospital of Sun Yat-sen University, is responsible for the study. The steering committee is responsible for organizing and supervising the research implementation, approving the research program, including significant revisions, monitoring subject recruitment and retention, delivering of intervention programs, data collection, surveillance of AE, quality control, and respond to questions raised by the institutional review board. The research center will play a critical role in the patient recruitment, randomization, delivery of intervention, data collection, quality control, data analysis, and the report and publication of the research results. 
In order to facilitate communication among investigators and research staff, regular working meetings will be held. The steering committee will discuss and make decisions on relevant scientific and management issues in the study with three live meetings a year.
11.2 Establishment of research procedure manual
We will develop a standardized process of data collection, which will include the recruitment of subjects, instructions for the use of tables, intervention programs, index measurement, specimen collection and management, etc., to guide all tabular information entry, diagnosis, treatment processes, and other aspects of the study.
11.3 Training of study personnel
All investigators will receive relevant training before the start of the study, including standardized processes, recruitment processes, follow-up, intervention programs, measurement procedures, and the use of procedure manual. At the same time, regular retraining sessions will be conducted to ensure the quality of research. All investigators and other responsible staff should be listed together with their function in the study on a delegation and signature list. 
11.4 Study monitoring
The Sponsor will appoint an independent monitoring committee for quality control of the study and all safety data review and analyses. The monitoring committee will comprise an independent statistician (Yi Zhang from the Sun Yat-sen Memorial Hospital) and clinicians with expertise in obstetrics & gynaecology (Xiaoyan Liang from the Sixth Affiliated Hospital of Sun Yat-sen University) and endocrinology (Li Yan from the Sun Yat-sen Memorial Hospital). Monitoring will be performed before, during, and after study completion. The extent of monitoring will be described in a monitoring plan. Study conductance, source data, and regulatory requirements will be monitored. 
The monitoring committee will visit the research institute every year in order to verify adherence to the clinical study protocol, completeness, accuracy of data in the CRF by comparing them with the source documents and the frequency and severity of all AE. The monitoring committee will give suggestion on whether to adjust the study. A monitoring report for each visit will be sent to and signed by the Sponsor.
11.5 Confidentiality principle
All participants’ personal information, including medical records, and laboratory data of subjects must be kept confidential and will not be disclosed without permission. In the CRF and any report, the number will be used to distinguish the subject’s identity, and the subject’s identity will be kept confidential. 
12. Ethics approval
The proposed trial complies with the Helsinki Declaration (1996 edition) and the relevant regulations of Chinese clinical trials. The study protocol and ICF are approved by institutional review board of the First Affiliated Hospital, Sun Yat-sen University before implementation.
All revisions on protocol or informed consent must be submitted to the Ethics Committee for approval prior to the implementation of amendments. Serious adverse events must be reported to the Ethics Committee as required by the ethics committee.
Before enrollment, the informed consent is accessible to the patients. The background, aim, methods and measurements of the trial are introduced thoroughly by the researcher. Individual rights and obligations, possible risks and benefits during the intervention must be explained in detail. Researchers are responsible to answer questions raised by participants accurately in plain language. Participants are allowed to discuss with family members and decide whether to participate in the study. All participants approve the collection and use of the trial data and are willing to participate the follow-up. Participants will be required to sign informed consent before enrollment. Informed consent will be kept as original materials for future reference. The study will be registered on the Chinese Clinical Trial Registry (the primary registration institution of International Clinical Trials Registry Platform certified by WHO) before recruitment.
13. Proposed study timeline
The implementation of the trial is expected to take about 9 years after approval by Ethics Committee, in which research procedure manual development, personnel training, and participant recruitment take about 4-5 years. Intervention and data collection take about 3 years. Data entry, data analysis and manuscript preparing take about 1 years.
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[bookmark: _Toc417809569]Statistical Analysis Plan
1. Statistical hypothesis
Hypothesis testing will be performed on the incidence of newly diagnosed diabetes.
Null hypothesis: Intermittent metformin treatment as needed is inferior to continuous treatment on the incidence of newly diagnosed diabetes over a three-year period in women with prediabetes after a recent pregnancy complicated by GDM.
Alternative hypothesis: Intermittent metformin treatment as needed is non-inferior to continuous treatment on the incidence of newly diagnosed diabetes over a three-year period in women with prediabetes after a recent pregnancy complicated by GDM.
2. Sample size estimates
The sample size for the trial will be calculated to show the non-inferiority of the intermittent metformin intervention to the continuous metformin intervention in women with prediabetes after GDM with regard to the primary endpoint. The 3-year cumulative incidence of diabetes was previously reported as approximately 18% for metformin intervention in women with a history of GDM [1]. With one-sided testing (α = 0.05, 1−β = 0.8), a non-inferiority margin of 10%, randomization ratio of 1:1, and accounting for 5% dropout rate, we calculate that a sample size of 376 (188 in each group) would be necessary to reject the null hypothesis of inferiority.
3. Populations for analysis
The primary outcome will be done according to the intention-to-treat principle and included all randomly assigned women. Multiple imputations will be performed within each group for missing endpoints in the intention-to-treat analysis. A per-protocol analysis will be performed among the women who complete the study to assess the robustness of the results. Safety analysis will be done among the women who receive at least one intervention.

4. Statistical analyses
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The baseline data include demographic information, baseline body weight, body mass index (BMI), waist circumference, fasting plasma glucose, 2-hour plasma glucose, HbA1c, insulin use during pregnancy, breastfeeding after delivery, etc. The continuous variables will be examined the distribution of the observations. Normally distributed variables are presented as means (standard deviation). Non-normally distributed variables are presented as median (interquartile range). Categorical variables are presented as frequency (percentages). The t test (for normally distributed variables) or Wilcoxon rank sum test (for non-normally distributed variables), and χ² test or Fisher’s Exact test (for categorical variables) will be employed to compare the distribution of baseline characteristics between two groups.
4.2 Analysis of primary efficacy endpoint
For the primary outcome, we will calculate the point estimate and 95% confidence interval (CI) of the difference in cumulative incidence of diabetes diagnosis between both groups and compare the upper limit of the 95% CI with the non-inferiority margin. The upper limit of the 95% CI < 10% will be considered meeting criteria for non-inferiority. 
4.3 Sub-group analyses
Three prespecified sub-group analyses will be done for the primary outcome: we will assess the effect of maternal age at a cut-off of 35 years old, the baseline BMI (< 24 or ≥ 24 kg/m2), and family history of diabetes (yes or no).
[bookmark: _Toc346288236][bookmark: _Toc245522392][bookmark: _Toc417809574][bookmark: _Toc239498495]4.4 Analysis of secondary endpoints
Secondary outcomes include the remission rate of prediabetes and changes in body weight, BMI, waist circumference, fasting plasma glucose, 2-hour plasma glucose, and HbA1c from baseline. The remission rates of prediabetes between the two groups will be analyzed using χ² test. The changes in body weight, BMI, waist circumference, fasting plasma glucose, 2-hour plasma glucose, and HbA1c from baseline between the two groups will be analyzed using Wilcoxon rank-sum test or t test. A two-sided P < 0.05 is used to indicate statistical significance.

4.5 Analysis of safety endpoints
The incidence of AE between the two groups will be analyzed by χ² test or Fisher’s Exact test. A two-sided P < 0.05 is considered statistically significant.
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