Accepted manuscript

Diabetes prevention after gestational diabetes: challenges and opportunities
Pauline Dunne?, Deirbhile Sherry?, Sharleen O’Reilly*

!School of Agriculture and Food Science, University College Dublin, Dublin, D04 V1WS8,

Ireland

Department of Clinical Nutrition & Dietetics, Rotunda Hospital, Parnell Square E, Rotunda,
Dublin 1, D01 P5W9

Corresponding author: Sharleen O’Reilly, Room SS2.16, Science Centre South Building,
University College Dublin, Dublin, D04 V1WS8, Ireland, Email: sharleen.oreilly@ucd.ie,
Telephone: 01 7167138

Short title: Diabetes prevention after gestational diabetes

Keywords/phrases: Diabetes prevention; women’s health; gestational diabetes

~ The

=~ Nutrition
/ Society

This is an Accepted Manuscript for Proceedings of the Nutrition Society. This peer-reviewed
article has been accepted for publication but not yet copyedited or typeset, and so may be
subject to change during the production process. The article is considered published and may
be cited using its

DOI 10.1017/S0029665124007456

Proceedings of the Nutrition Society is published by Cambridge University Press on behalf of
The Nutrition Society.

https://doi.org/10.1017/50029665124007456 Published online by Cambridge University Press


https://doi.org/10.1017/S0029665124007456

Accepted manuscript

Abstract

Gestational diabetes (GDM) poses significant health concerns for women and their offspring,
with implications that extend beyond pregnancy. While GDM often resolves postpartum, a
diagnosis of GDM confers a greater risk of future type 2 diabetes (T2D) and other chronic
illnesses. Furthermore, the intergenerational impact of GDM predisposes offspring to
increased chronic disease risk. Despite the awareness of the short- and long-term
consequences of GDM, translating this knowledge into prevention strategies remains
challenging. Challenges arise from a lack of clarity among health professionals regarding
roles and responsibilities in chronic disease prevention and women’s lack of awareness of the
magnitude of associated health risks. These challenges are compounded by changes in the
circumstances of new mothers as they adjust to balance the demands of infant and family care
with their own needs. Insights into behaviour change strategies, coupled with advances in
technology and digital healthcare delivery options, have presented new opportunities for
diabetes prevention among women with a history of GDM. Additionally, there is growing
recognition of the benefits of adopting an implementation science approach to intervention
delivery, which seeks to enhance the effectiveness and scalability of interventions. Effective
prevention of T2D following GDM requires a comprehensive person-centred approach that
leverages technology, targeted interventions, and implementation science methodologies to
address the complex needs of this population. Through a multifaceted approach, it is possible

to improve the long-term health outcomes of women with prior GDM.
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Introduction

Gestational diabetes (GDM) is the most common pregnancy-related complication,
affecting 10.9% of European pregnancies annually® and 12.4% of pregnancies in Ireland®.
The reported prevalence rates of GDM vary (8.9% in northern Europe and 31.5% in eastern
Europe)®, and the International Diabetes Federation reports a global prevalence of GDM of
14%). These variations in the prevalence rates of GDM are believed to be due to differences
in access to and levels of maternal care, screening practices and diagnostic practices, i.e.,

timing of screening, type of test used, and thresholds used®.

GDM results in an increased risk of short- and long-term complications for women
and their offspring. In the short term, there is an increased risk of adverse pregnancy
outcomes®®, and in the longer term, there is an increased risk of chronic disease, including
cardiovascular disease and type 2 diabetes (T2D)""®). Pregnancy affords a unique opportunity
for intervention and has been described as a ‘teachable moment’®. However, this opportunity
does not seem to extend into the postpartum period when challenges arise in participation in

and implementation of diabetes prevention interventions%.

Evidence-based guidelines, such as those provided by the American Diabetes
Association (ADA)™ and the National Institute for Clinical Excellence (NICE)®®, support
health professionals (HCPs) in providing standardised care for individuals with GDM and in
postpartum diabetes prevention, yet a lack of consensus regarding which guidelines to adhere

to persists™**®.

Moreover, the challenges in diabetes prevention after GDM treatment
highlight the need for innovative approaches. This review will explore how implementation
science, with its focus on theory-driven strategies and robust evaluation processes, can

enhance diabetes prevention activities*®.

This review will first provide an overview of GDM. Second, it will outline current
challenges in diabetes prevention after gestational diabetes and opportunities to address them.
Finally, the review will explore an implementation science approach, and how it may benefit

future diabetes prevention research.
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Background

GDM is characterised by high blood glucose levels during pregnancy. Commonly, the
condition develops in the third trimester (weeks 24 onwards), when a combination of
increased demands for insulin and insulin resistance because of pregnancy hormones cause
the woman’s glucose levels to rise outside of acceptable target ranges™. Consistently higher
glucose levels are problematic because of their ability to result in short- and long-term
complications affecting both mothers and their offspring. In the short-term, higher glucose
levels have the potential to result in accelerated growth of the foetus (macrosomia) and the
potential for admission to the neonatal intensive care unit. Difficulties at birth are also a risk
— birthing a larger infant can result in injury, such as shoulder dystocia, and increased
requirements for caesarean section®. In the long-term, GDM confers an increased risk of
chronic disease, including obesity, T2D and cardiovascular disease (CVD), for mothers and
offspring. Women aged 30 years and older have a twofold increased risk of developing
GDM, and women with obesity are more than six times more likely to develop GDM®",
Children exposed to higher blood glucose in utero may also be at greater risk of overweight,
obesity, and T2D"®).

Commonly, GDM s identified through early or mid-pregnancy screening activity,
typically using the International Association of the Diabetes and Pregnancy Study Groups
criteria®!®. These criteria diagnose GDM if one or more values equal or exceed thresholds of
fasting plasma glucose of 5.1mmol/l and/or a 2-hour plasma glucose level of 8.5mmol/I
following a 75g oral glucose tolerance test (OGTT)™®. A lack of consensus persists
internationally as to who is screened during pregnancy for GDM. Variations persist between
health systems in the use of universal versus risk factor-based screening, with cost
implications and heterogeneity among populations among considerations. Selective risk
factor-based screening is recommended in the United Kingdom (UK)™® and is in place across
Ireland™®. However, the recent model of care for diabetes in pregnancy in Ireland has moved
to recommend universal screening for GDM while acknowledging the resulting resource

implications®.

GDM management should include input from an experienced and suitably qualified
multidisciplinary team™2?). Once diagnosis is confirmed, regular blood glucose monitoring
(commonly four times daily for most individuals managing their GDM with diet and physical

activity changes alone, increasing to eight-ten times daily when treated with insulin), medical
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nutrition therapy (MNT), physical activity and weight management are recommended as first-
line treatments to optimise glycaemic management for the duration of pregnancy™*?V. In
addition, 15-30% of women will require pharmacologic intervention, such as metformin or
insulin, to achieve the target glycaemic range®?. Physical activity interventions with exercise
components that are in line with general population-based activity recommendations
(resistance exercise, aerobic exercise at moderate intensity or a blend of both), have shown
overall glycaemic management improvements and reduced need for insulin initiation and
reduced insulin dose requirements during pregnancy with GDM®??2 Dietetic input of a
minimum of three appointments of tailored MNT has been shown to reduce medication needs
in GDM patients® 2 and has been proposed as a minimum standard during pregnancy with
GDM®* ) However, many dietetic departments fall short of this level of service® 2",
Despite the evidence supporting the central role that dietetics plays, there are no universal
nutritional guidelines for the management of GDM. The Academy of Nutrition and Dietetics
published MNT and GDM guidelines back in 2018%Y but they have not been adopted
universally. Certain preconception dietary patterns are associated with a lower risk of GDM,;
limited evidence from systematic review suggests high intakes of fruits, vegetables,
wholegrains, nuts, legumes, and fish with lower intakes of red and processed meats are
associated with reduced GDM®@®). After a pregnancy with GDM, where strict dietary
measures with emphasis on macronutrient distribution, meal timing and portion sizes inform
treatment, the postpartum dietary messages can appear to be somewhat conflicting for women

regarding their return to ‘normal’ eating(zg).

Risk factors for GDM

GDM risk factors are well documented and include body mass index (BMI),
pregnancy history and ethnicity™®® (see Table 1). Weight is a modifiable GDM risk factor, as
overweight and obesity contribute to insulin resistance®. Greater levels of visceral adipose
tissue in the first trimester are associated with hyperglycaemia at 24-28 weeks gestation®Y.
Women with overweight and obesity are more likely to develop GDM, compared with
women in a healthy BMI range, and those living with higher classes of obesity are at the
highest risk®>%*). Additional risk factors for T2D are well established and include family
history, older age, sedentary behaviours, particular ethnic groups, and a history of GDM(34).
Factors associated with a lower risk of developing T2D after GDM include gestational weight
gain (GWG) within recommended guidelines, healthy eating, breastfeeding, and regular

physical activity©®.
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It is estimated that 30 - 50% of European women begin pregnancy living with
overweight or obesity®®. While weight gain during pregnancy is normal and expected®”,
meta-analysis indicates that less than one-third (30%) of pregnant women gained weight
within the recommended GWG guidelines, and 47% of women gained weight exceeding the
recommendations®®. The impact of weight gain differs between women with overweight or
obesity and women with normal weights. There is a linear increase in the prevalence of GDM
in women with obesity whose weight gain goes from low, adequate to high®. Excessive
GWG, generally defined as weight gain outside the American Institute of Medicine
guidelines®, has the potential to increase postpartum weight retention (PPWR), which is a
contributing factor for long-term obesity development in women®?. PPWR predisposes
women to higher weight status in subsequent pregnancies and is associated with GDM and
T2D in the longer term“Y. A large retrospective cohort study demonstrated that significant
PPWR after a first pregnancy was related to GDM in a consecutive pregnancy™?.
Researchers have also reported that similar weight gain between two consecutive pregnancies
increases the risk for GDM in the second pregnancy™®*¥. An increase in BMI between
pregnancies increases the risk of GDM for all women; however, women with a healthy BMI
are at a greater risk“®. An increase of >1 BMI unit from pre-pregnancy to 18 months
postpartum is linked to hypertension risk®, and PPWR is predictive of a higher BMI after 10
years®” and of T2D“?. There are unique opportunities during pregnancy and postpartum
follow-up, to identify risk and implement primary preventative management strategies for
weight management®. Weight loss is effective in reducing T2D risk . Haw et al.“ reported
that every kilogram of weight lost was associated with an additional 7% reduction in the risk
of progression to T2D“®. However, HCPs report concerns that talking about weight could
damage the HCP/patient relationship and often avoid the topic because they fear patients may
feel they are being stigmatised®®°Y. Similarly, women living with obesity and GDM have
reported feeling stigmatised throughout their pregnancies due to frequent HCP commentary

on their weight and the need for diet and physical activity change®?.

Breastfeeding reduces T2D risk postpartum®®. Breastfeeding for more than three months
has the potential to reduce the risk of future T2D by more than 40% and delay the onset of
T2D for up to ten years®®. Atlantic DIP study data® highlighted that while ethnicity, family
history of diabetes, elevated BMI at pregnancy and insulin treatment during pregnancy were
all significant predictors of persistent glucose intolerance, lactation at the time of a
postpartum OGTT (at 12 weeks postpartum) was significantly associated with reduced odds
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of persistent dysglycaemia®. A recent meta-analysis demonstrated that breastfeeding for any
duration reduced diastolic blood pressure, serum triglycerides, blood glucose, and T2D risk in
women with prior GDM®®. A further systematic review showed that exclusive breastfeeding
for six to nine weeks significantly reduced T2D risk compared with formula feeding at the
two-year follow-up®”. A meta-analysis revealed a 34% decrease in diabetes incidence, and
breastfeeding for at least 12 weeks significantly reduced T2D risk at the 15-year follow-
up®®®9_ In addition to improving glycemia and reducing cardiovascular disease and breast
and ovarian cancer risk in mothers, the benefits of breastfeeding also extend to infants
through a reduced risk of childhood illness and chronic disease®”. Antenatal breastfeeding
education combined with maternal support after pregnancy in women with GDM is vital ®?.
There are persistent gaps in breastfeeding promotion for women with GDM and dietitians
report a lack of resources and a need for additional training to enhance skills knowledge and
confidence®®%2%%)_ staff within GDM services have tended to focus on the short-term benefits
of breastfeeding and its benefit for a baby’s health, rather than longer-term benefits such as

T2D prevention®.

Postpartum follow-up in women with GDM

Up to 50% of women with GDM develop T2D within 10 years of delivery®®. The
likelihood of future T2D is highest within 5 years, and the prevalence/incidence of T2D
varies depending on the diagnostic criteria applied®. Such rates suggest that a systematic
approach to long-term follow-up after delivery should be applied to mitigate the level of
conversion to T2D and/or intervene at the earliest possible opportunity; however, such
systematic approaches or monitoring programmes are not standard practices in routine
clinical settings“®. In diagnosing GDM, women with a high-risk cardiometabolic profile are
identified”. Additionally, a GDM diagnosis has been shown to have a profound effect on
individuals, resulting in fear, anxiety, and depression®. The diagnosis is linked to both
stigma®®” and weight stigma, which are widely reported in these populations®©®©?.

Postpartum diabetes screening

Early postpartum identification of abnormal blood glucose levels is important at the
population health level, as it allows for preventative approaches to be adopted that can
ultimately impact T2D diagnosis rates. Clinical practice guidelines (CPGs) are intended to
optimise patient care and are informed by systematic review of the evidence and expert

consensus’®. Two internationally recognised CPGs of note are the ADA “Management of
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Diabetes in Pregnancy: Standards of Care in Diabetes”™® and NICE guidance for “Diabetes
in pregnancy: management from preconception to the postnatal period”(13). International
recommendations from the ADA™® recommend using an OGTT at 4-12 weeks postpartum
after a GDM pregnancy, this is owing to its increased sensitivity at detecting glucose
intolerance (for both prediabetes and T2D). It is suggested that women are tested every 1-3
years thereafter, if the initial 4-12-week postpartum results are normal. These further tests
can be performed using any suitable glycaemic test, such as glycated haemoglobin (HbA1c),
fasting plasma glucose or OGTT, using non-pregnant thresholds®?. The NICE guidelines
differ and advise not to routinely perform an OGTT but instead from 6-13 weeks postpartum
to use fasting plasma glucose to exclude diabetes and, after 13 weeks use HbAlc if fasting
plasma glucose is not possible. NICE guidance also states that the level of future diabetes risk
advice should be provided in line with early postpartum test results, and an annual HbAlc
test should be offered to women with GDM whose postpartum test is within accepted
parameters, as the risk of future T2D persists beyond the initial postpartum tests®. The
differing approaches to the recommendations outlined in these clinical practice guidelines
(such as approaches to postpartum screening) may reflect the influence of local contextual
factors (e.g., health system infrastructure and funding). Despite differences between their
approaches to postpartum screening, the guidelines share a vital common goal in
recommending regular postpartum monitoring to address the woman’s future chronic disease

risk and prevent their progression to T2D.

Postpartum glucose screening attendance varies from 5-60%Y, with the literature
showing a year-on-year decrease after the initial year’?. This low uptake of postpartum
glucose screening is of concern, as patients with T2D may go undiagnosed and present future
health issues, and there is a missed opportunity to establish positive health behaviours to
support the prevention of chronic disease. Postpartum screening rates are not captured at the
regional or national level; therefore, estimating uptake outside of the local level is difficult.
The successful state-funded Health Service Executive chronic disease management (CDM)
programme in Ireland recently saw additional support added, or ‘enhancements of care’. One
notable enhancement was the addition of women with a prior GDM history (from January
2023 onwards) to be routinely offered annual follow-up with their general practitioners (GPs)
and practice nurses to address the risk of future chronic disease (T2D and CVD). These visits
include preventative advice, relevant blood work and onwards referrals to intervention

programmes or speciality services as appropriate. Previously, this care was offered in an ad
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hoc fashion and incurred out of pocket expenses for the woman, as no state funding was
provided. While the move is undoubtedly positive, challenges persist with implementation.
GDM is generally managed during pregnancy by specialist maternity services, while
postpartum follow-up occurs in primary care. Awareness of roles, and responsibilities for
diabetes prevention activities and risk of associated chronic disease are low across both

settings™>"®

. A danger exists for the CDM programme where the absence of an
accompanying care pathway, a tailored education programme specifically for post-GDM
women and the requisite primary care resources might place greater emphasis on monitoring

without addressing the broader risk factors and preventing future chronic disease.

Further postpartum screening facilitators include implementing electronic reminders
through text messaging, email, automated letters, and HCP-mediated communications; all of
which can increase screening, monitoring, and preventative practices engagement”’®). Tools
supporting HCP and patient conversations are helpful in determining a person’s priorities.
This approach is particularly relevant for establishing awareness and increasing the perceived
importance of annual reviews. The woman’s identity and priorities shift in the postpartum
period with the needs/wants of their children/family becoming their priority and their own
needs taking second or even last place. Clear messaging is needed on the woman’s increased
risk of developing T2D and the risk factors that she can modify are imperative to increase
engagement in diabetes screening and prevention programmes. Conveying the impact of a
GDM diagnosis on offspring is a further essential message. This insight may motivate women
to adopt a family approach to health behaviour change, more so than if the behaviour change
were to solely benefit the woman herself. FINDRISC is a well-established tool for assessing
and communicating the risk of developing T2D, which includes many of the important
determinants for women with previous GDM?. In addition to being validated in the general
population, it is also effective in determining those more likely to have diabetes/pre-diabetes
postpartum®. Competing demands, lack of childcare support, inconvenience of testing
location (often located within secondary care alongside maternity services), and low self-
perceived risk of developing T2D are consistently cited as reasons for a woman’s lack of
engagement in postpartum diabetes screening. The uptake of the OGTT is poor. It is
constrained by the practicalities of the test requiring set appointment times, lasting up to 3
hours, causing a financial burden, the glucose test being an unpleasant procedure and

challenges in finding locations to perform the test("*">8%).
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HCPs cite health system challenges and a low awareness of the increased risk that
GDM confers for T2D as barriers to optimum care>"5%2)_ Lithgow et al., 2021"® identified
hospital and primary care clinician views on their roles in GDM management. Hospital
service providers believed that their primary focus was managing GDM, and future
prevention was viewed as a lesser priority. As a result, communication regarding the
woman’s long-term risk was avoided because of the limited time available and a perception
that it would overburden women. Postpartum follow-up and screening were seen as
important, but they were perceived as being outside of the hospital service remit’®. Primary
care service providers whose core role involves prevention, frequently lack the necessary data
to support their work. For instance, the maternity setting may fail to provide them with the
relevant information required to inform how best to support and guide the woman after
GDM®. GPs view postpartum glucose screening as a key prevention activity and that it is
best placed within primary care, however there are several barriers that reduce engagement
with testing™®. Lake et al.®® highlighted in their recent systematic review that the barriers to
postpartum glucose screening outnumber the facilitators by a ratio of three to one. The
recommendations from their evidence synthesis include enhancing communication between
HCPs and patients and putting screening forward as a “role modelling opportunity” to set the
example of positive health seeking behaviours for their wider family®®. A subsequent
qualitative study also by Lake et al.®® used a theoretical approach utilising the behaviour
change wheel (BCW)®® and theoretical domains framework®” to explore the determinants of
uptake of T2D screening among women with a history of GDM. Modifiable barriers to and
enablers of T2D screening were identified (Table 3). Barriers to T2D screening included lack
of knowledge, low awareness of short- and long-term T2D risk, and multiple competing
demands, while antenatal education, screening reminders, and social supports were perceived
as enablers. The identified barriers and enablers were subsequently mapped to the BCW to
highlight the relevant intervention functions and behaviour change techniques which should

form the foundation of future intervention strategies®.

Cost implications

The financial burden of GDM is substantial — it directly increases maternity care costs
by about 34% and will have projected future T2D costs®*%. T2D significantly increases

health services usage across the health system, in Ireland there is an average of 1.49 GP visits
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and approximately one additional outpatient visit for a person with T2D each year®V.
Werbrouck et al., 2019®? systematically reviewed the literature to explore the diabetes
screening and prevention cost effectiveness in women with prior GDM. The evidence
suggested that an OGTT every three years would lead to the lowest cost per case of T2D
detected, and prevention of future T2D that may be cost effective or cost saving®?. The
implementation of a structured diet and physical activity intervention during pregnancy has
demonstrated healthcare cost savings through the reduction of GWG and associated GDM
and T2D incidence compared with usual care®. Effective interventions targeting the
prevention of T2D can simultaneously reduce health burdens and healthcare costs so
investment in future prevention programmes has the potential to considerably alleviate future

strain on already limited health resources®?.

Postpartum diabetes prevention after GDM

UK nutrition guidelines for prevention and management of diabetes in the general
population promote weight loss in high-risk groups, lifestyle intervention, dietary patterns
such as the Mediterranean diet, Dietary Approaches to Stop Hypertension (DASH) diet, or
plant-based diets, and culturally tailored multicomponent interventions for better long-term
health outcomes®. The options for lifestyle interventions include restricted energy intake,
reduced total and saturated fat intake, increased fibre intake and increased physical
activity®. Postpartum dietary quality is a key factor influencing future chronic disease and
as such, higher quality dietary patterns, such as the Mediterranean diet®, rich in
wholegrains, fibre, unsaturated fats, vegetables and fruit, while low in red and processed
meats and sugar sweetened beverages, are associated with less long-term weight gain among
women with prior GDM®, reduced T2D risk®”, and are recommended®. However, this
population’s dietary quality is generally suboptimal®®®® with time constraints, childcare
responsibilities, and the cost of healthy eating all reported to be barriers to consuming a

higher quality dietary pattern9-10%),

Diet and physical activity interventions are effective in preventing or delaying T2D in

high-risk individuals®®?

. Notably, the original diabetes prevention programme showed
achieving and maintaining a 7% weight loss through a healthy diet and physical activity

could reduce future T2D risk by half®®21% \When diet and physical activity intervention was
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compared with metformin, the number needed to prevent one case of T2D in 3 years was 7,
whereas the number needed to prevent T2D for the same duration using the oral
hypoglycaemic agent metformin was 14“%Y. Other interventions have addressed the future
T2D risk through targeting health behaviour®® and whole family-based approaches!%¢",
Reviews of diet- and physical activity-based interventions have demonstrated significant
reductions in T2D incidence; one reported a 58% reduction®®, another demonstrated such
interventions yielded a 24% lower T2D incidence when compared to routine care*®, and a
third examining randomised controlled trials (RCTs) showed a 53% reduction in T2D
incidence™?. Effective intervention components include energy intake reduction (total
calories) coupled with regular physical activity (150 minutes moderate intensity per week),
and the programme lasting six weeks or longer®®. While many interventions demonstrate
positive effects, long-term follow up data is lacking; a recent systematic review and meta-
analysis highlighted that two-thirds of included studies reported one year or less of follow-
up™Y. Research on diet and physical activity interventions has almost exclusively been
conducted in high-income countries; however, a recent systematic review and meta-analysis
synthesised findings from RCTs over the past two decades in low- and middle-income
countries. While extensive heterogeneity was evident across interventions, evidence suggests
that diet and physical activity-based interventions are effective in delaying T2D and
improving cardiometabolic health among at-risk populations in low- and middle-income
countries™?. Online communication platforms offer increasing opportunities for connection
and access to information™3!** and women have expressed a preference for postpartum
information to be delivered online“*®, valuing its flexibility'®. Social support during the

postpartum period can facilitate behavioural change®%1"),

The postpartum period is a significant time with emotional and physical changes,
presenting barriers to physical activity recommendations®®. Diet and physical activity
modification resulting in weight loss has been shown to be challenging in this

n(102,119,120)

populatio . GDM requires women to implement significant antenatal diet and

physical activity alterations to achieve normoglycaemia™®

. This radical adjustment and
pressure to conform to more restrictive dietary and physical activity behaviours can have a
significant opposite impact on postpartum behaviours™. To mitigate future T2D,
cardiovascular disease and obesity risk, women are advised to achieve a healthy postpartum
weight™?. Peacock et al., reported that dietary interventions resulted in weight loss and

altered dietary intake but achieved greater success in women who had not experienced
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excessive GWG™_ Intervention timing is critical to effectiveness, with three potential time
periods for interventions proposed—prenatal, early postpartum, and late postpartum®??. The
use of postpartum interventions is a well-documented health promotion challenge®®, with
barriers that include attending programmes not specifically tailored to the needs of
postpartum mothers, unpredictability of the baby’s routine and difficulty getting out of the
house)®?®. Physical activity is a known T2D protector™® and works for women with prior
GDM®®. However, despite its benefits, physical activity barriers are commonly cited 2>,
Family-based physical activity interventions, and various forms of social support (family,
partner, or community), and organisational support (childcare, time) can influence physical

activity levels(">1%,

Diabetes prevention programmes use clinical practice guidelines to inform their
structured education that will address the modifiable risk factors associated with its
prevalence, they also use approaches that can be tailored to meet population needs, e.g.,
cultural considerations, language, and location™"”. Many of the available clinical practice
guidelines for GDM management include nutritional care®®?%?® pyt they have different

levels of nutrition guidance provided®?*!%%)

. Clinical practice guidelines should provide
appropriate nutrition information for HCPs involved in GDM care and should cover the
woman’s pregnancy to postpartum journey with advice tailored to each stage. Dietetic
practice requires much more detailed MNT covering standardised structured antenatal and
postpartum diabetes prevention education. Delivering MNT requires comprehensive
collaboration with the multidisciplinary care team, and multidisciplinary higher-level
management support to develop the implementation plan alongside procuring adequate levels
of associated staffing™Y. The challenge for GDM is that this process requires increased
communication and collaboration across specialised maternity services and primary care
settings where streamlined nutrition and dietetic pathways typically do not exist. GPs,
practice nurses and other primary care HCPs (such as community dietitians and public health
nurses) are likely to have frequent contact with new parents through routine clinical care,
childhood immunisations, breastfeeding support, and other health promotion initiatives.
Many women will also attend organised group activities for information sharing and peer
support®®?. These interactions all offer opportunities for brief interventions in promoting
optimal nutrition, physical activity, and future health. Therefore, it is essential that HCP
messages are aligned with best practices and consistent and relevant to the woman’s life stage

to support optimum behaviour change.
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The significant gap between research evidence and its translation into real-world
practice is often referred to as the "know-do" gap that hinders progress in healthcare*®. This
challenge is particularly pronounced in diabetes prevention interventions designed to support
women after GDM®*1341%) The field of implementation science is growing rapidly, offering
an opportunity to more rapidly scale interventions into healthcare practices through evidence
and theory-informed approaches to bridge this gap. Implementation science in nutrition and
dietetics is an emerging field and offers a robust structure and foundation for design

implementation, and evaluation of interventions**7").

The complex intervention framework of the UK Medical Research Council and
National Institute for Health Research highlights the need for a flexible approach that
considers the specific needs and challenges of targeted setting****®). The framework, which
was updated in 2019 and 2021, provides a valuable roadmap for developing and evaluating
complex interventions aimed at improving health outcomes®***3®. However, intervention
complexity itself can significantly impact implementation and effectiveness across diverse
settings. Challenges arise from standardising intervention design and delivery, adapting to
local contexts, considering the people involved (staff and patients), navigating the
organisational environment, and developing appropriate outcome measures*®. A key update
within the framework emphasises how interventions interact with their context and with
system-level changes. This shift aims to identify the conditions necessary for achieving
intended change mechanisms and ensure effectiveness in real-world settings®®*®. The
framework advocates for the systematic development and evaluation of interventions based
on evidence and theory. There are four iterative phases: 1) development/identification, which
involves defining the intervention based on evidence and theory; 2) exploration of feasibility
and acceptability, which assesses how realistic and acceptable the intervention is for target
users and settings; 3) evaluation, which formally tests the intervention's effectiveness in
achieving desired outcomes; and 4) implementation, which focuses on integrating the

intervention into routine practice and ensuring its sustainability®3?.

Each component
addresses core elements such as contextual considerations, program theory, stakeholder
engagement, identifying key uncertainties, intervention refinement, and economic

(140)

considerations. Troughton et al.*™”’, demonstrate a worked example of how the MRC

framework supported the development feasibility and piloting phases of their group-based
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lifestyle intervention to prevent T2D in people identified as ‘at risk’ 9. The MRC
framework encourages early consideration of implementation throughout the development
and evaluation process, increasing the intervention's potential for successful adoption across
settings. This approach aligns with effectiveness-implementation hybrid designs““?, where
implementation and effectiveness are evaluated concurrently across three hybrid designs,

each with a varying balance between implementation and effectiveness assessment.

Intervention complexity can be defined in various ways, including the number of
interacting components, targeted groups or organisational levels, variability of outcomes, the
degree of tailoring, and whether the intervention has a nonlinear causal pathway(142). To
address real-world complexities, healthcare research increasingly utilises systems thinking
and conceptual mapping approaches. These methods focus on the dynamic relationships
between “"people, processes, activities, settings and structures” within a system®*34)_ The
Consolidated Framework for Implementation Research (CFIR) provides a comprehensive
taxonomy of factors influencing intervention implementation, allowing researchers to tailor
strategies to address specific barriers within different healthcare systems and settings**. A
2016 qualitative interview study by Bernstein et al.**®, set out to identify barriers and
facilitators to postpartum glucose testing and referral, including patient and provider
perspectives. The authors used the CFIR to provide a systematic approach to their analysis
and mapped the data to four domains: intervention attributes, the characteristics of

individuals, the inner and outer contexts®®.

More recently, implementation factors
influencing the UK National Diabetes Prevention Program (National DPP) were explored
using the CFIR inner and outer setting domain constructs**”. Inner setting domain constructs
offer insights into factors influencing implementation from within the organisation, such as
culture, preparedness for implementation, and networks and communications. Outer setting
domain constructs explore external contexts which influence intervention implementation,
such as population needs and resources, peer pressure, and external policies and incentives.
The findings of this study indicated multiple factors internal to the organisation which can
impact on intervention implementation success, in particular leadership engagement and
implementation climate, offering valuable insights into facilitating successful implementation
of the National DPP“*"). The use of frameworks such as CFIR enables researchers to use a
common language and approach to synthesise findings on factors influencing

implementation.
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Implementation theories offer a framework for developing implementation strategies
and exploring factors influencing successful or unsuccessful intervention implementation®*®.
These theories have diverse aims, including guiding evidence-based practice application,
exploring implementation influences, and evaluating intervention implementation itself148).
The exploration, preparation, implementation, sustainment (EPIS) framework*® and
normalisation process theory (NPT)®? fall within the first two categories and help identify
barriers and facilitators to implementation. The EPIS framework, developed from the public
sector and allied health service implementation literature, outlines four phases: exploration
(assessing health needs and identifying best practices), preparation (identifying potential
contextual barriers and facilitators), implementation (adopting evidence-based practice), and
sustainment (ongoing support structures and processes to ensure delivery achieves the
intended impacts)™****). The EPIS framework also describes common and unique factors
within the outer system context, inner organisational context, and innovation itself, all of
which influence implementation across different phases and is like the CFIR framework in
this respect. Bridging factors, which acknowledge the interconnectedness of these contexts,
are key components of the EPIS framework. Systematic reviews further highlight the
flexibility and robustness for use of the EPIS framework across various income settings®®Y.
The “Bump2Baby and me” project™? investigated the effectiveness of a mHealth coaching
programme including nutrition and physical activity supports in pregnancy and postpartum
for women with high risk of developing GDM. Researchers used the EPIS framework to
frame the project, such as in evaluating needs to ensure intervention fit (exploration phase),

and in planning for intervention readiness (preparation phase)®®?.

On the other hand, the NPT provides an explanatory model for understanding the
influence of implementation. It can be used alongside the EPIS to explore relevant contextual
and innovation-related factors. Developed within diverse healthcare systems, the NPT
focuses on the individual and collective behaviours observed in implementation
processes™. As an action theory, it describes the mechanisms of social action involved in
implementing a new practice. NPT identifies four key constructs that are crucial for
successful implementation: coherence, which is the degree to which stakeholders understand
and make sense of the new intervention, ensuring buy-in and reducing resistance; cognitive
participation, which assesses the level of buy-in and engagement from stakeholders involved
in implementing the intervention, highlighting the importance of addressing potential

concerns; collective action, which examines the resources and support structures available to
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facilitate implementation; and refractory monitoring, which focuses on the ongoing appraisal
and feedback mechanisms employed to assess the intervention's effectiveness and make
necessary adjustments during implementation*®”. Regular monitoring allows course
correction and adaptation to ensure that the intervention remains effective within the real-
world healthcare environment®®. NPT was applied to identify factors contributing to the
successful implementation of a recent postpartum diabetes prevention quality improvement
study based in general practice™®. The study found the NPT constructs to be more visible
within actively participating practices, and these practices exhibited higher levels of change
in diabetes screening, diabetes prevention planning and weight monitoring activities, when

compared to moderately participating practices*®.

Theory plays a crucial role in intervention development, particularly in behaviour
change. The BCW is a popular framework that ensures comprehensive intervention coverage,
focusing on the core determinants of behaviour: capability, opportunity, and motivation®”.
This foundation is further elaborated upon in the capability-opportunity-motivation behaviour
model (COM-B), which provides a detailed breakdown of these determinants™®. Lake et
al.® used the COM-B to map barriers and enablers to postpartum T2D screening to identify
which intervention functions and behaviour change techniques (BCTs) could inform the
development of an effective intervention to increase T2D screening post-GDM®. The
BCT taxonomy provides a standardised way to describe the specific BCT components within
interventions using 93 distinct techniques“®®. This taxonomy, derived from BCW
development and physical activity/nutrition BCTSs, facilitates clear communication,
replication, and systematic evidence syntheses to identify the most effective BCTs for

specific behaviours and contexts.

Evaluation plays a critical role in understanding implementation success, and several
frameworks guide this process. However, the chosen frameworks should place a strong
emphasis on implementation aspects. RE-AIM®®®1®D is a commonly used framework that
provides a comprehensive approach to evaluating programme implementation, encompassing
five key dimensions: reach (percentage of target population reached), effectiveness (program
impact on intended outcomes), adoption (setting or organisation uptake), implementation
(fidelity to program design), and maintenance (sustained delivery over time)(m). This
framework offers a valuable tool for researchers to assess the public health impact of

interventions, considering not only intervention effectiveness but also real-world factors
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influencing program success. Studies have shown its utility in evaluating diverse programs
across various settings, including community health initiatives, chronic disease management
interventions, and diabetes prevention interventions“®>1%3) By applying the RE-AIM
framework, researchers can gain a holistic understanding of program strengths and

weaknesses, informing strategies to optimise public health impacts.

Evidence-based guidelines serve as a critical foundation for effective interventions.
These guidelines synthesise robust scientific evidence into practical recommendations for
healthcare professionals, providing a standardised approach to interventions and ensuring
consistency and quality in patient care. However, simply disseminating guidelines is
insufficient. Studies have identified several barriers to guideline use, including lack of
awareness, lack of familiarity with recommendations, disagreement with guidance, and
perceived lack of applicability in real-world practice******%%_Conversely, factors that enable
guideline use include strong leadership support, clear and concise recommendations, and

integration with existing workflows®?.

Quality improvement collaboratives (QICs) provide another powerful tool for driving
implementation®®®. QICs bring together healthcare professionals from different practices to
share best practices, troubleshoot challenges, and collaboratively implement evidence-based
interventions. A multilevel QIC approach including provider education, written supporting
materials and a variety of reminder methods (electronic health provider as well as patient)
increased postpartum glucose screening rates®®. O’Reilly et al.*®” demonstrated improved
diabetes screening and BMI monitoring in women with previous gestational diabetes at
postpartum follow-up through a quality improvement multicomponent intervention approach
within primary care general practice where following the implementation of an intervention
with plan—do—study—act feedback components to support ongoing engagement, rates of
postpartum diabetes screening increased from 43% to 60%, annual diabetes screening rates
increased from 26% to 61%, and a 20% increase in BMI monitoring was observed®”. By
fostering a culture of learning and continuous improvement, QICs can significantly enhance
the uptake and effectiveness of interventions within general practice settings, yielding cost

savings to the health system when applied at scale!*®®.

https://doi.org/10.1017/50029665124007456 Published online by Cambridge University Press


https://doi.org/10.1017/S0029665124007456

Accepted manuscript

Conclusion

There are several challenges and opportunities for diabetes prevention after pregnancy
complicated by GDM. Ambiguity in healthcare roles and responsibilities, coupled with
limited awareness of associated risks, complicates intervention efforts. However, advances in
knowledge, intervention strategies and implementation science offer promise. Primary care is
the ideal location for health promoting interventions, postpartum T2D risk assessment and
ongoing follow-up for pregnant women with GDM. However, guidelines outlining the role of
primary care staff (particularly general practitioners and practice nurses) lack consistency,
which may negatively influence the provision of T2D risk management for women with
GDM. Coordinated efforts, guided by clinical guidelines and public health policy, are crucial
for mitigating T2D risk and promoting lifelong health after GDM.
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Table 1. Risk factors for developing GDM. NICE, 2020

Gestational Diabetes risk factors

e BMI above 30 kg/m?

e Previous gestational diabetes

e Previous macrosomic baby weighing 4.5 kg or more

e Family history of diabetes (first-degree relative with diabetes)

e An ethnicity with a high prevalence of diabetes.
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Table 2. Improving awareness and reducing future diabetes risk after gestational
diabetes mellitus (GDM) Adapted from Marschner et al., 2023

Raise awareness of level of Optimising management Potential outcomes

magnitude of health risk activities

GDM is:

e 6 times more likely in
women with obesity

GDM confers:

e Seven to tenfold
increased risk  of
future type 2 diabetes

e Twofold increased
risk of cardiovascular
disease

e Twice as likely to
have GDM in
subsequent pregnancy

Multidisciplinary input:

- Endocrinologist

- Obstetrician

- Diabetes in Pregnancy
Midwifery/Nursing Staff

- Dietitian

- General practitioner

- Practice nurse

- Access to mental health
care

- Infant feeding support

Consistent messaging and
information from healthcare
professionals

Structured care pathway
after GDM to include risk
assessment and follow up

Diet and physical activity
intervention  tailored to
women’s needs after GDM,
considering:

- Social support

- Timing

- Education

- Ethnicity

- Language

- Learning styles

- Mode of delivery.

Increased awareness of risk
and its significance

Monitoring of T2D risk
factors

Engagement with
prevention programmes
and active diet and physical
activity

Reduced risk of T2D and
cardiovascular disease

GDM: gestational diabetes, T2D: type 2 diabetes.
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Table 3. TDF domains and COM-B components linked to perceived barriers and

enablers of type 2 diabetes screening among women with prior gestational diabetes.

Adapted from Lake et al., 2023

COM-B component

TDF domain

Barriers and Enablers

COM-B: Capability Knowledge

(Psychological)

Memory, attention

Low awareness of magnitude of risk for T2D
(barrier)

Receiving reminders from hospital or GP

and decision (enabler)

processes
COM-B: Environmental Lack of time, competing demands (barrier)
Opportunity context and Prevention programme (enabler)
(Physical, Social) resources

Social influence

Lack of childcare (barrier)

Family supports (enabler)

COM-B: Motivation Emotion Concern for future health (barrier)
(Automatic, Reassurance from regular screening (enabler)
Reflective) Beliefs about Consequences of screening (perceived as a
consequences barrier and an enabler)
Social role and Low prioritisation of own health (barrier)
identity Role modelling health promoting behaviours
for the family (enabler)
Beliefs about Confidence in ability to manage own health
capabilities (enabler)

COM-B: Capability, Opportunity, Motivation-Behaviour model, TDF: Theoretical Domains

Framework, T2D: type 2 diabetes, GP: general practitioner.
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