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Background

The global epidemic of type 2 diabetes (T2D) and obesity has been translated into pregnancy, with approximately 18% of women being diagnosed worldwide with Gestational Diabetes Mellitus (GDM). Whilst preventive strategies have proven effective in the non-pregnant context, attrition rates are high and there is an urgent need to develop a customized, pragmatic lifestyle intervention for women both during and after pregnancy. Diet and exercise modification, behavioral support, and Commercial Weight Management Organizations have been strongly recommended to aid postpartum weight reduction for mothers with previous GDM, subsequently reducing their risk of developing obesity and T2D. This study, informed by a previous pilot study, aims to determine the effectiveness of a pragmatic pregnancy and postpartum lifestyle modification program for overweight women with previous GDM (PAIGE2) to reduce body weight at 12 months postpartum.



Methods/design

This paper summarizes the protocol for the PAIGE2 study, which has been developed based on results from a pilot study (PAIGE). A six center, two parallel arm, 12-month, randomized controlled trial will be conducted across Northern Ireland and the Republic of Ireland (3 centers each), involving 340 women with GDM and body mass index ≥25 kg/m2 recruited during pregnancy. The lifestyle intervention involves a one-hour virtual educational program (to take place at 32-36 weeks gestation). Postpartum, the intervention will include monthly phone calls, weekly motivational text messages, weekly step counts, and referral for three months to a Commercial Weight Management Organization (Slimming World). The control arm will receive usual care as offered by the local maternity hospital. The primary outcome is weight loss at 12 months postpartum. Study visits for anthropometric and clinical measurements, fasting blood samples, questionnaires pertaining to health, wellbeing and physical activity will take place at 6 weeks, 6- and 12-months postpartum. Focus groups will be conducted with intervention mothers’ post-intervention to determine the acceptability of the study design including utility of a Commercial Weight Management Organization, feasibility of remote patient contact, family involvement and patient satisfaction.



Discussion

The PAIGE2 study will address the gaps in previously conducted research and, if positive, has the potential to have major public health implications for the prevention of future GDM and subsequent T2D.



Clinical trial registration

https://clinicaltrials.gov/ct2/show/NCT04579016?term=NCT04579016&draw=2&rank=1, identifier NCT04579016.
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1 Introduction

Gestational diabetes mellitus (GDM), classified as glucose intolerance with first recognition or onset during pregnancy, is a global health problem with reported prevalence rates of 2-18% (1, 2). A major compounding factor is excessive maternal weight and current estimates suggest that 50% of women of childbearing age are either overweight or obese (3). Women with GDM have a greater than 50% risk of developing GDM again in a future pregnancy and a 7-fold increased risk of type 2 diabetes (T2D) compared to women without GDM (4). Being overweight during pregnancy can significantly increase the risk of miscarriage, GDM, pre-eclampsia, macrosomia, instrumental delivery or caesarean section (3). Excessive gestational weight gain and postpartum weight retention are also recognized risk factors for chronic obesity (5). At 6-18 months postpartum, between 15 to 20% of women have retained a minimum of 5 kg body weight compared with pre-pregnancy body weight (6). GDM risk factors are comparable to those of T2D and the metabolic syndrome, and in the long-term, weight management may reduce T2D risk, obesity, coronary heart disease and some cancers (7).

In addition to the maternal health implications of GDM and obesity, babies born to mothers with GDM display increased rates of macrosomia, congenital malformations, admission to intensive care and fetal death (8, 9). In the longer term, these children are at greater risk of subsequent obesity and T2D (10–13). Most recently, a 10 year follow up of 4747 mother-offspring dyads from the Hyperglycemia and Adverse Pregnancy Outcome Study showed that GDM was associated with 2-3-fold higher rates of obesity in the offspring, controlled for confounding factors, with major implications for future generations (14). In a study by Catalano and colleagues, maternal pre-gravid body mass index (BMI) was the greatest predictor of childhood obesity, “independent of maternal glucose status or weight” (15).

Lifestyle modification can inhibit or impede the development of T2D in high risk non-pregnant persons (16), whereby a meta-analysis reported a relative risk of T2D development of 0.55 (0.44-0.69) with modest weight loss (17). Nutrition and physical activity collectively appear to be more successful than nutrition only in promoting weight loss post-delivery (18), and the addition of individual or group counselling in combination with written and telephone contact or diet and exercise diaries may be beneficial (19). An appraisal commissioned by the UK National Institute for Health and Care Excellence (NICE) determined that studies after childbirth are urgently required on the cost-effectiveness of weight management interventions and whether it is possible to prevent T2D (20, 21). Additionally, no consensus has been reached as to the individual constituents of the ‘optimal’ postpartum intervention, with many queries regarding the role of diet versus physical exercise, group versus individualized therapy, and the use of internet technology remaining unanswered (22–26).

In the Diabetes Prevention Program (DPP) 10-year follow up, it was reported that although women with a history of GDM experienced less weight loss compared with the general DPP population, they experienced a 35% decrease in T2D development as a result of an intensive lifestyle intervention (27). However, other papers have indicated poor diet quality and low physical activity levels amongst women with previous GDM (28–31). A recent systematic review (32) identified 10 randomized controlled trials (RCTs) of postnatal behavioral interventions in women with previous GDM. Only four RCTs found a significant result for body weight or BMI (33–36). None of those four RCTs showed a significant decrease in T2D incidence, however the pooled incidence on meta-analysis was significant (-5.02 per 100; 95% CI -9.24; -0.80). Most interventions addressed both nutrition/diet and physical activity (29, 30, 33–35, 37–39); one focused solely on physical activity with no effect on insulin resistance or body weight (40) and one exclusively addressed diet (36), finding an effect on body weight and 2-hour glucose but a non-significant reduction for fasting glucose. In summary, the authors stated that they were not able to suggest a particular intervention for T2D prevention in women with previous GDM.

There is increasing evidence that step count-based programs are successful in instigating increased ambulatory activity both among the general public and those with T2D for up to 6 months (41). On the other hand, the literature would suggest that the responsiveness of adults to simply wearing a pedometer is minimal and likely short-term (42, 43), indicating that additional support is needed to enable sustainable behavior change.

The Gestational Diabetes’ Effects on Moms cluster RCT (44) showed that a DPP-derived lifestyle intervention moderately “reduced postpartum weight retention and improved physical activity in women with a recent history of GDM” (44). These women had telephone sessions between 6-24 weeks postpartum and were urged to set weekly physical activity and nutrition goals. The primary outcomes involved reaching pre-gravid weight (if pre-gravid BMI < 25.0 kg/m2) or losing 5% of pre-gravid weight (if BMI ≥ 25.0 kg/m2). Overall, “significantly more women in the intervention group met the weight loss goal and displayed larger increases in physical activity levels compared with the usual care group” (44).

Recently published Department of Health, Health Technology Assessments Position Statements and UK NICE guidelines (20, 21), have highlighted the growing problem of pregnancy-associated weight gain, with its relevance to GDM, as a major area for urgent future public health research. This issue was further highlighted by the Hyperglycemia and Pregnancy Outcome study which estimated the prevalence of GDM in Belfast, using the new International Associations for Diabetes in Pregnancy Study Groups (IADPSG) diagnostic criteria is 15.5% (45). Although there is controversy surrounding the different methods to diagnose GDM, the IADPSG criteria have been widely accepted for more than a decade and are endorsed by the World Health Organization (46). The UK National Institute for Clinical Excellence, in their Obesity Guidance (2006) (47), highlighted the importance of providing frequent and continuing support for behavior change, to reduce weight gain, and encourage weight loss and subsequently weight maintenance. NICE also recognizes the position of Commercial Weight Management Organizations (CWMOs) which follow guidance criteria for best practice. The UK cross-departmental government report ‘Healthy Weight, Healthy Lives’ acknowledged the important role of the commercial sector and other providers in “ensuring more people can access effective services in order to increase cost-effective provision of health service capacity” (48). An RCT involving 740 subjects compared a range of commercial primary care led 12-week weight reduction programs in those with obesity across a Primary Care Trust in Birmingham, England (49). Of the data available for 658 (88%) participants at the end of the programs, and 522 (70.5%) participants at one year, the results showed that all programs aided significant weight loss from baseline to the end of the program (between 1.37-4.43kg) and all achieved significant weight loss at one year (excluding general practice and pharmacy provision).

Following a feasibility study in 2006, one CWMO (Slimming World) has been operating in collaboration with Primary Care Trusts and National Health Service (NHS) Trusts, proposing a subsidized plan to provide free membership for 12 weeks to patients referred by their health care professionals. This project, involving 34,271 patients, was recently audited, and showed an average percentage weight change of -4.0% with a mean number of sessions attended of 8.9. For patients attending at least 10-12 sessions (n=19,907 or 58.1%), the mean percentage weight change was -5.5%. Weight gain was reduced in 92.1% of referred patients. The report concluded that referral to a CWMO is a feasible alternative for NHS weight management strategies, which accomplishes clinically effective weight loss (50). Slimming World makes provision for specific groups including those with T2D, cardiovascular disease and pregnancy, and often collaborates with health care professionals. In addition, whilst weight management and dietary choices are strongly emphasized, there is a graded approach regarding advice for physical activity. An online survey including 590 members attending Slimming World up to 2 years postpartum observed that “43% of respondents had reached their pre-pregnancy weight, whilst 41% indicated they now weighed less than before they were pregnant” (51). This data, although self-reported and in a possibly unrepresentative sample of responders, suggest that the program does help postpartum women to implement healthy lifestyle behaviors, lose weight and increase their self-esteem.

After consideration of the collated evidence and recommendations from governing bodies, a pragmatic pilot multicomponent randomized postpartum lifestyle modification program for overweight women with previous GDM (PAIGE) in combination with the CWMO Slimming World and the NHS was conducted between 2013-2014 (52). The results showed a significant weight reduction at 6 months among 31 women in PAIGE compared with the 29 women receiving routine care (means 3.9 vs 0.7 kg respectively; p=0.02) supporting its clinical utility. A larger, definitive trial was recommended to confirm the validity of the intervention. Importantly, the intervention would seek to investigate whether a lifestyle change program for overweight and obese women with previous GDM (delivered in combination with Slimming World and the NHS), could be effective in achieving weight loss, and in the longer term, potentially a reduction in the risk of T2D.



2 Study objective

The objective of this study is to investigate the impact of a pragmatic lifestyle intervention during, and post pregnancy compared with routine care, on weight reduction at 12 months postnatal in overweight women with previous GDM (PAIGE2). The primary outcome will be the percentage maternal weight loss over a 12-month period. Secondary outcomes will include maternal glucose tolerance, anthropometry, number of steps per day, and several questionnaires detailing physical activity and health and wellbeing, to assess clinical, anthropometric and lifestyle- related health and well-being measures. This protocol follows the reporting guidelines of the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) Checklist and World Health Organization Trial Registration Data Set (Supplementary Materials 1, 2).



3 Methods and analysis


3.1 Design


3.1.1 Pilot study

The study has been designed and developed based on results of a recently completed pilot RCT (PAIGE) (52). The study, which was informed by focus groups, clearly highlighted the demands on these women and the key issues to consider in future lifestyle interventions, including the need for simplicity, to involve partners/and or families, to consider supportive care and be open to partnership between CWMOs and NHS. The PAIGE2 study, whilst having similar overall objectives to PAIGE, has been specifically modified to reflect the information gained from PAIGE participants and in particular the challenges of the women in the postnatal period. As part of the initial PAIGE pilot, study focus groups were carried out with participants who completed the study. As a direct consequence of this feedback, PAIGE2 has been designed to make it easy for women to take part and to remain in the study, with recruitment now taking place during pregnancy at routine review clinics rather than at 6–8-week follow-up visit, which was challenging for women to attend and had high attrition rates.

The PAIGE2 research proposal has been reviewed by women with GDM during a recent pregnancy prior to submission thus ensuring that researchers complete the circle of patient involvement in the proposal. In addition, service users and the public will be closely involved in the study and women with a history of GDM will be invited to sit on the Project Board. The involvement of users within the research process will be an important guide to local researchers in finalizing wording for patient information sheets, local recruitment strategies and in relation to supporting women while on the intervention.



3.1.2 Study setting

A six center, two parallel arm, randomized controlled trial, with an equal allocation ratio of intervention to control group participants will be conducted. The six centers will include antenatal-metabolic clinics at the Royal Jubilee Maternity Service, Belfast; Ulster Hospital, Dundonald; Antrim Area Hospital; Our Lady of Lourdes Hospital, Drogheda; Sligo University Hospital and Letterkenny University Hospital.



3.1.3 Recruitment

All pregnant women with a BMI ≥25 kg/m2, recently diagnosed with GDM using IADPSG criteria (45) (either by an oral glucose tolerance test (OGTT) or a high random blood glucose result) around/between 28-30 weeks gestation, will be invited to join the study. Following a positive GDM diagnosis, woman will be referred to the joint metabolic antenatal clinic. A member of the woman’s usual multidisciplinary diabetes care team will seek the woman’s permission for her to be contacted by the PAIGE2 research team via a contact number provided by the woman. Women will be provided with an information sheet informing them of the study by a member of the usual diabetes care team. Women will be advised to take it home, read it thoroughly and speak to family and friends before deciding whether to participate.

Before their routine 32–36-week gestation antenatal diabetes clinic appointment, women will be contacted by a member of the PAIGE2 research team via the contact number provided to the diabetes care team, to answer any additional questions and confirm their interest in taking part. The participants will be informed that the study is designed to explore the feasibility of a pragmatic lifestyle intervention customized to the postnatal period, and if participants meet the study inclusion criteria (listed below), they will be randomized either to the lifestyle intervention or to usual care.

Informed consent will take place approximately 2-6 weeks after the patient is first given a patient information sheet, by a member of the PAIGE2 research team. The PAIGE2 researcher will ensure that the participants have read and understood the participant information sheet, offer further explanation, if necessary, confirm eligibility and obtain written consent prior to their enrolment in the PAIGE2 study. Only after consent has been provided by the women, will any member of the PAIGE2 research team have access to the woman’s health information. If the women have a partner, they will be given the opportunity to be involved in the study, subject to written consent.



3.1.4 Randomization

To streamline the organization of the intervention, economize on staff time and avoid contamination effects, women will be randomized to treatment group according to the week they attend for review at the joint diabetes antenatal clinic at 32-26 week’s gestation. Delivery of the intervention or control program will take place weekly at each site in person or via telephone or video call. Weeks will be allocated at random, using a restricted randomization developed earlier. To minimize the risk of manipulation, allocations will only be made available to recruitment centers on the morning of the visit in sufficient time for necessary administrative arrangements to be made. Women who agree to participate at 32–36-week gestation but who did not subsequently turn up for their postnatal follow-ups must be considered as having been recruited but lost to follow-up. Due to the nature of the intervention, the study cannot be blinded. The number of women randomized to each schedule will be reviewed regularly by the trial statistician to ensure that approximately equal numbers are assigned to treatment group. Should a serious imbalance develop, an additional intervention or control week will be added as appropriate.



3.1.5 Inclusion criteria

Inclusion and exclusion criteria for this study are similar to that of the original PAIGE study (52).

	Women aged ≥18 years.

	Booking BMI ≥25 kg/m2 at <14 weeks gestation.

	GDM diagnosed in the current pregnancy. GDM will be defined by the WHO (2013) criteria (46) (fasting plasma glucose (FPG) ≥ 5.1 mmol/l or 1h postprandial glucose ≥ 10.0 mmol/l or 2h plasma glucose ≥8.5 mmol/l). Women with a history of GDM directly prior to the current pregnancy, and who were given lifestyle advice and were performing self-monitoring of blood glucose from early pregnancy, will also be included if capillary glucose monitoring exceeds target values (fasting ≥ 5.3 mmol/l (95 mg/dl) or 1h postprandial plasma glucose ≥ 7.8 mmol/l (140 mg/dl)) thus negating the need for an OGTT (52).

	Women will only continue to be included in the study if their fasting plasma glucose the morning after delivery or at 6 weeks postpartum is either normal or consistent with impaired fasting plasma glucose outside of pregnancy (i.e., <7 mmol/l). (If the woman requests an earlier discharge that does not allow time for the immediate post-delivery FPG test, she will be offered an appointment to return to the maternity unit within 4-6 weeks of birth for retesting) (52).





3.1.6 Exclusion criteria

	Pregnancy in which an anomaly has been detected on the 20-week fetal anomaly scan.

	History of diabetes outside of pregnancy or FPG ≥7 mmol/l the morning after delivery or at 6 weeks postpartum (these women will be excluded and referred to the local diabetes care team)

	History of heart, liver, or chronic renal disease.

	Medications that adversely affect glucose tolerance (e.g., steroids).

	Inability to participate in moderate physical activity outside of pregnancy.

	Moderate/severe depressive illness or excess alcohol consumption.

	Inability to understand adequately verbal explanations or written information in English, or special communication needs.

	Women who are planning another pregnancy within the next 12 months following delivery.

	Women who are intending to attend a CWMO program after pregnancy.

	Exclusion criteria for early postpartum glucose testing will include massive postpartum hemorrhage, steroid treatment prior to delivery or patient refusal.





3.1.7 Sample size

Assuming the same variability in weight loss as was observed in the pilot study (52) (standard deviations of 7.0 and 3.9 kg in the intervention and control groups, respectively) and a 40% drop out rate (including women diagnosed with overt diabetes on the basis of a fasting glucose sample postnatal), it is estimated that a trial of 340 women should yield 200 evaluable subjects (100 in each of the intervention and control groups) which will be sufficient to detect a 3kg difference in maternal weight at 12 months after delivery with >90% power at the 5% level of significance.




3.2 Interventional methods



3.2.1 Intervention group

The education program will be delivered in person or by telephone or video call. The program will comprise one session lasting 60 minutes, delivered either in the hospital setting or by telephone or video call by a research nurse or dietitian both trained in motivational interviewing. The content will be underpinned by the principles used in the DPP (53) and will be designed to augment the further information received from the CWMO. The educational program will take account of socioeconomic status and ethnicity and will be specifically customized to post-pregnancy as informed by previous focus groups and guided by the existing literature, contextual factors impacting on nutrition and physical activity.

The intervention program will broadly be divided into the same information as the original PAIGE study (52): one third of the time talking about the “causes, consequences, difficulties, timelines and implications of GDM and overweight/obesity” (52), one third discussing advice regarding a healthy nutritional approach (52), and the remaining third tackling the supposed success of physical activity as an alternative treatment for the prevention of T2D and potential future GDM, including recommendations, barriers and strategies (52). The program will be modelled on the person-centered philosophy and techniques created to stimulate lifestyle modification and self-management in keeping with the Medical Research Council’s framework for complex interventions (54), updated in 2021 (55).

At 6-8 weeks, all postpartum mothers in the intervention group will be offered a free 12-week voucher for a CWMO (Slimming World). This voucher can be used by the participant to attend a local or online group of their choosing, run by Slimming World, for 12 consecutive weeks. Slimming World is group-based, and the mothers can enroll at any time. Meetings convene in community locations or online and are usually 90 minutes in duration. Mothers can also avail of a website, magazines and one to one telephone support from a Slimming World consultant or other Slimming World members. Like the original PAIGE study (52), the women in the study will be urged to consume foods predominantly with low energy density to reach satiety, including foods high in nutrients such as calcium and fiber, with restricted quantities of high energy dense foods. Principal behavior strategies used in Slimming World include weekly weighing, group support and commendation for weight loss, and sustained dedication regardless of amount of weight lost. Individualized support, if required, involves self-monitoring of diet and emotional eating, for and against assessments, visualization techniques and individual diet plans. Individual weight loss goals will be set by each mother. Physical activity is also promoted, with gradual increase to 30 minutes of moderate-to-intense activity 5 days per week. Slimming World’s theoretical underpinning is modelled on motivational interviewing and transactional analysis.



3.2.2 Control group

Women in the control arm will receive routine antenatal care as offered by their individual maternity hospital. When the study is concluded, the control group will be offered referral to Slimming World (12 consecutive weeks) free of charge and will be given access to the educational resources from the one-hour educational session.



3.2.3 Study timepoints

The study will involve four data collection appointments with the participants, as depicted in Figure 1.




Figure 1 | Study Flowchart.





3.2.3.1 Timepoint one

Timepoint one will be the first study contact and will take place over the phone before 32-36 weeks gestation. Informed consent will be obtained at this point, followed by collection of baseline clinical and demographic data and questionnaire completion. Relevant clinical and obstetric data will be abstracted from patient notes and recorded in study specific case report forms.

Those women randomized to the lifestyle intervention will be enrolled into the study in small groups where they will receive an educational program lasting around one hour (as described above). They will also be given an activity tracking device (Fitbit) to allow them to become familiar with this technology during pregnancy. This device will either be posted to participating women or collected from research staff at the women’s next antenatal appointment. The education program will be led by a PAIGE2 research nurse or dietitian trained in motivational interviewing and will cover topics including GDM as a risk factor for future disease, healthy eating, physical activity, fitness tracker use, methods to reduce the risk of diabetes in subsequent pregnancies in the longer term, and ideas for maximizing peer support. The program will be loosely based on that used in the DPP (53) and designed to augment rather than duplicate the information the women will receive from Slimming World.



3.2.3.2 Timepoint two

Timepoint two is the second study contact and will take place at around 6-8 weeks postnatal when women attend routinely for OGTT. Women will be contacted at this visit to confirm their continuing willingness and eligibility to take part in PAIGE2. They will be weighed (or if this visit is not possible, they will be contacted and asked to weigh themselves and measure their waist circumference at home and forward their self-measured weight to the research staff). Alternatively, if they do not provide an OGTT, a fasting plasma glucose sample will be taken. All mothers (whether they provided an OGTT or fasting plasma glucose sample) will also provide a fasting blood sample to measure lipids and renal function. An additional serum sample will be stored for future analysis. This weight will function as a baseline measurement. The women will also be invited to upload their capillary glucose monitoring (glucometer) data during pregnancy to a secure website for examination in relation to other pregnancy-related variables such as physical activity. Those in the intervention will be offered a 12-week Slimming World voucher (free to the individual) to be completed within the 12-month period. This voucher can be used by the person to attend a group of their choosing, for 12 consecutive weeks. Women in the treatment group will be contacted by text messages (weekly for first month and then fortnightly) to provide motivation based feedback and to assess progress towards behavioral goals including a review of the step count, sleep activity and food intake.

Subsequent contact with the women will be by text or telephone a call. The frequency of contact by text message will be weekly for the initial month (to persuade the women to sign up for the CWMO) and then fortnightly for the remainder on the study. Structured telephone calls will occur monthly, and include information of physical activity, barriers to achieving their diet and physical activity goals, as well as suggested solutions. Participants who are successful during the first three-month period of enrolment with Slimming World (gauged by attending at least 9 out of 12 sessions or demonstrated weight loss), will be offered a second funded three-month membership to maximize any benefits obtained during the program. After the second free three-month Slimming World program, women will be able to continue to attend Slimming World for the rest of the study if they desire, at their own discretion. Partners of the women in the intervention arm will also be invited to participate in the trial. Partners consent will be obtained either by post or in person at the same 6-8 post gestational timepoint, and they will subsequently be offered a fitness tracking device like that of their partner. Intermittent contact via text will be made with the partner to feedback on their physical activity.



3.2.3.3 Timepoints three and four

At timepoints 3 and 4, the third and final study contacts, all women will be weighed (or asked to weigh themselves at home and forward their self-recorded weight to the research staff). They will also have an additional (fasting) blood sample taken, along with a measurement of their waist circumference and their blood pressure. In addition, they will be asked to complete the same questionnaires they answered at 32-36 weeks gestation.




3.2.4 Measurable outcomes

A summary of the several measurable outcomes of this study can be found in Table 1.


Table 1 | Measurable outcomes and their collection timepoints (TP).





3.2.4.1 Primary endpoints

	Weight at 12 months (accounting for any difference in weight at baseline between the intervention and control groups)



	Body weight: Women will be weighed (to the nearest 0.1kg) when they attend their 6-8 weeks postnatal appointment performed as part of routine standard care and will act as the baseline measurement. If they are unable to attend the department for this, the women will be asked to weigh themselves at home 6-8 weeks postnatal and send their self-measured weight in a text message to the research staff.

	Height (to the nearest 0.1cm), to calculate BMI (kg/m2).





3.2.4.2 Secondary outcomes

	1) Fasting glucose



	Day 1 postnatal (Inpatient in hospital following delivery): A fasting venous blood sample will be taken for glucose measurement and a serum sample will be stored for future analysis.

	Timepoint 2 (6-8 weeks postnatal): Participants will confirm eligibility by an OGTT when they attend their postnatal routine standard care appointment, or alternatively a fasting plasma glucose sample will be taken, along with a fasting blood sample to measure lipids and renal function. An additional serum sample will be stored for future analysis.

	Timepoint 3 (6 months postnatal) and timepoint 4 (12 months postnatal): A maternal blood sample will be taken for fasting plasma glucose, lipids, and renal function. An additional serum sample will be stored for future analysis.



	2) Waist circumference

	Waist circumference (midpoint between lower costal margin and iliac crest) (cm), hip circumference (cm).

	3) Step counts, change from baseline to 12 months (intervention group only).

	The Fitbit tracker will allow women and their partners to upload their daily data to a secure dedicated spreadsheet. Women will choose what form of activity to engage in such as walking, dancing, aerobic activity etc., and will be encouraged to set individualized step count goals based on their baseline step count. Accumulation of all activity across the day will be promoted. Sedentary participants will be encouraged to increase their activity levels by a minimum of 3,000 steps per day, equivalent to approximately half an hour of walking (56). Goal attainment will be encouraged using numerical objectives, for example, increasing steps by 500 steps per day every fortnight and encouraged to repeat this method for each new goal (52). They will also be encouraged to wear their fitness tracker daily to view and track their activity and will be prompted to record this by uploading the data onto a secure website.

	4) Questionnaires



	Physical activity will also be recorded at all timepoints using two questionnaires. The International Physical Activity Questionnaire (IPAQ) (57) will provide a record of both light and moderate-to-vigorous intensity activities carried out for 10 uninterrupted minutes. The IPAQ has provided sufficient validity in comparison with accelerometer data in the UK. An exercise self-efficacy questionnaire will provide a measure of participants’ belief in their ability to exercise and will identify barriers including motivation and willingness to exercise in certain situations (58).

	The Risk Perception Survey for Developing Diabetes (RPSDD) (59), adapted for women with a history of GDM, is a self-reported or telephone interview questionnaire used to evaluate risk perception and modifiers of risk perception among women with a history of GDM who have not developed T2D postpartum (59). The instrument comprises 4 scales assessing “modifiers of risk perception, including patients’ knowledge of diabetes risk factors, perceptions of personal control, optimism about developing diabetes and other diseases, and perceptions of the benefits and barriers of preventive behaviors” (59). The survey takes approximately 5 minutes, also includes two scales evaluating actual risk perception.

	Psychological measures and health and wellbeing will be measured at all timepoints using the 12-Item Short-Form (SF-12v2) Health Survey (60).

	Postpartum depression will be assessed using the Edinburgh Postnatal Depression Scale at timepoints 2-4 (61).

	Motivation for change will be measured at all timepoints by asking two questions devised by the team. For women in the intervention group motivation for change will be measured both before the delivery of the one-hour educational session and after, to assess the influence of the session on motivation to change.



All the questionnaires have established reliability and validity.



3.2.4.3 Other outcomes

	Compliance: Slimming World records include attendance, quantity of sessions and weight at first and last sessions (intervention group only).

	Blood Pressure: Blood pressure (automated, average of last 2 of 3 measurements taken in non-dominant arm after being seated for 5 minutes).

	Follow up analysis of those women who have a further pregnancy within 12 months to document: BMI at booking, development of GDM and birth weight.

	Partner weekly step count (if applicable)






3.2.5 Data collection and management

All instruments will be administered to participants by the researchers and all data, including that obtained from patient notes to record usual care/treatment, will be collated on a study-specific case report form starting at the time of recruitment. Data will be maintained and managed by the PAIGE2 research team within the Belfast Health and Social Care Trust (sponsor). OGTTs and fasting blood samples will be analyzed and stored within the Regional Centre for Endocrinology and Diabetes, Royal Victoria Hospital, Belfast. Trial recruitment will be monitored by the Principal Investigator and a project manager will coordinate all aspects of the trial and manage and analyze all data under their supervision. An educational clinical psychologist will provide advice on the psychological aspects of the study including motivational interviewing and a statistician will oversee randomization and data analysis. All paper and electronic records relating to the study will be retained for 5 years.




3.3 Data analysis



3.3.1 Statistical analysis

Primary and secondary outcomes at 12 months will be compared between the intervention and control groups using analysis of covariance to adjust for any differences at baseline and so produce an estimate of the intervention effect with 95% confidence limits. Adjustment will also be made for recruitment center and any characteristics relevant to the outcome which, by chance, show imbalance between groups. Prior to analysis, logarithmic transformations will be applied to those secondary outcome variables whose distributions show marked positive skew. A correction will be applied to standard errors of intervention effect estimates to make allowance for the clustered nature (by week) of the randomization, although analysis of the pilot study (which used the same randomization procedure) indicated that this will make little difference to the findings. To help assess the impact of non-response, sensitivity analyses will be conducted on key outcomes by multiple imputation of missing values by chained estimating equations using the commands provided in the Stata package (StataCorp, College Station, TX). We will use this approach to impute 10 complete datasets and analyze them appropriately to provide results which take account of missingness. For key outcome variables, this analysis will be reported in addition to the complete case analysis. Analysis will be by intention to treat.



3.3.2 Focus groups

Women from the intervention group during their final visit will be invited to take part in focus groups (arranged for up to ten participants per group) to feedback on their experiences of the program and to suggest how the program might be improved. This feedback about will be their experience within the trial, including the research tools used, Slimming World referral, fitness tracker use, and the educational session will be important to inform any future trial design or future roll out of the intervention. Focus group sessions will be recorded using voice recorders with transcripts anonymized prior to analysis of feedback. Focus group participation will be optional and those women who take part will receive a multistore gift voucher to reimburse them for their time. All women in the intervention group will be asked to complete a questionnaire regarding feedback for the study.





4 Discussion

The PAIGE2 study is a large-scale investigation into the implementation of an evidence-based pragmatic pregnancy and postpartum lifestyle intervention for overweight women with GDM. The study has been informed from the results of a pilot trial (PAIGE) (52), which provided promising results in postnatal weight reduction for mothers over a 6 month period. The study was developed taking account of the views of mothers with GDM, alongside a Project Steering Committee and patient group. The primary outcome of the PAIGE2 study is weight loss at 12 months postpartum.

A potential limitation of this study may be the differing nature of the healthcare systems in Northern Ireland and the Republic of Ireland. Obtaining ethical approval from the three Republic of Ireland hospital sites may prove difficult as the Republic of Ireland has no central ethics office/structure. However, the cross-border collaboration demonstrated in this trial should provide an evidence-based evaluation on the potential impact of a pregnancy and post-pregnancy lifestyle intervention for overweight mothers with GDM in an all-Ireland context. The cross-border approach should also identify optimum service delivery for successful implementation and impact of a lifestyle intervention for weight loss and GDM on the island of Ireland. Additional limitations may include participation-related factors, such as enrolment in Slimming World etc., which may influence their progress within the intervention. In addition, there may be some disparity between self-reported vs clinically measured body weight across the timepoints, and use of the fasting glucose immediately post-partum compared with 6 weeks postnatally to exclude diabetes. However, these will be minimized as much as possible by the research team.

The results from this study will be distributed to healthcare professionals through conference presentations and peer-reviewed journals to add to the current literature and evidence base for effective interventions to address this major public health issue.
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cholesterol/high density lipoprotein ratio, urea and electrolytes.

** Used daily throughout the 12 months, also includes partners step counts (if applicable).
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Recruitment
Women who meet the inclusion criteria will be identified by their diabetes care team.
Eligible women will be given an information sheet at 30-32 weeks gestation at the diabetes
antenatal clinic and be asked for permission to be contacted by the research team.

l

Timepoint 1 (32-36 weeks gestation)
Eligible women will be contacted by a member of the PAIGE2 Research team. If she agrees to

partake in the study a member of the research team will:
e Address queries and obtain written informed consent
e Inform participant to which group they have been randomized
e Obtain general clinical information, such as age, ethnicity, and information about
previous pregnancies
e Obtain clinical measurements such as weight and blood pressure
e Complete questionnaires
Women on PAIGE?2 program only:
e Deliver the education program
¢ Give the participant a participant information sheet and consent form for their partner to
track their physical activity also over the duration of the study
¢ Give a fitness tracker, and the smartphone app at the next antenatal routine appointment
or arrange to post the fitness tracker to the participant

Day 1 postnatal
Fasting plasma glucose taken to confirm eligibility for study. Additional serum sample stored

for future analysis.

Timepoint 2 (6-8 weeks postnatally)- All women, involvin

e Attendance at hospital for routine postnatal oral glucose tolerance test (OGTT) and
weight measurement (standard care). If unable to attend OGTT, a fasting glucose
sample will be taken. Additional blood sample taken at time of OGTT/fasting glucose
sample, and serum stored for future analysis

e Participant reminded of their commitment to the study

e Participant requested to send a self-measured weight measurement to research staff if
unable to attend OGTT

e Consent obtained from the participant’s partner to track their physical activity and give
him/her a fitness tracker

e

Women on PAIGE?2 program only:

¢ Provision of motivationally based feedback and assessment of progress towards
individual behavioral goals including a review of their physical activity log

e Contact by text messages (weekly for 1% month, then fortnightly)

e Contact by structured telephone calls (monthly, but with reduced emphasis during
slimming world attendance)

e Ascertainment of general health, dietary adherence, and difficulties with possible
solutions

e Issue of 12-week Slimming World voucher with consideration of extending attendance
beyond 3 months and encouraged to enroll

e Invitation to contribute to the Facebook ‘PAIGE2’ to engage in conversation with other
participants

e Following receipt of written consent from partners, engage them in study with Fitbit

training and activity monitoring

Timepoint 3 (6 months postnatally) -All women
e Repetition of clinical and biochemical measurements taken antenatally, and a fasting
blood sample is obtained.
e Repetition of same questionnaires answered at 32-36 weeks gestation.

l

Timepoint 4 (12 months postnatally) -All women
e Repetition of clinical and biochemical measurements taken previously, and a fasting
blood sample is obtained.
e Repetition of same questionnaires answered previously.
e Brief open questionnaire as to usefulness of PAIGE2 program (Intervention Group only)
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