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Preface

This preface outlines my journey through my PhD from 2020 to 2024, a period shaped by

significant challenges and milestones.

After completing five years of clinical Obstetrics and Gynaecology training, | began
pursuing my academic interests in 2019, securing a competitive grant from Tommy’s
Charity. This grant supported a laboratory-based study investigating phenotypic variation
in the gestational diabetes mellitus population, under the supervision of the late

Professor Fiona Denison and Professor Rebecca Reynolds.

| enrolled in the University of Edinburgh’s PhD program in February 2020. However, just
a month later, the SARS-CoV-2 pandemic triggered a national lockdown, halting all non-
essential research activities. | was recalled to clinical practice until August 2020. During
this time, | was informed that my PhD funding had been revoked due to structural
changes and the closure of the Tommy’s Centre in Edinburgh. Fortunately, | secured
alternative funding through the University of Edinburgh’s Albert McKern Endowment,
which allowed me to continue my academic training, albeit with adjustments. Funding

was allocated for two years, prompting me to convert my PhD program to an MD.

Given the pandemic restrictions and the uncertainty of returning to laboratory-based
work, | shifted my focus to a research direction that could be feasibly delivered within the
available timeframe. Laboratory studies, which required substantial technical training,
were no longer viable. With guidance from my supervisor, | identified an opportunity to
utilise the pandemic as a natural experiment whilst maintain a focus on gestational
diabetes. | designed a mixed-methods study to examine the indirect effects of the
COVID-19 pandemic on GDM care pathways in Scotland. This work encompassed both
a data study and a qualitative research study, with Professor Julia Lawton joining as my

principal supervisor for the qualitative component.

In early 2021, | faced the profound loss of my principal supervisor, Professor Denison,
who passed away after a long battle with mental health challenges. Fiona had been a

source of immense encouragement and inspiration, supporting me from my early days



as a specialty registrar at Edinburgh’s Simpson Centre. She played an instrumental role
in fostering my academic ambitions and remained a guiding force throughout herillness.
Fiona’s contributions to maternal and fetal health were transformative, and itis my hope

that this work serves as a small testament to her legacy.

With Fiona’s encouragement, | continued seeking funding opportunities to expand my
research. In March 2021, | secured a 12-month grant from the Research Excellence
Award through the British Heart Foundation Centre (Edinburgh). This grant enabled me
to extend recruitment for my study on the impact of COVID-19 on GDM care delivery,
incorporating perspectives from women and healthcare professionals in both Scotland
and England. The additional funding also enabled me to convert my studies back to a

PhD. The findings from this expanded research are presented in this thesis.

In the final year of my PhD, | experienced another significant life event: the birth of my
son, Ruairidh. This led to a one-year interruption in my studies. During this period, two

pieces of work presented in this thesis were published in high-impact journals.

Reflecting on this journey, | am grateful for the opportunities, challenges, and the
unwavering support of my supervisors. The work presented here represents not only an
academic endeavour but a deeply personal one, shaped by resilience and the pursuit of
meaningful contributions to GDM care and maternal health. | hope that sharing my
navigation through the COVID-19 pandemic, interruptions in my studies, funding
challenges, and changes in supervision will provide context for the work presented in this

thesis.
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Abstract

Gestational diabetes mellitus (GDM) is the most common pregnancy complication,
affecting one in six pregnancies globally. It is associated with both short- and long-term
health risks for mothers and offspring, including adverse perinatal outcomes and an
elevated risk of developing future obesity, type 2 diabetes, and cardiovascular disease.
While effective screening, diagnosis, and blood glucose management can mitigate these

risks, there remains no consensus on the optimal strategies for addressing GDM.

This thesis, based on research conducted between 2020 and 2023, investigates
approaches to optimise care forwomen with GDM. The primary focus is a multi-methods
study exploring the impact of enforced changes in clinical management during the SARS-
CoV-2 pandemic. Additionally, it presents a systematic review assessing the potential of

precision markers for improving GDM outcomes.

The introduction offers a review of the literature on GDM screening, diagnosis, and
management, with a particular focus on the modifications to clinical care precipitated
by the pandemic. The subsequent three chapters present the key findings of this

research.

Chapter 1 presents a retrospective multicentre cohort study examining the impact of
pandemic-related changes in GDM diagnostic criteria and care provision on pregnancy
outcomes. This study compares data from 4,915 women diagnosed with GDM prior to
the pandemic (April 2018 — March 2020) with data from 3,467 women diagnosed during
the pandemic (April 2020 — March 2021) across nine NHS trusts and health boards. The
new diagnostic criteria more often identified women with GDM who were multiparous,
had a higher BMI, and came from more deprived backgrounds, while fewer had a history
of GDM (all p<0.05). During the pandemic, key pregnancy outcomes remained stable
despite changes in screening and diagnostic thresholds. Remote care was found to be
as effective as traditional in-person care, even for higher-risk women identified during

this period.



Chapter 2 explores the experiences of healthcare professionals delivering
multidisciplinary GDM care during the pandemic through a qualitative interview study.
Participants (n=23 from three sites, representing members of the multidisciplinary team
including diabetes specialist nurses, midwives, dietitians, diabetologists, and
obstetricians) highlighted pre-pandemic inefficiencies in care delivery. Remote care
adaptations—including virtual glycaemic management and task-shifting to allied health
professionals—were generally viewed positively, facilitated by mobile technologies.
However, remote care posed challenges for women with language barriers, and
healthcare professionals reported increased isolation and concerns about the
sustainability of virtual care due to burnout and limited IT infrastructure. A hybrid model

combining in-person and remote care emerged as the preferred solution.

Chapter 3 investigates precision medicine approaches in GDM care through two
systematic reviews. Although studies on precision lifestyle interventions were scarce,
several clinical markers, such as a history of GDM, BMI, and blood glucose levels at
diagnosis, were identified as potential predictors of the need for pharmacological

intervention.

In summary, this thesis highlights several strategies for optimising GDM care in the UK.
Key findings from the pandemic include the rising incidence of GDM, the potential for
adjunct screening tools to better detect overt diabetes and reach marginalised women,
and the effectiveness of remote antenatal care. Beyond existing approaches, precision
methods may refine treatment pathways by enabling earlier identification of women

requiring escalated care.



Lay Summary

Gestational diabetes mellitus (GDM) is a common condition affecting one in six
pregnancies worldwide. It can lead to serious health issues for both mothers and their
babies, not only during pregnancy but also later in life, such as a higher risk of developing
diabetes, obesity, and heart disease. While early diagnosis and proper management of
blood sugar levels can reduce these risks, experts still debate the best ways to handle

GDM.

This research, conducted from 2020 to 2023, looks at ways to improve care for women
with GDM, focusing on changes made to healthcare practices during the COVID-19
pandemic. The research included studying how these changes impacted pregnhancy
outcomes, examining healthcare professionals' experiences during this time, and

exploring new ways to tailor treatments to individual needs.

One major part of the study compared the care of nearly 5,000 women diagnosed with
GDM before the pandemic with over 3,000 women diagnosed during it. Despite changes
to how GDM was diagnosed and managed, pregnancy outcomes remained stable, and
remote care (such as virtual check-ups) was found to be just as effective as in-person

care.

Interviews with healthcare providers revealed that they welcomed many of the new
methods introduced during the pandemic, such as using technology for blood sugar
monitoring. However, they also noted challenges, including difficulties for women with
language barriers and concerns about the long-term sustainability of remote care due to

issues like staff burnout.

Finally, the research explored new approaches, such as using specific health markers
(like blood sugar levels and a history of GDM) to predict which women may need

additional medical treatment.

In summary, this research shows that changes made during the pandemic, including the

use of remote care, can improve GDM management. It also highlights the potential for

10



more personalised treatment approaches to improve outcomes for women with GDM in

the future.
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1 Introduction

1.1 Gestational Diabetes Mellitus

1.1.1 Epidemiology

Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance resulting in
hyperglycaemia of variable severity with onset or first recognition during pregnancy, that
is not clearly overt diabetes (1). It is the most common metabolic disturbance during
pregnancy and is estimated to affect one in six pregnancies globally (2). The prevalence
of GDM is growing due to increasing rates of obesity in women of childbearing age and
rising maternal age, placing strain on maternity healthcare services (3). In the United
Kingdom (UK), women with GDM represent the largest high-risk group accessing
antenatal care, with prevalence rates of up to 25% depending on the demographics and

glucose thresholds used for diagnosis (4).

1.1.1.1 Riskfactors

Figure 1 illustrates modifiable and non-modifiable risk factors for GDM. The strongest
predictor is a previous pregnancy affected by GDM, with recurrence risks ranging from
29%t0 80% (5, 6). Ethnicities at higher risk for Type 2 diabetes (T2DM); Asian, Pacific, and
Black African/Afro-Caribbean women, also face increased GDMrisk and in the UK, South

Asian women are over twice as likely to develop GDM compared to white women (7).

Key risk factors for GDM
e Previous GDM
e Family minority ethnic origin with a high prevalence of T2DM
e Family history of diabetes (first-degree relative)
e BMI>30kg/m?
e Previous macrosomia (birth weight >4500kg)

Figure 1 Recognised risk factors for Gestational diabetes (SIGN 2024) (8)
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Family history of diabetes represents a major risk factor, with GDM risk increasing

twofold with a parental history of T2DM and fivefold with a sibling history (8).

Maternal obesity (BMI >30 kg/m?) and advancing age are also significant predictors. GDM
riskincreases threefold (95% CI 2.1-3.4) for women with class | obesity (BMI 30-35 kg/mz)
and fourfold (95% CI 3.1-5.2) for class Il obesity (BMI 35-40 kg/mz) (9). Women aged 35-
39 years have an adjusted odds ratio (OR) of 3.54 (95% CI 2.88-4.34) rising to 4.86 (95%
Cl13.78-6.24) for women aged 40 and above (10).

Further associations have been drawn between GDM and polycystic ovary syndrome,
multiparity, multiple pregnancy, use of medications including glucocorticoids and
antipsychotic drugs (11). However, the strength of these associations is lower than those

of the major risk factors.

1.1.2 Pathophysiology

GDM arises from a complex interplay between the increasing insulin demands of
pregnancy and the ability of maternal pancreatic beta cells to produce sufficient insulin,

leading to varying degrees of hyperglycaemia (12).

As pregnancy progresses, placental hormones—including human placental lactogen,
progesterone, cortisol, and growth hormone—regulate maternal metabolism to
prioritise the fetus' energy needs. These hormones gradually increase insulin resistance,
reducing glucose uptake in maternal skeletal and adipose tissues while stimulating
hepatic gluconeogenesis. As a result, blood glucose levels rise, along with free fatty
acids, to support both maternal and fetal growth (13). Maternal adiposity, particularly in
early pregnancy, further disrupts lipid metabolism and exacerbates insulin resistance

(13, 14).

In a healthy pregnancy, the pancreas compensates for this rising insulin resistance by
increasing production. However, in women who develop GDM, pancreatic beta cells fail
to secrete enough insulin to meet the increased demand, leading to persistent

hyperglycaemia, the hallmark of GDM (13).
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Early studies showed that women with GDM exhibit reduced insulin sensitivity compared
to controls, with this impairment often present even before conception and persisting
throughout pregnancy (12, 14, 15). This suggests that women with GDM may have pre-
existing insulin resistance and underlying beta cell dysfunction, which is revealed by the

metabolic stresses of pregnancy (16).

1.1.3 Maternal and offspring outcomes

1.1.3.1 Maternal short-term outcomes

Compared to the general maternity population, women with GDM have a higher risk of
developing gestational hypertension and pre-eclampsia (3, 17). These conditions are
understood to be linked to impaired glucose metabolism through mechanisms which
disrupt early placental development by affecting trophoblast invasion and placental

function (18).

Women with GDM are at higher risk of intrapartum complications, including increased
rates of labour induction (IOL), preterm birth (before 37 weeks), Caesarean birth,
shoulder dystocia, uterine rupture, and birth trauma (17, 19). These complications are
closely associated with the accelerated fetal growth driven by maternal hyperglycaemia

(19).

1.1.3.2 Offspring short-term outcomes

Infants born to mothers with GDM are at a higher risk of large for gestational age (LGA)
(19, 20). This finding is explained by the modified Pedersen hypothesis, whereby
maternal hyperglycaemia leads to fetal hyperglycaemia as glucose passes freely across
the placenta. In response, the fetus produces excess insulin (fetal hyperinsulinemia),
driving anabolic processes that result in increased fat storage and rapid growth (21).
Consequently, infants are more likely to be LGA (birth weight above the 90th percentile)
or macrosomic (birth weight over 4000g). Maternal hyperlipidaemia is now believed to
play a significant role in promoting excessive fetal growth (21, 22). In a cohort of 867
obese pregnant women, specific lipid species detected at 28 weeks of gestation—such
as elevated plasma concentrations of diglycerides and triglycerides, indicating evidence

of de novo lipogenesis—were associated with a diagnosis of GDM. In fully adjusted
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models, these lipid abnormalities were also linked to increased abdominal

circumference in the offspring (23). These findings require validation in further cohorts.

Birth weight is a significant risk factor for complications including shoulder dystocia,
brachial plexus injury, neonatal respiratory distress syndrome (RDS), neonatal
hypoglycaemia, hyperbilirubinemia and iatrogenic preterm birth (20). A large cohort
study of 36,241 pregnancies in the U.S reported that shoulder dystocia occurred more
frequently in infants of mothers with GDM compared to those without, at rates of 1.6%
vs. 0.9% for infants <4000g and 10.5% vs. 6.0% for infants 24000g, demonstrating that
GDM presents an independent risk for perinatal complications, regardless of birth
weight. Similar patterns were observed for neonatal hypoglycaemia, brachial plexus
injury, and RDS, confirming that GDM increases the risk of perinatal complications

independently of the infant's birth weight (24).

In addition to excessive fetal growth, infants of mothers with GDM are atrisk of metabolic
disturbances, including hypoglycaemia, hyperbilirubinemia, and respiratory distress.
These are driven by fetal hyperinsulinemia, and the severity of neonatal complications is

closely linked to the level of maternal hyperglycaemia. (19, 20)

1.1.3.3 Maternal and offspring long-term outcomes

Although glucose metabolism typically returns to normal after delivery, women who
develop GDM have a significantly increased risk of future cardiometabolic disease (17).
A systematic review, including 20 studies, and 675 455 women with GDM, conferred a
relative risk (RR) of 7.42 (95% ClI: 4.79, 11.51) of developing T2DM, representing a seven-
fold increased risk over women without GDM (25). A second review including 5 390 591
women demonstrated a two-fold higher risk (95% CI: 1.57, 2.50) of future cardiovascular
events in women with GDM and identified this doubling of risk was independent of onset

of T2DM (26), placing GDM as a major predictor of the leading cause of death worldwide.

Children born to mothers with GDM are also at a higher risk of developing T2DM and
cardiovascular diseases (17). A follow-up of the offspring born to women with GDM, at
10-14 years of age, demonstrated childhood impaired glucose tolerance and childhood

adiposity, independent of maternal BMI (27, 28). Data linkage studies also link maternal
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GDM to an increased risk of neurodevelopmental disorders in the offspring, including

autism and attention deficit hyperactivity disorder (ADHD) (29).

1.1.4 Screening and diagnosis

1.1.4.1 Historical context

Thefirstevidence based, diagnostic criteriafor GDM were proposed in 1964 by O’Sullivan
(80). Glucose screening tests were used to determine glucose handling based on a 3-
hour 100g oral glucose tolerance test (OGTT), performed in the second and third
trimester of pregnancy, in a cohort of 752 American women. O’Sullivan identified that
screening, diagnosing and treating hyperglycaemia in women not known to have
diabetes, improved outcomes. These thresholds were validated by identification of
subsequent diabetes at >5 years postpartum in an additional cohort of women.
Diagnostic criteria were selected and based on identifying 2% prevalence, equivalent to
the prevalence of diabetes in the background population. In 1965 the World Health
Organisation (WHO) established diagnostic criteria recommending use of the 2 hour
glucose load on an OGTT with diagnostic criteria set on glucose thresholds for diabetes
in the nonpregnant population (31). Over a 30-year period multiple iterations were
proposed to this diagnostic approach. Changes largely reflected improvements in
processing and analysing blood glucose, including transitioning from venous whole
blood glucose to plasma blood glucose. Further amendments to screening and
diagnostic criteria were made considering emerging data. However, the guiding principle
of screening and diagnosing GDM based on glucose tolerance testing aimed at detecting
rates equivalent to those of diabetes in the non-pregnant population and validated for

the development of future maternal T2DM remained, until the early 2000s (32, 33).

After the millennium, evidence from observational studies demonstrated a correlation
between increasing levels of maternal hyperglycaemia, including those below
recommended values for a diagnosis of GDM and risk of poor obstetric and neonatal
outcomes, including LGA, shoulder dystocia, neonatal unit admission, Caesarean birth

and hypertensive spectrum disorders (34). The international diabetes in pregnancy
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community called for a revision of the diagnostic criteria whereby diagnostic criteria

should aim to identify women at risk of adverse maternal and neonatal outcomes.

The landmark Hyperglycaemia in pregnancy outcome study (HAPO) published in 2008,
was an international cohort study recruiting a diverse group of 25,505 women, from 15
centres around the world, examining the relationships between mild hyperglycaemia and
pregnancy outcomes. In the absence of treatment, the study demonstrated a strong,
continuous relationship between maternal hyperglycaemia and primary outcomes of
primary Caesarean birth, LGA, neonatal hypoglycaemia and increase cord c-peptide (a
surrogate for fetal insulinaemia) (35). This included glucose levels below that diagnostic
of diabetes, which were not previously known to be harmful. Based on the findings in the
HAPO study the International Association of Diabetes in Pregnancy Study Groups
(IADPSG) recommended the diagnosis of GDM is made when any of the following three
75g 2-hour OGTT, at 24-28 weeks gestation, thresholds are met or exceeded: Fasting
5.1mmol/L (92 mg/dl), one hour 10.0mmol/L (180 mg/dl), two hours 8.5mmol/L (153
mg/dl).

1.1.4.2 The oral glucose tolerance test

The OGTT is the gold standard test for diagnosing GDM. Most organizations, including
IADPSG (36), WHO (37), American Diabetes Association (ADA) (1), Canada and National
Institute for Health and Care Excellence (NICE) (38) recommend a 75-g OGTT at 24-28
weeks of gestation for the screening of GDM. Variations in the glucose load include using
a 100g glucose load. Women undergoing an OGTT must fast for at least 8 h before the
test and take at least three blood samples within 2 h, during which time patients must

not undertake physical exertion.

Despite it being the gold standard test used internationally for the diagnosis of GDM,
concerns have long been raised on the reproducibility of OGTT results. It is estimated, in
up to 35% of cases the diagnosis of GDM is not reproducible, with subjects showing
improvements in glycaemic status on repeat testing (39, 40). The sources of poor
reproducibility have been linked to preanalytical, analytical and post analytical factors.

Preanalytical variation can be driven by patient factors including physiological (exercise,
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gastric emptying, stress and sleep) and patient preparation (pre-test fasting state, pre-
test diet and the self-directed glucose load). The most prominent source of error in
assessing plasma glucose lies in glycolysis post sampling. Recommendations to
minimise this error involve immediate placement in an ice slurry and centrifugation
within 30 minutes (41). Alternative strategies include the use of citrate buffered
specimen tubes. Glucose processing variability greatly impacts the prevalence of GDM
and therefore pre analysis sampling represents a major limitation in determining GDM

prevalence (42) and drawing conclusions across GDM studies (43).

1.1.4.3 Riskfactor verses universal screening

Currently there are two overarching approaches used when screening for GDM, selected
risk-factor based screening and universal screening. Universal screening offers testing
for all pregnant women, regardless of individual risk factors, while selective screening
targets women with specific risk factors, (such as obesity, advanced maternal age, or a

family history of diabetes).

In a UK population, universal screening has been shown to have a 4-fold increase in the
incidence of GDM, increasing the identification of mild to moderate hyperglycaemia (44).
This may potentially lead to earlier interventions and improved maternal-fetal outcomes
(7, 44). However, it requires more healthcare resources and may increase the burden of
unnecessary testing. Selective screening focuses on high-risk populations, is more cost-
efficient butitrisks underdiagnosing GDM in women without identifiable risk factors (44).
The Pregnancy Outcome for Women with Pre-gestational Diabetes Along the Irish
Atlantic Seaboard study found that the prevalence of women with GDM who had no risk
factors was low, ranging from 2.7% to 5.4% (45). However, these women with GDM with
no recognisable risk factors had more pregnancy complications than those with normal
glucose tolerance. In other studies selective risk factor screening estimates to miss up
one-third of women with GDM (46). Thus, clinical risk factors alone are not predictive of

GDMrisk for all women.

Without a strong evidence base to support the decision, health care providers are left to
decide between universal and selective screening based on factors such as healthcare

system capacity, population risk profiles, and cost-effectiveness. Worldwide, universal
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screening is the preferred screening approach, recommended by governing bodies and

expert panels in the USA, Canada, Australia (47-49).

1.1.4.4 One step verse two step screening tests

In addition to the choice between selective risk factor verse universal screening there is
a choice between the type of screening tests used. Two approaches are generally
considered. The one-step approach (recommended by the IADPSG), whereby a fasting
patient undergoes a 2-hour, 75-g oral glucose tolerance test. The result is “abnormal” if
any one glucose result (the fasting, 1-hour, or 2-hour result) is above a specified
threshold. In the second approach, the two-step approach (recommended by the
American college of Obstetricians and gynaecologists (ACOG), non-fasted patients
ingest a 50-g oral glucose load, followed by a 1-hour glucose measurement. If the 1-hour
glucose level is 2200 mg/dL (11.1mmol/L), a diagnosis of GDM is made and no further
testing is needed. If the 1-hour glucose is between 130 mg/dL (7.2mmol/L) and 200
mg/dL (11.1mmol/L) the patient undergoes a fasting 3-hour glucose tolerance test, and
GDM is diagnosed if two or more hourly glucose measurements are above specified

thresholds.

In two recent randomized trials, researchers evaluated the performance of the one step
verses the two-step testing approach. Both studies demonstrated a large increase in the
number of women diagnosed with GDM using the one step approach compared with the
two-step approach, 14.4-16.5% versus 4.5-8.5% respectively. Additionally, both studies
reported no differences in primary maternal and neonatal outcomes between the treated
populations of women (50, 51). Adding these recent findings into a metanalysis of RCTs
confirmed the risk of LGA was similar between the two approaches (pooled rates 8.8%

one-step vs. 9.2% two-step) with a pooled RR of 0.95 (95% CI1 0.88-1.04) (52).

1.1.4.5 Diagnostic thresholds

Global inconsistencies in the diagnostic criteria for GDM have made it difficult to
meaningfully compare study results, complicating the process of drawing conclusions
from systematic reviews and meta-analyses. A 2019 systematic review highlighted this
issue while evaluating the diagnhostic performance of various glycaemic measures.
Among the 23 studies included, 14 different diagnostic criteria for the OGTT were
identified.(53)
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Based on the findings from the HAPO study, the IADPSG recommend setting diagnostic
thresholds for GDM at glucose values associated with an estimated odds of 1.75 for birth
weight, cord C-peptide, and percent infant body fat >90th percentiles, compared with
the odds of these outcomes at mean glucose values for the entire study cohort. These
recommendations were widely accepted by many clinical governing bodies. Multiple
international observational studies, including those conducted in the UK, have shown
thatwomen diagnosed with GDM under the IADPSG criteria—who would previously have
been classified as having normal glucose tolerance—are at increased risk for obstetric
and neonatal complications. These complications include gestational hypertension,
preeclampsia, Caesarean birth, macrosomia, shoulder dystocia, and neonatal intensive
care admission (54-56). A systematic review and meta-analysis further confirmed these
findings, including studies that utilized both one-step and two-step diagnostic testing

approaches, as well as universal and selective screening processes (57).

Over the decade since the HAPO study findings and the publication of the IADPSG
recommendations, significant debate has persisted. While evidence suggests that
detecting maternal hyperglycaemia at lower thresholds detects women at risk of
obstetric and neonatal outcomes, this has come at the cost of a substantial increase in
GDM prevalence. A 2021 systematic review of 31 cohort and cross-sectional studies
involving 136,705 women found that implementing the IADPSG criteria led to a 75%
increase in GDM diagnoses (RR 1.75, 95% CI1 1.53-2.01) (58).

Until recently, there was minimal evidence supporting the benefits of treating women
diagnosed with GDM under the IADPSG criteria. Potential benefits have largely been
extrapolated from the Australian Carbohydrate Intolerance Study in Pregnant Women
(ACHOIS) and the randomized trial of treatment for mild gestational diabetes (59, 60)
where maternal glucose levels overlapped with the IADPSG thresholds. In 2022, results
from a randomized controlled trial using a 75-g 2-hour OGTT with two sets of glycaemic
thresholds (lower and higher) were published. The study found that raising the diagnostic
threshold did not affect the primary outcome of LGA, suggesting that detecting and
treating women with fasting glucose levels between 5.1 and 5.5 mmol/L or 2-hour
glucose levels between 8.5 and 9.0 mmol/L offers no significant benefitin preventing LGA

(61).
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Additionally, the trial highlighted potential downsides of intervening in this population,
such as increased rates of induction of labour (IOL) and associated chorioamnionitis in
the lower-threshold group, without improvement in primary outcomes. Notably, the
study did not include an economic analysis. Evidence supporting the cost-effectiveness
of the IADPSG criteria remains scarce. One large U.S. cohort study suggested that cost-
effectiveness was driven by reduced risks of infrequent adverse outcomes, such as

neonatal intensive care admissions (NICU) (62).

The debate continues, focusing on the increased prevalence of GDM and the limited

evidence supporting the cost-effectiveness of adopting the IADPSG criteria.

1.1.4.6 Early screening of overt diabetes

The rising rates of obesity and advanced maternal age have contributed to anincrease in
the prevalence of undiagnosed pre-existing diabetes among women of childbearing age
(63). This group is particularly significant because they face higher rates of congenital
malformations compared to women diagnosed with GDM (64). Despite their distinct risk
profile, data suggest that treatment can normalise outcomes for these women, bringing

them in line with those observed in women with GDM (64)

To recognise this distinct group, the terms 'overt diabetes' or 'diabetes in pregnancy'
(DIP) have been introduced and are used interchangeably. For the remainder of this

thesis, the term 'overt diabetes' will be used.

The IADPSG recommendations, endorsed by the WHO, advocate for screening pregnant
women at high risk of diabetes to identify overt diabetes. Women are classified as having
overt diabetes if their plasma glucose values meet or exceed the thresholds for diabetes
outside of pregnancy: fasting plasma glucose (FPG)=7 mmol/l, 2-hour glucose

value 2 11.1 mmol/l, and/or HbA1c =2 48mmol/l.

1.1.4.7 Early screening for GDM

A relationship between increasing maternal glycaemia and excess fetal growth and
adiposity priorto a GDM diagnosis at 24 weeks gestation has been demonstrated in large
cohort studies. These studies show excess fetal growth as early as 20 weeks gestation

(65, 66). This observational data forms a basis for defining GDM before 24 weeks.
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In 2010, the IADPSG recommended screening high risk women in early pregnancy and
classifying GDM when FPG levels of 5.1-6-9 mmol/l were detected. However, these
criteria have not been validated for early pregnancy use. Some observational studies
supported this decision, reporting that first trimester fasting glucose levels in the non-
diabetic range were associated with higher risks of adverse pregnancy outcomes,

including more Caesarean births, LGA and macrosomia (67).

However, a large study from China, corroborated by data from Italy, found that the
IADPSG thresholds used in early pregnancy did not accurately predict a GDM diagnosis
in later pregnancy (68, 69). The IADPSG early diagnostic criteria were later revoked. This
has left uncertainty regarding how clinicians should manage women with intermediate
FPG (5.1-6.9 mmol/l) and 2hr OGTT levels (8.6-11mmol/l) identified on early screening

tests.

The adoption of early diagnostic testing for overt diabetes has generated extensive
biochemical data in early pregnancy, enabling researchers to evaluate screening and
treatment during this period. Recent reviews, including a systematic review in 2022 and
a narrative review in 2021 have synthesised the evidence (70, 71). Data from eight
randomised controlled trials comparing early screening and treatment to routine care
found no significant difference in the risk of LGA (8.1 vs 9.0%; RR, 0.94; 95% ClI, 0.73-
1.22) (71). Meanwhile, the narrative review of 46 studies - including observational cohorts
and RCT’s - highlighted conflicting findings regarding adverse pregnancy outcomes (70).
Another systematic examined the longer term outcomes of identifying early GDM,
reporting that women with early GDM had a twofold increased risk of developing T2DM 6
weeks to 20 years postpartum compared to those with late GDM (RR) 2.13 (95% CI 1.52—-
3.56) (72)

Synthesising and interpreting studies on early diagnosis and treatment of GDM s
challenging due to the wide variety of screening tests and diagnostic criteria used in
available research. Recently, much-anticipated findings from an international
multicentre RCT evaluating diagnostic criteria and treatment for less severe
hyperglycaemia than overt diabetes in early pregnancy among women with risk factors
were published. The Treatment of Booking Gestational Diabetes Mellitus Study
(TOBOGM) found that immediate treatment of GDM resulted in modest reduction in the
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incidence of a composite of major adverse neonatal outcomes (odds ratio 0.82; 95% CI
0.68-0.98; number needed to treat (NNT) = 18). However, no significant differences were
observed for pregnancy-related hypertension or neonatal lean body mass (73). A
subsequent economic evaluation of the TOBOGM study indicated that earlier treatment
was more effective and less costly for women in the higher glycaemic range of FBG 5.3-
6.0 mmol/l, and or 2 hour 9-11 mmol/l, and for those diagnosed prior to 14 weeks

gestation (74).

While a modest and cost-effective benefit has been demonstrated, the findings remain

inconclusive regarding the support for early GDM screening in high-risk women (75).

1.1.5 Alternative screening and diagnostic tools

Although the OGTT remains the universally recommended diagnostic test for GDM, it
presents several challenges, including issues with reproducibility, acceptability, and a
lack of consensus regarding who, when, and how to diagnose GDM. These challenges
are compounded by ongoing debates about screeningtiming, target populations, and the
optimal diagnostic criteria. Consequently, significant efforts have been directed toward
developing alternative tools that offer a simpler diagnostic approach, with the goal of

better identifying women at risk of GDM.

1.1.5.1 HbA1c

HbA1c measures the percentage of glycated haemoglobin, providing an indication of
average blood glucose levels over the past 90 days. It is recommended for diagnosing
diabetes mellitus (DM) in the general population, supported by strong evidence linking
reductionsin HbA1c levels with decreased microvascular complications, cardiovascular
risk, and mortality (76). As a single blood test, HbA1c is generally more acceptable than
OGTT, as it does not require fasting, glucose ingestion, or multiple venepunctures.
Additionally, it avoids the preanalytical handling variations commonly associated with

the OGTT.

The accuracy of HbA1c depends on stable red blood cell turnover and the absence of

haematological conditions such as iron deficiency, inherited haemoglobin variants, or
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other disorders affecting haemoglobin (77). In early pregnancy, increased red blood cell
turnover and lower fasting blood glucose levels necessitate trimester-specific reference
ranges for HbA1c to ensure accurate interpretation. Additionally, evidence supports the
need for ethnic and population-specific reference values, as variations in HbA1c levels

have been observed across different demographic groups (78, 79).

Results from the HAPO study demonstrated a significant correlation between increasing
HbA1c levels and all measures of plasma glucose. Higher HbA1c levels were strongly
associated with an increased frequency of adverse primary outcomes. Specifically, the
frequency of birth weights >90th percentile rose from 7.3% in the lowest HbA1c category
(<26 mmol/mol) to 17.6% in the highest category (> 40 mmol/mol). However, after
adjusting for confounding factors, HbA1c was not significantly associated with neonatal
anthropometric outcomes. Consequently, the 2010 IADPSG consensus did not

recommend HbA1c as a diagnostic test for GDM (80)

A 2019 systematic meta-analysis reviewed the diagnostic accuracy of HbA1c during
pregnancy. Among 6,848 pregnant women across nine studies who underwent both the
OGTT and HbA1c tests in the second or third trimesters, the analysis reported an overall
good level of accuracy, with a combined area under the curve (AUC) of 0.825 (95% CI:

0.751-0.899). Sensitivity and specificity were evaluated at specific cut-off values (81):

e At 36 mmol/mol (5.4%): Sensitivity was 50.3% (95% CI: 24.8%-75.7%) and
specificity was 83.7% (95% Cl: 67.5%-92.7%).

e At 39 mmol/mol (5.7%): Sensitivity was 24.7% (95% CI: 10.3%-48.5%) and
specificity was 95.5% (95% Cl: 85.7%-98.7%).

e At 40 mmol/mol (5.8%): Sensitivity was 10.8% (95% CI: 5.7%-19.4%) and
specificity was 98.7% (95% Cl: 96.2%-99.5%).

e At 42 mmol/mol (6.0%): Sensitivity was 12.9% (95% CIl: 5.5%-27.5%) and
specificity was 98.7% (95% CI: 97.6%-99.3%) (81).

Overall, the study highlighted the low sensitivity but relatively high specificity of HbA1c,
making it a poor diagnostic tool compared to fasting glucose (81). Similar findings were

reported in studies using alternative approaches to the 75g OGTT as the reference
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test(82). Evaluating HbA1c as a diagnostic tool in early pregnancy also revealed

inadequate sensitivity (53, 83).

A limited number of studies have investigated the predictive value of HbA1c for maternal
and fetal complications (81, 84-88). A large cohort study in New Zealand found that an
HbA1c 241 mmol/mol at the first antenatal visit identified all cases of GDM and was
associated with a twofold increased risk of congenital anomalies, preeclampsia, and
shoulder dystocia, as well as a threefold increased risk of perinatal death (84) Similar
findings were reported in an Australian Cohort (86). Additionally, a systematic review
assessing HbA1c levels at 24-28 weeks for predicting fetal macrosomia and LGA
outcomes found that women with HbA1c levels 237 mmol/mol (5.5%) had a higher risk
of LGA compared to those with levels <31 mmol/mol (5%). The pooled RR was 1.70 (95%
Cl: 1.23-2.35) (87) However, studies in other cohorts indicate that while an elevated
HbA1c in early pregnancy is highly specific, it lacks sensitivity for detecting
hyperglycaemia and certain perinatal complications (86, 89). Currently, there is no clear
evidence supporting the treatment of women with HbA1c levels between 39-46

mmol/mol (5.7%-6.4%) in early pregnancy.

The combined evidence suggests that early pregnancy HbA1c may serve as a "rule-in"
test when used alongside standard diagnostic tests. One recent study indicated that it
could potentially reduce the number of OGTTs performed by up to 40% (90). HbA1c is
presently recommended only for identifying overt diabetes, using a cut-off point of 6.5%
(48 mmol/mol), which is equivalent to the diagnostic threshold for diabetes in the non-

preghant population.

1.1.6 Clinical management of GDM

The recommended approach to managing a woman diagnosed with GDM involves a
multidisciplinary strategy (38, 91, 92). This includes educating the patient on self-
monitoring of blood glucose levels, implementing dietary modifications and nutrition
monitoring, encouraging lifestyle changes, and managing maternal weight.

Approximately 70-85% of women with GDM can be effectively managed through physical
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activity, dietary changes, and lifestyle modifications and 15-30% of patients will require

pharmacological therapy, which may include oral hypoglycaemic agents or insulin (11).

The positive impact of medical intervention on fetal and maternal morbidity was first
demonstrated in the landmark 2005 ACHOIS (59). Interventions such as dietary advice,
blood glucose monitoring, and insulin therapy, when needed, led to a 67% reduction in
the primary composite outcome of infant death, shoulder dystocia, bone fracture, and
nerve palsy compared to usual care. A second study conducted four years later
confirmed these findings, showing that a similar intervention package for women with
"mild" GDM reduced the incidence of macrosomia, caesarean birth, shoulder dystocia,

and pre-eclampsia compared to standard care (60).

1.1.6.1 Lifestyle and dietary intervention

The cornerstone of GDM treatment is lifestyle intervention, including dietary
modification, physical activity, and weight management. A wide variety of lifestyle
interventions have been evaluated, often in combination, making it challenging to
determine theirindividualimpacts. Cochrane conducted two systematic reviews in 2017
to address this (93, 94). The first review included randomized controlled trials comparing
lifestyle interventions with usual care or alternative interventions for GDM treatment.
Results showed that lifestyle interventions were associated with a decreased risk of LGA
infants and reduced neonatal adiposity. Women in these studies were also less likely to
experience postnatal depression and were more likely to achieve postpartum weight

goals. (93)

The second review compared different types of dietary advice but found no significant
differences in outcomes for mother and child, including hypertensive disorders,

Caesarean birth, T2DM, LGA infants, and markers of fetal adiposity (94).

In current clinical practice, GDM is typically diagnosed after 24-28 weeks of gestation.
This timing raises questions about the effectiveness of lifestyle interventions on GDM
outcomes, as opportunities for prevention and intervention may be limited by the late
diagnosis. Consequently, the role of lifestyle interventions in preventing GDM remains a

topic of ongoing debate and research.
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1.1.6.2 Pharmacological intervention

When blood glucose targets cannot be achieved through lifestyle interventions alone,
glucose-lowering pharmacological therapy becomes necessary. Two landmark
randomized trials (59, 60) demonstrated significant reductions in birth weight and the
incidence of LGA infants in women with GDM who received treatment. These findings
spurred extensive research into the benefits of various glucose-lowering agents and
subcutaneous insulins (95). A meta-analysis of 35 trials on pharmacological
interventions for GDM reported that metformin is an effective alternative to insulin for
managing hyperglycaemia, although up to 50% of women may still require supplemental
insulin (96). In the UK, metformin is recommended as the first-line pharmacological

therapy unless blood glucose levels at diagnosis are markedly elevated (38, 97).

The proportion of women requiring pharmacological therapy varies widely, with
estimates ranging from 15% to 68%, depending on the population demographic. For
example, a cohort study in a predominantly South Asian GDM population in the UK found

that as many as 68% of women required pharmacological treatment (98).

1.1.6.3 Clinical practice across the UK

In the UK, the NICE (2015) and the Scottish Intercollegiate Guidelines Network (SIGN,
2017) recommend screening pregnant women for GDM using clinical risk factors in early
pregnancy. Women with any of the following risk factors—raised BMI (>30 kg/mz), ethnic
background associated with a higher risk of diabetes (South Asian, Middle Eastern, Black
African, Black Caribbean, or Black British), family history of diabetes, or previous large
baby (=4.5 kg)—are advised to undergo biochemical screening with a fasting, 2-hour, 75g

OGTT at 24-28 weeks of gestation (38, 97).

In 2021 the UK national screening committee review of GDM screening, did not endorse
population level screening, recommending NICE guidelines for women at high risk. The
decision to adopt risk-factor-based screening, rather than universal screening as
advocated internationally following the HAPO trial, was informed by UK-specific health
economic data. These analyses demonstrated that routine identification and treatment
of GDM were not cost-effective based on perinatal outcomes. Using the national
standard cost-effectiveness threshold of £20,000 per quality-adjusted life year (QALY), a
National Institute for Health Research-funded Health Technology Assessment found
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that universal screening for hyperglycaemia in pregnancy, even among high-risk groups,
did not meet this criterion (99). NICE’s 2015 criteria were developed using health
economic models that prioritized reducing the historical average NHS costs of selected
adverse outcomes. These outcomes were common enough to yield sufficient statistical

power in randomized controlled studies (99).

While NICE and SIGN agree on employing risk-factor-based screening and on use of a
one-step 75g OGTT at 24-28 weeks, their diagnostic criteria differ. SIGN endorses the
IADPSG criteria, whereas NICE uses a modified version of the 2010 WHO criteria. Table

1 outlines the diagnostic criteria recommended by each guideline.

Guideline Glucose | Fasting mmol/l | 1-hour mmol/l | 2-hour mmol/l
committee load (g) | (mg/dl) (mg/dl) (mg/dl)

SIGN® 75 =25.1(92) >10.0 (180) >8.5(153)
NICE® 75 =25.6 (101) - >7.8 (140)

Table 1 Diagnostic thresholds for GDM based on OGTT at 24-28 weeks’ gestation.

@ Plasma glucose levels fasting, 1 hour and 2 hours following oral glucose load

b GDM diagnosed if one or more glucose value met or exceeded

Since the publication of the 2015 NICE guidelines, significant limitations of risk-factor-
based screening have been identified. Studies have highlighted both suboptimal
compliance with OGTT testing and high rates of GDM detection in women without
recognized risk factors (100, 101). A UK cohort study found that 39% (255/650) of eligible
women who should have undergone an OGTT were not appropriately screened. The
primary reason was a failure to identify risk factors, with ethnicity being the most

overlooked factor, rather than issues with patient noncompliance (101).

For women with a history of GDM in a prior pregnancy, glucose testing earlier in
pregnancy is recommended. This includes either self-monitoring of blood glucose or a
75g 2-hour OGTT at booking, with a repeat OGTT at 24-28 weeks if the initial test is
normal. Additionally, SIGN recommends early screening for "overt diabetes" or "diabetes
mellitus in pregnancy" among high-risk women. This involves testing using HbA1c or
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fasting glucose, with diagnostic thresholds aligned with WHO criteria: fasting glucose =27
mmol/l, 2-hour glucose 211.1 mmol/l, random glucose =211.1 mmol/l, or HbA1c 248

mmol/mol.

Both NICE and SIGN emphasize the importance of multidisciplinary care for women
diagnosed with GDM. Care should be led by a named obstetrician and a physician with
expertise in diabetes, supported by a diabetes specialist nurse, midwife, and dietitian.
Women should receive education on lifestyle modification and capillary blood glucose
monitoring, including fasting and postprandial testing (1- or 2-hours post-meal). Regular
contact with a joint diabetes and antenatal clinic is advised for blood glucose review

every 1-2 weeks

1.2GDM research landscape

1.2.1 Precision medicine approach

Over the pasttwo decades, research has demonstrated that screening and treatment for
GDM can improve maternal and fetal outcomes. Following the HAPO trial, efforts have
continued to optimize the benefits of screening while minimizing potential harms.
Despite these advancements, the latest evidence on screening and diagnostic methods
has not provided definitive guidance on identifying women and offspring at the greatest
risk of adverse outcomes (50, 61, 73). As a result, attention is shifting toward alternative

approaches to better define and diagnose GDM.

Precision medicine aims to enhance diagnostics, prognostics, prediction, and treatment
in GDM by integrating diverse biological domains—such as metabolomics, genomics,
lipidomics, and proteomics—with technology, clinical risk factors, biomarkers, and
computational modelling (102). In 2018, the ADA, in partnership with the European
Association for the Study of Diabetes (EASD), launched the Precision Medicine Diabetes
Initiative (PMID), which included GDM within its scope (102). Current precision medicine
efforts focus on subtype classification, risk prediction modelling, and the utility of

biomarkers.
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1.2.1.1 Biomarkers and early pregnancy risk prediction models

The WHO defines a biomarker as "any substance, structure, or process that can be
measured in the body or its products and that may influence or predict the incidence of
a disease or its outcomes."(103) Traditionally, the identification of GDM risk has relied
on maternal characteristics to predict GDM in early pregnancy. Researchers have
repeatedly explored measures of glycaemia during both the first and late second
trimesters in efforts to better predict pregnancy outcomes and identify those at risk for

adverse events (53, 57).

Recentresearch on biomarkers has focused on early predictive molecules in the firstand
early second trimesters, as well as diaghostic biomarkers in the second and third
trimesters that indicate GDM and its maternal and fetal outcomes. Advances in
metabolic and proteomic techniques have enabled the exploration of maternal blood
and urine biomarkers, such as amino acids, peptides, proteins, lipids, enzymes,
saccharides, and microRNAs. While small studies have shown promise, no biomarkers

have yet demonstrated sufficient diagnostic performance for clinical use (104).

The potential utility of biomarkers lies in combining them with clinicalrisk factors in early
pregnancy prediction models. Early pregnancy risk stratification could help mitigate
diabetes-associated comorbidities through timely interventions, such as physical
activity and dietary changes (105). Current clinical practice guidelines, such as those
from NICE/SIGN, use established GDM risk factors to determine who should undergo
biochemical screening, based on one or more pre-specified risk factors. Decades of
observational data have clarified the risk posed by individual factors; however,
composite risk scores that combine maternal characteristics have shown only moderate
discrimination (the ability to distinguish low- from high-risk individuals) and poor
calibration (the agreement between predicted and observed risk), limiting their
effectiveness in predicting GDM (106). Similarly, proposed prediction models for
pregnancy complications have demonstrated poor predictive performance (107). While
currentapproaches have fallen short, they highlight the potential of prediction models to

provide individualized absolute risk assessments for GDM and its complications.

Machine learning (ML), a subset of artificial intelligence, offers the potential to recognise
patterns and correlations in large datasets. By incorporating GDM risk factors, routine
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clinical measures, and novel biomarkers, machine learning algorithms could generate
individualized risk scores to predict GDM, treatment responses, and clinical outcomes

(108, 109).

1.2.1.2 Subgroup classification

Phenotypic heterogeneity among women with GDM was first recognised in early studies
exploring its pathophysiology (12, 14). More recently, research has advanced this
understanding, highlighting variations in the roles of insulin resistance and insulin
deficiency. Women with predominantly insulin-resistant GDM exhibit distinct baseline
characteristics compared to those with normal glucose levels, including higher BMI,
elevated lipids, and increased fasting glucose (110, 111). When these subtypes are
linked to pregnancy outcomes, an insulin-resistant phenotype is associated with a
heightened risk of adverse outcomes, such as LGA infants, Caesarean births, and
neonatal hypoglycaemia, compared to women with normal glucose tolerance.
Conversely, women with insulin-deficient GDM patterns do not exhibit an increased risk
of fetal overgrowth or adverse outcomes when compared to those without GDM (110,

111).

These findings—showing that the insulin-resistant subtype carries a more adverse
metabolic profile and higher risk of complications—have been consistently replicated
across independent cohorts. Recent studies have also sought to classify GDM subtypes
using readily available clinical parameters, such as OGTT patterns (106, 112, 113). Other
potential classifications, including genetic subtypes, remain underexplored (114).
However, these phenotypic and genetic subgroups could pave the way for personalized

risk assessments and tailored therapies for women with GDM.

1.2.2 Diabetes in pregnancy James Lind Alliance PSP

The literature on GDM screening, diagnosis, and management reveals significant
inconsistencies and unresolved debates within clinical practice. National guidelines and
systematic reviews underscore variability in research quality, study designs, and
reliability, all of which contribute to the absence of clear, evidence-based treatment

protocols. This issue is further exacerbated by the disconnect between healthcare
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research—often driven by academic or industry interests—and the actual priorities of

women living with GDM and their caregivers.

With limited funding and resources available for research, there is growing emphasis on
ensuring that research efforts address the most pressing needs of those affected by
disease and ill health. This is the central mission of the James Lind Alliance (JLA), a UK-
based initiative dedicated to aligning research priorities with patient and caregiver

concerns.

In 2018, the JLA launched a Priority Setting Partnership (PSP) for diabetes in pregnancy,
bringing together patients, caregivers, and clinicians to identify and rank unresolved
questions and uncertainties. Using a structured methodology, the PSP gathered these
questions and, through a standardized prioritization process, identified the most urgent

areas for research.

In 2020, | was fortunate to join the Diabetes in pregnancy James Lind Alliance Priority
Setting Partnership (JLA PSP) during its initial survey stage. Women with experience of
pregnancy or planning pregnancy with any type of diabetes, along with their support
networks (partners, families, friends, and carers) and healthcare professionals, were
invited to propose up to three questions they considered important for future research.
These questions were analysed using content analysis, grouped into categories, and
further refined by the steering group into indicative questions that captured the key

issues raised.

My primary role in the PSP was evidence checking. | implemented a pragmatic, broad-
level strategy to determine whether substantial uncertainty existed for each indicative
question. The search was focused on the Cochrane Database of Systematic Reviews,

systematic reviews published since 2017, and UK guidelines for diabetes in pregnancy.

The prioritization process involved three online stages, conducted during the COVID-19
pandemic to comply with social distancing measures. Detailed methods for this process
are described in the published paper (Appendix 1). | acted as a silent observer during the
second and third stages, where women, their support networks, and healthcare

providers ranked their top 10 priorities. In the final stage, 25 participants engaged in
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discussions and ranking exercises to determine the final list of the 10 most important

research priorities.

Figure 2 presents the top 10 research priorities identified through the JLA PSP process.

The top three priorities are listed below.

1. How can diabetes technology be used to improve outcomes for pregnancy, birth,

and maternal and child health?

2. What is the most effective test for diagnosing diabetes in pregnant women?

3. What is the best way to manage blood sugar levels through diet and lifestyle

during pregnancy?
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Priorities for research about the time before, during and after pregnancy with any type of diabetes, generated and agreed by women
and their families with experience of pregnancy and planning pregnancy with different types of diabetes, and healthcare professionals.
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Figure 2 Research priorities in diabetes and pregnancy (115). Figure made available from

the JLA with permission.
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1.3 SARS-CoV-2

In December 2019, a novel coronavirus (SARS-CoV-2) was identified in Wuhan, China,
associated with a cluster of pneumonia cases (116). The clinical disease caused by this
virus was named COVID-19. Transmission occurs primarily through respiratory droplets
from breathing, sneezing, or coughing, as well as via contact with contaminated surfaces

(116).

In the following weeks, the virus spread rapidly, crossing international borders and
leading to outbreaks in multiple countries. By January 2020, cases were reported in
Japan, South Korea, Thailand, United States and other nations. This rapid escalation led
to widespread concern and public health interventions, including lockdowns, travel

restrictions, and the implementation of social distancing measures.

Recognizing the global threat, the WHO declared COVID-19 a Public Health Emergency
of International Concern on January 30, 2020. On March 11, 2020, the WHO officially
classified COVID-19 as a pandemic—the first coronavirus pandemic in history. This
unprecedented event led to significant public health interventions, widespread

economic disruption, and profound changes in daily life and healthcare systems.

1.3.1Impact on the NHS

The initial wave of COVID-19 overwhelmed the UK’s National Health Service (NHS).
Hospitals faced an unprecedented surge in cases, necessitating rapid reorganization of
services. Elective surgeries and routine medical appointments were postponed, while
intensive care units (ICUs) were expanded. Emergency field hospitals, such as the NHS
Nightingale hospitals, were established to manage critically ill patients. Frontline
healthcare workers contended with shortages of personal protective equipment (PPE)

and high infection risks, compounding the pressure.
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1.3.2 SARS-CoV-2 and pregnancy

A systematic review and meta-analysis, PregCOV-19, examined 192 studies involving
64,676 pregnantwomen and 569,987 non-pregnant women with COVID-19. The analysis
revealed higher odds of ICU admission and invasive ventilation among pregnant women
compared to non-pregnant women of reproductive age. Risk factors for severe COVID-
19 in pregnancy included pre-existing comorbidities, non-white ethnicity, chronic

hypertension, pre-existing diabetes, advanced maternal age, and high BMI (117).

1.3.3 GDM care during the pandemic

To address the dual challenges of GDM care and COVID-19 risks, emergency diagnostic
strategies were implemented in several countries, including the UK, Australia, New
Zealand, Canada, and parts of Europe. These strategies aimed to minimize COVID-19
exposure while ensuring the identification of women with severe hyperglycaemia who

were at the highest risk of adverse obstetric and neonatal outcomes.

Inthe UK, pregnant women were advised to practice social distancing and self-isolation.
On April 1, 2020, the Royal College of Obstetricians and Gynaecologists (RCOG)
introduced new national guidance outlining modifications to maternity services (Figure
3) (118). These changes included adjustments to glucose screening and diagnostic
thresholds, as well as reduced in-person consultations. Telemedicine was widely
adopted to facilitate remote education and monitoring of glycaemic control. Low-risk
women with diet-controlled GDM received all care remotely, in coordination with

community midwifery services.

1.3.3.1 Alternative diagnostic testing and thresholds

Figure 3 outlines the RCOG recommended GDM care pathways for diagnosis of GDM
during COVID-19 (118). Guidance recommended suspending the 2-hour OGTT and
adopting a two-step testing approach. Women with risk factors for GDM (as per pre-
pandemic guidelines) were tested at booking using HbA1c and/or random plasma

glucose (RPG). Diagnostic thresholds were as follows:
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¢ RPG=11.1 mmol/L or HbA1c 248 mmol/mol: Diagnosed as T2DM and treated as
overt GDM.

e HbA1c 41-47 mmol/mol: Treated as GDM from diagnosis.

Further testing at 24- 28 weeks was recommended and a diagnosis of GDM made if any

of the following criteria were satisfied
e Fasting glucose 25.3 mmol/L, HbA1c 239 mmol/mol, or RPG 29 mmol/L.

This pragmatic approach aimed to reduce physical contact, minimize healthcare
burden, and focus on identifying women at greatest risk of complications (118). While
prioritising high-specificity tests reduced false-positive rates, it also lowered sensitivity,
potentially missing some GDM cases. A systematic review supported the 39 mmol/mol
HbA1c threshold, noting a 10% false-positive rate at high specificity, amongst women

with risk factors (53).
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‘For women who have additional risk factors for GDM (NICE guideline criteria), add HbAlc and random plasma glucose (RPG) to
the booking bloods

HbAlc = 48 mmolfmel OR HbAle 41 - 47 mmaol/mol OR
RPG = 11.1mmiol/L RPG 9-11mmol/L HbAle < 41 mmol/maol

Manage as Type 2 diabetes Manage as GDM

Send HbAlc and fasting glucose (or RPG if fasting not feasible) with
If one of the following criteria are met, after routine bloods at 28 weeks' gestation.

a noemal GDM screening test at 28 weeks',
considler re-screening for GOM or glucose
rnonitoring

HbALe = 39 mmol/mol OR HbALC <39 mmaol/mol AND
fasting glucose 2 5.6 mmeol/L* fasting glucose < 5.6 mmol/l OR
OR RPG = 9 mmolfL RPG < 9mmal/1

savy glyeosuria (2+)

2h clinical suspicion of diabetes

Large for gestational ag

potyhydrammios

No GDM

* Bazed on resources, clinical capacity and population characteristics eonsiderusing lower FPG threshedd
= .3 mmal/L to diagnose GOM.
Consider using risk caleulators to obtain individualised risk estimates of GDM

Figure 3RCOG GDM care pathways during COVID-19

Figure adapted from guidance for maternal medicine services in the evolving coronavirus

(COVID-19) pandemic (118)

1.3.3.2 Early evaluation of the RCOG emergency guidance for diagnosis and screening

Several studies evaluated the impact of the RCOG guidance on GDM detection:

1. Modelling from the HAPO study predicted an 81% reduction in GDM detection
when applying revised criteria. However, this analysis only included universal
screening at 24-28 weeks and did not consider risk-factor-based screening

pathway (119).

2. A UK single-centre study found GDM detection decreased from 7.7% to 4.2% over

six weeks, but clinical outcomes were not reported (120)
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3. Another retrospective study estimated a 29% reduction in GDM cases using

alternative diagnostic thresholds (121)

A further study evaluated the utility of HbA1c, RPG, and FPG for diagnosing GDM. At 24—
28 weeks, HbA1c and RPG demonstrated good diagnostic performance, with areas
under the receiver operating characteristic curve (AUROC) of 0.83 and 0.81, respectively,
using NICE criteria. When applying IADPSG criteria, FPG had superior predictive
performance (AUROC: 0.92). This study did not evaluation use of HbA1c at booking and

data were based on a two-step screening approach (122)

1.3.3.3 Remote clinical care and Telemedicine interventions

Figure 4 outlines the RCOG guidance for antenatal care for women with GDM during
COVID-19. Recommendations include use of remote consultations whenever possible.
This included glucose meter training, dietary education, and follow-up with diabetes
midwives or nurses. Women monitored their blood glucose at home, while routine
antenatal checks (e.g., fundal height, blood pressure, urinalysis) continued with

community midwives.
o Diet-controlled GDM: No hospital visits or growth scans were required.

 Pharmacologically treated GDM: Remote obstetric reviews were conducted at
28 and 32 weeks, coinciding with in-person ultrasound appointments if indicated.
An in-person review at 36 weeks assessed maternal and fetal health, birth

planning, and follow-up care.

An in-depth literature review on remote antenatal care is provided in results chapter 2.
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First appointrent wi

1 Week

Diabetes team to review blood glucose diary remotely

1f =3 or 10-15% of glucose measurements are above the

If glucose targets met, manage in community target range:

within one week:

I metformin is required, this should be collect from the GP
or hospital

Ifinsulin is required — a face-to-face appointment will be
required with the diabates MW/ nurse

Continue remote diabetic review

Continue antenatal checks in community and virtual
obstetric review® at 28 and 32 weeks' gestation

Arrange scans as per NHS-E document on fetal growth
surveillance during COVID-19 pandemic

Continue remote diabetic review Arrange a remote consultation with the diabetes team
hd

‘ Birth ]‘ E—— Obstetric review at 36 weeks' to plan birth
' * consider face-to-face review if blood sugars not well controlled
HbAlc at 3-6 months postnatally or additional risk factors present

Figure 4 RCOG GDM antenatal care provision during COVID-19

Figure adapted from guidance for maternal medicine services in the evolving coronavirus

(COVID-19) pandemic (118).

1.4Complex interventions and their evaluation

Complexinterventions in healthcare are strategies or programs with multiple interacting
components aimed at optimising health outcomes (123). Evaluating such interventions
is challenging because they are dynamic and context dependent. Traditional methods,
such as RCTs often fail to account for variations in implementation and contextual

factors.
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Recognizing these challenges, frameworks from the UK Medical Research Council (MRC)
and the National Institute for Health Research (NIHR) advocate for a phased approach to
evaluation (123, 124). This approach includes development, feasibility testing,
implementation, and impact assessment. These frameworks emphasize the need to
assess not only an intervention’s effectiveness but also its feasibility, acceptability, and

fit within specific contexts.

Greenhalgh et al. further highlight that the success of interventions depends on local
adaptability and their capacity to integrate into practice (125). By combining quantitative
and qualitative methods, evaluations can capture the complexities of interventions,

offering actionable insights for scaling and improving healthcare delivery.

Interventions introduced in response to SARS-CoV-2 illustrate the integration of clinical
practices, rapid behavioural changes, and complex organizational processes. Evaluating
these interventions requires adherence to the guidance above. Employing a multimethod
approach to examine changes in GDM care during the pandemic can provide deeper
insights into their effectiveness and adaptability. Such an approach will enable evidence-

based recommendations for future clinical practices and care pathways.

1.5Research questions, hypotheses and thesis

outline

1.5.1Research objectives

Current practices for screening and diagnosing GDM vary considerably, both
internationally and within the UK’s NHS. This variation largely stems from a lack of
contemporary evidence and a reliance on expert consensus. The rising prevalence of
GDM further complicates these challenges, increasing pressure on healthcare systems

and service delivery.

The SARS-CoV-2 pandemic brought significant changes to GDM care delivery in the UK.

Emergency adaptations prioritised identifying and treating women at the highest risk of
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complications while minimising the need for in-person appointments. Evaluating these
changes presents an opportunity to explore alternative approaches to GDM care.
Additionally, leveraging individual patient characteristics may improve the ability to

predict poor outcomes, offering valuable insights for optimizing GDM management.
This multimethod research has two main objectives:

1. Toevaluate theimpact of pandemic-related changes ontheincidence of GDM
and associated maternal, obstetric, and neonatal outcomes, to inform the

future of GDM care in the NHS.

2. To assess the evidence for applying a precision medicine approach to GDM

management.

1.5.2Research questions

This research addresses the following questions:

e What is the impact of emergency care pathways on the incidence of GDM and

maternal, obstetric, and neonatal outcomes?

e How do healthcare professionals perceive and experience the delivery of remote

antenatal care for women with GDM during the COVID-19 pandemic?

e Can patient characteristics predict treatment responses in women diagnosed

with GDM?

1.5.3Thesis outline

This thesis addresses these research questions through three parallel streams of work
conducted during my PhD studies from 2020 to 2023. There is a methodology chapter
which briefly outlines the methodology adopted for each stream. The subsequent 3
chapters address each research question(s), presenting methods, results, and
discussion. Results chapters 1 and 3 present peer-reviewed published work, presented

as per publication format, with brief introductions and discussions.
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Chapter 1 investigates the impact of changes in GDM screening, diagnosis, and

management during the SARS-CoV-2 pandemic compared to pre-COVID practices.
Hypotheses:

1. The incidence of GDM declined following the implementation of RCOG

emergency care pathways.

2. Adverse maternal and neonatal outcomes increased after these pathways were

introduced.

3. Women from lower socioeconomic groups and non-white ethnic backgrounds
experienced a disproportionate rise in adverse outcomes compared to women

from higher socioeconomic groups and white ethnic backgrounds.

Chapter 2 presents a qualitative interview study exploring healthcare professionals’
experiences of delivering remote antenatal care to women with GDM during the
pandemic. Semi-structured interviews were conducted with multidisciplinary
professionals across three NHS Trusts in England and Scotland to address 3 key

research questions.

RQ1 What did HCPs at individual sites do to reconfigure their services to provide

remote multidisciplinary antenatal care and why?

RQ2 What did HCPs find successful and unsuccessful when delivering remote

multidisciplinary antenatal care during the early phase of the pandemic and why?

RQ 3 What lessons can be learnt from delivering remote multidisciplinary GDM care
during the pandemic and which aspects of pandemic GDM care delivery do HCPs think

should be retained in the longer-term, and why?

Chapter 3 presents a systematic review of evidence for precision markers of GDM
treatment success. The objectives were to identify patient-level characteristics that

predict:

(i) Responses to personalised diet and lifestyle interventions delivered

alongside standard care
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(i) The need for treatment escalation in women initially managed with diet

and lifestyle alone, aswell as those receiving pharmacological treatments.

Each review considers whether precision markers predict glucose target achievement,

as well as maternal and neonatal outcomes.

A concluding discussion provides a summary of each chapter, highlighting the strengths

and limitations of the body of work, and offers recommendations for future research.
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2 Methodology

This chapter outlines the methodologies used in the three parallel studies presented in
this thesis. Detailed methodologies for the qualitative and systematic review studies are
provided in Chapters 2 and 3, respectively. Supplementary methodological details for
the observational cohort study are included here to complement those reported in
Chapter 1. Chapters 1 and 3 present results as peer-reviewed publications, while
Chapter 2, structured as a traditional thesis chapter, includes all relevant methodology

details for that study.

2.1Chapter 1 Methodology

Chapter 1 presents findings from a pre- and post-implementation observational cohort
study that examines the impact of the COVID-19 RCOG emergency care pathways on

GDM incidence and pregnancy outcomes across the UK.

2.1.1Diabetes in pregnancy working group

The study was conducted in collaboration with the Diabetes in Pregnancy Working
Group, a multidisciplinary team formally associated with the RCOG. Members of the
group represent diabetes and obstetrics expertise across the UK, with a focus on clinical
research. The group agreed to contribute to this study in September 2020, following the

publication of the RCOG emergency care pathways for GDM in April 2020.

Through collective consensus, the group identified NHS health boards and trusts as the
most suitable data sources for GDM-related pregnancy episodes. Nationally available
data repositories of routinely collected healthcare data were deemed unlikely to capture

the required detail on GDM status and pregnancy outcomes for this study. Members of
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the working group also provided guidance on data analysis and co-authored the

subsequent publication.

2.1.2Ethical approval

Ethical approval was granted by the Southeast Scotland Research Ethics Committee 01
in April 2021 (REC Reference: 21/SS/0031). The study was co-sponsored by NHS Lothian
and the University of Edinburgh through the Academic and Clinical Central Office for
Research and Development (ACCORD) (R&D No 2021/0063). A single non-substantial

amendment was approved in August 2021.

2.1.3Regulatory approvals

2.1.3.1 Public Benefit and Privacy Panel for Health and Social Care
Approval from the HSC-PBPP, which reviews public benefit and information governance

for healthcare data in Scotland, was granted in September 2021.

2.1.3.2 NHS Research Scotland Permissions Coordinating Centre

The NRSPCC facilitated centralized R&D management permission for the three Scottish
NHS sites. After NRSPCC approval, local R&D officers at each contributing health board
were contacted for final data-sharing agreements. Local R&D approval was granted after

satisfying all governance requirements.

2.1.3.3 Confidentiality Advisory Group

Approval from the confidentiality advisory group (CAG) England, under Regulation 5 of
the Health Service (Control of Patient Information) Regulations 2002, was not required.
The study involved identifiable information handled only by the direct care team, with

pseudonymization prior to data transfer, mitigating breaches of confidentiality.

2.1.3.4 Local NHS trust R&D approval process
Unlike in Scotland, R&D approvals in England required individual applications for each
health board/trust. Governance requirements varied significantly across trusts, leading

to substantial variability in the approval process.
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2.1.4 Study site recruitment

NHS study sites were identified through the Diabetes in Pregnancy Working Group.
Clinical leads at potential sites were contacted to assess feasibility for local data
collection and sharing. Initially, 14 NHS sites were recruited; 9 contributed data to the

study.
Exclusions:

e Infourcases, datawere not supplied by the study end date or local R&D approvals

were delayed.

e One site was excluded due to pre-COVID universal screening policies, which

rendered their pre-COVID GDM population non-comparable.
Inclusions:

¢ Onesite, which had exclusively delivered remote care and maintained pre-COVID
screening and diagnostic pathways during the pandemic, was included as a
comparator group, as they had partially adopted the RCOG emergency care

pathways.

2.1.5 Data collection

Data on the implementation of the RCOG COVID-19 care pathway were collected using
an online survey (Jisc Online Survey Platform V2). Clinical leads for antenatal diabetes
services were identified through the Diabetes in Pregnancy Network and invited by email
to complete the survey. The survey captured information on clinical practices before and

during the COVID-19 pandemic.

All data were pseudorandomised by individual study sites and distributed in accordance
with local regulations and restrictions set by the local R&D teams at each site. Data were
securely transferred via encrypted NHS email before being stored and processed on UoE
servers. All data handling adhered to our data management plan and was approved

through the HSC-PBPP process.
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2.1.6 Data handling

2.1.6.1 Missing data
A decision was made not to impute missing data. This was based on a review of the
collated dataset, which identified minimal missing data (<2%) for all key study

outcomes.

Further details on the data collection and sharing processes are presented in Chapter 3.

2.2Chapter 2 Methodology

Chapter 2 presents findings from a qualitative interview study exploring health care
professionals’ experiences of delivering multidisciplinary GDM care during the

pandemic. The full methodology is detailed in chapter 2.

2.3Chapter 3 Methodology

Chapter 3 includes findings from two systematic reviews investigating precision markers

for GDM management. The full methodology is outlined within the chapter.

2.4 Statistical methods

All statistical methods used in this thesis are detailed in their respective chapters.

2.4.1 Software programs

Chapter 1: Data analysis was conducted using RStudio, an open-source software
package for the R programming language. Additionally, the JISC Online Survey tool was

employed in the data study.
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Chapter 2: Qualitative data analysis was performed using NVivo, a dedicated software

package for qualitative research.

Chapter 3: The systematic review(s) utilized two statistical tools. Covidence, a web-
based platform, facilitated abstract screening, data extraction, and the population of
risk-of-bias data. ReviewManager (RevMan), a specialized software developed for

Cochrane reviews, was used for conducting meta-analyses.

58



3 Results Chapter 1
3.1 Introduction

The following materials were published in the British Journal of Obstetrics and
Gynaecology under the same title by Niamh-Maire Mclennan, Robert Lindsay,
Ponnusamy Saravanan, Nithya Sukumar, Sara White, Laura Magee, Petervon Dadelszen,

and Rebecca Reynolds, on behalf of the Diabetes in Pregnancy working group.

My contributions to the study included co-designing the study, obtaining ethical and
regulatory approvals, collating and analysing data, and preparing the first draft of the
manuscript under the guidance of Rebecca Reynolds. All authors contributed to the
conception, design, and analysis of the study, and provided critical insights during

manuscript development.

3.1.1Background and rationale

The impact of the RCOG emergency diagnhostic strategy on GDM incidence and short-
term maternal and neonatal outcomes remains unknown. While some single-centre
studies have sought to estimate incidence and model retrospective datasets, these
efforts are limited by small sample sizes, simplistic analyses, and data that do not
adequately represent UK populations or screening practices (119-122) . To address
these gaps, we designed a larger, multi-centre study to evaluate the impact of this
diagnostic strategy on GDM incidence and short-term maternal and fetal outcomes

across the UK

In the UK, women from Black, Asian, and minority ethnic (BAME) backgrounds, as well as
those from lower socioeconomic groups, experience significantly higher morbidity and
mortality during pregnancy and postpartum compared to other groups (126-128).
National surveillance reports from MBRRACE-UK (Mothers and Babies: Reducing Risk

through Audits and Confidential Enquiries across the UK) highlight that Black and Asian
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women are up to 3.7 times more likely to die during pregnancy or postpartum than White
women (126). Additionally, disparities in morbidity and mortality between the most and

least socioeconomically deprived women have widened in recent years.

Population-level data from the USA, encompassing over 1.5 million GDM pregnancies
from 2014 to 2020, show that women from non-White ethnic backgrounds face
significantly increased risks for almost all assessed clinical outcomes compared to
White women, except for LGA infants (129). Although emergency care pathways were
designed to identify women at the highest risk (118), | hypothesized that the emergency
COVID-19 pathways for GDM diagnosis may disproportionately affect women from lower
socioeconomic and non-White ethnic groups. This hypothesis is addressed as a

secondary aim of my study, with findings reported in a detailed subgroup analysis.

The following section presents the findings in a publication format. The full paper can be

accessed at: https://doi.org/10.1111/1471-0528.17716
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3.2 Impact of Covid-19 on GDM pregnancy
outcomes in the UK: A multicentre retrospective

cohort study
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1 | INTRODUCTION

In the UK, women with gestational diabetes (GDM) are the
largest high-risk group accessing antenatal care.! GDM is

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and rep

original work is propedy cited.

Abstract

Objective: To determine the impact of implementing emergency care pathway(s) for
screening, diagnosing and managing women with gestational diabetes (GDM) dur-
ing COVID-19.

Design: Retrospective multicentre cohort.

Setting: Nine National Health Service (NHS) Hospital Trusts/Health boards in
England and Scotland.

Population: 4915 women with GDM pre-pandemic (1 April 2018 to 31 March 2020),
and 3467 women with GDM during the pandemic (1 May 2020 to 31 March 2021).
Methods: We examined clinical outcomes for women with GDM prior to and during
the pandemic following changes in screening methods, diagnostic testing, glucose
thresholds and introduction of virtual care for monitoring of antenatal glycaemia.
Main Outcome Measures: Intervention at birth, perinatal mortality, large-for-gesta-
tional-age infants and neonatal unit admission.

Results: The new diagnostic criteria more often identified GDM women who were
multiparous, had higher body mass index (BMI) and greater deprivation, and less
frequently had previous GDM (all p<0.05). During COVID, these women had no
differences in the key outcome measures. Of the women, 3% were identified with
pre-existing diabetes at antenatal booking. Where OGTT continued during COVID,
but virtual care was introduced, outcomes were also similar pre- and during the
pandemic.

Conclusions: Using HbAlc and fasting glucose identified a higher risk GDM popu-
lation during the pandemic but this had minimal impact on pregnancy outcomes.
The high prevalence of undiagnosed pre-existing diabetes suggests that women with
GDM risk factors should be offered HbAlc screening in early pregnancy.

KEYWORDS
COVID-19, gestational diabetes

associated with an increased risk of a range of obstetric and
neonatal complications compared with the general mater-
nity population.” A high proportion of women with GDM
are from minority ethnic backgrounds and live in deprived

© 2023 The Authors. BJOG: An Internationd Journal of Obstetrics and Gymaecology published by John Wiley 8 Sons Ltd.

858 l wileyonlinelibrary.com/journal/bjo

BJOG. 2024;131:858-868.
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COVID-19 AND GDM PREGNANCY OUTCOMES

areas — additional known risk factors for adverse pregnancy
outcomes.”

Risk factor-based screening for GDM diagnosis using
the 75-g oral glucose tolerance test (OGTT) at 24-28 weeks’
gestation and antenatal care in a multidisciplinary clinic, is
recommended as best practice in UK National Guidelines.*
However, at the start of the COVID-19 pandemic, pregnant
women were advised to practice social distancing and self-iso-
lation to lower their risk of viral exposure. On 1 April 2020,
the UK Royal College of Obstetricians and Gynaecologists
(RCOQ) issued guidance on ‘service modifications’ to pro-
tect the maternity population.” These emergency guidelines
were rapidly implemented in National Health Service (NHS)
Trusts and Health Boards across the UK.® The recom-
mended changes in biochemical tests and glucose thresholds
for screening, diagnosis and management of GDM (Figure 1)

‘For women who have additional risk factors for GDM (NICE guide

were selected to identify the approximately 5% of women at
highest risk of obstetric and neonatal complications related
to maternal hyperglycaemia. Reducing face-to-face consul-
tations with the multidisciplinary team by introduction of
telemedicine clinics for remote education and monitoring
of antenatal glycaemia was also recommended.” Similar
changes were implemented in Canada and Australia.”

With knowledge that pregnancy outcomes are poorer
in women with untreated GDM,>" these pandemic-related
changes to standard antenatal care led to concerns about
potential indirect harms of COVID-19 on pregnancy out-
comes for women with GDM." ™" Studies using retrospec-
tive data to model outcomes associated with introduction of
the emergency GDM care pathway reported the potential for
a decrease in the prevalence of GDM and poorer pregnancy
outcomes. "™

criteria), add HbAlc and r: m plasma glucose (RPG) to

the booking bloods

HbAlc = 48 mmolmol OR
RPG = | L.Immol/L

Manage as Type 2 diabetes

If one of the following criteria are met, after
a normal GDM screening test at 28 weeks',
consider re-screening for GDM or glucose

monitoring
. Heavy glycosuria (2+)
. High dinical suspicion of dabetes

(symproms ~ nocturia, thirst, polydipsia)
. Large for gestational age fetus /

polyhydramnios

HbAlIc 4| =47 mmolmol OR
RPG 9-1 Immol/L

Manage as GDM

HbAlc = 39 mmolmol OR
fasting glucose = 5.6 mmolL*

OR RPG = 9 mmol/L

HbAIc < 41 mmol/mol

Send HbA | c and fasting glucose (or RPG if fasting not feasible) with

routine bloods at 28 weeks' gestation

HbAIC <39 mmol/mol AND
fasting glucose < 5.6 mmol/l OR
RPG < 9mmoll

* Based on resources, clinical capacity and population characteristics considerusing lower FPG threshold
= 5.3 mmol/L to diagnose GDM.
Consider ysing risk calculators to obtain individualised risk estimates of GDM

FIGURE 1
Services in the evolving coronavirus (COVID-19) pandemic.®
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RCOG-recommended GDM care pathways for diagnosis of GDM during COVID-19. Adapted from Guidance for Maternal Medicine
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MCLENMAMNET AL,

We aimed to determine whether adoption of the emer-
gency GDM care pathway was associated with more adverse
clinical outcomes in women with GDM in the UK, and to
determine whether women from minority ethnic groups
and lower socio-economic groups were particularly disad-
vantaged by these pathway changes. We report on individual
patient data from nine NHS Hospital Trusts in England and
Scotland where the emergency GDM care guidelines were
fully or partially adopted.

2 | METHODS

2.1 | Studydesign

We conducted a multicentre retrospective cohort study
of women with GDM before and during the COVID-19
pandemic.

2.2 | Setting

Individual-level patient data from pregnancies diagnosed
with GDM were collected from local maternity and neona-
tal records at nine NHS Hospital Trusts/Health boards in
England and Scotland from 1 April 2018 to 31 March 2021.
Eight NHS Hospital Trusts/Health boards fully adopted the
emergency guidelines recommended by RCOG for diagno-
sis and management, as well as introduction of virtual clinic
reviews. One continued with their pre-pandemic pathway
for screening and diagnosing women; prior to the pandemic,
this Trust had an established virtual model of care for women
with GDM which was rolled out for all women during the
pandemic (partial adoption of the emergency guideline).

2.3 | Participants

We included singleton pregnancies with a diagnosis of GDM.
The diagnosis of GDM and its management were in accord-
ance with local care pathways at individual Trusts (Table 51).
We excluded pregnancy episodes with major congenital
anomalies, pregnancies ending before 20weeks, maternal
age <16 years and women with known, pre-existing diabetes.

24 | Group allocation/exposure

Women with a diagnosis of GDM before or after 1 April
2020 were allocated to the ‘Pre-COVID' or ‘COVID’ cohorts,
respectively.

2.5 | Data collection

Methods of data collection from the electronic health record
varied at each site from data release by a clinical auditor to

64

hand-data collection by medical students or members of the
clinical team.

Demographic data included maternal age at booking,
parity, smoking status (non-smoker or smoker), ethnicity
(self-assigned and grouped for analysis into white, Asian,
black, and other), body mass index {BMI), history of GDM,
history of hypertension and index of multiple deprivation
(IMD in England, SIMD in Scotland}, grouped into low
(deciles 8-10), middle (4-7) and high (1-3 s,

Data on GDM included gestational age at diagnosis
(days), diagnostic test confirming the diagnosis (oral glu-
cose tolerance test [OGTT], booking glycated haemoglobin
[HbAlc] or random plasma glucose [RPG], or 24- to 28-week
fasting glucose or HbAlc), and pharmacological treatment
{metformin or insulin).

We selected outcomes based on the recommended GDM
core outcomes set."” Maternal outcomes included hypertensive
disorders (defined as any one of gestational hypertension or
pre-eclampsia), induction of labour, gestational age at birth
(days), mode of birth, postpartum hasmorrhage (>1500mL
blood loss, as this definition is used in the maternity services
dashboard key performance indicator as part of a nationally
agreed set of indicators in NHS England), shoulder dystocia
(defined by birth attendant) and obstetric anal sphincter in-
jury, as documented in the maternal health record. Neonatal
outcomes included birth outcome (non-registerable birth [de-
fined as births between 20" and 23" weelks gestation], still-
birth [fetal death at =24 weeks' gestation] or live birth), neonatal
death {at <6weeks after birth}); preterm birth (<37 weeks' ges-
tation), birthweight (g), sex, large-for-gestational age (LGA),
small-for-gestational age (SGA), appropriate-for-gestational
age (AGA) infants at birth (defined as birthweight >90th or
<10th, and 10th—90th centiles respectively, using Intergrowth
21 population-based centile charts™), Apgar score at 5min,
neonatal unit admission, neonatal hypoglycaemia and respira-
tory distress {all defined by local clinical protocols).

For comparison, aggregate data on the incidence of LGA,
SGA and AGA births in term births between 1 April 2018
and 31 March 2021 were obtained from routinely collected
national data sources. Data on infants born in England were
derived from Hospital Episode Statistics (HES), collated
and supplied by the National Maternity and Perinatal Audit
(WMPA) group. Data on infants born in Scotland were de-
rived from Scottish maternity records (SMR02), collated and
supplied by Public Health Scotland (PHS) via the Scottish
Health and Social Care open data platform. Full technical
reports from PHS and NMPA are available.*™*

2.6 | Keyoutcomes

The key maternal outcome was the need for intervention at
birth, including operative vaginal delivery, and caesarean
section {emergency and elective).

Key neonatal outcomes were perinatal mortality (as the
total of non-registered births, stillbirths and live births),

LGA and neonatal unit admission.'®
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COVID-19 AND GDM PREGNANCY OUTCOMES

All other maternal and neonatal outcomes were consid-
ered secondary outcomes.

2.7 | Statistical analysis

Analyses were undertaken using R studio (version
2022.2.1.461). Normal distribution of continuous variables
was tested using the Kolmogorov-Smirnov normality test.
Differences between groups were tested using the Student
t-test (for continuous normally distributed), Mann-Whitney
U-test (for non-normally distributed variables), and ¥* test
(for categorical variables). Data are mean (standard devia-
tion [SD]) or number (%) in text and tables. Missing data
for covariates are represented with a categorical-variable
term given the low frequency of missing values, rather than
as imputed values. Multivariate logistic regression analy-
sis was performed to calculate adjusted odds ratios (aOR),
with 95% confidence intervals (CI), to evaluate the effect on
maternal and neonatal outcomes of full or partial adoption
of the emergency GDM care pathway, compared with pre-
pandemic. Analyses were adjusted for confounders (includ-
ing maternal age, BMI, ethnicity, parity, induction of labour,
gestational age at birth, birthweight centile, mode of birth,
neonatal unit admission), depending on the outcome. A ran-
dom effects model was applied to account for clustered data
among the population that adopted the RCOG emergency
guideline.

Analyses were conducted separately for Trusts that fully
or partially adopted the emergency GDM care guidelines.

GDM incidence before and during COVID-19 was es-
timated using time-matched cohorts between April and
December in 2019 and 2020. This was calculated using
month of GDM diagnosis and monthly pregnancy booking
rates.

We undertook a secondary analysis comparing key
study outcomes in women from non-white ethnicity back-
grounds and those from the most deprived socio-economic
groupings.

To control for changes in practice over time and seasonal
variation in GDM,* we undertook a sensitivity analysis,
comparing data from April 2019 to April 2020, with those
from April 2020 to April 2021.

We did not correct for multiple hypothesis testing, as we
had prespecified our analysis plan and there were no signifi-
cant findings for our key outcomes.

Statistical significance was set at p<0.05 for all tests.

2.8 | Patient and public involvement

The research question and outcome measures were in-
formed by the recent James Lind Alliance Priority Setting
Partnership that involved individuals with GDM and their
healthcare providers. Optimising the diagnosis and manage-
ment of GDM was identified as a priority for diabetes preg-
nancy research.”*
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3 | RESULTS

3.1 | Participants

We identified 8523 pregnancy episodes with a GDM diagno-
sis, from nine NHS Trusts/Health Boards, between 1 April
2018 and 31 March 2021. A total of 141 (1.7%) GDM preg-
nancy episodes were excluded because of missing data on
GDM diagnosis date. Of the 8382 GDM pregnancy episodes
included, 4915 were in the ‘Pre-COVID’ cohort and 3467 in
the ‘COVID’ cohort (Figure 2).

Eight Trusts (5251 [62.6%] GDM pregnancy episodes)
fully adopted the emergency GDM care guideline, and one
Trust (3131 [37.4%] GDM pregnancy episodes) partially ad-
opted the guideline by continuing OGTT for GDM diagno-
sis but rolling out virtual antenatal care.

3.2 | Incidence of GDM

GDM incidence before and during COVID-19 was estimated
at six study sites. We identified significant between-site varia-
tion in GDM incidence, during both Pre-COVID (range 2.2-
8.5%) and COVID epochs (2.1-11.5%) (Figure S1). Of the five
regions that had adopted the emergency care pathway, GDM
incidence increased during versus pre-pandemic at two sites
(sites 3 and 6, Figure S1); was stable at two sites (sites 1 and 8,
Figure S1) and decreased at one site (site 7, Figure S1). GDM
incidence increased (8.5-11.2%) at the site which had only
partially adopted the emergency care pathway with introduc-
tion of virtual monitoring but with continuation of OGTT.

3.3 | Characteristics of women diagnosed
with GDM

Table 1 presents the demographics of included women.
Several differences were noted Pre-COVID versus
COVID, for women overall and according to whether the
Trusts fully or partially adopted the emergency GDM care
guidelines.

Overall, compared with women diagnosed Pre-COVID,
those diagnosed during COVID were more often multipa-
rous, had a higher BMI, more often experienced deprivation
and were less likely to have had previous GDM. Data on
parity, ethnicity, BMI and deprivation were less likely to be
missing during the pandemic (Table 1).

In the eight Trusts (n=>5382) that adopted all aspects of
the emergency GDM care guideline, pregnancies during
versus Pre-COVID were more likely to be of Asian or black
ethnicity, have higher BMI and experience higher levels
of deprivation, and less likely to have a history of previous
GDM (Table 1).

In the one Trust which continued OGTT, pregnancies
during versus Pre-COVID experienced lower levels of depri-
vation and had significantly fewer women with prior GDM
(Table 1).
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MCLENNANET AL.

‘Enrolment

8523 GDM pregnancy episodes, identified between 1st April 2018 and

31st Match 2021

}

1st April 2020 emergency
GDM pathway

Cohort unassigned
exchided (n = 141)

Pre COVID (n = 4915)

COVID (n =3467)

l

l

Analysed (n = 4915)

1713

Guideline full adopters: n=2930
Partial adopters: n = 1985

Incidence and sensitivity*: n =

Analysed (n =3467)

Guideline full adopters: n = 2321
Partial adopters: n= 1146
Incidence and sensitivity*: n = 1852

FIGURE 2 CONSORT flow chart of participants. *GDM incidence before and during COVID-19 was estimated using time-matched cohorts
between April and December 2019 and 2020; Sensitivity analysis was undertaken to account for changes in practice over time and seasonal variation in
GDM by comparing data from April 2019 to April 2020, with those from April 2020 to April 2021.

In the sensitivity analysis, comparing women diagnosed
with GDM in only 2019 and 2020, we identified similar pat-
terns (Table 1).

3.4 | Screening and diagnostic tests for GDM

At the eight sites which adopted the emergency GDM care
recommendations, women were diagnosed, on average,
9days later during versus pre-pandemic (183 [47.4] versus
173 [50.1] days, p<0.001), respectively. Data on HbAlc at
antenatal booking was available for 906/2321 (39%) women
and data on RPG was available for 490/2321 (21.1%) women.
Thirty-two women were managed as having type 2 diabe-
tes, based on 26/906 (2.9%) women with HbA1c =48 mmol/
mol and 6/490 (0.1%) having an RPG =11.1 mmol/L. A total
of 183 women were managed as having GDM, based on
166/906 (17.8%) with HbA1c 41-47 mmol/mol, and 17/490
(3.5%) having an RPG 9.0-11mmol/L. There was a signifi-
cant increase in mean fasting glucose level at 24-28 weeks of
0.3 mmol/L.
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At the one site which maintained diagnostic OGTT test-
ing, women were diagnosed an average of 7days earlier
during versus pre-pandemic (182 [35.3] versus 189 [32.9]
days, p <0.001), respectively. Although at 2428 weeks' gesta-
tion, there were minor decreases in both HbAlc and fasting
glucose during the OGTT, the 2-h value did not differ.

3.5 | Impactofimplementation of the
emergency GDM care pathway on key
maternal and neonatal outcomes

Table 2 shows that at the eight sites which implemented the
emergency GDM care pathway criteria, there were no dif-
ferences during versus Pre-COVID in the key maternal out-
comes of operative deliveries or caesarean section. There
were also no differences in perinatal mortality, LGA or neo-
natal unit admission.

At the Trust where no changes in the GDM diagnostic
pathways were made, there were no differences in the inci-
dence of adverse outcomes (Tables 2 and 3).
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MCLENNANETAL.

G

Operative vaginal delivery V 121 0.85-1.72

TABLE 2 Key maternal and neonatal outcomes during versus Pre-COVID.

0.285 0.85 0440

0.55-1.29
Emergency caesarean section L19 0.94-1.50 0.141 0.92 0.68-1.23 0562
Elective caesarean section 108 0.76-1.25 0.843 106 0.74-1.51 0.735
Perinatalmoriali' 048 00462 0573 240 0s8-841 0218
Large-for-gestational age infants” 1.02 0.83-1.24 0.884 0.93 0.65-1.34 0.713
Neonatal unit admission” 107 0.78-1.46 0672 126 074211 0395
Note: All models adjusted for Ich ics (age, BMI, parity; ethnicity; dep previous GDM, hyp ive disorder), induction of labour and gestational age

at birth.
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.

*Additionally adjusted for mode of birth, birthweight centile, Apgar score at Smin, neonatal unit admissi i y di

*Additional adjustment for mode of birth.
“Additional adjusted for birth weight centile, mode of birth.

TABLE 3  Secondary study outcomes.

<0.001 0.37 0.207

Hypertensive disorders 213 1.47-3.08 0.06-1.46
‘Pharmacological treatment—insulin 076 042-1.32 0351 NA NA NA
harmacological treatment—metformin 133 0.85-2.09 0.215 NA NA NA
Post-partum haemorrhage > 1500mL? 0.65 0.42-1.02 0.059 0.90 0.61-1.32 0.610
Obstetricanal sphincter injury® 0.60 027-131 0197 067 035-1.26 0225
Shoulder d‘yltodl‘ 0.64 0.26-1.59 0.337 1.03 0.25-3.82 0.968
VR-enpintm'y distress* 1.65 0.84-3.23 0.145 1.05 0.55-1.95 0.881
Small-for-gestational-age (SGA)* 127 0.76-2.13 0367 123 076-195 0392
Apgar score at Smin <7h 0.87 0.53-1.43 0.583 0.5 0.28-1.09 0.085

Note: All models adjusted for maternal characteristics (parity, maternal age, BMI, smok

ing status, ethnicity, deprivation and previous GDM) (bold).

*Additional adj for ialhyp i
*Additional adjustment for mode of birth.
“Additional adj for gestation at birth, | unit admission, birthweight, sex and birth lexp to insulin and metformin.

3.6 | Impact of implementation of the
emergency GDM care pathway on
secondary outcomes

Table 3 shows that at the eight sites which implemented the
emergency GDM care pathway criteria, there was an increase
during versus Pre-COVID in the risk of maternal hyperten-
sive disorders (aOR 2.13, 95% CI 1.47-3.08) among women
diagnosed with GDM; these findings remained significant in
the 2019-2020 sensitivity analysis. There were no other dif-
ferences in maternal GDM treatment or in other outcomes.

In the Trust which continued OGTT and rolled out only
virtual care, there were no differences in maternal or neona-
tal outcomes during versus Pre-COVID.
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The unadjusted maternal and neonatal outcomes are
shown in Tables S2 and S3.

3.7 | Impact of implementation of the
emergency GDM care pathway on women from
ethnic minority backgrounds and from the

lowest socio-economic groupings

Maternal and neonatal outcomes were similar among women
from non-white ethnicity backgrounds to those for the whole
study population (Table S4). At sites where the emergency
guideline was adopted, there was an increase during versus
Pre-COVID in emergency caesarean section (aOR 1.69, 95%
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COVID-19 AND GDM FREGNANCY OUTCOMES

CI 1.07-2.68) in women with GDM. No differences in key
maternal and neonatal outcomes were seen; the only change
made to GDM care pathways during the COVID pandemic
was implementation of remote antenatal care for all women
{Table 54).

Maternal and neonatal outcomes for women with GDM
from the most deprived socio-economic backgrounds
(women from IMD and SIMD decile groups 1-3) were sim-
ilar during versus Pre-COVID (Table 55), except for emer-
gency caesarean sections, where an increase was seen {aOR

1.61,95% CI 1.01-2.57} { Table 85).

3.8 | Birthweight centiles in the whole
maternity population (England and Scotland)

Among 1204593 term births in England and Scotland be-
tween April 2018 and April 2021, the proportion of infants
in each birth centile category (LGA, SGA, AGA) was not sig-
nificantly different during versus Pre-COVID-19 (p=0.81,
LGA 12.2% [46, 348/378, 315] versus 11.4% [98, 319/862,
278], respectively, and SGA during 5% [42, 797/862, 278]
versus 4.6% [17, 575/378, 315]).

4 | DISCUSSION
41 | Main findings

We used observational, routinely collected data to examine
the experience of screening, diagnosing and managing GDM
in the UK during the COVID pandemic. We were able to ex-
plore two different strategies, one where diagnostic pathways
remained similar (induding use of OGTT), but antenatal
GDM care was delivered largely remotely, and another where
HbA1c and random glucose were the predominant diagnostic
tests alongside remote antenatal care delivery. Our findings
suggest that where the emergency GDM care pathway recom-
mended by RCOG was adopted for screening and diagnosing
GDM, a higher risk GDM population was identified, with an
increased proportion of women from Asian and black back-
grounds, from lower socio-economic groupings, with higher
BMI and higher fasting glucose values. Women were also di-
agnosed with GDM at a later gestational age. Nevertheless,
GDM care resulted in similar key maternal and neonatal
clinical outcomes. Where the GDM diagnostic pathway was
unaltered and virtual antenatal care was adopted for all GDM
women, there were also no differences in outcomes.

4.2 | Clinical interpretation

Among women who underwent biochemical screening
for hyperglycaemia at antenatal care booking, the 3.0%
prevalence of hyperglycaemia suggestive of type 2 diabetes
supports a practice of offering HbAlc screening in early
pregnancy to women with GDM risk factors.™
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The higher risk population identified using the emer-
gency GDM care pathway could reflect improved uptake of
GDM screening when offered at the time of routine antena-
tal appointments. Women from higher risk ethnic groups,
with obesity, and lower socio-economic status are known
to have poorer uptake of the OGTT.™* Common reasons
include inability to tolerate the test protocol, social/mental
health issues, difficulty keeping track of multiple antenatal
appointments, negative perceptions of the “sugar drink test’,
needing time off work and organising childcare, travel costs
and reduced health literacy.®" Although women were di-
agnosed with GDM an average of 9 days later during versus
before the pandemic, the majority of maternal and neonatal
outcomes were not different over time, suggesting that of-
fering alternative testing with HbAlc aligned with routine
antenatal booking and 28-week appointments, may be a sim-
ple, effective way to improve the detection of GDM.

In the GDM population identified at sites adopting the
emergency GDM care pathway diagnostic approach, an in-
crease was seen in development of a hypertensive disorder,
without differences in other major maternal or neonatal
morbidities. Overall, our findings of an increase in maternal
morbidity seen during the pandemic may have been driven,
at least in part, by the identification of a higher risk popu-
lation, rather than being solely a consequence of a change
in diagnostic approach or delivery of remote antenatal care.

Across the UK, we saw variation in GDM incidence, with
a trend towards an increase during 2020 compared with
2019. The published literature is inconsistent for this record.
In one UK maternity unit, a 45% reduction in GDM cases
was reported using emergency criteria retrospectively over
a sampling period of 6 weeks." Another study analysed ret-
rospective data collected over a &-year period and showed a
potential for a decrease in GDM of 29%." The incidence of
GDM also increased in the partial adopter site, although they
continued with their pre-pandemic pathway for screening
and diagnosing women. We were not able to explain this; it
is possible that the lockdown changed the mode of transport
available for women to attend for screening and this contrib-
uted to the findings, but this is speculation. Other studies
have reported an increase in GDM prevalence, particularity
associated with the first lockdown.”™*® One explanation for
an increase in GDM diagnosis during COVID-19 may relate

to lockdown behaviours, such as increased consumption of
snacks and carbohydrates™ " and reduced exercise,™ lead-
ing to weight gain,” an independent risk factor for GDM.™

4.3 | Strengths and limitations

A strength of our study is that we demonstrate contempo-
rary, UK-wide representation of GDM population demo-
graphics, screening strategies and maternal and neonatal
outcomes. Many sites "hand-collected’ data, overcoming the
problems of poor national coding of GDM and the lack of
linked data collection systems that would facilitate national
audit, as possible for pre-gestational diabetes in pregnancy.™
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We chose a before-and-after comparison analysis, which
is well-suited for evaluating changes in clinical practice in
real-world settings.™ As the national guidelines that are
published by RCOG are typically interpreted in the UK as
guidance rather than being mandatory, there was variation
in uptake of the guidelines during the pandemic, allowing
us to report on centres where there was little change in clini-
cal pathways, as well as centres where care pathways were
changed.

Limitations of our study include our before-after study
design, as the heavy data collection burden precluded collec-
tion of data at multiple time points; however, we did adjust
for known confounders of the GDM-outcome relations. We
could not determine incidence at all sites and the findings
need to be interpreted with caution, given the possibility of
lack of data ascertainment. We were also unable to identify
women whose diagnosis of GDM was potentially ‘missed’,
because of the altered diagnostic approach during COVID.
As in the pre-pandemic epoch in the UK, there was no uni-
versal biochemical screening for GDM during COVID, so
confirming that the whole population was screened using
clinical risk factors was not possible; we could only include
women diagnosed and treated for GDM from among those
tested based on clinical risk factors, demonstrating that
these women do not appear to be at significant risk of poor
obstetric outcomes, unlike women with raised glucose lev-
els in pregnancy who are not treated.”” Our findings do not
support retrospective studies that modelled pregnancy out-
comes associated with the emergency GDM care pathways,
and suggested that adverse outcomes may be increased be-
cause women who would have normally been diagnosed with
GDM may be ‘missed’'® Consistent with our findings is a
prospective study in Spain that found that the rate of missed
diagnoses of GDM did not substantially change when com-
paring conventional criteria used before the pandemic with
alternative diagnostic criteria used during the pandemic.”®
A nationwide cohort study of 948020 singleton births in
England, comparing maternal and neonatal outcomes for
the general maternity population during COVID-19 and
in the year prior, found an increase in obstetric interven-
tion.” We had no information about whether women were
included in both Pre- and COVID populations and so were
not able to adjust for this in our analyses. Finally, some out-
comes had high degrees of missingness, which increased or
decreased during versus Pre-COVID, highlighting the need
for high-quality, routine clinical audit of GDM and related
outcomes.

5 | CONCLUSION

Despite major changes to antenatal care pathways during
the pandemic, maternal and neonatal outcomes for women
diagnosed and treated for GDM were similar to those pre-
pandemic and/or were accounted for by identification of a
higher risk population. This emphasises the need for large-
scale trials to evaluate different screening and management
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strategies and their impact on clinical care outcomes,
healthcare provider workload, and cost. Of particularinterest
are various combinations of clinical risk factor screening
and biochemical diagnostic testing, as well as combinations
between any of these approaches and universal biochemical
screening. Approaches introduced during the COVID-19
pandemic are particularly worthy of evaluation; alternative
screening tools of HbAlc and random plasma glucose
facilitate early identification of GDM among higher risk
women who may also fail to attend for OGTT, and remote
and virtual antenatal care for glucose management provide
alternative models of care.
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3.3 Conclusions

This chapter presents findings from the first part of a two-part multi-method evaluation
of emergency care pathways for screening, diagnosing, and managing GDM during the
COVID-19 pandemic. The key findings are discussed in relation to recent literature and

are connected to the broader research presented in this thesis.

3.3.1 Literature review

The findings of this study are consistent with other reports, which confirm similar
pregnancy outcomes under the emergency guidance for GDM screening and diagnosis.
Pregnancy outcomes were modelled using UK data from 2018, showing comparable
rates of LGA infants, Caesarean births, preterm deliveries, and stillbirths among women
diagnosed via NICE criteria compared to those diagnosed using HbA1¢c 239 mmol/mol or

fasting plasma glucose (FPG) 25.6 mmol/L (130).

Notably, in maternity care settings where GDM diagnostic pathways remained
unchanged but virtual antenatal care was adopted, no differences in key pregnancy
outcomes were observed. This finding is supported by international evidence. A
Canadian cohort study reported no significant increase in maternal or fetal
complications following the introduction of virtual antenatal care during the first year of
the pandemic (131). Similarly, in Australia, a publicly funded health system replaced 46%
of in-person antenatal consultations with telehealth visits, reporting no changes in
adverse pregnancy outcomes compared to conventional care (132). Furthermore, a
feasibility study of "DiabCare", a telemonitoring platform for remote GDM care,

demonstrated significant improvements in glycaemic control (133).

These findings contribute to a growing body of evidence supporting the feasibility of
remote GDM care (134-137). However, it remains unclear how many healthcare
providers in the UK have adopted remote or hybrid care models since the pandemic.
Anecdotal evidence suggests that remote clinical care has become an integral part of

GDM management, and findings from subsequent parts of this multi-method study,
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particularly qualitative insights from healthcare professionals, are likely to inform the

continuation or expansion of such care models.

3.3.2GDMincidence

A key finding of this study was the increased incidence of GDM during the COVID-19
pandemic compared to pre-pandemic levels. Across sites where diagnostic criteria
(NICE 2015) remained unchanged, GDM incidence rose from 8.5% to 11.2%. This trend
is consistent with national data, which reported a 33% increase in GDM incidence during
the pandemic (138). Globally, reports have documented similar increases in GDM
incidence during the pandemic, ranging from 13% to 34% (139-145). For example, in the
United States, national statistics recorded a 30% rise in GDM rates, reaching 7.8 cases
per 1,000 births (144). Contributing factors may include reductions in physical activity,

increased sedentary behaviour, and weight gain during lockdowns (146-149).

Some studies suggest that a gradual increase in the risk profile of pregnant populations,
such as rising maternal age, body mass index (BMI), and gestational weight gain (GWG),
may partly explain the higher GDM detection rates. A multicentre retrospective cohort
study in Australia involving 28,207 pregnancies compared GDM detection rates during
two pre-pandemic years with the first and second years of the pandemic. GDM incidence
increased across the pandemic periods (21.2% vs. 22.9% vs. 24.8%; p < 0.001),
coinciding with rises in maternal age, BMI, obesity prevalence, and GWG. However, after
adjusting for maternal baseline characteristics and GWG, only the second year of the
pandemic was independently associated with an increased risk of GDM (OR 1.17 [1.06,

1.28], p = 0.01) (143).

Other studies, however, present contrasting findings. A UK cohort study observed a
significant increase in GDM detection during the pandemic compared to pre-pandemic
levels but found no significant change in the overall proportion of women undergoing
risk-based screening between 2006-2020 and 2020-2021 (63.75% vs. 69.45%; p = 0.526
(138) Similarly, in another cohort study comparing 5,245 pre-pandemic pregnancies with

4,843 pregnancies during the pandemic, GDM prevalence rose by 22.2% (from 9.9% to
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12.2%), yet no significant increase in GWG, even among women with obesity, was noted

(150).

The increase in GDM detection may partially reflect gradual changes in the risk profile of
pregnant populations over time. However, the close temporal proximity of pandemic
cohorts suggests that pandemic-specific factors likely played a significant role. Potential
contributors include physiological stress caused by prolonged lockdowns, social
isolation, economic hardship, and a rise in mental health conditions such as anxiety and
depression. Notably, only one study reporting an increase in GDM incidence included
data on COVID-19 infection. This study observed higher rates of COVID-19 infection
during the second year of the pandemic, which coincided with an adjusted increase in
GDM detection (143). Current evidence on the effects of SARS-CoV-2 infection during
pregnancy highlights common placental histological changes, such as vascular injury
(malperfusion and thrombosis) and inflammation (151, 152). However, no clear
correlation has yet been established between maternal infection, placental lesions, and

the development of GDM, as research in this area remains extremely limited.

3.3.3Evaluation of alternative diagnostic tools

The data from this study indicate that women diagnosed with GDM during the pandemic
using HbA1c and fasting plasma glucose in routine antenatal care were a higher-risk
population compared to those diagnosed before the pandemic. This group included a
greater proportion of women from Asian and Black ethnic backgrounds, younger age
groups, lower socioeconomic statuses, and with higher BMIs and fasting plasma glucose

levels. The shift in population characteristics is likely multifactorial.

Firstly, HbA1c may have identified higher-risk women, as suggested by Saravanan et al.,
who demonstrated its utility as a diagnostic tool for GDM in low-resource settings (79).
Secondly, using a single non-fasted blood test during routine antenatal appointments
may have captured women who, pre-pandemic, might not have attended an OGTT or
been missed by risk-factor-based screening. This is significant, as these women

represent a high-risk group with an increased risk of stillbirth (40).
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The OGTT, while widely used, is resource-intensive and often poorly tolerated. Evidence
from a pragmatic randomised clinical trial involving 23,792 women demonstrated that
adherence was higher in a two-step screening approach (92%) compared to a one-step
OGTT strategy (66%), suggesting a preference among patients and care providers for
simpler, single, non-fasting blood tests (50). Studies further emphasise that women
perceive the OGTT as inconvenient, unpleasant, and time-consuming, making it a barrier

to effective GDM screening (153, 154).

HbA1c demonstrates inadequate sensitivity for detecting GDM compared to the
OGTT(81), its potential role, either alone or as part of a composite risk score, warrants

further evaluation.

This study, along with others, supports the exploration of alternative diagnostic tests to

improve acceptability and uptake.

3.3.3.1 Continuous glucose monitoring

The role of continuous glucose monitoring (CGM) as an alternative diagnostic tool to the
OGTT has been recently evaluated. CGM involves the use of a disposable subcutaneous
electrochemical sensor to measure interstitial glucose levels. The sensor is connected
to a receiver, enabling continuous recording and storage of glucose data, which can be

captured as frequently as every 5 minutes, depending on the technology used (155).

While CGM has traditionally been studied in the context of GDM for its insights into
glucose regulation during pregnancy (156), recent research has focused on its utility in
diagnosing GDM (155, 157, 158). Studies comparing CGM to OGTT have demonstrated
CGM can identify significant differences between women with GDM and those with
normal glucose tolerance in terms of blood glucose variability and time spent in, below,

or above the recommended glucose range for pregnancy (155, 158).

An Australian study further explored the acceptability of CGM as a diagnostic tool.
Quantitative assessment revealed that CGM was significantly more acceptable to
women than the OGTT, with 81% rating CGM as highly acceptable compared to 27% for
OGTT (p < 0.001)(155). Similarly, a UK-based qualitative study evaluated CGM and home

OGTT, identifying key themes of reassurance and convenience. Women reported that
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CGM was painless, had few adverse events, and expressed strong recommendations for

its use in diagnosing GDM (159).

These findings highlight the significant promise of CGM as a diagnostic tool for GDM.
However, further research is needed to refine CGM metrics for identifying GDM and to

evaluate its potential for predicting adverse pregnancy outcomes.

3.3.3.2 Updated SIGN guidelines 2024

The SIGN guidance for the management of diabetes in pregnancy was updated in 2024,
introducing significant changes to the diagnostic thresholds for gestational diabetes
mellitus (GDM). Diagnhosis is based on a single-step 75 g OGTT for women with risk

factors, using the following thresholds:
o Fasting plasma glucose: =5.3 mmol/l
¢ Two-hour post 75 g glucose load: 29.0 mmol/l
e One-hour post 75 g glucose load (where used): 210.6 mmol/l

These updates were largely informed by emerging evidence from a recent large RCT that
compared lower and higher diagnostic thresholds. The trial found no significant
improvement in outcomes at the population or whole-study level with lower thresholds
(61). However, subgroup analyses showed that lower criteria were beneficial in certain
cases, with a number needed to diagnose and treat of 4 (95% CI 2 to 17) to prevent one

large-for-gestational-age (LGA) infant.

The guideline committee considered practical challenges in making this decision,
including the high volume of women with risk factors requiring OGTT and the fact that
some centres in Scotland had been unable to offer OGTT to all eligible women. Current
evidence suggests that raising the diagnostic thresholds will result in fewer women being
diagnosed with GDM in Scotland. A population level evaluation of this will be urgently

required.
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3.3.4Summary

The findings from this study underscore the potential for telehealth and alternative
diagnostic methods to improve access to GDM care, particularly for underserved
populations. However, further research is needed to evaluate the long-term impact of
these approaches on maternal and neonatal outcomes. Additionally, studies
investigating the interplay between COVID-19 infection, maternal physiology, and GDM

development are essential to better understand the pandemic's influence.

Chapter 2 presents the second part of a multi-method study evaluating changes in GDM
care delivery during the SARS-CoV-2 pandemic. This study examines healthcare
professionals' perceptions and experiences of providing remote antenatal care to

women with GDM during this time.
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4 Results Chapter 2
4.1 Introduction

This chapter begins with a review of the literature on remote antenatal care for GDM. The
literature presented includes a summary of studies, before and during the first wave of
the SARS-CoV-2 pandemic, which informed the research question and design of my
study. Past literature relevant to the implementation of remote care for GDM within the
NHS is addressed, and the rationale for undertaking a qualitative interview study of UK

HCPs is then presented.

The remainder of this chapter is structured into four sections. Section one outlines the
aims and key research questions of the study. Section two provides a discussion of the
study’s methodological approach, including sampling, recruitment, data collection,
analysis, and sociological framework adopted. The main findings of the study are
presented in section three. The themes identified through thematic analysis are
presented under three inter-connected research questions. Finally, section four
explores the findings in relation to the existing literature, considers the wider
implications of my research. There are 2 appendices at the end of the thesis related to
this chapter: the participant information sheet (Appendix 2.1) and interview topic guide

(Appendix 2.2).

4.1.1Remote clinical care

Remote clinical care is a healthcare model that delivers complete episodes of care
without the need for face-to-face interactions (NHS England) (160). This approach uses
telecommunication and electronic information technologies, commonly known as
telemedicine or e-health, to replace in-person interactions between healthcare
providers and patients (161, 162). By leveraging these technologies, remote clinical care
can deliver a broad range of services, including consultations, monitoring, and patient
education (162). Akey componentin this model is remote patient monitoring, also known
as telemonitoring, where patients monitor their health conditions and relay data to
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healthcare professionals for evaluation and action, all from outside conventional
medical settings (160, 161). In this study, the terms "remote care" and "remote

monitoring" are used to describe these practices.

4.1.1.1 The landscape of remote GDM care before SARS-CoV-2

For several years, remote clinical care has been proposed as a potential solution to the
increasing demand that GDM places on maternity services (163-165). Remote care
systems offer a wide range of services, including monitoring blood glucose levels,
providing dietary advice, promoting physical activity, managing blood pressure, and
offering post-natalinterventions (165). Despite the growing demand and development of
remote care services, their use in GDM antenatal care remained low and infrequent
before the SARS-CoV-2 pandemic—a trend observed across many medical disciplines
and healthcare systems worldwide. The limited adoption of remote clinical care for GDM
was due to several factors, including concerns about patient safety given the high-risk
nature of the condition. Technological limitations, challenges in data integration, and the
comfort of both providers and patients with traditional care models also played a
significant role. Additionally, regulatory restrictions, particularly regarding data security
and privacy, along with limited reimbursement frameworks, further reinforced the

preference for traditional, in-person management methods (166)

Although remote care delivery has not been routinely offered in the clinical management
of GDM, it has been extensively evaluated in clinical trials, leading to the publication of
several systematic reviews addressing concerns about patient safety. The largest review,
published in 2020, analysed outcomes from 32 RCTs involving 5,108 women with GDM
(134). This study assessed a wide range of remote care interventions, including
hardware, software, mobile apps, and web-based systems for education, dietary
interventions, physical activity, and remote blood glucose monitoring. Overall,
compared to standard care, remote care interventions resulted in a small but significant
improvement in maternal glycaemic outcomes. Additionally, a meta-analysis of pooled
data from 19 trials showed a reduction in Caesarean birth rates in the remote care group
compared to standard care. Two more recent systematic reviews, including studies
published up to 2021, reported similar findings, with remote interventions linked to

improvements in glycaemic control, lower maternal weight gain during pregnancy, and a
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reduced need for Caesarean births (135, 136). Overall, the pooled evidence suggests
that remote care interventions have small but positive effects on maternaland glycaemic

outcomes.

4.1.1.2 Remote glycaemic monitoring interventions

Some of the most widely used tools in remote GDM care are those that provide remote
access to women's home blood glucose readings, enabling them to monitor their levels
at home with results transmitted in real-time to healthcare providers. Early innovations
in this field utilised web-based platforms (165, 167-171) . However, there has been a
recent shift toward mobile health (mHealth), where smartphones are used to transfer
data and run applications, facilitating remote blood glucose monitoring and
communication between patients and healthcare providers. In the UK, Mackillop et al.
developed a digital blood glucose management system called "GDm-health", which
operates on a mobile app platform to enable monitoring and bidirectional digital
communication. A randomized trial found the "GDm-health" app to be safe, with no
differences in maternal and neonatal outcomes compared to standard care, except for
a reduction in caesarean births (172). Similarly, researchers in Australia, China, Israel,
Norway, Singapore and Spain have developed smartphone applications that integrate
remote blood glucose management with digital dietary, exercise, and weight
management tools, alongside communication features (173-180). Overall, these
integrated remote glycaemic management tools demonstrate modest improvements in

glycaemic outcomes with no safety concerns (134-136).

4.1.1.3 Evaluation of remote care interventions

To date, mostresearch on remote clinical care models for GDM has followed a traditional
approach, focusing on predefined clinical outcomes and objective endpoints,
essentially asking the question, "Does it work?" (134-136). However, in accordance with
the Medical Research Council (MRC) guidance on evaluating complex interventions,
effectiveness assessments must consider the full spectrum of effects and how they vary

among recipients and providers across different sites and over time (124).
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To address this, some researchers have expanded their evaluations to explore the
processes involved in implementing remote GDM care, asking, "How and why does it
work?" These questions are essential for evaluating complex interventions, as the same

intervention may be perceived and implemented differently across various settings.

Studies have examined adherence as well as the acceptability and satisfaction of both
women and healthcare providers with remote interventions. A mix of quantitative and
qualitative methods has been employed to explore these factors. Reports indicate that
women’s participation in and adherence with remote GDM care are higher compared to
those receiving standard care (167, 170, 181-184). Similarly, researchers have noted
high levels of satisfaction among women receiving remote clinical care (163, 165, 167,
173,175, 181, 182, 184-187). In the UK, Hirst et al. assessed women'’s satisfaction with
the “GDm-health” mobile app, finding that 57 out of 60 women reported they would use
it again, with significantly higher satisfaction compared to standard care (172, 185).
Another UK study found that women were willing to self-manage GDM from home and be
monitored remotely during pregnancy, with 78% to 90% of participants finding

smartphones acceptable for managing their GDM (188).

Qualitative studies examining women’s experiences with remote clinical care have
identified themes such as convenience, particularly in reducing hospitalvisits forwomen
living far away or those with childcare and work commitments (168, 175, 187, 189, 190).
The ease of use, especially with digital blood glucose management compared to paper
diaries, was also commonly reported (168, 187, 191). Accessibility emerged as a
common theme, with women appreciating the ability to access information and data at
any time due to the widespread availability of mobile phones (191-193). These studies
also reported improved GDM self-management, facilitated by the visualization and easy
access to data (189, 190, 192). Women described how remote blood glucose
technologies helped them better understand the relationship between blood glucose
levels and dietary intake. The usability of technology, particularly the quality and
personalization of information, was highly valued. Overall, women’s feedback was
positive, though some issues were raised, particularly technical difficulties related to
data transfer and concerns about the privacy of personal health information (168, 192,

193).
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A smaller number of studies have included healthcare professionals’ experiences in their
evaluation of remote GDM care. Similar to studies gathering women’s insights, many
researchers focused on quantitative evaluations using satisfaction and acceptability
scores. Healthcare providers generally viewed remote care interventions as suitable and
appropriate forwomen with GDM (168, 182, 189, 193, 194). In studies using interviews or
focus groups, themes relating to convenience emerged, particularly the ability to
remotely access women’s blood glucose readings (194). Effects on workload were
commonly discussed, with some healthcare providers noting that remote care improved
efficiency by allowing more time for interaction during consultations and facilitating
quicker responses to episodes of hyperglycaemia (163, 181). However, other studies
reported an increased workload for healthcare providers, driven by the longer duration
of telephone consultations compared to face-to-face visits and additionaladministrative
tasks (168, 194). Communication challenges were also highlighted, with providers
noting that remote interactions made it difficult to gauge patients' emotions and led to
missed opportunities to talk to patients directly (181, 193). Lastly, technical issues were

identified as potential barriers to the future use of remote clinical care (193).

4.1.1.4 Agapinthe literature

An existing body of evidence supports the use of remote care delivery for GDM. Reviewing
the literature offers some insights into usability and satisfaction. However, reviewing
these studies highlight significant gaps in our understanding of delivering remote care for

women with GDM.

To date most studies are small, single-centre trials, often pilot studies conducted in
controlled research settings. These studies typically restrict participation to native
language speakers with access to the necessary technology (12, 27, 34, 38). As a result,
they offer little insight into how remote care interventions would be received and
implemented in real-world settings or among more complex patients. To my knowledge,
only one study has focused on evaluating remote care for lower-income women (195).
Such biases significantly limit the generalizability and depth of the findings. This

limitation was emphasised in one study where healthcare providers noted that the
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remote care model only appeared effective for typical GDM patients, yet the study did

not include high-risk patients (193).

The emphasis on quantitative rather than qualitative inquiry has prevented researchers
from fully exploring the broader impacts of remote care and understanding how these
interventions are perceived and implemented. Furthermore, most studies focus on
women's engagement and satisfaction, often excluding the perspectives of healthcare
providers and other stakeholders. In studies where these views were solicited,
researchers included fewer than five participants, sampling from a narrow range of
disciplines (168, 181, 182, 193, 194). The very small sample sizes in these studies make
it highly unlikely that the authors achieved data saturation, limiting the robustness of

their conclusions.

A recent conference consensus on patient engagement in healthcare emphasizes the
criticalrole of healthcare providers' commitment, identifying it as a key factorin fostering
patient engagement (196). Graffigha et al. highlight that the adoption and delivery of
remote care systems will have significant impacts on healthcare providers' roles,
influencing job satisfaction, commitment, and efficiency (196, 197) . These factors, in
turn, directly affect patient engagement. Therefore, the perspectives and experiences of
those delivering healthcare are essential in studies aimed at evaluating remote clinical

care (168).

4.1.2SARS-CoV-2 and remote GDM care

At the outset of the pandemic, the UK Government classified pregnant women as being
at higher risk of severe illness if infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Pregnant women were advised to adhere strictly to public
health measures such as social distancing and self-isolation to reduce their risk of
exposure. The Royal College of Obstetricians and Gynaecologists (RCOG) provided
guidance suggesting that GDM clinics could be effectively conducted via telephone or
video consultations instead of in-person where appropriate (118). This recommendation

led to the widespread adoption of remote antenatal services, with over 80% of antenatal
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appointments conducted remotely across the NHS in 2020 (198), and up to 70% of GDM

consultations being delivered remotely during the first wave of the pandemic (199).

The transition to remote clinical care was considered a necessary response to the
unprecedented challenges posed by the pandemic, despite the absence of formal
evaluations or a robust evidence base. The guidance from the RCOG acknowledged the

limited evidence underpinning many of its recommendations (118).

In Chapter 1, | examined the impact of changes to the screening, diagnosis, and
management of GDM on maternal and neonatal outcomes in the UK. Across the cohort
study sites, various approaches to care delivery were adopted. At one site, remote care
was implemented while pre-pandemic screening and diagnostic protocols were
maintained, resulting in no significant changes to maternal and neonatal outcomes
(200). Similar findings were reported in Australia, where integrating telehealth into
antenatal care reduced in-person consultations by 50% without adversely affecting
pregnancy outcomes (201). Comparable results were observed in studies conducted in
Spain, Poland, and the USA (201-204). While these studies provide evidence supporting
the feasibility of remote care for women with GDM, they fail to explore the mechanisms
behind its implementation. This gap leaves anincomplete understanding of how and why

remote care was delivered and its overall effectiveness during the pandemic.

During the first wave of the pandemic, a limited number of studies examined the impact
of remote care delivery in the NHS by exploring the experiences of women and HCPs
(199, 205). Most studies and published protocols focused on women's experiences with

GDM and general antenatal care (192, 206-208).

As discussed earlier, pre-pandemic studies on remote GDM care rarely included HCPs,
and this trend continued in the early pandemic research. In cases where HCPs were
included, studies primarily examined the acceptability of remote care using quantitative
and qualitative survey methodologies (205, 209, 210). These studies reported that virtual
clinics reduced unnecessary visits and enabled the safe management of low-risk
pregnancies from home. In one study, 89% (n=32) of qualitative survey respondents
reported a positive experience with telehealth, and 94% (n=34) believed it improved

patient access to care (210). However, concerns were raised about the training of junior
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doctors in virtual clinics compared to face-to-face clinics. Additionally, some
participants reported better team cohesion, and that remote care facilitated colleague
discussions (210). Notably, these studies predominantly included doctors, with one
study comprising 96% (n=26) doctors and only 4% (n=1) midwives, thus limiting

representation from the broader antenatal multidisciplinary team (205).

These studies were conducted early in the pandemic at a time when HCPs were still
adapting to the novel demands of the situation and anticipating a swift "return to
normal." As a result, it is uncertain whether enough time had passed for clinical
pathways to become fully established and embedded in practice, which may limit the

depth and generalisability of the findings.

4.1.3 Rationale for the study

In response to the pandemic, the RCOG COVID-19 GDM antenatal guidelines introduced
remote consultations with the multidisciplinary team for education and glycaemic
control monitoring (118). This paradigm shift in care delivery required significant

behavioural and attitudinal changes from healthcare providers.

Qualitative inquiry is the most effective method to capture the underlying reasons for
behaviour, social interactions, and the ways people interpret the events around them
(211). To investigate the impact of the pandemic on GDM care delivery, this study aimed
to explore HCPs' experiences of, and views about, delivering remote care through
qualitative methods, specifically semi-structured interviews. The study sought to gather
perceptions and insights from a broad spectrum of HCPs involved in multidisciplinary

care across the NHS in the UK.

Qualitative research is particularly well-suited for exploring why certain strategies
succeed or fail, and it is valuable in identifying unexpected consequences or outcomes
(211). The literature indicates a scarcity of well-designed studies evaluating service
providers' perspectives on remote care delivery. The SARS-CoV-2 pandemic presented a
unique opportunity to examine the impacts of remote care interventions outside of a

controlled research environment, offering findings through a "real-world" lens across
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various NHS care settings, among ethnically and socioeconomically diverse

populations.
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4.2 Aims and Objective

The aim of this study was to explore the perspectives and experiences of HCPs involved
in delivering multidisciplinary care in the early phases of the SARS-CoV-2 pandemic. The
key objectives were to understand the rationale and processes behind the
implementation of remote care within the NHS, and to offer learning and insights that

could inform future care delivery.
4.2.1Research questions
The specific research questions this study sought to address were:

RQ1 What did HCPs at individual sites do to reconfigure their services to provide

remote multidisciplinary antenatal care and why?

RQ2 What did HCPs find successful and unsuccessful when delivering

multidisciplinary care during the early phases of the pandemic and why?

RQ 3 What lessons can be learnt from delivering remote multidisciplinary GDM care
during the pandemic and which aspects of pandemic GDM care delivery do HCPs think

should be retained in the longer-term, and why?
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4.3Methods

This section begins with a discussion of the sociological theory underpinning the study.
This is followed by a description of the processes involved from study design to data
analysis. It concludes with a reflexivity statement, where | reflect on how my unique

positionality has shaped and informed the research process.

4.3.1Epistemology and theoretical framework

Epistemology in clinical qualitative research is centred on understanding how knowledge
is constructed and interpreted within the context of health. In this study, the
epistemological approach adheres to the principles of Normalization Process Theory
(NPT), which provides a framework for understanding the factors that influence the
implementation, embedding, and integration of innovations in healthcare settings (212).
NPT is particularly concerned with how interventions become normalized—that is, how
they are so thoroughly integrated into routine practice thatthey become invisible or taken

for granted.

NPT is well suited to clinical studies focused on developing and evaluating complex
medical interventions, as it examines not only the initial stages of implementation but
also the long-term sustainability and integration of these interventions (212, 213) . In this
study, NPT is used to explore the work that HCPs and multidisciplinary teams (MDTs)
undertook to implement and embed remote practices into clinical care during the early
stages of the SARS-CoV-2 pandemic. The theory guided both the study design and the
analysis of the data, ensuring that the research questions were aligned with the core

components of NPT.

NPT comprises four key components: coherence (sense-making), cognitive
participation (engagement), collective action (the work done to enable the
intervention), and reflexive monitoring (appraisal of the benefits and costs of the
intervention) (214). These components were directly mapped to the research questions

to provide a structured analysis of the data.
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e Coherence and Cognitive Participation: What did individual sites do to
reconfigure their services to provide remote multidisciplinary antenatal care
(ANC) and why?

e Collective Action and Reflexive Monitoring: From the HCPs' perspective, what
aspects of remote multidisciplinary antenatal care were successful or
unsuccessful, and why? What lessons can be learned from delivering remote
GDM care during the pandemic, and which elements of this care delivery should

be retained in the longer term?

Several study design decisions were guided by the principles of NPT and are highlighted

throughout this chapter.

4.3.2Study design

This qualitative study utilised individual semi-structured interviews to collect data from
HCPs involved in delivering GDM care following the reconfiguration of services due to
SARS-CoV-2. The HCPs were drawn from selected study sites across the UK. Conducted
in accordance with the consolidated criteria for reporting qualitative research (COREQ)
(215), the study aimed to capture participants’ experiences and perspectives in depth
and detail. Semi-structured interviews were chosen as they are well suited for exploring
personal experiences and the interaction between individual views and external factors
(216-218). This method allows for in-depth, rich insights in a setting that encourages
participants to discuss social and personal matters and express their opinions freely,
without the influence of professional hierarchies or group dynamics (218, 219). In
contrast, group interviews or focus groups, while effective for capturing group dynamics
and potentially offering insights into MDT care delivery, present logistical challenges,
particularly when coordinating the schedules of busy healthcare professionals. These

challenges were further compounded by the constraints of the pandemic.

Due to the constraints imposed by the SARS-CoV-2 pandemic, interviews were
conducted via the video conferencing platform Microsoft Teams. At the time, physical
distancing measures were in place, making remote interviewing the only feasible option.

Previous research indicates that remote interviews conducted by telephone are a viable
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alternative to face-to-face interactions, with no significant differences in the quality or
content of the data collected (220, 221). Although there is less research on video
interviews, recent studies suggest that video conferencing is a cost-effective and
practical alternative to in-person interviews, effectively overcoming geographical and

time barriers (222).

While challenges such as lack of internet access or digital skills may limit participation,
researchers have noted that these issues can be mitigated, making virtual interviewing a

preferred option in many cases (223).

Remote interviewing also offered additional advantages. It eliminated the need for local
Research and Development approvals from individual healthcare trusts, improving the
efficiency of data collection. Moreover, it reduced the logistical burden on participants
and healthcare units by removing the need to host interviewers, while also saving on

travel costs and time.

4.3.3Study setting(s)

This study aimed to explore the experience of delivering MDT care remotely. To gain
comprehensive insights into MDT care during the pandemic, HCPs from all disciplines
within the MDT were interviewed. Capturing diverse perspectives was crucial for
understanding the impact of remote care on team dynamics and overall service delivery,
enabling a detailed and nuanced exploration of the subject. This decisionto include input
from the entire team aligns with the four principles of NPT, enhancing the study's ability

to demonstrate the effects of remote service delivery on multidisciplinary care.

While interviewing HCPs from a single site would have allowed for detailed insights, it
would have limited the generalisability of the findings. To balance depth with breadth,
the study included three distinct MDTs across different locations. The research was
conducted at one NHS site in Scotland and two in England. To maintain confidentiality,

the sites have been anonymised and labelled Sites A, B, and C.

These sites were purposefully chosen to represent diverse GDM populations, covering a
range of ethnic and sociodemographic backgrounds, varying geographical settings, and

different types of healthcare environments, including tertiary and district general care

91



facilities. Additionally, one site with prior experience using remote antenatal care before
the pandemic was included, alongside sites that had rapidly transitioned to remote care
during the SARS-CoV-2 pandemic. All sites were subject to national lockdowns during

the study period, providing a consistent context for data collection.

4.3.4Sampling

HCPs were eligible to participate in the study if they were currently providing GDM care
withinthe NHS and had experience delivering care both before and during the SARS-CoV-

2 pandemic.

4.3.4.1 Sampling Strategy

Purposive sampling was employed to ensure representation from diverse GDM
multidisciplinary teams (MDTs). The study aimed to include teams that had adopted
remote monitoring during the pandemic, as well as those with differing approaches to
care delivery before the pandemic. Drawing on my knowledge of UK practice and a review
of the literature, | was aware that Sensyne Health plc had offered one year of free use of
GDm-Health™, a remote monitoring system for managing diabetes in pregnancy, at the
onset of the pandemic. Therefore, | specifically sought to include a site using this

technology.

Individual MDTs were identified with assistance from a national diabetes-in-pregnancy
network, of which | am a member. Recruitment began on November 15, 2020, and was
initiated through direct, personalised email contact with the clinical lead for each

service.

4.3.4.2 Recruitment Approach

A maximum variation sampling approach was applied at each study site to capture
shared patterns and unique perspectives across different teams. The aim was to recruit
HCPs from all disciplines involved in GDM care, including doctors, nurses, midwives,
dieticians, and additional site-specific staff such as specialist midwives and healthcare
assistants. This ensured a wide range of experiences and opinions were represented.
Recruitment materials, including a standard email flyer, emphasised the voluntary
nature of participation and the importance of circulating the invitation to all team

members to reduce potential pressure or bias.
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The recruitment timeline for this study was initially determined by the time required to
obtain approvals, which were granted in August 2020. However, | deliberately postponed
recruitment until late 2020. This decision was made to allow recruitment to take place
after the initial waves of the pandemic, with the aim of gaining a more comprehensive
understanding of the long-term integration of remote practices. This approach aligned
with NPT's emphasis on evaluating interventions beyond their initial implementation

phase.

4.3.4.3 Sample Size and Saturation

The target sample size was 20-30 participants from three clinical teams. This was based
on prior qualitative studies involving HCPs, where this range was sufficient to achieve
theoretical saturation—the point at which no new themes or data emerge during analysis
(219). In total, 23 HCPs from three units consented to participate, representing all key

MDT roles.

4.3.5Ethical approval and Sponsorship

Ethical approval was granted by the Edinburgh Medical School Research Ethics
Committee (EMREC) on 04 /08/20 (20-EMREC-001). The study was co-sponsored by NHS
Lothian and the University of Edinburgh through the Academic and Clinical Central Office

for Research and Development (ACCORD).

An amendment was submitted to extend recruitment and approved on 06/05/21.

4.3.6Consent

All potential participants were provided with a participant information sheet and a data
protection information sheet (Appendix 2.1). They were given at least 48 hours to review
the materials and ask any questions before deciding to participate. Oral consent was
then obtained and audio-recorded at the start of each interview using a predefined script

(Appendix 2.4).

Using oral, audio-recorded consent over the phone has been successfully implemented
in previous qualitative studies involving HCPs and pregnant women (220, 224). For this
study, this approach was chosen to minimize the burden on participants by reducing the

following:
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Time commitment: Participants did not have to wait for written consent forms to be
mailed, filled out, and returned before the interview could take place. This also avoided
the inconvenience of going to a post-box when social distancing or shielding measures

were in place.

Administrative tasks: The need for participants to complete and return consent forms
via pre-paid envelope was eliminated, along with the potential need for follow-up if forms

were delayed or lost

4.3.7Data collection

An interview topic guide with open-ended questions was developed using insights from
the literature, my clinical expertise, and feedback from both clinical and non-clinical
supervisors. The questions were designed to align with the research objectives while
allowing participants the flexibility to share their personal experiences. The guide was
piloted with three HCPs across two study sites. Transcripts from these pilot interviews
were reviewed by my supervisor (JL), and minor revisions were made to the guide based
on their feedback. The pilot interviews provided data of sufficient depth and quality to be

included in the final study.

As the interviews progressed, the topic guide was adapted to reflect emerging findings,

ensuring new themes were explored in subsequent interviews.

To ensure a conducive interview environment, interviews were scheduled at times
convenientfor participants. | conducted interviews from a quiet, secure home office, and
participants were asked in advance to minimise background noise and interruptions
where possible. However, the practical realities of healthcare settings meant that

occasionalinterruptions were unavoidable.

Interviews were conducted via Microsoft Teams and audio-recorded using an encrypted
digital recorder. Recordings were transcribed verbatim by an independent transcription
service (1% class secretarial services). Each transcript was carefully checked for
accuracy, and any identifiable information was removed to safeguard participant
confidentiality. Finalised transcripts were securely stored on university servers, in

accordance with my data management plan.
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Atthe beginning of each interview, descriptive information about participants—including
professional role, age and years of experience—was collected. Interviews were
conducted concurrently across study sites and continued until data saturation was
reached, defined as the point at which no new themes or insights emerged from the

analysis of additional data.

All interviews were conducted between November 2020 and April 2021. Each interview
was transcribed and initially analysed, with preliminary codes assigned immediately
after the interview. By the 23rd interview, representation from all MDT roles had been

achieved, and data saturation was confirmed.

4.3.7.1 Pilot Interviews

The pilot interviews served not only to evaluate and refine the topic guide but also to
prompt a minor adjustment to the sampling strategy. During these interviews,
participants consistently highlighted the involvement of community midwives (CMWs) in
GDM care, revealing a gap in the initial recruitment approach, which had been focused
solely on tertiary settings. As a result, CMWs were included in the study and recruited

from all three study sites.

4.3.8 Data analysis

A thematic analysis was undertaken, following the stages outlined by Braun and Clarke

(225)

1. Familiarisation with the data

2. Generating initial codes and searching for themes
3. Reviewing, defining and naming themes
4,

Writing the report

These stages were designed to overlap, in an iterative process, that began during data

collection.

4.3.8.1 Familiarisation with the data
The analysis started with familiarization, where | repeatedly read and cross-compared

the interview transcripts to identify primary patterns across and within the data—a
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process known as "pattern coding." This initial stage was crucial forimmersing myselfin

the data and gaining a comprehensive understanding of the content.
Generating initial codes and searching for themes

At this stage, | adopted a deductive, or a priori, approach to categorise data in alignment
with my research questions. This initial step involved creating broad categories based on
my theoretical framework and research objectives. Subsequently, | transitioned to an
inductive, or emergent, approach known as "open coding." During this phase, themes
and concepts were allowed to emerge organically from the data through iterative
readings of the transcripts, aiming to capture insights that arose during data collection
or were unanticipated at the outset. To support this process, | maintained a reflective
journal to document decision-making, including references to specific quotes, which

helped to contextualise and make sense of the data

4.3.8.2 Reviewing defining and naming themes

Following the initial coding, | undertook a second cycle of "pattern coding" to develop an
initial coding framework. This framework was applied to a sample of three interviews,
which were then thoroughly reviewed and discussed with my supervisor (JL). These

discussions led to the refinement of the identified themes and the coding framework.

Further refinements were made through additional discussions, ultimately resulting in
consensus on the final themes. Representative quotations were selected to illustrate
each theme. This collaborative process, involving multiple coders, is recognised as

essential in qualitative research for ensuring rigour and credibility.

To support the coding and management of the qualitative data, QSR Nvivo-14 qualitative
data analysis software was used. This software facilitated data organisation and ensured

the systematic application of the coding framework.

4.3.9 Reflexivity

Unlike quantitative research, which seeks to uncover objective truths free from bias,
qualitative research embraces subjectivity. Reflexivity is a key component of this

approach, involving the ongoing process of recognising and critically examining the

96



researcher’s role, biases, and influence throughout the study. By engaging in reflexivity,
researchers can enhance the rigour, credibility, and ethical integrity of their findings. In
this section, | reflect on how my background, experiences, and motivations shaped this
research, both positively and negatively, and outline the measures taken to mitigate

potential biases.

At the time of this study, | was a 34-year-old, white British female with 8 years of NHS
experience, including 5 years of specialist training in Obstetrics and Gynaecology, where
| developed a specific interest in maternal medicine. Prior to the SARS-CoV-2 pandemic,

| was part of the team delivering GDM care at Study Site A.

My clinical background and connections within the diabetes in pregnancy network, along
with those of my supervisor (RR), were instrumental in facilitating recruitment, providing
valuable access during a time when engaging healthcare professionals was particularly
challenging (226). While my clinical role helped build rapport and encouraged
participants to provide rich, detailed accounts, it also presented potential challenges.
Allied health professionals may have felt hesitant to disclose certain experiences due to
perceived power dynamics. Similarly, senior medical colleagues might have withheld
responses they were uncomfortable sharing with a peer or someone they viewed as a

more junior.

Additionally, my expertise in diabetes in pregnancy meant participants sometimes
communicated complex ideas implicitly, assuming shared understanding. This tacit
knowledge occasionally led to incomplete verbalisation of key concepts. To address this,
| consciously asked participants to explain ideas as if speaking to a non-clinical
audience, prompting further elaboration when necessary. | also presented myself
primarily as a researcher rather than a doctor to reduce hierarchical barriers, particularly

when interviewing both senior colleagues and allied HCPs.

In Study Site A, where | had prior professional relationships, maintaining neutrality was
particularly challenging. To mitigate this, | removed references to my clinical role (e.g.,
email signatures), conducted interviews from a neutral home office, and wore casual
clothing to minimise hierarchical perceptions. These strategies aimed to create a

comfortable, open environment, encouraging participants to share candidly.
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As a novice qualitative researcher, | undertook formal training in qualitative methods
through the Edinburgh Wellcome Trust Clinical Research Facility and Oxford University’s
courses. | further enhanced my skills through active participation in qualitative research
reading group and mentorship from my supervisor, JL, an experienced qualitative
researcher. These efforts equipped me to navigate the complexities of qualitative data

collection and analysis with greater confidence and rigour.
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4.4 Results

The results section begins with an overview of the three study sites and the participants

involved. This is followed by three sections, addressing each of the research questions.

4.4.1Study site description

Site A is a large urban tertiary centre in Scotland, providing GDM clinics across three
hospital locations. The population primarily reflects the broader Scottish maternity
demographic, being predominantly white Scottish, with a smaller proportion of women

from various ethnic backgrounds, many of whom are second-generation British.

Site B is a medium sized maternity unit operating within a mixed urban and rural setting
in England. Healthcare professionals deliver care in both tertiary and district general
hospital environments, catering to a multi-ethnic population spanning diverse

socioeconomic groups.

Site C is a single-centre medium sized maternity unit within district general hospital in
England. It serves a predominantly ethnic population, primarily of Southeast Asian
heritage, with a significant representation of lower socioeconomic and immigrant

communities.

4.4.2 Characteristics of study participants

Table 2.1 presents the characteristics of the 23 interview participants, who were
recruited from three sites across England and Scotland. It includes details on their
professional roles, ages, years of clinical experience, and workplace site. The
participants represent typical members of a multidisciplinary team managing GDM. All
participants were employed in medium-sized maternity units (2,500-5,000 births per
year) or large-sized units (over 5,000 births per year), as classified by delivery data from

the national maternity audit. (https://maternityaudit.org.uk/). Participant ages ranged

from 28 to 62 years, with clinical experience ranging from 1 to 23 years.
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Participant Professional role Age Years experience  Site

SACM1 Community midwife 57 13 A
SACM2 Community midwife o6 9 A
SADC1 Consultant Diabetologist 48 7 A
SADC2 Consultant Diabetologist 62 23 A
SADSN1 Diabetes specialist nurse 55 17 A
SA MW1 Midwife 53 15 A
SAOC1 Obstetric Consultant 43 2.5 A
SAOC2 Obstetric Consultant 53 19 A
SA OR1 Obstetric Registrar 38 7 A
SBCM1 Community midwife 28 7 B
SB D1 Dietician 43 11 B
SBDC1 Consultant Diabetologist 44 5 B
SBDSN1 Diabetes specialistnurse 57 20 B
SB MW1 Midwife 35 3 B
SBOC1 Obstetric Consultant 37 2 B
SB OR1 Obstetric Registrar 30 6 B
SCCM1 Community midwife 35 1 C
SC D1 Dietician 11 19 C
SCDC1 Consultant Diabetologist 99 22 C
SC DSN1 Diabetes specialistnurse 54 12 C
SC HCA1 Healthcare assistant 56 6 C
SCocC1 Obstetric consultant 39 3 C
SCocz2 Obstetric consultant 49 10 C
Table 2 Characteristics of study participants.
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4.4.3How was care delivered before the SARS-CoV-2 pandemic?

To provide context on how antenatal care changed during the pandemic, | present
themes identified through a thematic analysis of antenatal care provision before the

pandemic.

4.4.3.1 Multidisciplinary team

Prior to the SARS-CoV-2 pandemic, all three sites delivered an MDT model of care. A
range of HCPs fed into each individual MDT with participants describing their teams as
“cohesive”, with HCPs appraising the MDT approach as offering a “shared understanding

of the priorities” (SB DC2) and improving patient care and outcomes.

“l think that the obstetrician learns about diabetes; the diabetologist learns about
obstetrics; and in that way they are much better placed to counsel the patient...
they’re able to pick up on things that have been missed or perhaps misinterpreted,

or slightly poorly explained to the patient.” SA OC2

The delivery of MDT care varied both across and within sites. Some MDTs adopted a joint

approach to consultations, whilst others saw patients individually.

“We do it slightly differently across both clinics...at one site, we have the MDT in
one room everyone sits together, and they see the woman together. But at the
other site everybody’s separate. So, they see the obstetrician with a midwife first,
then they’ll be called in to see the diabetes team after. And there’s a dietitian as

wellin clinic”. SB MW1

Across all but one site, HCPs reported that GDM care was predominantly led by medical
staff "It was the preference of the clinicians that cover the clinics" (SB MW1). However,

one clinic had a nurse-led service.

4.4.3.1.1 Remote consultations
Before the pandemic, all sites had traditional face-to-face appointments at frequent
intervals, except one hospital at study site A which had already introduced remote care.

This nurse-led "virtual" clinic used a web-based platform to access patients' blood
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glucose readings for remote, telephone-based consultations focused on glycaemic

review and medication management

“They ran twice a week... if the doctors started them on metformin, they would
book them into the virtual clinic, which is run by a DSN. We would phone these
women up to review their blood glucose levels, and then decide if their metformin
tablets needed to be increased or decide whether they needed to go onto insulin”.

SA DSN1

However, all sites had experience with telephone communication between face-to-face
appointments. HCPs described this workload as “ad hoc,” and as being handled by

nurses.

“We’d always say to patients that, if you’ve any issues, you know, then you can
always ring us. So, we put the onus on the fact that the patients would ring us if
they’d got an issue. So, we didn’t have a specific clinic, but patients would ring

throughout the week”. SB MW1

4.4.3.1.2 Community midwife involvement
HCPs, including CMWs, noted that women often stopped receiving CMW care after a
GDM diagnosis.

“When they got diagnosed with GDM...their community midwifery care would

stop because they would, in effect, transfer to the hospital base”. SC D1

HCPs also described how the midwifery care received in the clinic took a medical rather

than a holistic approach.

“When they got diagnosed with GDM they’d see the clinic midwives...and didn’t
get a chance to get the touchy/feely, how are you? It’s very much taking

measurements...rather than the discussions and the conversations.” SC CM1
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4.4.3.2 Drivers of clinical practice

4.4.3.2.1 Population needs

Pre-pandemic, several key clinical drivers of care were identified, key amongst these
being the needs of the population served. At study site C, for example, the patient
population was described as comprising "a lot of ethnic backgrounds, and lots of
different cultures within the ethnic backgrounds" (SC DC1) According to staff at this site,
the need for language support at this site led to the decision to embed an interpreter into

the clinical team:

"The interpreter we have is Urdu-speaking. We use her in a dual role, where she
educates patients on blood monitoring as well as providing language support." SC

DSN 1

Additionally, this site delivered education sessions one-on-one rather than in groups to

accommodate the large numbers of non-native English speakers:

4.4.3.2.2 Physical Space
HCPs widely agreed that physical space in the clinics partly dictated how MDT care was

delivered.

“the area where we do the clinic, there isn’t necessarily enough rooms to do all
the consultations...so it was really based purely on room size, and what we could

accommodate” SB DSN1

Furthermore, constraints on clinic space were described as leading to delays and then

lengthy clinic appointments.

“l think a lot of it was about, why can’t | have seen you all together in one room, it
would have saved me a lot of time, I’'ve been here since nine o'clock this morning.

It was all about the logistics about the clinic room...it’s just situational”. SC DC1

4.4.3.3 Services under pressure
A prominent theme across HCPs accounts was the strain on GDM services before the
pandemic. HCPs at the different study sites described overlapping causes and effects of

this strain; and differences were seen in how individual sites adapted.
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4.4.3.3.1 Too many patients
HCPs described a gradual increase in GDM cases over time. Despite allocating more

resources to GDM, demand continued to outpace the service's capacity.

“when we look back over the last 15 years, we just see our numbers rising and

rising and rising.” SA DC1

The clinic environment was described as "very crowded," with HCPs noting frequent

complaints from patients “always asking, is it me next?"SB DSN1

4.4.3.3.2 Inefficiencies

Many HCPs also highlighted inefficiencies in the care pathways, wherein, “the clinics are
inefficientand cumbersome...they don’t always have the right people in the right places”
SC DC1. Some HCPs felt inefficiency lay in the MDT model of care. This kind of approach

resulted in their time not always being used optimally.

“when we’re all in a room together, if a woman hasn’t had a scan or doesn’t
necessarily need any input from an obstetrician, there’s not a lot we’re doing

whilst they’re looking at the blood sugars”. SB OC1

Another issue reported across the sites were inefficiencies stemming from disjointed

electronic documentation systems.

“There are technological documentation issues between the two services
because diabetes uses a different database to record information than the
obstetric team. And so, it has required us to use two different computers, at least
two different electronic patient record formats. And in terms of summarising the

clinic documentation, thatis also done in two different ways”. SADC2

HCPs outlined how overcrowded services impacted the quality of care they could

provide with numerous descriptions of cuts and compromises having been made.

"we hit a point pre-COVID where we were so overwhelmed with patients with
gestational diabetes that we had to reduce the frequency of clinic appointments
just to be able to manage the sheer volume...care probably hasn’t been quite as

we had originally intended”. SB MW1
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HCPs further described how consultations had been limited to providing basic care

which at times was felt to be substandard.

“The time wasn’t there to have those general conversations with the ladies, it was
very ‘get to the crux of the matter now’. And sometimes the ladies might just want

to talk about their concerns”. SB MW1

One HCP suggested that constricting their care provision had led to the overtreatment of

women.

“Unfortunately, due to numbers, we would not review patients unless they had a
particular question...In terms of a routine review then we just didn’t have the
capacity...Soforexample if they came backin two weeks’ time and all their results
were high they may have automatically just started on Metformin when actually it

may have been beneficial to look at that and make some other changes”. SBD1

Several HCPs across all sites also described resultant dissatisfaction with their care

provision.

“It was very difficult to have those handovers between MDT colleagues about a
patient because you just didn’t have time to go and do that. It was literally on to

the next one”. SC D1

Together, oversubscribed, inefficient clinics and subsequent effects on care provision
were described as having had a negative impact on staff wellbeing with several HCPs

reporting unpleasant working environments and low morale.

“We were struggling...because we just had so many ladies to get through. It wasn’t

a pleasant clinic for staff necessarily.” SB MW

“There’s no let up. The clinic would start at nine o’clock...you’d would then be
having patients back-to-back, no gaps. So you might then be finishing clinic at half
two/three o’clock, and that’s when you’d then get your lunch...it was really

difficult”. SC D1
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4.4.3.3.3 Solutions
Prior to the pandemic HCPs described acknowledging that problems with their GDM
clinics needed addressing but also that they were facing problems with funding to

address these.

“So pre-COVID, we were already at a position of, we need to do something about
this as an MDT, but quite what, because how do we get the additional funding?

How do we change?” SC D1

As previously described, one site (Site A) had already introduced some virtual clinics with
HCPs at this site describing the need to reduce demand on the service as having been

the main driver.

“We developed a pilot scheme of virtual clinics....the intention of that was partly
to offload the pressures on the clinic and it did have a massive impact on making

the numbers manageable in clinics”. SA DC1
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4.4.4RQ1.What did HCP do to reconfigure their services to provide

remote ANC care and why?

4.4.4.1 Introduction of remote antenatal care

4.4.4.1.1 Variation in MDT approach
HCPs at all sites reported pivoting to remote ANC at the start of the SARS-CoV-2
pandemic, but their approaches varied. Some, for example, described maintaining their

pre-pandemic MDT approach, while others conducted 1-1 consultations.

“the biggest change has been by seeing women remotely, so hot seeing them face
to face in clinic but by speaking to them on the telephone...the clinic runs in the
same way...the endocrinologist and | would telephone the patient and run through
the consultation in exactly the same way as we would normally, both taking turns

to speak to the patient.” SA OR1
In some sites HCPs also described conducting consultations remotely from home.

“when the pandemic first hit, we were advised from our department to do all our

consultations remotely. So to not attend the clinic”. SB D1

4.4.4.1.2 New technologies and communication methods

To deliver remote care, HCPs at all sites described using digital technology to access
women’s blood glucose readings by linking home blood glucose monitors to a smart
phone-based app or web platform. For communication, HCPs primarily used

telephones, with some using a written toolin the app.

“we quickly got involved and we actually got remote monitoring broughtin for our

gestationals” SB DSN1

“the main thing that we’ve changed, is there’s a lot more telephone consultations

now” SB CM1
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4.4.4.1.3 The beginning of the hybrid model
In the first wave of the pandemic HCPs described making a pragmatic decision to
allocate glycaemic reviews to allied HCPs (nurses, midwives and dieticians) and

delivering these via remote consultations.

“We’ve moved to virtual clinics...the virtual clinics being run by the diabetes
specialist nurses, because they’ve not necessarily needed to be seen by the joint
obstetrics diabetes clinic, and instead they’ve been getting interim appointments

with the diabetes specialist nurse, by virtual clinic.” SB OC1

HCPs at all sites reported rolling out remote glycaemic clinics for all patients, with those

at Site Awhich had a virtual service in place reporting a rapid expansion of their service.

“we would say from a DSN point of view...our virtual clinics absolutely took off.
There was far more women and there are far more women being referred to the

virtual clinics”. SA DSN1

In addition to nurses delivering remote glycaemic reviews, some HCPs described hosting
MDT consultations remotely whilst others continued to offer a reduced volume of face-

to-face consultations and adopted a hybrid model of care.

“The DSNs and consultants will see them only when they’re coming back for
scans. We will tie in the face-to-face with them then, and in between it’s

telephone. Now that’s helped in terms of reducing footfall in the clinic” SC D1

One consistent finding was the number of consultations between patients and doctors
reduced and the role of the allied health professionals in GDM care dominated during

this time period.

“We introduced an app, which means that they don’t need to come in between
their scans. So in the olden days they’d come, have their scan, then they’d come
back in two weeks for us to see them. So now they don’t come for that in-between

visit. And then the nurses ring them in between” SB OC1
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4.4.4.2 Shiftsin HCP roles
HCPs further noted how during the early stages of the pandemic, delivering remote care
had been made possible by expanding the team of allied health professionals through

redeployment.

“they had some community staff that were redeployed in COVID times. So the
nurses and dieticians, we had more than we should have had, because they
weren’t doing their normal community job. So that was a positive in COVID” SB

DC2

Another significant shift, according to these HCPs was the involvement of CMWs in GDM

care.

“In the past, a gestational diabetic | would not see face-to-face from about 28/30 weeks
because she would be seen so regularly at the diabetic clinic. Whereas now with virtual
appointments, | would obviously have to see them face-to-face for their clinical check”.

SA CM2

4.4.4.3 Safeguarding patients and HCP

4.4.4.3.1 Spread of infection
Unsurprisingly, HCPs explained the primary motivator for moving to remote care delivery

was to minimise the risk of spreading SARS-CoV-2 infection.

“we were all quite frightened by the COVID pandemic and keen to make sure that
we protected pregnant women...there was real anxiety around trying to be sure

that we were doing the best for patients” SC D1

Additionally, HCP also talked about fear for their own health and safety and, more

notably, concern for their families.

“l have a vulnerable child so he went to live with my mum for three months... that

was really hard...you knew you needed to protect”. SB MW

One of my consultants stopped all face-to-face contact until she’d had both
vaccines. So that was difficult. l understand. She was in a high-risk group and was

very worried about it”. SB DSN1
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Hence, the transition to remote care was described as allowing HCPs to continue
providing essential services while safeguarding both their patients and themselves,
addressing immediate health risks and demonstrating resilience to the uncertainties

they faced.

4.4.4.3.2 Balancing risk

HCPs also described pressure from senior leadership to reduce patient contact.

“We were asked to reduce numbers coming into the actual clinic face to face and

do it all via video link or telephones”. SB DSN1

However, this also resulted in several HCPs feeling a loss of autonomy and concern for

some women’s wellbeing.

“The message coming from on high was one of panic and you mustn’t see
patients... it was quite difficult to ensure that we do deal with a high-risk group of
patients and that their care wasn’t compromised because that clearly wasn’t
appropriate for a lot of the people we saw. So, at the outset, we had to get that

across, that we have to see people” SADC1

Indeed, several HCPs explained how, at times, they had to fight against this pressure to

protect the health of their patients.

“As a team, we made the clinical decision it’s inappropriate for women to wait
that long between seeing us...Because there’s a lot of things happening in ten

weeks of pregnancy”. SA CM2

4.4.4.3.3 Communication barriers
HCPs described that one of the main drivers for fighting to see at least some women face-
to-face was the communication barriers they faced with women who did not speak

English.

“the interpreting service that we use is huge. Say | have ten patients diagnosed
with GDM, minimum six will require interpreters... We could not have done this all
remotely. So we earmark these women and actually bring them back to clinic. So

not everyone is suitable. You triage them, you figure out who is suitable for
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telephone consultations and who are suitable for face-to-face consultation”. SC

OC1

HCP reported that assessing women’s suitability for remote care was more often
nuanced, extending beyond a simple assessment of English-speaking ability to include

elements such as comprehension and capacity.

“its not just communication but our ability to evaluate their understanding of what

they should be doingis more challenging.” SA DC1

HCPs described how accessing remote interpretation services presented another
barrier, finding the process technically difficult and raising concerns around

confidentiality.

“lt became evident that we couldn’t effectively use interpreters over the
telephone, those three-way conversations did not work...Either we had difficulty
connecting with the interpreting service, or the big word, or just having a three-
way phone call; but we found that to be absolutely unworkable. So those women
have all had to be seen face to face, or we have suboptimal virtual consults”. SA

OC1

“You would have aninterpreter comingin on the call and then you’ve got the issue
of confidentiality, who’s in the room with the interpreter, you just don’t know”. SB

MW1

4.4.4.4 Availability of technology

As HCPs noted, arguably the most fundamental thing that helped enable and drive
delivery of remote care during the early stages of the pandemic was their ability to
remotely access women’s home blood glucose readings. While one site already had the
technology in place to undertake remote monitoring and expanded the access to all
women, HCPs at the other two sites reported how this technology had been provided free

of charge by an external provider, for one year.

“they said we’ll give you a year’s free trial of this. And we thought, okay, well, it’s

a good time to try it out because we just cannot accommodate all these patients
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face-to-face, then let’s give it a go. So we have moved a lot to remote diabetes

consulting”. SC DC1
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Themes Subthemes

Key quotes

Delivery of remote Change to MDT care provision

Antenatal care

New technologies and communication

e Remote glycaemic management

e Telephone consultations

® Free provision

...the
endocrinologist and | would telephone the patient and run through the consultation in exactly the

“Not seeing them face to face in clinic but by speaking to them on the telephone

same way as we would normally” SA OR1

“We quickly got involved and we actually got remote monitoring brought in for our gestationals” SB
DSN1

“The main thing that we’ve changed, is there’s a lot more telephone consultations now” SB CM1
“They said we’ll give you a year’s free trial of this. And we thought, okay, well, it’s a good time to

try it out because we just cannot accommodate all these patients face-to-face, then let’s give it a
go” SCD1

The beginning of the hybrid model

“We've moved to virtual clinics...the virtual clinics being run by the diabetes specialist nurses,
because they’ve not necessarily needed to be seen by the joint obstetrics diabetes clinic, and instead
they’ve been getting interim appointments with the diabetes specialist nurse, by virtual clinic.” SB
oc1

Shifts in HCP roles Expansion of allied health care professionals

“They had some community staff that were redeployed in COVID times. So the nurses and dieticians,
we had more than we should have had” SB DC2

Safeguarding patients  Spread of infection

and HCP

“I have a vulnerable child so he went to live with my mum for three months... that was really
hard...you knew you needed to protect” SB MW
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Balancing risk “It was quite difficult to ensure that we do deal with a high-risk group of patients and that their care
wasn’t compromised because that clearly wasn’t appropriate for a lot of the people we saw...we had
to get that across, that we have to see people” SA DC1

Remote communication

e Assessment of comprehension and  “its not just communication but our ability to evaluate their understanding of what they should be
capacity doing is more challenging.” SA DC1

e Face to face care needed with “It became evident that we couldn’t effectively use interpreters over the telephone, those three-
language barriers way conversations did not work” SA OC1

Table 3 Summary of themes and subthemes, identified during thematic analysis, with illustrative quotes for RQ1 What did HCP do to reconfigure their services to
provide remote ANC care and why?
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4.4.5RQ2. What did healthcare professionals find successful and
unsuccessful when delivering remote antenatal care, and

why?

This section presents the findings from research question two: What did healthcare
professionals find successful and unsuccessfulin delivering remote antenatal care, and
why? It begins with aspects of remote care delivery that HCPs found effective, before
moving to the aspects that HCPs considered less successful. It also reports on strategies

HCPs employed to address the challenges of remote care delivery.

4.4.5.1 What aspects of GDM care delivery were successful

4.4.5.1.1 Engagement

HCPs observed how most women had appeared to be actively engaged with remote care
(e.g. telephone consultations and the use of app-based technology for blood glucose
monitoring). They further observed how most such women had appeared to be happy and
comfortable with remote consultations and had actively prepared for them e.g. by

downloading the required software prior to an appointment.

“they were more than happy, they were delighted, they were like, oh, great, | don’t
need to come to the hospital, that’s great, I’m absolutely happy to speak with you

on the phone”. SADSN 1

“On the whole, it was a very motivated group, so they did engage on the phone. |
got more patients ringing me or texting me with questions when | wasn’t in clinic

than I’d get when I was in clinic”. SB D1

HCPs described how remote care delivery had been beneficial for women by avoiding
lengthy hospital appointments (which were often accompanied by lengthy travel times)

or spending money on childcare and travel. As they pointed out, this shift to remote care
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aligned with women’s changing needs and preferences, offering convenience and

flexibility whilst managing their healthcare needs.

“I think for the women like it because they don’t have to come to hospital, it’s a
big thing for them. It takes a lot of time out their day coming to hospital all
afternoon. A lot of them have got children and they weren’t allowed to bring their
children to hospital, so they needed to get childcare. So, | think a lot of them are

quite happy with it.” SA CM1

4.4.5.1.2 Independent decision-making

As reported above, HCPs noted how the introduction of remote antenatal diabetes
clinics had resulted in a significant portion of the clinical workload being shifted to allied
medical staff, such as DSNs and midwives. As they further pointed out, this transition
had resulted in the latter taking on new roles and responsibilities within the GDM care
pathway including the adoption and development of independent clinical decision-
making. Participants suggested that by taking on greater responsibilities and being
directly involved in the delivery of remote diabetes care, these professionals had gained
confidence in making clinical decisions autonomously. They further suggested that this
change had helped enhance the efficiency of the GDM care pathway as well as

emphasising the value of allied medical staffs’ expertise in delivering high-quality care.

“we’ve trusted, if you like, our nurses to know at what point to escalate

treatment.” SA DC1

“For some ladies | have been the one who they speak to the whole way through...
dothe call atthe startfortheir education...We startthem on treatmentif they need
and when they needed insulin | saw them in the clinic for that...We can always ask
the consultant if we need, but we rarely do, between us we just get on with it”. SB

MW1

HCPs further noted how the introduction of remote antenatal care had enabled DSNs
and midwives to initiate medication via remote contact, a practice which had been

uncommon prior to the start of the SARS-CoV-2 pandemic. They described several
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benefits arising from this approach, including expediting treatment and facilitating dose
titration. As they pointed out, by being able to start medications remotely, nurses and
midwives had been able to address problems with glycaemic management without the

delay which could arise from women having to attend in-person appointments.

“Metformin is easy because all that’s required with metformin is that we tell the
patient that we are starting it and tell them how to take it over the phone. And we
can send a message directly to the GP surgery...And within a day or two, they can

get started on it.” SC DC1

4.4.5.1.3 Forced evaluation of practice

HCPs described how transitioning to a remote model of care during the early stages of
the pandemic had prompted an evaluation of existing clinical practices. In doing so,
HCPs across all three sites identified historical idiosyncratic practices that were time-
inefficient and lacked clear clinical benefit. One example was women attending weekly

for fetal monitoring.

“For GDMs, they would have a growth scan at 36 weeks and then CTGs weekly
from 38 weeks until delivery. So, it is quite a big workload, and we did kind of feel
thatwhatwere we gaining out of doing these CTGs. What reassurance was it giving
us for the women? Is it worth doing or is it not worth doing? And then obviously
when COVID came, they decided that they weren’t going to do that anymore
because they felt that it was something that perhaps wasn’t needed. And so, we

stopped doing the CTGs.” SA MW1

Another common finding was a lack of available space in the clinic’s pre-pandemic. At
one site, limited space in the clinic led to consultations in an open bay area, raising

concerns around confidentiality

“You have just curtains between, so you’ve got a privacy issue there. You can hear
what the other one is doing in the other bed, next door. Yeah, it was just messy.”

SC 0C2
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By introducing remote care HCPs described having been able to address some of their

practices, streamline care delivery processes and optimise resource allocation.

4.4.5.1.4 Introducing technology
HCPs found additional advantages in using technology for GDM care. Including
facilitating identification of women who were not engaging in self-management

practices.

“l think they probably cheated a bit more in the olden days because they would
just fill the book in the day before they came to clinic, probably, make up some

results. Whereas they can’t cheat with this. It’s better”. SC OC2

HCPs further noted how they were better placed to detectwomen not engaging with care,

more and offer greater support.

“sometimes onalistlwilljump back and forward, so there are certain women that
you know, there’s no point in me phoning them at nine o’clock in the morning
because, actually, they won’t be up at nine o’clock in the morning, so | know |
won’t get hold of them, so | might go, right, I’'m going to phone them instead
because | know that I’'ll speak to them now, because you get to know the women

quite well.” SADSN 1

Additionally, HCPs reported a confidence in prescribing, due to their increased
confidence in the reliability of the data there were able to use to base prescribing

decisions on.

“l think it gives you more security, because obviously they can’t fudge the
readings, so hopefully my prescribing decisions can be made more reliable”. SB

DSN

One tool, the GDM Health App, adopted at two study sites, was described as offering

several features that were beneficial for women and HCPs.

1. Traffic light tool for visualizing glucose levels: This feature was described as
providing a straightforward way for women to interpret their blood glucose

readings. HCPs suggested that by using a color-coded system women could
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easily understand whether their blood glucose levels were within acceptable
limits or required attention. They further suggested that this visual representation
could help those individuals who had previously struggled to interpret numerical

readings.

“Most of the women I’'ve met seemed to like the app. It’s got, a green if it’s normal,
red if it’s high, blue if it’s low. | think they like the visual, like, knowing, what their
sugars are and a visual reminder of, I’ve been high all day, | need to... Rather than

just writing down numbers”. SB CM1

2. Recording of dietary intake: HCPs found women engaged well with this feature
and suggested that it promoted greater awareness of dietary habits and helped

empower women to adopt healthier food choices.

“l find that if they are writing down what they’ve eaten, then they have a better
understanding of why their levels are going up or not going up... I’'m finding more
are putting the food into the app and therefore they are more engaged because

they’ve got a greater understanding.” SB D1

The function to record dietary intake along with blood glucose readings was described as
a valuable tool for HCPs, particularly dieticians. By having access to these data,
dieticians described being better able to correlate dietary habits with blood glucose
levels, enabling them to identify trends, triggers, and potential areas for intervention.
Dietitians expressed that this technology allowed them to offer personalised dietary
guidance and support that helped to address women’s unique circumstances and

needs.

“it feels that actually we are managing to make a difference with these ladies.
Seeing what (dietary) changes they have made already, and then being able to
have a discussion with them and, okay, and if we do this as well and we tweak this
a little bit further, let’s give you another week. Let’s review it again next week. We
let the nurse review it again next week. And actually if we do these couple of
changes, we can probably get your levels to a point where you can continue on

diet control rather than it being you need to start medication now.” SC D1
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3. Free text/chat function for communication and documentation: HCPs
reported how the chat function within the App had provided a convenient and
quick platform for communicating and had further help to reduce barriers to

receiving prompt and timely care:

“We could just text them back on the app, so we didn’t necessarily always need

to speak to them face to face.” SB DSN 1

“They canrequest fora call back if they want to discuss their blood sugars...that’s
the positive of the technology...we can communicate with the patient without
waiting for them to come to clinic and tell us what problems they’re having”. SC

DSN1

4.4.5.1.5 Relieving the burdensome GDM clinics
Introducing remote care was described as having dramatically reduced the number of

women physically attending GDM clinics.
“overnight our numbers in the clinic dropped by at least 70%”. SB OC1

While this approach aligned with efforts to minimise exposure to the SARS-CoV-2 virus
HCPs noted how it has also helped address pressures within GDM care provision that
the health service experienced before the onset of the pandemic. Furthermore, by
reducing the number of in-person visits HCPs described having more time to allocate to

women, especially those requiring additional support:

“l had a little extra time, | was able to then actually follow up those ladies more.
They had my telephone number, because | was contacting them. So | actually
found that if they had any problems they contacted me directly a little bit more
frequently than they did before. And | actually had that extra time to spend.” SB
D1

4.4.5.1.6 Improved job satisfaction

Delivering remote antenatal care appeared to improve HCP’s job satisfaction. HCPs
described providing better quality of care whist at the same time as making the service
more convenient for women. One HCP described how remote care facilitated delivering

personalised care, which gave them a greater sense of fulfilment and job satisfaction.

120



“l think with the GDM Health app you feel more satisfied because you’re
physically being able to tailor your advice more effectively and you’re being able

to see whether it actually works or not”. SC D1

Other accounts highlighted how tools for delivering remote care had made day-to-day

tasks easier, improving efficiency and enhancing the overall quality of their working day.

“it’s always nice having a less horribly busy clinic, so that’s definitely got
advantages in terms of not feeling like you’re rushing everyone and not keeping
people late, because we did often run late, and obviously that makes patients and

staff quite unhappy”. SB OR1

4.4.5.2 What aspects of GDM care delivery was less successful?

4.4.5.2.1 Women’s availability

During the early stages of the pandemic, HCPs observed a high level of participation in
remote consultations due to the increased availability during lockdown periods.
However, they went on to raise concerns about women's availability once physical

distancing measures were no longer in place:

“now that people are a bit freer and more mobile, sometimes getting hold of them

is tricky...”. SB CM1

HCPs also voiced concerns about support networks for women when delivering care
remotely. They suggested that the presence of a support person (such as a partner),
during clinic appointments could greatly enhance the effectiveness of care and noted

that this component could thus be lost when providing care remotely.

“We found that when partners came, they maybe had some unrealistic
expectations of the lady or there was some blame for getting gestational diabetes.
We were very clear to say you’ve not caused this. And that helped to settle any
disputes at home, whereas now they’re not getting the chance to hear that.” SC

D1

4.4.5.2.2 Delivering remote education
HCPs also described encountering challenges in delivering education remotely through

telephone consultations. Across all three sites, HCPs reported attempting this method
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but finding it to be universally unsuccessful. They unanimously agreed that group
delivery is preferable citing reasons such as efficiency and shared learning from group

involvement.

“So they would have a two hour session, they’d get eight women done. It takes
quite a long time to deliver that one-to-one for eight women...so doing one-to-one

virtual education for every patient is quite a challenge for our team.” SA DC1

“l think we gave a better service when we were doing it as a group session
together...there is definitely a benefit of having a group because | think the women

gain from each other when they’re meeting together in a group.” SA DSN1

Hence, at all three sites, HCPs described having already returned to or planning to return

to face-to-face group education sessions.

4.4.5.2.3 Decline in antenatal care provision

As previously noted, priorto SARS-Co-2 pandemic the majority of midwifery care for GDM
was delivered by staff at the antenatal diabetes clinic, often weekly in later pregnancy.
During the early stages of the pandemic, visits to the antenatal diabetes clinic decreased
and women were advised to attend their community midwife for antenatal reviews.
However, HCPs reported thatwomen’s general antenatal needs had been compromised

as a consequence.

“We kept reminding women to make contact and see their midwife and often we
would phone again in another couple of weeks and they had not been seen by the

community team.” SB OC1

HCPs further observed that community midwives’ workloads had increased during the
early phases of the pandemic, due to these individuals taking on additional tasks

previously carried out by other HCPs.

“we would have to do extra because the GP wasn’t seeing patients or their health
visitor couldn’t do it, so we would have to do it. And because the health visitors
were trying not to go in to see the women so much it seemed that we were doing

everyone else’s work for them. We also had to do extra training so that we could
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do all the vaccines as well to stop women having to go to the doctors for the

vaccinations.” SC CM1

4.4.5.2.4 Shifting the GDM workload
Across all study sites, HCPs reported how moving to a remote model of care had placed
increased demands on allied health professional resources, caused by large a

proportion of the GDM workload moving onto the nursing and dietetics team.

“What it has meant is that we’ve had to pick up additional work. We’ve now got
this additional telephone clinic and the nurse that got the additional telephone

clinic on top of everything else that we’re doing as well.

Several of the allied healthcare providers, notably nursing and midwifery staff, described
difficulties they faced taking on this additional workload, examples included feeling
overwhelmed by having to take on extra work, particularity with hidden elements of care
provisioning such as administrative tasks. HCPs described examples where this had led

to stress and, in extreme cases to staff needing to take time off work:

“we had one member of staff that was off for months, that obviously had a big
knock-on effect for the rest of us as well, who were already stressed and then had
to pick up the pieces. | definitely had a meltdown one day on the phone, | phoned
my boss and she talked me down. But there was one of the other midwives went

off for weeks too.” SC CMW 1

While, overall, nurses, midwives, and dieticians described having been determined to
make the remote care model successful because “we all agreed it actually makes
sense” (SA MW1) they also raised additional negative issues aside from staff sickness,

including being uncomfortable and unprepared for their new clinical duties.

“l rang a lady last week, | could see that there’s no blood glucose levels, so | was
asking her, is there an issue?...And she told me, I’'ve just lost my baby. So, you’re
getting those conversations, which we never had before...It’s hard especially

when my midwifery background was zilch”. SC DSN 1
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4.4.5.2.5 Disconnected multidisciplinary team
When describing their experiences of remote care, HCPs reported feeling isolated and
disconnected from their team and missing the camaraderie and friendly contact with

their colleagues.

“l don’t think we will we ever go back to full face to face consultations, and it’s a
shame because it’s changed the dynamics in the team as well so we don’t see the
medical staff... before they would drop in for a chat, it’s just a different working

environment”. SA DSN1

Many also indicated the potential negative impacts on women’s care which had resulted
from them missing out on opportunities to share clinical knowledge and expertise in

face-to-face team settings.

“l think there’s definitely benefits for us to be more cohesive as a team if we’re all
seeing a patient together, and we can bounce ideas off each other and interact.

That’s more difficult if the diabetologist is on the phone to the patient.” SB OR1

HCPs also noted how communicating clinical information to other team members was
more difficult and cumbersome, raising concerns about clinical error making. As they
pointed out, while previously, important information could be easily communicated
during clinic conversations, this now had to be communicated by ineffective electronic

patient record systems.

“l would be writing on an electronic system for our records, which they don’t have
access to in that clinic. So | would message to the lead, and say these are the
ladies I've seen, these are the issues, these would be my recommendations. And
then they would have to make sure that information got cascaded to whoever was

seeing that lady. So | think there was a big gap there”. SC D1

4.4.5.2.6 IT infrastructure and equipment

While embedding technology to remotely access women’s blood glucose readings was
widely regarded as successful by HCPs, other technologies aimed at facilitating remote
consultations were considered to have been less successful. Across all three sites,

HCPs reported encountering challenges with equipment for conducting remote
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consultations, including poor internet connections and shortages of computing
equipment, such as laptops and telephone/video communication devices. HCPs also
reported having to use their own mobile phones to contact women. This makeshift
approach enabled communication but, as they suggested, did not provide an

appropriate platform for delivering comprehensive care remotely.

“the clinic phone doesn’t have a speaker phone facility and therefore people have
had to use their own personal mobile phone in order to conduct a work
consultation, which | think is completely unacceptable because our employer
should provide the means to be able to deliver the way that you’re delivering

care”. SA OR1
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Themes Subthemes Key quotes
Engagement Women engaged in remote care “it was a very motivated group... they did engage on the phone. | got more patients ringing me or
texting me with questions when | wasn’t in clinic than I'd get when | was in clinic” (SB D1)
Women's availability reduced over time “Now that people are a bit freer and more mobile, sometimes getting hold of them is tricky...” SB
M1
Remote education didn’t work “I think we gave a better service when we were doing it as a group ...there is definitely a benefit of
having a group because | think the women gain from each other.” SA DSN1
Remote medication “Metformin is easy because all that’s required with metformin is that we tell the patient that we are
starting it and tell them how to take it over the phone” SC DC1
Technology “I'm finding more are putting the food into the app and therefore they are more engaged because
they’ve got a greater understanding.” SB D1
e  Simple tools for visualization and
data capture “It's a green if it's normal, red if it’s high, blue if it's low. knowing what their sugars are and a visual
reminder of, I've been high all day, | need to call.. Rather than just writing down numbers”. SB CM1
e  Facilitating communication
Allied health Independent decision-making “For some ladies | have been the one who they speak to the whole way through...I do the call at the

professional led care

Shifting the GDM workload

Unprepared

start for their education...We start them on treatment if they need ..We can always ask the
consultant if we need, but we rarely do, between us we just get on with it.” SB MW1

So there’s an additional 60 ladies to ring each week.” SC D1
“I rang a lady last week with no blood glucose levels, | was asking her, is there an issue?...And she

told me, I've just lost my baby. So, you’re getting those conversations, which we never had before.”
SCDSN 1

126



A disconnected MDT  Isolation

Loss of shared clinical knowledge

Lack of IT infrastructure and equipment

Decline in antenatal care provision

“I don’t think we will we ever go back to full face to face consultations, and it’s a shame because it’s
changed the dynamics in the team as well so we don’t see the medical staff... before they would
drop in for a chat, it’s just a different working environment”. SA DSN1

“Benefits for us to be more cohesive as a team if we're all seeing a patient together, and we can
bounce ideas off each other and interact.” SB OR1

“I would be writing on an electronic system for our records, which they don’t have access to in that
clinic.” SCD1

“We kept reminding women to make contact and see their midwife and often we would phone again
in another couple of weeks and they had not been seen by the community team.” SB OC1

Forced an evaluation Inefficient and non-evidenced based
of practice practices identified

No capacity for community midwifes to
deliver GDM care

Relieving burdensome GDM clinics

“when COVID came, they decided that they weren’t going to do that anymore because they felt that
it was something that perhaps wasn’t needed. And so, we stopped doing the CTGs.” SA MW1

“We kept reminding women to make contact and see their midwife and often we would phone again
in another couple of weeks and they had not been seen by the community team.” SB OC1

“I had a little extra time, | was able to then actually follow up those ladies more. They had my
telephone number, because | was contacting them. So | actually found that if they had any problems
they contacted me directly a little bit more frequently than they did before. And | actually had that
extra time to spend.” SB D1

Table 4 Summary of themes and subthemes, identified during thematic analysis, with illustrative quotes for RQ2. What did HCPs find
successful and unsuccessful when delivering multidisciplinary care during the early phases of the pandemic and why?
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4.4.6RQ 3. What lessons can be learnt from delivering remote
multidisciplinary GDM care during the pandemic and which
aspects of pandemic GDM care delivery do HCPs think

should be retained in the longer-term, and why?

The final results section will address the third research question: What lessons can be
learnt from delivering multidisciplinary GDM care during the pandemic and what aspects

of care do HCPs think should be retained in the longer term, and why?

4.4.6.1 Ahybrid model of care is best

HCPs reported many advantages to delivering GDM care remotely; in particular they
highlighted the advantageous role it played in management of glycaemia. However, when
one site (Site A) transitioned to a fully remote service at the beginning of the pandemic,
HCPs described being concerned women were not receiving adequate care; specially,

that obstetric examinations had been neglected.

“end of the bed clinical appearance and whether someone looks like they have a
macrosomic bump on board or polyhydramnios, things like that. Other things in
clinical examination, subtle things like oedema, features of preeclampsia, things

like that.” SA OR1

Consequently, HCPs at this site agreed that some degree of face-to-face interaction was

vital for ensuring comprehensive care for all women with GDM.

Other study sites (sites B and C) transitioned less dramatically, moving from a face-to-
face to a hybrid model. In these sites, HCPs also concluded that the optimal model for
GDM care should utilise remote care alongside face-to-face appointments timed to take
place at key points in women’s GDM journey, including at the time of diagnosis and near

to delivery.

“l don’t think everything should be dealt with over the phone, because they have
a lot of questions, they usually see the dietitian, they get to meet the people that

they’re speaking to on the phone. | think it’s probably quite important to still keep
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at least one appointment at the start, but there is scope to cut down how

frequently we’re bringing people up to the hospital”. SB DSN 1

Indeed, HCPs appeared committed and motivated to use a hybrid model moving
forwards. This was demonstrated by various HCPs describing how they planned to
overcome the problems they had experienced with remote consultations by, for

instance, securing appropriate funding and staffing arrangements.

“we are pleased with it...We are looking into how their activity could be captured

and job-planned”. SC OC1

Some HCPs also described seeking evidence which would give them the guidance and

support they needed to continue delivering care using a hybrid model.

“| potentially would like to continue doing the gestationals the way we’re doing it.
I’d like to see some audit results from pre- and post-COVID and then as a team
we could make a decision and hopefully put forward a case to continue the

model” SB D1

4.4.6.2 Change in practice requires a “driver”

During the interviews HCP discussed GDM care provision beyond the first wave of the
pandemic. They emphasised the need to properly consolidate the temporary changes
hurriedly introduced during the first wave, ensuring that a hybrid care model becomes
the standard approach moving forward. Additionally, they highlighted the importance of
having a 'driver' within the team—someone responsible for advocating and pushing for

further changes in the future."

“You need to get a group of people together to look at what’s available. You need
someone with good technology experience to drive the team, to say this is what
we’re going to do. And | think it’s probably taken that long because there hasn’t

been anybody with that drive to do it”. SB D1

They acknowledged that, without this, future GDM services would be slow to evolve and

could potentially stagnate.

“lI'think it is down to that person who drives it. Because | wouldn’t be a person who

went oh look, this is around. I’d be the person who thought I need to go on a million
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courses to know how to use that. Whereas some people do really drive things
forward and get stuff done. And without a person like that on your side things
could slip back to the old ways, of not really looking at, or trying new things.” SC

D1

Despite recognising the need for a motivator, many HCPs, especially doctors, felt it was

not their role to be the driver for change.

“Clinicians are consumed with delivering clinical care and don’t have time to think
about different ways of doing that. | don’t think that clinicians are the people
necessarily to drive that forward. But | think that they would be willing to embrace

it.” SB DC1

Several HCPs attributed the success of their transition to remote delivery to the diabetes
nursing staff who most readily and quickly adapted to taking on new technology and

adopting and developing new working arrangements.

“It basically worked because of the nursing staff. Because they took on that role
of ringing the women up...that took the App, figured it all out and ran with it”. SC
DC1

4.4.6.3 Remote antenatal care will not fix the GDM workload

As highlighted earlier, during the early stages of the SARS-CoV-2 pandemic, allied health
professionals took on a significant portion of the remote care delivery workload. As also
indicated earlier, these individuals reported a general willingness to take on the
additional workload because it made sense to do so at the time and had helped alleviate

some of the pressure faced in the clinics.

However, despite these positive descriptions, HCPs raised concerns that moving the
workload into remote clinics merely diverted rather than reduced the workload problem
they had faced before the pandemic. This concern was expressed by both medical and

allied health professionals in the GDM MDT.
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“The two clinics a week was becoming overwhelmed before we went to the
telephone model. But in a way, all the telephone model has achieved is to put

those patients into a less conspicuous place”. SB DC1

HCPs further noted how the workload had been absorbed by existing and redeployed
staff during the first wave of the pandemic, without any extra funding or additional
resources. Hence there was a unanimous view that, in order to deliver remote care

effectively, there would need to be a substantial uplift in staff resourcing.

“we need more virtual DSN time to do the virtual clinics. If we’re going to then
adjust the frequency with which we see women and allow more of the glycaemic

reviews to be virtual, that needs additional resource” SA DC1

“if | had more time in my job plan, | could use the app and target the ladies...
Because it actually tells you who is out of target. | could definitely improve their

sugars if we could work like that”. SB D1

When they shared these opinions and views, HCPs also identified a need for investment

beyond additional clinical staff to include greater administrative support:

“we desperately need administrative support to oversee in what way patients are
booked in to clinics, making sure that their education session happen in the right
order. Having an oversight of which results then need to be followed up, for
example, in the postnatal period. And | think an administrator would be really

valuable”. SADC1

When they offered these kinds of suggestions, HCPs also noted the challenges posed by
wider staff shortages within the NHS, particularly when it came to achieving a workforce
which was equipped to deliver a remote GDM service. In doing so, HCPs tried to identify
solutions, including creating new roles in the MDT, but also acknowledged that some of
their suggestions would be difficult to achieve, and might require time, effort and a need

to compromise:

"A specialist midwife would take on some of our role (medical consultant) and
some of the diabetes nurse specialist roles. But maybe I’m wrong; maybe it's

harder to get midwives these days than nurses, so maybe we should get the
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nurses to do what nurses can do and leave the midwives to concentrate on giving
midwifery care. A specialist midwife would be good. Although you probably need

more than one." (SC OC2)

4.4.6.4 Technology was not perceived to be a barrier
At the start of the pandemic, HCPs raised their concerns about women struggling to
navigate the technology required for remote care. However, many reported women

readily adapted, realising a greater level of digital literacy than initially expected.

"At the beginning, there was a lot of anxiety about whether patients would get on
board. But in practice, we actually found our women were generally downloading
and used the app... with minimal issues. Majority were quite tech-savvy or had

support from a family member to get them going.” SB D1

They reported that it was unusual to encounter women without access to or an
understanding of how to use technology. This was even the case at the site (site C)
serving a highly deprived population, where access to technology was described as

remarkably high.

“l think the main concern people had was that people wouldn’t have their own
phones, that they shared phones or it was, the husband’s phone and things like
that. But | would say over the last year it’s really not very often. | don’t think it’s

been a bigissue.” SC OC2

Based on these experiences, HCPs suggested that it was feasible and realistic to expect
that most women will have access to, and be able to use, technology to support remote

care delivery in the future.

Other accounts offered examples of where remote care had overcome a perceived
barrier to receiving remote care. The former included a Doctor at site C who offered the

following reflections:

“Telephone consultations with an interpreter, so you’re having a three-way
telephone conversation, actually | think works remarkably well. | was surprised at

just how successful three-way telephone consultations were there....it’s more
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convenient than having an interpreter come physically to the clinic. And that
would be an obvious expected weakness that’s proved not to be the case”. SC

DC1

HCPs outlined how they made adaptions for women who had limited access to
technology to allow them to receive remote care. One example included always calling
women rather than expecting women to make contact, acknowledging that many women

may have phones but may not be in a position to use phone credit to make calls.

“and there have been certain other things | have done, for people who have been
a bit disadvantaged...we tend to phone women...they are usually able to take

calls” SA DCNA1

However, amongst these reports of successful integration of technology into GDM care
HCPs also acknowledged problems with providing equitable care for all women using a

remote model.

“There needs to be equity of care. The virtual access with the technology is
brilliant, but what about those people that it doesn’t suit? We need to make sure
that they’re getting...it might not be the same service but it needs to be equitable.
We can’tbe missing those ladies out because their care isimportant too, and their
outcomes are important to. | do think we are getting the right balance for them

now”. SC D1

4.4.6.5 Developing technologies and IT
When they reflected upon their experience of using web or App based tools, many HCPs
expressed the need for technology to be user friendly for patients, describing this as a

key determinant for the success of remote care.

“Its got to be the future that we’ve got remote access to data, preferably with
minimum effort on the part of the patients. Because at the beginning of the
pandemic when we were trying to get people to upload their data, they couldn’t
bothered, you know, they couldn’t find or they couldn’t be bothered to ask the

manufacturers fora USB cable, or they didn’t have an appropriate computer, they
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justcouldn’t be bothered. So we were back to the bad old days when we said what
have your blood sugars been like and they say fine. And that was about as much

information as you could realistically get”. SC DC1

Across all sites HCP described problems integrating new technologies into existing IT
infrastructure. All sites described using multiple systems for documentation and HCPs
described how remote technology added another layer into an existing complex network
of digital systems. HCPs identified to deliver a hybrid MDT model of care effectively, a

unified IT system would be required.

“The doctors and midwives in maternity use one system. The rest of the hospital
use a different system. And then the diabetes team use neither; they use
something else which is an outpatient setting system. So | can’t see what they’ve
written...sometimes it looks like nobody’s seeing these women, because people
haven’t documented. They say well we haven’t got time to document here
because we’re documenting on all these other systems.. We really need a single

system”. SC D1

4.4.6.6 Less medicalfocused model of care
HCPs uniformly shared a vision for GDM care beyond the acute phase of the pandemic.
This vision included fewer appointments with doctors and continuation of remote

glycaemic management led by Allied health professionals

“I think it would possible with appropriate staffing to expand the virtual service
and to make sure that we really only bring people up to clinic face-to-face where
necessary. Solimagine that compared with pre-pandemic, there might be a more
streamlined appointment schedule for women with more virtual reviews. But
those virtual reviews could be done by the diabetes educators rather than by the

joint consultants in diabetes and obstetrics.” SA OC2

Medical staff expressed confidence that allied health professionals were capable of

performing this role.
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“l think it’s absolutely brilliant. | think it’s the way forward, and | think post-
pandemic, if there is a post-pandemic, we should do more of that. The DSNs are

very, very thorough, they’re very, | would say proactive with the women.” SB DC2

However, for this to be feasible, they anticipated a need for expansion and upskilling of

roles alongside existing staff.

“l think there would be a role for a specialist midwife who could see women with
either the diabetes specialist nurse or the diabetologist in place of the
obstetrician, when there wasn’t obstetric input required.... it would be very

valuable if we could have one.” SA OC1

Medical staff described being better placed to support allied health professionals and
manage high risk patients or complications when they arose, noting times where they

had facilitated the continuation of remote care by providing support and guidance.

“We realised things weren’t working, | think we needed to have more joined up
communication with them (nurses). We then developed a flow sheet for them
which we agreed that patients who needed insulin therapy should return to our

clinic.” SA DC1

HCPs perceived remote care delivered by AHPs could feasibly resolve the burden GDM

is placing on antenatal services

“We could have potentially far fewer labour and cost intensive hospital-based
appointments, and instead we move the care to other individuals who have
appropriate training and know at what point they need to then refer them back in

for specialist care.” SA DC1

Some HCPs outlined a model of care where women without complex needs could be co-
cared for by specialist diabetes AHPs and community midwifes. They caveated this by

underscoring the need for options for escalation when required.

“So for example, we would not be able to take on the blood sugar monitoring. So
that should be done by the diabetic team. And if that remains normal then we

could see the women from an obstetric point...or from a midwifery point of view,
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so that the diabetes aspect is dealt with by diabetic nurses.... we would need

robust guidelines but | could see that working for straightforward ladies.” SC CM1
Other HCPs felt this model would need rigid guidelines to be feasible.

“to manage the risk and we would need guidelines for us to tell the woman what

risks there is or there isn't.” SA MW1

Other perceived advantages of an allied health professional led model of care included
involvement with community midwifery teams who could offer continuity of care for

women.

“A lot of diabetic women miss out on the community side of the care, because
they come into clinic appointments. | think it’s nice for the women to have a
named midwife who they can see in their diabetes care and they know they’ve got
someone to go to if they’ve got any questions. They’ve got an extra phone number
to ring as well. If they’re having problems with their meter or with anything else,

they can contact us. So | think it does benefitthe women in a lot of ways.” SA MW1
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Themes Subthemes Key quotes
A hybrid model of Some degree of face-to-face is vital “l don’t think everything should be dealt with over the phone, | think it’s probably quite
careis best important to still keep at least one appointment at the start, but there is scope to cut down how

Committed to continue
e Remote glycaemic monitoring
technologies

Technology was not a barrier

frequently we’re bringing people up to the hospital”. SB DSN 1

“we are pleased with it...We are looking into how their activity could be captured and job-

planned”. SC OC1

“l think the main concern people had was that people wouldn’t have their own phones...But it’s
really not very often. | don’t think it’s been a big issue.” SC OC2

Change in practice
requires a driver

Progress could easily stagnate

“You need someone with good technology experience to drive the team, to say this is what
we’re going to do. And | think it’s probably taken that long because there hasn’t been anybody
with that drive to do it”. SB D1

Remote antenatal
care will not fix the
GDM workload

Investment needed in Allied health

professionals

“We need more virtual DSN time to do the virtual clinics. If we’re going to then adjust the
frequency with which we see women and allow more of the glycaemic reviews to be virtual, that
needs additional resource” SADC1

Less medical
focused model of
care

Allied health professionals leading care

Identification of suitable patients is a
challenge

“We could have potentially far fewer labour and cost intensive hospital-based appointments,
and instead we move the care to other individuals who have appropriate training and know at
what point they need to then refer them back in for specialist care.” SA DC1

“We realised things weren’t working, we then developed a flow sheet for them (nurses) which
we agreed that patients who needed insulin therapy should return to our clinic.” SA DC1

Table 5 Summary of themes and subthemes, identified during thematic analysis, with illustrative quotes for RQ3. What lessons can be
learnt from delivering remote multidisciplinary GDM care during the pandemic
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4.5Discussion

This discussion summarises the key findings in relation to the study’s research questions
and the existing literature. Finally, it considers areas for future research and connects

the qualitative study findings to the broader research presented in this thesis.

4.5.1Summary of findings

4.5.1.1 Pre-pandemic care

The enforced changes in practice during the pandemic provided HCPs with a unique
opportunity to evaluate and reflect on GDM care provision before the pandemic. HCPs
noted that GDM services were traditionally shaped by local population needs and
advocated for a multidisciplinary care model. However, the growing GDM population,
combined with inefficient clinic structures, strained the delivery of care. This strain was
evident in accounts of dissatisfaction with care provision, which revealed sobering
insights into the neglect of general antenatal care, outdated practices, and potential
over-medicalization. These concerns align with findings from national inquiries, such as

the Ockenden Review, highlighting numerous failings in maternity care (227).

A 2020 government report noted a decline in maternity care quality over the previous five
years, while the Care Quality Commission’s 2019 report found 6% of maternity units
inadequate and 33% needing improvement (228). High burnout rates and a decline in
experienced midwives were central issues (229). A 2020 Royal College of Midwives
(RCM) survey found that over half of midwives considered leaving their jobs, with 57%
planning to leave the NHS within a year, citing staffing shortages and dissatisfaction with

care quality (230).

These findings underscore the significant issues with general antenatal services in the
NHS prior to the pandemic. The perspectives and experiences of HCPs delivering remote
multidisciplinary care towomen in the early phases of the pandemic, as presented in this

study, must be viewed within this broader context.

4.5.1.2 The evolution of services
At the onset of the pandemic, HCPs described swiftly pivoting their approach to

delivering remote GDM care. They were driven by concern for patient safety and a
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profound sense of duty to protect themselves, their family and their colleagues. This
paradigm shift in antenatal care provision was seen in the NHS (198) and globally with
increases in virtual or remote antenatal care and decreases in the numbers of antenatal

clinic visits occurring in both high and low resource settings (231, 232).

4.5.1.3 Adoption of remote glycaemic management

HCPs adopted and expanded remote care primarily through technology to manage
women's blood glucose levels, significantly altering their roles in GDM care. Whereas
doctors and nurses previously shared responsibility in face-to-face multidisciplinary
clinics, remote glycaemic management became predominantly the responsibility of
allied health professionals, leading to fewer medically-led consultations. This shift
resulted in a substantial workload increase for allied health professionals. Despite this,
many allied health professionals expressed satisfaction and gratification with their new
roles, citing increased autonomy in clinical decision-making, improved efficiency and a
perceived preference for remote care among women. This study did not evaluate
women’s experience of receiving virtual care during the pandemic, however findings
indicate high satisfaction and a preference for remote glycaemic management with
studies in Canada and Australia reporting women favoured the improved organization
and reduced appointment wait-times, supporting the perceptions of HCPs in this study

(131, 226, 233, 234).

Overall, both allied health professionals and medical staff viewed the shift to remote
glycaemic management and the reconfiguration of roles positively. These findings are
consistent with the ASPIRE-COVID-19 Collaborative study examining the impact of the
pandemic on NHS maternity staff experience. They reported how an influx of staff and
resources, along with a sense of camaraderie, public support, and professional pride,
contributed to an unexpectedly positive work environment (235). Similarly, in Canada,
the evaluation of virtual care for GDM during the pandemic revealed that HCPs were
generally satisfied with the transition to virtual care, despite initial concerns from nurses

about anincreased workload (234).
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4.5.1.4 HCP fatigue

Amidst positive experiences of delivering remote GDM care, concerns were voiced about
the sustainability of virtual clinical care. HCPs noted that while remote care had
seemingly improved some pre-existing issues, such as long waiting times, it had only
served to shift the workload burden rather than truly addressing it. In the ASPIRE study,
researchers found that in the early pandemic protective factors that initially created a
positive work environment eventually waned, leading to unmanageable workloads for
HCPs (235). Reports of "compassion fatigue," poor staff recruitment and retention, and
soaring workloads painted a picture of extreme burnout among antenatal care providers

in the NHS.

While my findings do not indicate severe burnout among GDM care providers, early signs
of fatigue were evident across all study sites. A key responsibility of healthcare
professionals (HCPs) is to drive improvements in clinical care. However, my findings
revealed that many HCPs felt it was either not their responsibility or that they lacked the
time and energy to initiate changes. These observations point to emerging fatigue among

HCPs.

The difference between my findings and those of the ASPIRE research team may be due
to the timing of data collection. The ASPIRE study, which continued recruiting until
October 2021—nearly two years into the pandemic—was better positioned to capture

longer-term impacts.

Interestingly, fatigue has notbeen reported in studies examining remote care in non-NHS
settings. This could reflect the timing of those studies, most of which were conducted
during the first wave of the pandemic. Alternatively, it might highlight longstanding
inadequacies in antenatal care provision that participants identified as pre-dating the

pandemic.

4.5.1.5 Clinical activities not suited to virtual delivery
Not all aspects of remote GDM care were perceived to be as effective as remote
glycaemic management, particularly in the delivery of education. HCPs expressed a

preference for traditional group-based, face-to-face education over one-on-one virtual
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sessions. Similar findings were observed in a Canadian study, where nursing staff
reported greater difficulty gauging patient engagement during video sessions compared
to in-person interactions(234). This preference for group education was recognised even
before the SARS-CoV-2 pandemic, as studies suggested that group settings not only
helped manage increasing workloads more efficiently but were also perceived by women

as more beneficial (236, 237).

4.5.1.6 Embedding technology into GDM care

HCPs working in the NHS reported the benefits of remote glycaemic management,
emphasising its convenience and efficiency. Beyond reducing clinic visits, HCPs noted
unexpected advantages, such as quickly identifying women not engaging with GDM care.
Other studies exploring the acceptability and experience of receiving diabetes and
antenatal care via telehealth during the pandemic reported that it improved access to
care (238), particularly for "hard-to-reach" women who might otherwise miss

appointments (226).

Initially, HCPs were concerned about women'’s ability to use technology, but adoption

was more successful than expected, due to factors including:

1. Access to technology: Most women had the necessary technology, reducing but
not eliminating concerns about digital poverty in the particular sites involved in
this study.

2. Patient Adaptability: Many women were described as more “tech-savvy” and
adaptable than initially thought.

3. Support Systems: Women often received help from family or friends to navigate
the technology.

4. User-Friendly Design: The tools, such as GDM health apps, were user-friendly,

making them accessible to a wide range of users.

This ease of adoption for many women was seen as contributing to the overall success
of remote GDM care, countering fears and highlighting technology’s potential to enhance
healthcare delivery. However, HCPs recognised that remote care was not suitable for

women who did not have the language skills needed to participate in remote
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consultations or for the small population of women who did not have access to a smart
phone, or the data required to utilize glycaemic monitoring apps. These findings are
similar across studies exploring the use of remote clinical care in antenatal services

during the pandemic (226, 234, 239-241).

HCPs furtheridentified a lack of digital infrastructure affecting their ability to deliver care.
Similarly Australian researchers reported that while telephone consultations posed few
technology barriers for women, clinicians noted challenges with access to private
consultation rooms, headphones, and hands-free phones. Another major concern was
the lack of integration between existing IT systems. This was identified as a major barrier
to delivering effective and safe remote care and a key obstacle to future digital
technology integration. This concern was also identified in a systemic review of digital
solutions for GDM care published before the pandemic (242). Additionally, unified and
integrated electronic records could help address aspects of professional isolation

experienced when delivering remote care, as reported in this study and others (226, 241).

4.5.1.7 Evolution of hybrid GDM care

The introduction of remote glycaemic management and remote consultations presented
HCPs with challenges, particularly in ensuring equitable access for women who do not
have smart phones or have good command of English. Whilst HCPs recognized that
these groups were atrisk of being further disadvantaged, they acknowledged only a small
minority could not effectively receive remote care. For these women, HCP pivoted to

offering alternative care pathways including traditional face-to-face care.

Over the first year of the pandemic, HCPs naturally transitioned to a “hybrid” model of
care for all women, which allowed them to meet the physical needs of patients, while
alleviating the strain on clinics by delivering glycaemic management remotely. However,
HCPs noted challenges with this hybrid approach, particularly in identifying women with
hidden care needs such as mental illness. In one study, the reduced number of
consultations and the transactional nature of telephone and digital communications

were reported to be detrimental to providing relational care, for example in safeguarding
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against domestic violence (243). Similar findings were reported across health care

sectors (240, 241).

The hybrid model allowed HCPs to deliver a more personalized model of care and HCPs
proposed a vision for future care pathways offering a hybrid model of care for low-risk
women with GDM, led by allied health professionals and community midwives. They
emphasized such an approach would require an investment in human resources,

workflows and investment in technology infrastructure.

4.5.2Implications for current GDM care delivery

The integration of remote clinical care, initially adopted during the pandemic, has
continued to play a significantrole in the management of GDM (131, 132, 205). To ensure
the sustainability of this mode of care, it will be essential to address several critical

challenges raised by HCPs.

First, the workforce needs to be developed with a focus on skill specialization. Remote
GDM care demands a unique combination of medical, nursing, and midwifery expertise,
making it challenging to find professionals who can efficiently fulfil these roles.
Additionally, the administrative complexity involved in managing remote GDM care
necessitates not only administrative skills but also clinical knowledge, underscoring the
need for experienced healthcare personnel. Finally, there is a high level of responsibility
and accountability associated with remote care, as errors in administrative or clinical
tasks can directly affect patient outcomes. This highlights the importance of investing in
comprehensive training programs and resources to cultivate a capable workforce adept

at managing the nuances of remote GDM care.

In addition to workforce development, improving existing IT infrastructure should be
prioritized before adopting new digital tools. Strengthening these foundational aspects
will help ensure thatremote GDM care can be sustained effectively and safely, benefiting

both patients and healthcare providers.
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4.6 Conclusion

This study, based on interviews with 23 NHS healthcare providers, offers an in-depth
analysis of the reconfiguration and delivery of GDM care in the NHS during the early
stages of the SARS-CoV-2 pandemic. It highlights pre-existing inadequacies in GDM care
provision and examines the benefits and limitations of remote antenatal care from the

perspective of HCPs.

While these findings provide valuable insights into the evolution of remote care for GDM,

they are limited to the experiences of HCPs during the early pandemic.

A key finding is the enthusiasm of HCPs for hybrid remote care models for women with
uncomplicated GDM. Dietitians, diabetes specialist nurses, and midwives reported
positive engagement with women during remote consultations. They found that digital
tools for remote glycaemic monitoring, combined with virtual consultations, enabled
more effective education and dietary optimization compared to traditional in-person
care pathways. Remote care was seen as particularly well-suited for women at lower

risk.

However, no tools currently exist to help HCPs identify which women would benefit most
from allied health professional-led remote care models. Stratifyingwomen based on risk
profiles could be a valuable strategy for developing tailored and effective remote care

pathways for GDM.

In the final chapter of this thesis, | address this gap by presenting two systematic reviews
that evaluate precision markers for predicting women’s responses to lifestyle
interventions and treatment. These findings could support the stratification of women
into low- and high-risk groups, enabling the creation of personalized and effective care

pathways informed by HCPs’ experiences with remote care during the pandemic
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5 Results Chapter 3
5.1 Introduction

In Chapter 1 of this thesis, | highlighted a concerning trend: the incidence of GDM
increased during the COVID-19 pandemic compared to pre-pandemic levels. This rise is
particularly striking given the adoption of diagnostic criteria that would typically be
expected to lower the number of diagnosed cases. This growing incidence presents
significant challenges for the NHS in planning and providing care for an increasing

number of affected women

HCPs in the NHS, shared serious concerns about GDM care provision before and during
the pandemic, citing overbooked clinics and subsequent inadequacies in care delivery.
Despite these challenges, the adoption of remote clinical care, supported by technology
for glycaemic management, was widely regarded as a positive step toward addressing
the increasing workload. To build on this progress, comprehensive cost-effectiveness
and cost-benefit assessments are essential. These should evaluate the number and type
of women who could benefit from remote care models and include workforce forecasting

to ensure sustainable, long-term implementation.

Interviews conducted with HCPs in 2021 revealed the absence of an optimal strategy for
determining which women are suitable for remote care and which require early, intensive
input from a medical-led multidisciplinary team (MDT) in a high-risk setting. A potential
solution for the NHS is to stratify care for women with GDM into low- and high-risk
categories. Such an approach could help manage the growing GDM population
effectively, preserving care quality without overburdening resources. One promising

method for achieving this stratification is through precision medicine approaches.

In 2024 The Precision Medicine Diabetes Initiative (PMDI), commissioned by the
American Diabetes Association (ADA) and the European Association for the Study of

Diabetes (EASD), developed a second international consensus statement. This
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document comprehensively addresses the pillars of precision medicine—prevention,
diagnosis, treatment, and prognosis—across diverse forms of diabetes, including

monogenic diabetes mellitus (MDM), GDM, type 1 diabetes (T1DM), and T2DM.
The primary objectives of the PMDI are:

1. To identify areas where current evidence supports the application of precision
approaches in diabetes prevention and care.
2. To highlight key gaps where additional or higher-quality evidence is required to

enable the broader implementation of precision medicine in diabetes.

During my PhD studies, | was invited to join the research team contributing to the GDM
theme within the PMDI. This international collaboration included researchers from
Canada, Germany and the UK. My contributions to this body of work form the final

chapter of my thesis.

The findings of our research were published in Communications Medicine under the title:
"Precision Medicine in Diabetes Initiative: Gestational Diabetes Mellitus", authored by
Jamie L. Benham, Véronique Gingras, Niamh-Maire McLennan, Jasper Most, Jennifer M.
Yamamoto, Catherine E. Aiken, Susan E. Ozanne, Rebecca M. Reynolds, and the

ADA/EASD PMDI.

All study authors were recognized as equal contributors. My specific contributions
included designing the study, formulating search strategies, screening abstracts and
full-text articles, collating and analysing data and preparing the first draft of the

manuscript under the guidance of Rebecca Reynolds and Susan E. Ozanne.
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5.1.1Background and rationale

The first randomised trials on the treatment of GDM demonstrated that effective
glycaemic management during pregnancy significantly reduces the risk of serious
neonatal outcomes (59, 60). Today, GDM treatment includes behavioural and
pharmacological therapies. Women diagnosed with GDM are offered lifestyle
interventions, including tailored dietary and exercise guidance. However, when these
measures fail to adequately control blood glucose levels, pharmacological treatments,
including oral hypoglycaemic agents and insulin, are introduced. This process may take
several weeks during which women and their baby continue to be exposed to

hyperglycaemia.

A critical unanswered question remains: which women will respond sufficiently to
behavioural interventions alone, and which will require escalation to pharmacological
therapies? Efficient care relies on timely initiation of efficacious treatment. Identifying

these women is crucial for determining those at the greatest risk.

Research on GDM focuses on identifying and treatment women and their babies at the
highest risk of complications. To date, most studies have adopted a glucose-centric
perspective, using levels of glycaemia as the primary determinant of risk, which lacks a
strong evidence base. Notably, in an attempt to identify women and offspring at highest
risk, the recent TOBOGM trial found no overall benefit from early diagnosis and treatment

of GDM (73).

Currently, the clinical management of GDM is largely standardised, applying a uniform
approach to all diagnosed women (38, 92). While this strategy has been effective in
reducing complications associated with GDM, it may over-medicalise pregnancies at
lower risk and fail to provide timely intervention for those at the greatest risk. Emerging
evidence highlights the heterogeneity among individuals with GDM, suggesting that
distinct phenotypes, characteristics, and associated risk factors exist within the
condition (112, 114, 244). This diversity supports the need for a precision approach to

GDM treatment.
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It is not known whether precision treatment—tailored to individual patient
characteristics—could improve outcomes for mothers and their offspring. To address
this gap, a systematic review was proposed by the PMDI, to explore potential precision
markers for predicting GDM treatment success. One promising approach involves
identifying patient-level characteristics that predict the need for or escalation of

treatment.

Adopting a precision approach to GDM management has broad implications. It could
optimise resource allocation in lower-resource settings, where the burden of GDM is
rapidly increasing, and improve care efficiency in higher-resource settings. facing the
rising prevalence of GDM. As discussed in Chapter 2, the challenges faced in delivering
GDM care in NHS settings demonstrate the need for innovative strategies to streamline

GDM management to improve maternal and neonatal outcomes.

The following section presents the findings in a publication format. The full paper can be

accessed at: https://doi.org/10.1038/s43856-023-00371-0
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5.2Precision gestational diabetes treatment
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Abstract

Background Gestational Diabetes Mellitus (GDM) affects approximately 1in 7 pregnancies
globally. It is associated with short- and long-term risks for both mother and baby. Therefore,
optimizing treatment to effectively treat the condition has wide-ranging beneficial effects.
However, despite the known heterogeneity in GDM, treatment guidelines and approaches are
generally standardized. We hypothesized that a precision medicine approach could be a tool
for risk-stratification of women to streamline successful GDM management. With the rela-
tively short timeframe available to treat GDM, commencing effective therapy earlier, with
more rapid normalization of hyperglycaemia, could have benefits for both mother and fetus.
Methods We conducted two systematic reviews, to identify precision markers that may
predict effective lifestyle and pharmacological interventions.

Results There was a paucity of studies examining precision lifestyle-based interventions for
GDM highlighting the pressing need for further research in this area. We found a number of
precision markers identified from routine clinical measures that may enable earlier identifi-
cation of those requiring escalation of pharmacological therapy (to metformin, sulphony-
lureas or insulin). This included previous history of GDM, Body Mass Index and blood glucose
concentrations at diagnosis.

Conclusions Clinical measurements at diagnosis could potentially be used as precision
markers in the treatment of GDM. Whether there are other sensitive markers that could be
identified using more complex individual-level data, such as omics, and if these can feasibly
be implemented in clinical practice remains unknown. These will be important to consider in
future studies.

Plain language summary

Gestational diabetes (GDM) is high
blood sugar first detected during
pregnancy. Normalizing blood sugar
levels quickly is important to avoid
pregnancy  complications.  Many
women achieve this with lifestyle
changes, such as to diet, but some
need to inject insulin or take tablets.
We did two thorough reviews of
existing research to see if we could
predict which women need medica-
tion. Firstly we looked for ways to
identify the characteristics of women
who benefit most from changing their
lifestyles to treat GDM, but found
very limited research on this topic.
We secondly searched for char-
acteristics that help identify women
who need medication to treat GDM.
We found some useful characteristics
that are obtained during routine
pregnancy care. Further studies are
needed to test if additional informa-
tion could provide even better infor-
mation about how we could make
GDM treatment more tailored for
individuals during pregnancy.
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nancy complication, occurring in 3-25% of pregnancies

globally!. GDM is associated with short- and long-term
risks to both mothers and babies, including adverse perinatal
outcomes, future obesity, type 2 diabetes and cardiovascular
disease!=3. The landmark Australian Carbohydrate Intolerance
Study in Pregnant Women (ACHOIS) demonstrated that effec-
tive treatment of GDM reduces serious perinatal morbidity™.

Current treatment guidelines for management of GDM assume
homogeneous treatment requirements and responses, despite the
known heterogeneity of GDM aetiology®®. Standard care
includes diet and lifestyle advice at a multi-disciplinary clinic,
home blood glucose monitoring at least four times per day, clinic
reviews every 2 to 4 weeks, and then progression to pharmaco-
logical treatment with metformin, glyburide and/or insulin if
glucose targets are not met. Around a third of women cannot
maintain euglycaemia with lifestyle measures alone and require
treatment escalation to a pharmacological agent®. Yet current
treatment pathways often take 4-8 weeks to achieve glucose
targets. This delay resulting in continued exposure to hypergly-
caemia poses a risk of accelerated foetal growth®!C. Previous
research has suggested that maternal characteristics including
body mass index (BMI)=30kg/m? family history of type 2
diabetes, prior history of GDM and higher glycated haemoglobin
(HbA1c) increase the likelihood of need for insulin treatment in
GDM!!, indicating the potential for risk-stratification of women
to streamline successful GDM management. There is emerging
evidence that precision biomarkers predict treatment response in
type 2 diabetes, which has similar heterogeneity to GDM!%!3 and
thus gives rationale to investigate whether a similar precision
approach could be successful in optimising outcomes in GDM.

To address this knowledge gap, we conducted two systematic
reviews of the available evidence for precision markers of GDM
treatment. We aimed to determine which patient-level char-
acteristics are precision markers for predicting (i) responses to
personalised diet and lifestyle interventions delivered in addition
to standard of care (ii) requirement for escalation of treatment in
women treated with diet and lifestyle alone, and in women
receiving pharmacological agents for the treatment of GDM. For
both reviews we considered whether the precision markers pre-
dicted achieving glucose targets, as well as maternal and neonatal
outcomes. The Precision Medicine in Diabetes Initiative (PMDTI)
was established in 2018 by the American Diabetes Association
(ADA) in partnership with the European Association for the
Study of Diabetes (EASD). The ADA/EASD PMDI includes
global thought leaders in precision diabetes medicine who are
working to address the burgeoning need for better diabetes
prevention and care through precision medicine'®. This sys-
tematic review is written on behalf of the ADA/EASD PMDI
as part of a comprehensive evidence evaluation in support of
the 2nd International Consensus Report on Precision Diabetes
Medicine!>.

We find a paucity of studies examining precision lifestyle-
based interventions for GDM highlighting the pressing need for
further research in this area. We find a number of precision
markers identified from routine clinical measures that may
enable earlier identification of those requiring escalation of
pharmacological therapy (to metformin, sulphonylureas or
insulin). These findings suggest that clinical measurements at
diagnosis could potentially be used as precision markers in the
treatment of GDM. Whether there are other sensitive markers
that could be identified using more complex individual-level
data, such as omics, and if these can feasibly be implemented in
clinical practice remains unknown and will be important to
consider in future studies.

G estational diabetes (GDM) is the most common preg-

Methods

The systematic reviews and meta-analyses were performed as
outlined a priori in the registered protocols (PROSPERO regis-
tration IDs CRD42022299288 and CRD42022299402). The Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines!® were followed. Ethical approval was not
required as these were secondary studies using published data.

Literature searches, search strategies and eligibility criteria.
Search strategies for both reviews were developed based on
relevant keywords in partnership with scientific librarians (see
Supplementary Note 1 for full search strategies). We searched two
databases (MEDLINE and EMBASE) for studies published from
inception until January 1st, 2022. We also scanned the references
of included manuscripts for inclusion as well as relevant reviews
and meta-analyses published within the past two years for addi-
tional citations.

For both systematic reviews we included studies (randomised
or non-randomised trials and observational studies) published in
English and including women =16 years old with diagnosed
GDM, as defined by the study authors. For the first systematic
review (precision diet and lifestyle interventions), we included
studies with any behavioural intervention using any approach
(e.g., specific exercise, dietary interventions, motivational inter-
viewing) that examined precision markers that could tailor a
lifestyle intervention in a more precise way compared to a control
group receiving standard care only. For the second systematic
review (precision markers for escalation of pharmacological
interventions to achieve glucose targets), we included studies
investigating women with GDM that required escalation of
pharmacological therapy (e.g., insulin, metformin, sulphonylurea)
compared to women with GDM that achieved glucose targets
with diet and lifestyle measures only, or women with GDM
treated with oral agents that required progression to insulin to
achieve glucose targets. For both reviews, we included any
relevant reported outcomes; maternal (e.g., treatment adherence,
hypertensive disorders of pregnancy, gestational weight gain,
mode of birth), neonatal (e.g., birthweight, macrosomia, shoulder
dystocia, preterm birth, neonatal hypoglycaemia, neonatal death),
cost efficiency or acceptability. We excluded studies with a total
sample size <50 participants to ensure sufficient data to interpret
the effect of precision markers. We also excluded studies
published before or during 2004, in order to consider studies
with standard care similar to ACHOIS*.

Study selection and data extraction. The results of our two
searches were imported separately into Covidence software
(Veritas Health Innovation, Australia, available at www.
covidence.org) and duplicates were removed. Two reviewers
independently reviewed identified studies. First, they screened
titles and abstracts of all references identified from the initial
search. In a second step, the full-text articles of potentially rele-
vant publications were scrutinised in detail and inclusion criteria
were applied to select eligible articles. Reason for exclusion at the
full-text review stage was documented. Disagreement between
reviewers was resolved through consensus by discussion with the
group of authors.

Two reviewers independently extracted relevant information
from each eligible study, using a pre-specified standardised
extraction form. Any disagreement between reviewers was
resolved as outlined above.

Data extracted included first author name, year of publication,
country, study design, type and details of the intervention when
applicable, number of cases/controls or cohort groups, total
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number of participants and diagnostic criteria used for GDM.
Extracted data elements also included outcomes measures, size of
the association (Odds Ratio (OR), Relative Risk (RR) or Hazard
Ratio (HR)) with corresponding 95% Confidence Interval (CI)
and factors adjusted for, confounding factors taken into
consideration and methods used to control covariates. We
prioritised adjusted values where both raw and adjusted data
were available. Details of precision markers (mean (standard
deviation) for continuous variables or N (%) for categorical
variables) including BMI (pre-pregnancy or during pregnancy),
ethnicity, age, smoking status, comorbidities, parity, glycaemic
variables (e.g., oral glucose tolerance test (OGTT) diagnostic
values, HbAlc), timing of GDM diagnosis, history of diabetes or
of GDM, and season were also extracted.

Quality assessment (risk of bias and GRADE assessments). We
first assessed the quality and risk of bias of each individual study
using the Joanna Briggs Institute (JBI) critical appraisal tools!”. A
Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) approach was then used to review the total
evidence for each precision marker, and the quality of the
included studies to assign a GRADE certainty to this body of
evidence (high, moderate, low and/or very low)!%. Quality
assessment was performed in duplicate and conflicts were
resolved through consensus.

Statistical analysis. Where possible, meta-analyses were con-
ducted using random effects models for each precision marker
available. The pooled effect size (mean difference for continuous
outcomes and ORs for categorical outcomes) with the corre-
sponding 95% CI was computed. The heterogeneity of the studies
was quantified using I? statistics, where I2>50% represents
moderate and I > 75% represents substantial heterogeneity across
studies. Publication bias was assessed with visual assessment of
funnel plots. Statistical analyses were performed using Review
Manager software [RevMan, Version 5.4.1, The Cochrane Col-
laboration, Copenhagen, Denmark].

As part of the diabetes scientific community, we are sensitive in
using inclusive language, especially in relation to gender.
However, the vast majority of original studies that the GDM
precision medicine working groups reviewed used women as their
terminology to describe their population, as GDM per definition
occurs in pregnancy which can only occur in individuals that are
female at birth. To be consistent with the original studies defined
populations, we use the word ‘women’ in our summary of the
evidence, current gaps and future perspectives, but fully acknowl-
edge that not all individuals who experienced a pregnancy may
self-identify as women at all times over their life course.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Results

Study selection and study characteristics. PRISMA flow charts
(Figs. 1 and 2) summarise both searches and study selection
processes.

For the first systematic review (precision approaches to diet
and lifestyle interventions), we identified 2 eligible studies
(n=2354 participants), which were randomised trials from
USA and Singapore (Supplementary Data 1)!%20,

For the second systematic review (precision markers for
escalation of pharmacological interventions to achieve target
glucose levels), we identified 48 eligible studies (n= 25,724
participants) (Supplementary Data 2)2!-%8. There were 34 studies
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(n=23,831 participants) investigating precision markers for
escalation to pharmacological agent(s) in addition to standard
care with diet and lifestyle advice. Of these, 29 studies
(n = 20,486) reported escalation to insulin as the only option?!~4?
and 5 (n=3345) reported escalation to any medication
(metformin, glyburide and/or insulin)®0-54, There were 12 studies
(n=1836 participants) investigating precision markers for
escalation to insulin when treatment with oral agents was not
adequate to achieve target glucose levels. Initial treatment
was with glyburide in 6 of these studies (n=527)°5-60 and
metformin in the other 6 studies (n=1142)6!-66, A further 2
eligible studies reported maternal genetic predictors of need for
supplementary insulin after glyburide (n=117 participants)®”
and maternal lipidome responses to metformin and insulin
(n =217 participants)®s.

The majority of included studies were observational in design.
Most studies reported outcomes of singleton pregnancies. The
studies were from a range of geographical locations: Europe
(Belgium, Finland, France, Italy, Netherlands, Poland, Portugal,
Spain, Sweden), Switzerland, Middle East (Israel, Qatar, United
Arab Emirates), Australasia (Australia, New Zealand), North
America/Latin America (Canada, USA and Brazil) and Asia
(China, Malaysia, Japan). There were a range of approaches to

GDM screening, choice of diagnostic test and diagnostic glucose
thresholds.

Quality assessment. Study quality assessment is presented as an
overall risk of bias for the studies included in the meta-analyses in
Fig. 3 and as a heat map for quality assessment for each included
study in Fig. 4. Most of the studies were rated as low risk of bias,
as they adequately described how a diagnosis of GDM was
assigned, defining inclusion and exclusion criteria, and reported
the protocol for initiation of pharmacological therapy. Not all
studies reported whether women received diet and lifestyle advice
as standard care. Few studies reported whether the precision
marker was measured in a valid and reliable way. Using the
GRADE approach, the majority of precision markers were clas-
sified as having a low certainty of evidence with some classified as
very low certainty (Tables 1 and 2). No publication bias (as
ascertained by funnel plot analyses) was detected.

Precision diet and lifestyle interventions in GDM. Two studies
examining different precision approaches to behavioural inter-
ventions were included in the first systematic review, so we pre-
sent a narrative synthesis of the findings. Neither study examined
whether a precision approach to specific lifestyle interventions
facilitated achievement of glucose targets during pregnancy or
improved outcomes that reflect glycaemic control during preg-
nancy such as macrosomia, large for gestational age, or neonatal
hypoglycaemia.

In one study of women with GDM!'?, the intervention was
distribution of a tailored letter based on electronic health record
data detailing gestational weight gain (GWG) recommendations
(as defined by the Institute of Medicine). Receipt of this tailored
letter increased the likelihood of meeting the end-of-pregnancy
weight goal among women with normal pre-pregnancy BMI, but
not among women with overweight or obese pre-pregnancy BML.
This study identified normal pre-pregnancy BMI as a precision
marker for intervention success.

The second study?® used a Web/Smart phone lifestyle coaching
programme in women with GDM. Pre-intervention excessive
GWG was evaluated as a potential precision marker for the
response to the Web/Smart phone lifestyle coaching programme
in preventing excess GWG. There was no difference between
study arms with respect to either excess GWG or absolute GWG
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagrams for precision approaches to enhance
behavioural (diet and lifestyle) interventions. The PRISMA flow diagram details the search and selection process applied in the review.

by the end of pregnancy indicating that early GWG is not a useful
precision marker with respect to this intervention.

Precision markers for escalation of pharmacological interven-
tions to achieve glucose targets in GDM. Of the 34 studies of
precision markers for escalation to pharmacological therapy to
achieve glucose targets in addition to standard care with diet
and lifestyle advice, 23 studies (n= 19,112 participants) were
included in the meta-analysis?!-2325,26,31-36,38,40,41,43-46,48,50-53
and 11 studies (n=7158 participants) in the narrative
synthesis?427-30,37,3942,47,49,54,

Table 1 and Supplementary Figs. 1-13 show that precision
markers for GDM to be adequately managed with lifestyle
measures were lower maternal age, nulliparity, lower BMI, no
previous history of GDM, lower HbAlc, lower glucose values at the
diagnostic OGTT (fasting, 1h, 2 and/or 3h glucose), no family
history of diabetes, later gestation of diagnosis of GDM and no

153

macrosomia in previous pregnancies. There was a similar pattern
for not smoking but this did not reach statistical significance.

Twelve studies (n = 1836 participants) of precision markers for
escalation to insulin to achieve glucose targets in addition to oral
agents were included in the meta-analysis>>~66,

Table 2 and Supplementary Figs. 14-25 show that precision
markers for achieving glucose targets with oral agents only were
nulliparity, lower BMI, no previous history of GDM, lower
HbA Ic, lower glucose values at the diagnostic OGTT (fasting, 1 h,
and/or 2 h glucose), later gestation of diagnosis of GDM and later
gestation at initiation of the oral agent. In sensitivity analyses,
there were no differences in the precision markers predicting
response to metformin versus glyburide (Supplementary Data 3).

Similar precision markers for escalation to pharmacotherapy
to achieve glucose targets were observed in the 11 studies
(n=7158 participants) that were not included in the meta-
analysig?$2/-30,37,39,42,47,49,54 (Supplementary Data 4). Additional
precision markers including foetal sex?8, ethnicity>»%” and season
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Fig. 2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagrams for precision markers for escalation of
pharmacological interventions. The PRISMA flow diagram details the search and selection process applied in the review.

of birth’” were evaluated in some studies but there was
insufficient data to draw conclusions.

There was a paucity of data in examining other precision
markers with only weak evidence that the maternal lipidome®® or
genetics®” hold potential as precision markers for escalation of
pharmacological treatment (Supplementary Data 4).

Discussion

As the factors contributing to the development of GDM and its
aetiology are heterogeneous®=8, it is plausible that the most
effective treatment strategies may also be variable among women

with GDM. A precision medicine approach resulting in more
rapid normalisation of hyperglycaemia could have substantial
benefits for both mother and foetus. By synthesising the evidence
from two systematic reviews, we sought to identify key precision
markers that may predict effective lifestyle and pharmacological
interventions. There were a paucity of studies examining preci-
sion approaches to better target lifestyle-based interventions for
GDM treatment highlighting the pressing need for further
research in this area. However, we found a number of precision
markers to enable earlier identification of those requiring esca-
lation of pharmacological therapy. These included characteristics
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Fig. 3 Risk of bias graph: review authors' judgements about each risk of
bias item presented as percentages across all studies included in the
meta-analyses. Green circle with + sign, Yes, Red circle with - sign, No,
Blank - not described.

such as BMI, that are easily and routinely measured in clinical
practice, and thus have potential to be integrated into prediction
models with the aim of achieving rapid glycaemic control. With
the relatively short timeframe available to treat GDM, commen-
cing effective therapy earlier, and thus reducing excess foetal
growth, is an important target to improve outcomes. Basing
treatment decisions closely on precision markers could also avoid
over-medicalisation of women who are likely to achieve glucose
targets with dietary counselling alone.

In our first systematic review, we identified only two studies
addressing precision markers in lifestyle-based interventions for
GDM, over and above the usual lifestyle intervention as standard
care!%20. In both studies, precision markers were examined as
secondary analyses of the trials and only two precision markers
(communication of GWG goals according to pre-pregnancy BMI;
and early GWG as a precision marker for the efficacy of tech-
nological enhancement to a behavioural intervention) were
assessed; it is thus not possible to conclusively identify any pre-
cision marker in lifestyle-based interventions for GDM. This gap
in the literature highlights the need for more research, as also
echoed by patients and healthcare professionals participating in
the 2020 James Lind Alliance (JLA) Priority Setting Partnership
(PSP)®9.

Our second systematic review extends the observations of a
previous systematic review reporting maternal characteristics
associated with the need for insulin treatment in GDM!!. We
identified a number of additional precision markers of successful
GDM treatment with lifestyle measures alone, without need for
additional pharmacological therapy. The same set of predictors
identified women requiring additional insulin after treatment
with glyburide as with metformin, despite their different
mechanisms of action. However, the numbers of women included
in most studies were relatively low and most studies with data in
relation to need to escalation to insulin in addition to glyburide
were over 10 years old®>%658-60_ We acknowledge that there
are also differences in diagnostic criteria, clinical practices, and
preferences for choice of which drug to start as first pharmaco-
logical agent in various global regions which may limit the gen-
eralisability of our findings.

Notably, many of the identified precision markers are routinely
measured in clinical practice and so could be incorporated into
prediction models of need for pharmacological treatment’%7!, By
identifying those who require escalation of pharmacological
therapy earlier, better allocation of resources can be achieved.
Additionally, some of the precision markers identified, such as
BMI, are potentially modifiable. This raises the question of how
women can be helped to better prepare for pregnancy’2. Imple-
menting interventions prior to pregnancy could help understand
if these precision markers are on the causal pathway, thus pro-
viding an opportunity for prevention and improving health
outcomes.

Importantly, there was a lack of data on other potential pre-
cision treatment biomarkers, with only two eligible low-quali
studies reporting maternal genetic and metabolomic findings®”:%.
In the non-pregnancy literature, efficacy of dietary interventions
has been reported to differ for patients with distinct metabolic
profiles, for example high fasting glucose versus high fastin
insulin, or insulin resistance versus low insulin secretion’3-7.
More recent evidence from appropriately designed, prospective
dietary intervention studies has confirmed that dietary interven-
tions tailored towards specific metabolic profiles have more
beneficial effects than interventions not specifically designed
towards a patient’s metabolic profile’®-7%. Ongoing studies such
as the Westlake Precision Birth Cohort (WeBirth) in China
(NCT04060056) and the USA Hoosier Moms Cohort
(NCT03696368) are collecting additional biomarkers which will
enhance knowledge in this field. However, implementing such
measures in clinical practice, if they prove informative, could be
complex and expensive and thus not suitable for use in all global
contexts.

Our study has several limitations: Our reviews primarily relied
on secondary analyses from observational studies that were not
specifically designed to address the question of precision medi-
cine in GDM treatment and were not powered for many of the
comparisons made. Prior to introduction in clinical practice, any
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Table 1 Lifestyle adequate to achieve target glucose levels vs need for escalation to pharmacological agent(s) to achieve glucose
targets.

Precision Marker Studies Participants Statistical Method Effect Estimate (95%Cl) GRADE
Age (years) 20 14620 Mean difference (95%Cl) -098[-1.23, —0.73] o000
Nulliparity 8 6969 Odds Ratio (95%Cl) 153 [123, 189) eaQ0
Body mass index kg/m? 16 1313 Mean difference (95%Cl) —1.83 [-232, —1.35] o000
Previous history of GDM 13 9885 Odds Ratio (95%Cl) 0.46 [037, 0.57] LIOl@)
Haemoglobin A1C (%) 8 4825 Mean difference (95%Cl) ~ —0.21[-0.27, —0.14] - 100)
Fasting glucose (mg/dl) 13 8663 Mean difference (95%Cl) -6.26 [-8.44, —4.08] 200
1-h glucose(mg/dl) 10 6579 Mean difference (95%C!) —-15.33 [-20.81, —9.85] o000
2-h glucose(mg/dl) 12 8255 Mean difference (95%Cl) —-9.06 [—13.55, —4.56] o000
3-h glucose(mg/dl) 3 2126 Mean difference (95%Cl) ~ —8.56 [-12.58, —4.54] 10100
Family history of diabetes 13 9256 Odds Ratio (95%CI) 0.66 [0.59, 0.75] o0
Gestational age at GDM diagnosis (weeks) 9 5882 Mean difference (95%Cl) 3.06 [2.33, 3.79] L 100)
Smoking history 5 3488 Odds Ratio (95%Cl) 0.80 [0.52, 1.23] 100)
Previous history of macrosomia 7 5595 Odds Ratio (95%CI) 0.63 [0.42, 0.94] o000
Very low @O0

Low @O 0.

Table 2 Oral pharmacological agent adequate to achieve target glucose levels vs need for escalation to insulin to achieve glucose
targets.

Precision Marker Studies Participants Statistical method Effect Estimate (95%Cl) GRADE
Age (years) n 1473 Mean difference (95%Cl) —1.04 [-2.0, 0.03] o000
Nulliparity 8 1215 0Odds Ratio (95%Cl) 155 [1.17, 2.04] ©00
Body mass index (kg/m?2) 10 1692 Mean difference (95%Cl) —1.21[-2.21, —0.21] o000
Previous history of GDM 8 1412 Odds Ratio (95%Cl) 0.43 [0.30, 0.63] o000
Haemoglobin A1C (%) 6 152 Mean difference (95%Cl) —0.21 [-0.29, —0.13] o0
Fasting glucose (mg/dl) 12 1836 Mean difference (95%Cl) —8.02 [-11.87, —4.16] -100]0)
1-h glucose (mg/dl) 8 n77 Mean difference (95%Cl) —10.64 [-18.25, -3.021 ©(OQQO
2-h glucose (mg/dl) 10 1378 Mean difference (95%Cl) —7.31[-11.38, -3.25] QOO
3-h glucose (mg/dl) 6 679 Mean difference (95%Cl) 0.00 [-11.79, 11.79] o000
Family history of diabetes 6 1040 0Odds Ratio (95%Cl) 0.79 [0.50, 1.25] LEIOl@)
Gestational age at GDM diagnosis (weeks) n 1473 Mean difference (95%Cl) 2.64 [1.42, 3.86] eQ)OO
Gestation at oral pharmacological agent initiation 7 967 Mean difference (95%Cl) 3.79 [2.08, 5.51] ®®OO
(weeks)
(1 e358°0
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5.3 Conclusions

This chapter presents the findings of a systematic review examining precision markers
associated with the success of GDM treatment (245). The review aimed to identify
precision approaches, beyond standard care, that enable the achievement of glucose
targets through lifestyle measures alone. It also sought to determine the characteristics
predicting successful glucose control in women managed with diet and lifestyle alone

and in those requiring oral agents.

Several precision markers, including commonly available clinical indicators, were
identified as predictors for the need for pharmacological interventions. A total of 48
studies were included in the review, with 34 contributing to meta-analyses. Precision
markers for successful management of GDM using lifestyle interventions without
pharmacological therapy (insulin, metformin, and/or glyburide) were identified from 34

studies. These markers included:

1. Younger maternal age
Nulliparity

Lower BMI

No prior history of GDM

o o b

Lower levels of HbA1c, fasting glucose, and post-challenge glucose
concentrations (at 1, 2, and 3 hours)

6. No family history of diabetes

7. Later gestational age at diagnosis of GDM

8. No history of macrosomia

Similarly, for women treated with metformin and/or glyburide without requiring
supplemental insulin (12 studies), comparable precision markers were identified, with
the additional factor of later gestational age at the initiation of oral therapy. However,
there was insufficient data to determine precision markers that could predict responses

to specific pharmacological agents.

This study was unable to assess whether tailoring lifestyle-based interventions using a

precision approach could facilitate the achievement of glucose targets during pregnancy
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or improve outcomes related to glycaemic control, such as macrosomia, large-for-

gestational-age infants, or neonatal hypoglycaemia

5.3.1 From study findings into clinical practice

This study has identified several predictors that can help recognise women who are less
likely to require treatment. Lower HbA1C levels, alongside reduced fasting and post-
challenge glucose concentrations, serve as predictors of diet-controlled gestational
diabetes (GDM). These findings suggest that the severity of hyperglycaemia at diagnosis
is a strong tool for predicting the need for treatment — a pattern that has been

demonstrated across 15 clinical studies in diverse populations (245).

However, while these studies highlight the potential of hyperglycaemia markers to
predict treatment needs, they also reveal significant variation — particularly in insulin
requirements — between populations. These differences are likely driven by underlying
population-specific factors. Therefore, to develop this strategy for clinical practice
developing tailored, population-specific tools will be essential to accurately identify

women who require treatment based on the degree of hyperglycaemia.

In the UK, the severity of hyperglycaemia at diagnosis is not currently used as a clinical
indicator to stratify women or guide decisions about escalating treatment. Chapter 2
outlines the burden of GDM on NHS services, emphasising the urgent need for more
effective approaches. From my clinical experience, some NHS trusts have local policies
where women are only referred to high-risk, multidisciplinary care settings once
medication has been initiated. An alternative approach could involve creating
population-specific models based on local data, rather than relying on arbitrary, non-
evidence-based thresholds to determine which women receive high-risk care and which

are managed by midwifery or obstetric services.

Another area of interest is whether the duration of hyperglycaemia predicts the need for
treatment. The recent TOBOGM study found no clear benefit to starting GDM treatment
before 20 weeks' gestation in improving pregnancy outcomes (74). Further research is

needed to explore whether early identification of women who may go on to develop GDM
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requiring treatment could improve outcomes — again, likely through a population-

specific modelling approach.

5.3.2 Biomarker precision tools

This review identified only two studies that examined non-routine clinical markers, those
included maternal genetics and metabolomics, as potential precision markers for
predicting treatment response. This highlights a significant gap in evidence regarding the
role of biomarkers in identifying women who require treatment or escalation of
treatment. It also underscores the major challenge in conducting this review: the
majority of included studies were not designed to specifically address the use of
precision tools in GDM treatment and were therefore not adequately powered for such

outcomes.

For most included studies, data on treatment or precision markers had to be extracted
from supplementary materials. Many studies identified through the search strategy were
excluded for this reason. Where authors referenced relevant data on treatment
response, attempts were made to contact them for clarification, but this did not yield
additional information. As clinical researchers, we strongly believe that data on
treatment outcomes may have been available at the time of publication, suggesting the
potential for unpublished findings on the role of precision tools, particularly non-routine

biomarkers.

This review was conducted as part of a broader consortium effort to identify gaps and
opportunities for the clinical translation of precision medicine in diabetes care. Asecond
systematic review and meta-analysis focused on maternal and fetal anthropometry,
clinical and sociocultural/environmental risk factors, genetics, omics, and non-
glycaemic biomarkers. This review aimed to identify subgroups of individuals with GDM

at differential risk of adverse pregnancy outcomes.

The second review included 30 studies evaluating non-glycaemic biomarkers, including
lipids and indices of insulin sensitivity and secretion, and an additional five studies

investigating genetics, genomics, and other omics approaches. Lipids and insulin
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resistance/secretion indices (33 studies) were the most extensively studied non-
glycaemic biomarkers, with increased triglycerides and insulin resistance generally
associated with a higher risk of macrosomia or large-for-gestational-age (LGA) infants.
Findings for other markers were inconsistent, making it unclear whether they could be

reliably used as precision markers (246).

The publication of findings from the second PMDI review, along with its broader
dissemination in the field of diabetes in pregnancy, is expected to play a key role in
identifying knowledge gaps, particularly in biomarker research (247). Recently building
onthis, White et al. analysed glycaemia patterns identified at OGTT at 28 weeks in obese
women, linking these to insulin secretion, sensitivity, and lipid profiles (112). Women
with the most severe hyperglycaemia (both fasting and post-load) exhibited the greatest
defects in insulin secretion, sensitivity, and lipid disturbances associated with

lipogenesis.

Notably, women with isolated fasting hyperglycaemia had lipid profiles similar to those
without GDM, while those with isolated post-load hyperglycaemia showed significant
lipid alterations akin to women with severe hyperglycaemia, despite having insulin
indices comparable to euglycaemic women (112). These findings suggest that neither
insulin indices or lipid profiling alone are sufficient for distinguishing degrees of
hyperglycaemia from euglycaemia but highlight the ongoing potential of lipid metabolites

as potential targets for GDM prevention and intervention.

Future research into biomarker discovery is expected to be both time-intensive and
costly, emphasising the importance of strategic planning. When designing future
studies, itis crucial to account for the multiple roles that biomarkers can play—not only
in detecting GDM but also in predicting treatment responses and evaluating short- and
long-term outcomes for both mother and child. While the development of novel
biomarkers to predict disease prognosis and clinical outcomes represents a valuable
area of research, itis essential to recognise the limitations of such efforts. Complex
precision markers, such as genetic or metabolomic biomarkers, may have limited utility
in low- and middle-income countries, which account for 90% of the global GDM burden
(3, 79). Addressing these disparities should be a key consideration in the pursuit of
biomarker research to ensure broader applicability and impact.
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5.3.3 Prediction modelling in GDM management

The routine clinical precision markers identified in this review highlight their potential for
distinguishing between women with GDM who will respond to lifestyle interventions and
those requiring escalation of treatment, including pharmacological interventions.
Identifying women likely to need treatment escalation—and thus those with the poorest
glycaemic control—enables stratification into "high-risk" and "low-risk" groups. High-
risk women could benefit from more intensive monitoring and earlier therapeutic
intervention, while low-risk women, who typically exhibit milder phenotypes and are
more likely to maintain glycaemic control with diet and lifestyle alone, could be managed
outside of high-risk obstetric care pathways. This type of stratification would provide an
evidence base to support the enthusiasm reported by health care professionals in
chapter 2 of supporting women receiving “low risk” GDM care in a community setting,
avoiding unnecessary interventions, thereby improving efficiency and care quality in

clinical practice.

5.3.4 Moving from findings to stratification

The transition from identifying precision markers to stratifying women by risk requires
robust validation of these markers. Traditional approaches assess discriminative
abilities, such as sensitivity and specificity, alongside external validation. However,
alternative methods like machine learning offer promising alternatives. Machine learning
approaches can integrate diverse datasets, encompassing clinical, biochemical, and
demographic variables, to uncover complex patterns and interactions that conventional

statistical methods might miss.

These models could incorporate precision markers identified in this review, as well as
data from ongoing studies such as the Westlake Precision Birth Cohort (WeBirth) in

China (NCT04060056) and the Hoosier Moms Cohort in the USA (NCT03696368).
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Variables such as glycaemic profiles, maternal age, BMI, and GDM history could be used
to generate personalised risk scores that accurately predict treatment needs or
escalation. Predictive models, including decision trees, support vector machines, and
neural networks, could be trained to forecast treatment requirements as surrogate

markers for poor outcomes.

5.3.5 Challenges in developing predictive models

Despite the potential of predictive modelling, progress in this field faces several
challenges. Developing effective models requires large datasets—ideally tens of
thousands of high-quality, integrated data points. While many precision markers
identified in this review are routinely available, generating sufficiently large datasets
remains a significant hurdle. Challenges include limited access to integrated clinical
data for both mothers and offspring, and inconsistencies in diagnostic approaches. In
chapter 1| presented the difficulties faced in generating data sets with granular data on
glycaemic indices and high-quality data capturing key precision markers of BMI, ethnicity
and family history. This represents the major challenge for developing a model for GDM

risk prediction in a UK population.

Recent years have seen a surge in the development of prediction models for adverse
pregnancy outcomes in women with GDM, including the likelihood of requiring
pharmacological treatment (248-252). However, these models suffer from small
datasets, limiting their robustness. The largest dataset used in a modelling for predicting
treatment response, included 30,474 pregnancies(248). To achieve this size, the authors
relied on data spanning back to 2007, introducing challenges such as variations in
baseline populations (maternal age, ethnicity, BMI) and evolving screening and
diagnostic thresholds. Additionally, integrated versus non-integrated healthcare
systems complicate data availability, particularly for glycaemic control via self-

monitoring of blood glucose after GDM diagnosis.
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5.3.6 The Path Forward

Advancing this field will require significant investment to generate the large, high-quality
datasets necessary for training predictive models. International collaboration will be
essential to pool data across populations and healthcare systems, enabling the
development of tools applicable to diverse populations and ethnic groups. Such efforts
could pave the way for personalised, data-driven approaches to GDM management,
improving outcomes for both mothers and their offspring while reducing the burden on

healthcare systems.
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6 Discussion

In this final discussion | will summarise the main findings of each study and highlight key

strengths and limitations while identifying important areas for future research to explore.

6.1 Chapter 1 discussion

The COVID-19 pandemic created an opportunity to explore alternative strategies for
identifying women with GDM. | presented findings demonstrating that, despite adopting
a different approach to GDM diagnostic screening during the SARS-CoV-2 pandemic,
once women received a diagnosis and entered a GDM pathway, pregnancy outcomes
were comparable. This has been supported by recent multicentre studies evaluating
screening approaches and early intervention (50, 61, 73). Additionally, personal
correspondence from researchers leading the ongoing national GDM audit in England
suggests that women diagnosed with GDM experience similar pregnancy risks to the

general population.

Under the COVID-19 GDM emergency care pathways, all women were offered an HbA1c
test atbooking. | reported that the incidence of overt diabetes in pregnancy in the UK was
3%, based on an HbA1c 248mmol/L. This figure may represent an underestimate, as not
all women in the dataset had an HbA1c performed. This screening strategy identifies a
population of women with significant dysglycaemia who may have previously remained
undetected until 24-28 weeks of pregnancy, or possibly throughout the entire pregnancy.
Offering early screening, through a simple blood test, presents an opportunity to identify
women at risk and provide timely intervention for both mothers and their offspring. This
approach is reflected in the recent SIGN guidance update (SIGN 2024) and | believe this

is under consideration in the next NICE update.
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6.1.1Strengths and limitations

At the time, my dataset represented the largest contemporary collection of women with
GDM in the UK, including data on demographics, glycaemic indices, and pregnancy
outcomes. This study remains the largest research on GDM outcomes during the
pandemic, while other studies were primarily single-centre or used retrospective data

(121, 130, 204, 253).

We were able to draw valuable conclusions from changes in screening approaches, such
as the use of HbA1c for early detection of overt diabetes and as a tool forwomen who do
not attend for OGTT. Another key strength of this study was identifying a trend of
increasing GDM prevalence across the UK, despite predictions of a decline during the
emergency care pathways. This led to a proposal to the BHF Diabetes Data Catalyst for
amuch larger cohort utilising data from a COVID research network established by Health

Data Research UK (HDR UK), with analysis currently underway.

In Chapter 1, | briefly touched on the challenges of using routinely collected healthcare
datain research. Here, | will provide a more detailed account of the issues encountered
during this study and their impact on other work presented in this PhD. Routinely
collected healthcare data—defined as data gathered without specific, predefined
research questions—includes sources such as disease registries, primary care
databases, and electronic health record repositories (254). These datasets, derived from
diverse healthcare settings and geographical locations, offer valuable opportunities for
informing clinical management, health service planning, and public health through

innovative and cost-effective research (8).

The objective of this study was to evaluate the impact of rapid changes in screening,
diagnostic, and management approaches for GDM during the SARS-CoV-2 pandemic.
Routinely collected healthcare data was a logical approach for this study. However,
national datasets in England (HES and MDDS) and Scotland (SMRO2), while containing
information on patient demographics and birth outcomes, lacked the detailed diagnostic
data necessaryto address the study's aims. To overcome this, the Diabetes in Pregnancy

working group identified several NHS trusts capable of providing more granular data.
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Ethical approval for the study was granted in April 2021. Because the study utilised
unconsented data with access to confidential patient information, additional approvals
were sought from relevant bodies. Following these approvals, data acquisition from
individual health boards became a significant barrier. The local research and
development (R&D) approval process, delayed by COVID-19-related backlogs, took over
nine months to complete. Furthermore, local processes-imposed restrictions on data
fields, limiting access to key information such as age, BMI, GDM diagnosis dates, and
certain outcomes deemed identifiable, including stillbirth, neonatal death, and obstetric

haemorrhage.

Initially, 14 hospital sites agreed to participate, but only nine contributed data due to
delays and capacity constraints. At five of these sites, manual data collection was
required for certain fields, and two sites were unable to provide diagnostic data due to
the labour-intensive nature of the task. Even where electronic data collection was
possible, linking disparate databases proved challenging, leading to varying levels of

missing data.

A critical goal of the study was to assess GDM incidence. Since identifying the screened
population was outside the study's remit, GDM cases diagnosed per month relative to
live births per month were used as a denominator to estimate incidence. The intensity of
data collection limited pre-pandemic data availability at several sites, so conclusions
about GDM prevalence were drawn from a time-matched cohort from 2019 and 2020.
This constraintimpacts the reliability of conclusions regarding GDM incidence, as noted

in the published paper.

This research study had the goal of evaluating the impact of pandemic-related changes
on the incidence of GDM and associated maternal, obstetric, and neonatal outcomes.
Initially it was conceived as a mixed methods approach, where findings from the data
study would inform the design of the qualitative study. Delays in approvals and data
acquisition disrupted the timeline. Consequently, the qualitative study had to begin
before the data study, limiting opportunities to explore key findings further. Forinstance,
findings from the data study, such as the use of HbA1c to improve detection rates among

marginalized women, could have been further explored qualitatively. Difficulties in
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recruiting healthcare providers made it not feasible to conduct further interviews after

completion of the data study, restricting the depth of insights gathered.

6.1.2Future directions

Future research should prioritize monitoring ongoing trends in GDM incidence to identify
ifincreased GDM diagnosis will return to pre COVID-19 rates; this information will be key
in informing health service planning, particularly as the global pandemic continues,
albeit in a non-acute state. A secondary research focus should be the exploration of
previously unrecognised mediators of GDM risk. Leveraging biobanks established during
the pandemic could provide valuable insights into mechanistic pathways driven by
pandemic-related stress, systemic inflammation, and their potential role in GDM

pathogenesis.

6.2Chapter 2 discussion

Chapter 2 presents a qualitative study based on interviews with 23 NHS healthcare
providers across three distinct NHS sites. The study provides an in-depth analysis of how
GDM care was reconfigured and delivered in the early phases of the SARS-CoV-2
pandemic. It highlights pre-existing shortcomings in GDM care and demonstrates how
remote antenatal brought greater convenience and accessibility. This research also
explores strategies employed by healthcare providers to address language barriers, offer
culturally sensitive care, and develop alternative pathways to reduce inequalities in

remote care delivery.

6.2.1Strengths and limitations

This is the first study to qualitatively examine the COVID-19 reconfiguration of GDM
services in the NHS from the perspective of HCPs. While other research has investigated
the use of the GDm health app among women (233) or explored remote care experiences

in other health care systems (226, 234, 238), this study uniquely focuses on NHS
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providers. It also sheds light on the specific challenges and adaptations required to
deliver remote GDM care, providing insights for future service improvements in the post-

pandemic era.

The timing of the data collection, from November 2020 to April 2021, was particularly
advantageous. Although delays due to ethical and study approvals postponed the
research, this allowed healthcare providers to reflect on their experiences after
immediate safety concerns had subsided and new practices had become embedded.
This approach enabled the application of the Normalization Process Theory framework

to analyse the evolution and sustainability of remote GDM care.

Conducting the study during a period of unprecedented change offered the opportunity
to explore the real-world use of remote care technologies, particularly for hard-to-reach

groups often excluded from research (195).

Another strength of this study is the inclusion of a diverse range of healthcare providers
from various disciplines within multidisciplinary teams, as well as those serving
geographically and socio-demographically diverse populations—a significant
achievement given the challenges faced by researchers during the pandemic (255). By
capturing a broad spectrum of perspectives within individual teams, | was able to
thoroughly explore team dynamics and gain valuable insights into whether and how

multidisciplinary care could be effectively delivered remotely.

| have reflected on my role as a clinical researcher and how my own experiences and
beliefs about GDM care may have influenced the study findings. These influences were
evident at various stages, from shaping the research questions to conducting interviews,
elicitingresponses, and analysing, interpreting, and presenting the data. While this could
be seen as a limitation, Braun and Clarke’s concept of reflexive thematic analysis frames
it differently. This approach views themes as “creative and interpretive stories” that
emerge through the interplay between the data and the researcher’s knowledge,
analytical skills, and theoretical assumptions (256). From this perspective, my role as a
clinical researcher can be seen as a strength rather than a bias. During the interviews, |
was struck by the participants’ honesty. Many healthcare providers appeared to find the

interviews cathartic, usingthem as an opportunity to offload and share their experiences.
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| believe their openness stemmed, at least in part, from seeing me as an “insider.” They
seemed more comfortable speaking candidly to someone who understood their
professional challenges. Had they been speaking to someone outside the healthcare

community, their responses might have been more measured and guarded.

The first and perhaps most obvious limitation of this study was the decision to explore
remote delivery of care solely from the perspective of HCPs, without including the
perspectives of women. This choice was made for sound reasons. Primarily, the time
required to include both women and HCPs in a qualitative study would not have been
feasible within the constraints of a multi-methods PhD study. Therefore, it was
necessary to focus on one group. Given that existing literature on remote care delivery
often overlooks the views of HCPs, | saw an opportunity to address this gap. Additionally,
practical considerations, such as easier recruitment and a simplified ethics process,

made studying HCPs experiences more manageable than including women.

It is undeniable that, without the time constraints of a PhD study, including women's
perspectives would have enriched the findings and allowed for a more comprehensive
understanding by addressing the perceptions presented by HCPs. One way to have
increased women's representation within these time constraints would have been to
establish a group of women to provide Patient and Public Involvement (PPI) input. This
might have generated additional and different interview questions that held value for
women, making the findings more relevant. The absence of this PPl input represents a
significant limitation of the study, one | would address if involving PPl had been feasible

at the time.

My decision to focus this study on individual multidisciplinary teams (MDTs) to gain a
deeper understanding of team dynamics has affected the generalizability of some
findings. Although | selected three substantially different sites to mitigate this limitation,

these sites are not fully representative of the UK healthcare system as a whole

One methodological consideration | have reflected on was the decision not to use a
combination of individual interviews and multi-disciplinary focus groups. Evidence
suggests that collecting various sources of qualitative data, alongside individual

interviews, can enhance analysis and allow for the triangulation of findings (257). Focus
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groups are particularly known for offering deeper insights into team dynamics and the
social context of delivering remote clinical care (257). However, in the context of
conducting a multi-methods PhD study, focus groups presented several methodological
and practical challenges beyond those posed by social restrictions during the SARS-
CoV-2 pandemic. These included scheduling difficulties, a lack of experienced focus
group facilitators, a higher volume, intensity, and complexity of data collection, and the
potential influence of professional hierarchies on group dynamics. These factors could
have affected the types of insights and information that participants felt comfortable
sharing. Given these considerations, and despite the pandemic's constraints, it is
unlikely that using focus groups would have been feasible within the timeframe of my

research.

Throughout this study, | relied on the expertise of my PhD supervisor (JL), who played a
key role in developing and revising the interview topic guide, the coding framework, and
helping to generate the themes presented in the findings. However, according to the
COREQ guidelines for reporting qualitative research (215), it is recommended that a
second qualitative researcher independently code and analysing the data before
reaching a consensus. Since this work is part of a doctoral study, this level of involvement
was not required. However, involving a second coder could have enhanced the rigor and

robustness of the findings.

6.2.2Future direction

This study highlights key areas for future research and policy considerations. A logical
next step is to examine the use of remote clinical care for GDM over the five years
following the pandemic's onset. Such research should include the experiences of service
users—women and their support networks—as well as input from stakeholders like
managerial and systems-level staff, to capture a comprehensive understanding of

remote care's impact.

To explore the factors that have supported remote care delivery since the pandemic,

qualitative methodologies such as ethnography and longitudinal case studies could
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provide richer, more nuanced data. These approaches would help capture changes over

time, offering insights into how remote care has evolved and is sustained.

The study also suggests that HCP fatigue may be affecting obstetric antenatal care.
Future research should focus on how provider well-being impacts care delivery, aligning
with the UK government’s emphasis on staff welfare (258). Addressing burnout is

essential for retaining staff and ensuring sustainable, high-quality patient care.

Additionally, there is potential to develop care models tailored to women with
uncomplicated GDM. These models, led by allied health professionals and incorporating
remote technologies, could offer personalized care, reduce hospital visits, and improve
accessibility. A pilot study could assess the experiences of both service users and
providers, along with maternal and offspring outcomes and cost implications. Insights

from such a study could guide sustainable improvements in NHS maternity care.

6.3 Chapter 3 discussion

Overall, based on findings from moderate-to-good quality studies, key maternal
characteristics were identified that may be used to build prediction models for
pharmacological GDM treatment. Precision markers for GDM treatment are usually
available from routine clinical measures; however, itis unknown whether other precision
markers could be identified (for example, genetics or “omics”) or whether these can be

implemented in clinical practice.

6.3.1Strengths and limitations

This work was commissioned through the PMDI with the broad concept of synthesizing
the evidence for precision markers in the treatment of GDM. The main strength of this
study lies in the decision to narrow the focus of this study into two reviews one examining
precision approaches that enable the achievement of glucose targets through lifestyle
measures alone and a second review examining whether personal characteristics of the
mother or offspring predict the need for treatment or escalation of treatments above
lifestyle interventions. In designing our research questions this way, the need for

treatment or escalation of treatment acts as a surrogate for stratifying women and babies
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at greatest risk. Utilising robust methods, we have maximised the opportunity to
summarise the available evidence to most helpfully guide future researchers and

funders.

The main strengths and limitations of this work are outlined in detail Chapter 3.

6.3.2Future directions

The findings from the systematic review(s) highlight a significant gap in studies evaluating
the role of genomics and small molecules (lipidomics, proteomics, insulin resistance).
Inadequate numbers of studies were available to draw even basic conclusions. Another
area for consideration is the role of precision markers that could predict responses to
specific pharmacological agents. There is a need for well-designed large cohort studies
where precision markers assessed at numerous time points throughout pregnancy are
reported to outcomes of GDM diagnosis, requirement for treatment and linked through
to both maternal and neonatal outcomes and postnatal outcomes. There is a need for

such studies to be conducted across multiple populations.

While the identification and quantification of risk are clinically useful to better inform the
patient and clinician, there is also a need for evidence-based interventions running in
parallel. Traditional interventional studies have targeted whole populations. Moving
away from this approach to precision-based treatment will be an important next stage.
This review highlights the potential of routine clinical precision markers, such as BMl and
lipid profiles, to predict treatment response in GDM. Importantly, many of these markers
are modifiable, offering opportunities for targeted interventions. Future research should
explore interventions in the preconception or early pregnancy periods aimed at

addressing these precision markers
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6.4 0verall reflections

A key strength of this thesis is its alignment with the top 3 of the 10 JLA priorities. My early
involvement in the JLA GDM Priority Setting Partnership (PSP) allowed me to ensure that
each study conducted as part of my PhD was aligned with the priorities outlined in this
process, ensuring that my work reflects the views of women, their families, and

healthcare providers.

The majority of the work presented in this thesis was conceived and began during the first
year of the SARS-CoV-2 pandemic. During this time, developing research skills, gaining
study approvals, and recruiting participants for clinical research proved to be an
exceptionally challenging process—due not only to the risk of infection but also the
immense pressure on acute health services to continue providing care. Despite these
challenges and the limitations, they created, | am proud of what these studies have
achieved in making a significant contribution to the field of knowledge in delivering GDM

care during the pandemic.

This thesis has provided me with a solid foundation in health service evaluation research
methodologies. Through this work, | have explored critical issues in GDM care during an
unprecedented time for the NHS, shaping my approach to service delivery, equity, and

innovation in healthcare.

6.5 Final conclusion

This thesis highlights several strategies for optimising GDM care in the UK. Key findings
from the pandemic include the rising incidence of GDM, the potential for adjunct
screening tools to better detect overt diabetes and reach marginalised women, and the
effectiveness of remote antenatal care. Beyond existing approaches, precision methods

may refine treatment pathways by enabling earlier identification of women requiring
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escalated care however significant effort will be required to acquire the data needed to

generate and validate precision tools in the future.
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1 | INTRODUCTION

Methods: The PSP used established James Lind Alliance (JLA) methodology work-
ing with women and their support networks and healthcare professionals UK-wide.
Unanswered questions about the time before, during or after pregnancy with any type
of diabetes were identified using an online survey and broad-level literature search.
A second survey identified a shortlist of questions for final prioritisation at an online
consensus development workshop.

Results: There were 466 responses (32% healthcare professionals) to the initial sur-
vey, with 1161 questions, which were aggregated into 60 unanswered questions.
There were 614 responses (20% healthcare professionals) to the second survey and 18
questions shortlisted for ranking at the workshop. The top 10 questions were: diabetes
technology, the best test for diabetes during pregnancy, diet and lifestyle interven-
tions for diabetes management during pregnancy, emotional and well-being needs of
women with diabetes pre- to post-pregnancy, safe full-term birth, post-natal care and
support needs of women, diagnosis and management late in pregnancy, prevention of
other types of diabetes in women with gestational diabetes, women's labour and birth
experiences and choices and improving planning pregnancy.

Conclusions: These research priorities provide guidance for research funders and
researchers to target research in diabetes and pregnancy that will achieve greatest
value and impact.

KEYWORDS

diabetes mellitus, health priorities, perinatal care, post-natal care, pregnancy, prenatal care,

researchNovelty statement

e Women report a lack of consistent evidence-based information to help them man-
age their diabetes in the period before to after pregnancy.

e The top 10 questions for research in diabetes and pregnancy according to women,
their support networks and healthcare professionals were identified.

e Joint top priorities for research were diabetes technology and identifying the best
test for diabetes in pregnancy.

e These questions will inform funders of research and researchers towards addressing
areas of great need and impact.

Many pregnant women with diabetes report a lack or in-
consistency of information, leaving many of their questions

Approximately one in every 10 women will experience
a pregnancy complicated by either pre-existing or ges-
tational diabetes.' Rates are increasing as a result of in-
creased rates of obesity and pregnancy at a later age.”
Although most women have healthy pregnancies and
healthy babies, diabetes increases the risk of complica-
tions during pregnancy and birth, and can have long-term
effects. Compared to the maternity population without
diabetes, the risks are two to six times greater for adverse
outcomes such as congenital anomalies, stillbirth, preterm
birth, infant death within the first month of life, together
with long-term risks of adverse cardiovascular outcomes
in both mothers and children.*

unanswered. National guidelines and high-quality system-
atic reviews highlight variable quality, heterogeneity and
reliability of research. Consequently, treatment guidelines
are insufficiently evidenced in line with current context and
available healthcare options.“' However, with limited fund-
ing and resources available for research, it is important to
ensure that the research that is undertaken is of highest value
and impact.

Healthcare research led by industry and researchers
often does not address the issues that are most important
for people living with the condition, or those who support
them.” The James Lind Alliance (JLA), a UK-based ini-
tiative established in 2004, aims to address this mismatch.
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Through Priority Setting Partnerships (PSP), the JLA sup-
ports the identification of the research questions that matter
most to patients and the healthcare professionals that care
for them. Sharing the outputs of PSPs with health research
funders helps to align the work they fund towards address-
ing the areas of need prioritised by those directly affected
and involved.

Previous successful PSPs have been conducted in diabetes
in the UK. The type 1 diabetes PSP identified two questions
in pregnancy, but both fell outside the top 10 priorities: “What
impact do changing hormones, for example, during menstrua-
tion, pregnancy and menopause, have on blood glucose levels
in women with type 1 diabetes?’; ‘Is it safe to continue insulin
analogues in preconception and pregnancy in type 1 diabe-
tes?”® No priorities specific to pregnancy were identified in
the type 2 diabetes PSP top 10.° There have also been prioriti-
sation exercises using different but overlapping methodology
to PSPs in Canada and the USA but focussing on gestational
diabetes.'”!! However, women's health and pregnancy, par-
ticularly in relation to diabetes, are not prioritised, despite
being consistently identified as an area of much needed
research.>!>13

A PSP was therefore established between the University
of Oxford, Diabetes UK, Diabetes Research and Wellness
Foundation, JDRF the type 1 diabetes charity, and JLA, on
World Diabetes Day 2018. The PSP aimed to find out the
priorities for future research in diabetes and pregnancy, ac-
cording to women and their support networks (families, part-
ners, friends and carers) with experience of pregnancy, or
planning pregnancy, with any type of diabetes and healthcare
professionals.

2 | PARTICIPANTS AND METHODS

The PSP employed the established JLA methodology.'*

DiABETIC MIRKEE

The PSP was overseen by a steering group representing key
stakeholders (Supplementary Table S1) and was chaired by a
senior JLA advisor to ensure transparency of the process, and
fair and equal involvement of all members. The group agreed
the scope (Table 1) and was responsible for the completeness
and appropriateness of the process, ensuring involvement of
key stakeholder groups, approval of categorisation, group-
ing and phrasing of questions and interpretation of data. The
protocol was prospectively published online at www.jla.nihr.
ac.uk/priority-setting-partnerships/diabetes-and-pregnancy.

2.1 | Establishing the PSP

2.2 | Initial survey—identifying questions
‘Women and their support networks (partners, families, friends
and carers) with experience of pregnancy or planning preg-
nancy with any type of diabetes and healthcare profession-
als were invited via an open survey (26 June—15 November
2019) to suggest up to three questions they felt were impor-
tant to answer. These could be any questions about the time
before, during or after pregnancy with any type of diabetes.
The scope was intentionally broad so that the submissions
reflected public need.

The survey was available, in English, online and on paper.
Targeted efforts to maximise responses, particularly from un-
derrepresented groups, included direct approaches in diabe-
tes and pregnancy clinics, outreach through relevant support
groups, professional networks and conferences, diabetes, preg-
nancy and birth charities” websites and communication chan-
nels and social media platforms. Concerted efforts were made
to hear the voices of ethnic minorities working with organisa-
tions, support groups and community champions, which aim
to address health inequalities. Representation across different
ethnic minorities was monitored through broad groupings.

TABLE 1 Scope of the James Lind Alliance priority setting partnership in diabetes and pregnancy

Questions about the following were included:

Women, their partners, babies and families

Diabetes, including pre-existing diabetes of any type and subtype, and gestational diabetes

Time period in relation to pregnancy (i.e. preconception, antenatal, neonatal, post-natal and
short- to long-term health outcomes)

Management of diabetes in pregnancy (i.e. screening, causes and prevention, diagnosis and

treatment)

Physical, social, cultural, economic and psychological aspects

Co-morbidities and complications

Genetics, fertility and related aspects

Information, education and service improvement

Relevant to the UK population. This was intended to be a UK exercise with a UK focus.

Questions about the following were excluded:

Pregnancy uncertainties not specific to diabetes

Care of the baby on a neonatal unit
Questions or priorities without a UK focus or relevance
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2.3 | Categorisation and grouping

The submitted questions were organised using NVivo
qualitative data analysis software (QSR International Pty
Ltd. Version 12, 2018). Initial data cleaning was manually
completed with any issues about the clinical aspects or in-
terpretation of the submitted questions resolved with the
steering group. The questions were analysed using content
analysis with an initial stage of open coding of the ques-
tion content, followed by the grouping of codes into cat-
egories.' To retain the integrity of the initial submissions,
some questions were mapped to two or more categories.
Independent second checks were conducted with members
of the steering group to ensure potential impact of individ-
ual bias, and missed or misinterpreted categorisation was
minimised. The steering group further consolidated the cat-
egories into groups and summarised the initial survey sub-
missions under an indicative question. Indicative questions
were formulated to capture the issues raised by the submit-
ted questions within each group, whether originating from
single or multiple respondents.

24 | Evidence checking

A broad level and pragmatic evidence checking strategy
was taken (January — May 2020) with the aim of ascertain-
ing whether there was evidence of substantial uncertainty
for each indicative question. The search was restricted
to the Cochrane Database of Systematic Reviews (www.
cochranelibrary.com), systematic reviews published since
2017 using Medline or PubMed and National Institute of
Clinical Excellence (NICE) and Scottish Intercollegiate
Guidelines Network (SIGN) national diabetes and preg-
nancy guidelines.>® Expanded evidence searches, in-
cluding evidence highlighted by the steering group, were
applied on a question-by-question basis after finalisation
of the list of indicative questions. Research underway or
recently completed but not available as published was not
included as evidence. Where part of the question had suf-
ficient evidence, the question phrasing was amended to re-
flect the remaining uncertainty.

2.5 | Interim survey and prioritisation

The interim survey presented the long list of indicative
questions in groups by phase. The order of the groups and
individual questions within the groups were randomised
each time the survey was entered. Participants were invited
to pick up to 10 that they felt were most important to an-
swer. Due to the Covid-19 pandemic and social distancing
restrictions, the survey was offered online only. Following

a pilot mid-May, the survey ran for nine weeks (29 May-31
July 2020).

2.6 | Interim ranking and shortlisting

Every selection made by an individual respondent had equal
weighting and no weighting changes were made if fewer
than 10 questions were selected. However, to account for the
differences in observed voting patterns and the number of
respondents from different groups, ranking was tallied sepa-
rately for: women and support networks, healthcare profes-
sionals, ethnic minorities and diabetes type, namely type 1,
type 2 and other, and gestational diabetes. Within each of the
groups, the total points for each question were put into rank
order. The questions ranked in the top 10 for the two main
groups (women/support networks and healthcare profession-
als), and the top three, and at least eight of the top 10, for each
of the other subgroups, were shortlisted. In total, 18 questions
were shortlisted for the final workshop, the maximum num-
ber considered feasible by the steering group for effective
discussion online.

2.7 | Final workshop—agreeing the top 10
The final stage involved a 1-day workshop (2 October 2020)
using the established JLA approach, which was adapted to
be delivered online."* Twenty-five participants were identi-
fied initially through phased targeted approaches to prioritise
representation from ethnic minority groups, the devolved na-
tions and Crown dependencies, support networks and spe-
cific health professions, for example, psychologists and GPs
as underrepresented groups, followed by open invitation.
Contacts collated through the surveys, and special inter-
est groups and partner communication channels were used.
Participants were screened for possible conflicts of interest
and whether they were highly research active in the area. The
participants were split into four breakout groups balanced by
representation between women, support networks and health-
care professionals, and by experience of diabetes and health-
care specialist.

In breakout groups, the attendees participated in a se-
ries of discussion and ranking exercises to jointly rank the
shortlist of indicative questions and agree the top 10 most
important for future research to answer. The workshop and
discussions were facilitated by trained JLA advisors to ensure
equal and open participation. Four steering group members
joined as observers only. Technical support was made avail-
able, and a contact point for emotional support was provided
should any participant be upset by the process or discussions.
The participants were invited to provide anonymous feedback
on the prioritised questions and the workshop generally.
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2.8 | Ethics

The Medical Sciences Interdepartmental Research Ethics
Committee, University of Oxford confirmed that the project
did not require ethics committee approval.

3 | RESULTS

The top 10 areas of most needed research in diabetes and preg-
nancy identified were: diabetes technology at any stage pre- to
post-pregnancy, the best test for diabetes during pregnancy, diet
and lifestyle interventions for diabetes management during preg-
nancy, emotional and well-being needs of women with diabetes
pre- to post-pregnancy, safe birth at full term, post-natal care
and support needs of women, diagnosis and management late in
pregnancy, prevention of other types of diabetes in women with
gestational diabetes, women's labour and birth experiences and
choices and improving planning for pregnancy (Table 2).

The responses at each stage of the process are summarised
in Figure 1. Participant demographics at each stage of the
process are in Table 3. The survey submission counts and
rankings for the 60 indicative questions are available in
Supplementary Table S2.

3.1 | Initial survey

Four hundred and sixty-six responses were submitted (64%
women and support networks, 32% healthcare profession-
als and 4% other/not answered) suggesting 1161 ques-
tions covering the whole perinatal period (Supplementary
Table S3).

Initial questions submitted by women and support net-
works were mainly in relation to post-birth effects on
themselves and their child, diabetes management during
pregnancy and understanding the risks for diabetes in preg-
nancy. The long-term effects of diabetes in pregnancy on
the child (risks of the child developing diabetes and any
wider health effects) being the most frequently asked ques-
tion (20.1% of women and support networks’ submissions).
This group more specifically raised questions about breast-
feeding (8.9%) and labour and birth (8.6%) in terms of in-
formed choice, continuity/availability of care and emotional
support more generally. Healthcare professionals’ ques-
tions were mainly about pre-pregnancy care, and diagno-
sis and clinical management of diabetes in pregnancy. How
to improve preconception care was most frequently asked
(9.7% of healthcare professionals’ submissions), closely fol-
lowed by the value and methods of diagnosis and manage-
ment of diabetes late in pregnancy, that is, after 34 weeks
(8.5%). Modes of delivering care, improving uptake and
access to services and motivational interventions were more

DiABETIC MEGKEE

specifically raised by this group. Common to both groups
were questions about individualised and risk-based care,
optimal management of diabetes, prevention of diabetes and
safety of medications.

One hundred and forty-two categories were extracted and
broadly organised by the phase of pregnancy: pre-pregnancy
(62 questions, 6.3%), pregnancy (376, 38.2%), labour and
birth (87, 8.8%) and post-birth (373, 37.9%). Technology (20,
2.0%), mental health and well-being (20, 2.0%) and health
services (46, 4.7%) were identified as cross-cutting catego-
ries. A total of 934 questions were within scope, of which
50 mapped to more than one category, and consolidated into
60 indicative questions. Rarely was there a need to specify
a type of diabetes within an indicative question, which re-
flects the significant overlap in priorities regardless of dia-
betes type. The main distinctions were questions relating to
gestational diabetes, due to its transient nature and diagnosis
in pregnancy. All 60 indicative questions were considered
to have substantial uncertainty following evidence checks.
The evidence check summary is provided in Supplementary
Table S4.

3.2 | Interim survey

Six hundred and fourteen submissions (80% women and sup-
port networks and 20% healthcare professionals) were re-
ceived in the interim survey. In the interim survey rankings,
there were notable differences between women and support
networks, and healthcare professionals (Figure 2a). Four
of the top 10 ranked questions for healthcare professionals
were below the 45th ranking for women and support net-
works. Women and support networks ranked the long-term
effects of diabetes in pregnancy on the child's general health
(non-diabetes-related) highest. Varying standards and advice
across hospitals and giving birth at full term were also in the
top three.

Voting patterns varied for the main groups between sur-
veys (Figure 3) with overall movement towards labour and
birth and cross-cutting categories. For example, despite
being rarely asked in the initial survey, the use of technology
became the highest ranked for healthcare professionals in the
interim survey.

For ethnic minorities, representation was below national
population figures for Black and Black British groups in both
surveys (1.6% and 0.5% respectively; national 3.0%), and
for Asian and Asian British groups (4.1%: national 7.0%) in
the interim survey. With low numbers, the votes across 60
questions became too dispersed to discern a strong pattern.
However, peaks in voting overlapped the top 10 for women
and support networks, and healthcare professionals, with the
eight highest voted questions already shortlisted for the final
workshop.
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( Initial survey N ( Interim survey \ r N é
Jun - Nov 2019 May — Jul 2020 H
>
466 submissions Pick top 10 &
\ 1161 questions ) \ 614 submissions J i
¥ ¥ Final workshop z
2nd Oct 2020 E
Theming & grouping ) ( ) EE
Modified for online format &
142 themes = g_
934 questions in scope Rank & shortlist 25 attendees g
60 indicative questions 4 balanced groups of ~6 ]
I 60 indicative questions =P by experience and experlise
by number of votes
( R 2 rounds of prioritisation %
Evidence search Accounting for ethnic group Groups mixed between =
Jan - May 2020 and type of diabetes g
Final whole workshop E
Pragmatic & broad levels Women & support network consensus discussion and 2’
« National guidelines and finalisation of ranking £
* Systematic reviews Healthcare professionals” £
H
FIGURE 1 Summary of the James top 10s taken through £
2 s s Y s 60 indicalive queslions with c
Lind Alliance prioritisation process showing significant uncertainty §
how the top 10 questions in diabetes and =
pregnancy were identified. *Ongoing studies . J . J L;
were not included as evidence as it would { l 1 i
e ol Answ 60 18 Top 10 c
20t h? possibleoknowittheyanswerthe [ Indicative questions ]_ [ Indicative questions ]_ [ Jointly agreed ] 5
question g
&
TABLE 3 Participant demographics at each stage of the priority TABLE 3 (Continued) g
setting process Participant %‘
Participant demographics / Initial Interim s
demographics / Initial Interim Stage n (%) survey survey Workshop® =
a
Stage n (%) survey survey Workshop 40 years old or 144 (33.0) 166 27.0) - 2
Total 466 614 25 over
Experience Not answered 11 (2.5) 6(1.0) -
Women with lived 287 (61.6) 473(77.0)  9(36.0) Ethnicity :
experience White 325 (74.5) 554 (90.2) 17 (68.0)
Support network 124 20(3.3) 2(8.0) Asian and Asian 50(13.5) 25 (4.1) 5(20.0)
Healthcare 149(32.0) 121(19.7) 14 (56.0) British .
professionals Mixed and multiple 13 (3.0) 15 (2.4) 3(12.0) ]
Other/not answered 19 (4.0) - - ethnic groups
Living in Black and Black 7(1.6) 3(0.5) 0(0.0) E
England 374(858) 506(824)  19(76.0) British £
Scotland 25(5.7) 2947 0(0.0 Other 1023 919 0(0.0) E
5
Wales 15 (3.4) 22 (3.6) 5(20.0) Not answered 22 (5.0) 8(1.3) - g
satt b 5
Northern Ireland 8 (1.8) 24(3.9) 1(4.0) Education level g
b
Crown dependency 0 (0.0) 2(0.3) 0(0.0) School (up to 26(6.0) 11(1.8) - 2
Not in the UK 7(1.6 25 (4.1 ueoE o ;
ot in the (1.6) 4.1 - equivalent) 5
= 716 6110 - School (Adevelsor  23(53)  21(34) - i
Age equivalent) g_
19 years old or 1(0.2) 0(0.0) - Higher education 60(13.8)  76(124) - H
under (e.g. college) El
g
20t029yearsold  79(18.1)  92(15.0) - Degree level or 311(71.3) 343 (55.9) - z
30 to 39 years old 201 (46.1)  350(57.0) - higher g
(Continues) (Continues) é
s
g
[
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TABLE 3 (Continued)

Participant
demographics / Initial
Stage n (%) survey

Interim
survey Workshop®

Not answered 16 (3.7) 163 (26.5) -
Diabetes type®

(diagnosis/

interest)
218 (27.6)
88 (11.2)
406 (51.5)

39 4.9)

3(25.0)
3(25.0)
4(33.3)
2 (16.7)

Type | -
Type 2 -
Gestational -
Other, for example, -
MODY, LADA
None/not indicated - 38 (4.8) -
Clinical specialism
Consultant Nurse - - 1(7.1)
in Diabetes
Diabetes Specialist - -
Nurse

2(14.3)

Diabetes Specialist - -
Midwife
General - - 1(7.1)
Practitioner
(GP)
Obstetrician - - 3(21.4)
Diabetes and - - 1(7.1)
Pregnancy
Specialist
Dietician

3(21.4)

Diabetologist - - 3(21.4)

£l h

“Unfortunately, despite purp
received from people with Black or Black British ethnicity or people living in

no expressions of interest were

Crown dependencies, and three people were invited from Scotland but withdrew
at a later stage before the workshop. One of the women representatives had
experience of pregnancy with Maturity Onset Diabetes of the Young (MODY),
and another Latent Autoimmune Diabetes of Adulthood (LADA). The support
network representatives, a sister and a husband, brought experience of type 1
diabetes and type 2 diabetes respectively.

®Due to a technical error in the interim survey, the first 155 submissions did not
have this question completed.

“Included in the interim survey to account for differences between priorities in
relation to different types of diabetes. Multiple choice was enabled. Workshop
data presented only for women and support network representatives. Some
women had experience with more than one type of diabetes.

Comparing the interim survey rankings by types of diabe-
tes, there were some clear differences (Figure 2b). Technology
was ranked the top priority for type 1 and type 2/other diabe-
tes groups, but ranked low for the gestational diabetes group.
Post-birth support came in second for type 1, but ranked low
for both type 2/other and gestational diabetes groups, whereas
testing for diabetes during pregnancy and prevention of de-
veloping diabetes ranked high for type 2/other and gestational
diabetes groups but low for the type 1 diabetes group.

3.3 | Final workshop and top 10
The diversity and balance in experiences and expertise of
workshop attendees were strong (Table 3). Participants un-
covered unexpected overlaps between questions, for exam-
ple, technology for diabetes care was considered to include
telemedicine which was subsequently ranked lower; labour
and birth choices was considered to overlap with safety of
giving birth at full term and the need for induction. Groups
also highlighted recurring themes that linked with multiple
questions. For example, technology was considered to im-
prove understanding of diabetes management and reduce
burden, linking with mental health and well-being. Therefore,
with further such links highlighted, both these questions were
more highly ranked as the discussions progressed.
Consistently, top ranking questions through the surveys
were regarding the long-term health impact of maternal di-
abetes on the child. The questions submitted in the initial
survey were clearly split into risk of the child developing
diabetes or the risk of wider health conditions. Ranking in
the top 10 of all groups, both questions were shortlisted for
the final workshop. However, neither reached the final top 10
(positions 11 and 12 respectively). Workshop discussions and
post-workshop feedback from participants indicated several
reasons for this apparent discrepancy. Firstly, the questions
were considered to be addressed within the broader research
agenda of child health, and not necessarily within pregnancy
or women's health. The other questions all affected or con-
tributed to the child outcomes, so it was felt they would help
address these questions too. Some participants considered
that the answers to the questions about long-term child out-
comes would add burden to women already concerned by
many factors associated with dealing with the responsibility
of a pregnancy and diabetes. For some, ‘how can it be pre-
vented” was important wording, as it balanced the concerns
of adding burden of information on risks, with learning about
what can be done to prevent these being realised. One of the
questions did not include the specific wording about preven-
tion and so was ranked less highly. A further possible reason
for these questions receiving less priority was because the
votes were split; if presented as a single question, this may
have meant a higher final ranking. A final possible reason
may have been that the workshop consisted of people with
recent experience, that is, within the last five years.
Feedback was received from 10 women and support net-
work representatives, and 10 healthcare professionals from
the workshop:

‘It was really good having different perspectives.
Moving to a second smaller group was also use-
Jul, as it showed how varied priorities can be
between 2 groups, despite having a similar mix
of people from the different backgrounds’
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30
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Interim survey question ranking comparisons between respondent groups. (a) Main groups: Indicative questions are ordered by

rank position for women and support networks (60th to 1s' place; left to right). (b) Diabetes type: Indicative questions are ordered by rank position
for the group that indicated interest/experience in gestational diabetes (60th to 1st place; left to right). *Other’ types were grouped with type 2
diabetes due to low number and greatest similarity in rankings. T1D — Type 1 diabetes; T2D — Type 2 diabetes;: GDM - Gestational diabetes mellitus

Women & support networks (Initial)

Healthcare profe ssionals (Initial)

Women & support networks (Interim) .@ -

Healthcare professionals (Interim)

0% 20% 40% 60%  80%  100%

u Before pregnancy

= During pregnancy

= Labour and birth

- After pregnancy and birth

s~ Cross-cutting themes
FIGURE 3 Survey submissions by main group. The initial and
interim survey submissions for women and support networks, and
healthcare professionals proportioned by phase of pregnancy

‘Although the final top 10 was not the same as
my personal top 10 that I had prepared, dis-
cussing all of the 18 questions, and reflecting
on them as a group, meant 1 was satisfied with
it. It was good to hear the views of women with
different forms of diabetes and look at the ques-
tions from their perspective’.

Further excerpts of the feedback and the JLA’s review of the
online format of the workshop are available at www.jlanihr.
ac.uk/development-of-online-priority-setting-work shop.htm.
4 | DISCUSSION
4.1 | Main findings

We supported women, their support networks and health-
care professionals to jointly identify the top 10 questions for

research in diabetes and pregnancy. The final list includes
priorities of relevance to all the stakeholders, all types of dia-
betes and preconception to long-term post-pregnancy. These
questions were generated through a robust and inclusive pro-
cess, which can be trusted and used by funders of research
and researchers to inform their research activities towards ad-
dressing evidence gaps of great need and impact.

There is consistency across many areas also identified by
the modified prioritisation exercises in Canada and the USA
focussing on gestational diabetes, such as screening, risk fac-
tors, prevention and clinical management of diabetes in the
woman.'*!! For example, whether there is a better test for
diabetes during pregnancy than the oral glucose tolerance
test was ranked joint first for similar reasons of application,
interpretation and practicality, with no apparent consensus
on the thresholds, methods and timing to test for diabetes in
pregnancy, due to small-sized studies. Our participants raised
further questions such as the possible use of testing to predict
gestational diabetes, the stratification of testing by risk and
testing within special populations, such as those who have
undergone gastric bypass surgery, and open up further oppor-
tunities for research.

There are also some clear differences in priorities in-
cluding preconception care, late pregnancy diagnosis,
labour and birth experiences and post-natal care needs,
particularly breastfeeding. The role of diabetes tech-
nology was ranked joint first position, and while expli-
cably not featuring in the gestational diabetes exercises,
technology-specific questions formed the top three of the
JDRF UK type 1 diabetes PSP final top 10. There have
been significant developments in diabetes technology in
the last few years with ongoing innovations.'® In the time
since the final workshop, the National Institute of Clinical
Excellence has completed their review and approved the
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funding of continuous glucose monitoring for pregnant
women with type 1 diabetes, in line with The NHS Long
Term Plan.'™"® However, our results endorse their recom-
mendations for further large-scale research in different
monitoring methods and systems (i.e. insulin pumps) in
women with diabetes of different types, through all stages
preconception to post-pregnancy, and importantly with
wider population diversity. There are also wider facets to
consider such as apps, automation, data integration plat-
forms and data sharing in supporting the management of
diabetes.

Risks to the child's health was the number one priority
identified by women in the Canadian exercise, and ranked
highest in the USA exercise, but strikingly fell outside our top
10. However, the possible reasons for this, based on differ-
ential prioritisation of two related summary questions, made
clear that the impact on the child is still considered highly
important for separate study.

Important overarching issues were noted around continu-
ity of care and support (particularly post-birth), consistency
in care standards and advice, joint decision making (particu-
larly in labour and birth) and the burden for women of being
diagnosed with and managing diabetes. The consequences
on women's well-being and mental health were at the core
of much of the discussion at the final workshop. The initial
survey submissions also raised further unanswered questions
about the impact of a ‘medicalised” pregnancy, withdrawal
of intensive clinical involvement postpartum and support
needs of women if adverse outcomes in their child linked
to diabetes are realised. There is ongoing lack of evidence
on the support pregnant women with diabetes may need as
previously echoed by the gestational diabetes prioritisation
exercises. However, the Diabetes UK Too Often Missing re-
port highlights pregnancy as a time of particular high risk
for emotional and psychosocial impact of diabetes requiring
increased awareness and support.'”

5 | STRENGTHS AND
LIMITATIONS

This is the first priority setting exercise to focus on all differ-
ent types of diabetes and at any stage before, during and after
pregnancy, including long-term post-pregnancy.

The initial survey was completed in 2019 before the
Covid-19 pandemic and lockdowns, but the interim prioriti-
sation survey and final workshop took place during the pan-
demic over 2020. Due to the restrictions, the interim survey
and final workshop could only be completed online. Despite
an increased response rate in the interim survey, the online-
only nature will have imposed limitations on who could take
part. Reliance on online-only means of communication and
participation may also have affected outreach, particularly

to ethnic minority groups, which was achieved in the initial
survey mainly through the support of community champions
and face-to-face approaches in hospital clinics. However,
despite our best efforts, representation was below what may
be expected based on national population statistics, particu-
larly Black and Black British groups.20 Therefore, the results
may not be representative of the priorities of ethnic minority
groups.

Although the indicative questions were established before
the 2020 Covid-19 pandemic, it is possible that the voting in
the interim survey and, consequently, the shortlist of ques-
tions for the final workshop have been influenced. The final
workshop participants were advised to consider the short-
listed questions thinking longer term beyond the pandemic
so that this would not unduly influence the results for the
future. More generally, it is not assured that if the exercise
was redone that the same priorities would be identified and
assigned the same rank.

6 | CONCLUSIONS

Further research is needed to provide evidence-based health-
care for women, with or at risk of diabetes complications,
who are planning pregnancy or are pregnant, to ensure the
best outcomes for them and their children in the short and
long term.

The Covid-19 pandemic has highlighted the importance
of inclusive research. Pregnant women, those planning preg-
nancy or breastfeeding are often actively excluded from clini-
cal trials, perpetuating the population as a vulnerable group.Z'
The addition of co-morbidities, such as diabetes, complicates
matters further. As well as improved health and well-being
for generations of families, interventions which improve out-
comes for pregnancy with diabetes provide significant oppor-
tunity in terms of cost savings.'

The questions identified are areas that still have signifi-
cant uncertainty and are considered to be of most importance
by the beneficiaries of that research. This work presents fur-
ther opportunity for funders and researchers to focus future
research to address the priorities of women, support networks
and health professionals.

ACKNOWLEDGEMENTS

The project team thank everyone who contributed through the
surveys and took part in the final workshop, our experts by
experience steering group members, Rachel Connor, JDRF
UK, and Lucy McKillop, University of Oxford, who were ad-
visors to the steering group, our partners and the many people
and organisations who supported at various stages through-
out the project, sharing their time, expertise, communications
and meeting facilities, without whom this project would not
have been successful.

192

ropywos Aojts Amagqiiauiuojsduy wox paprofuNMOQA S “IZ0T 16K HOrT

PUO.) PUE SULD | 34 39§ *[STOZ/T VT 1] wo Kmaqry sutue) A Amaqr Assaanin) yImquips Aq $8cp 1 wp))

M

51 SRS AT DI X Aq PALIMOS AT SIPILE VO 191 §0 53N 0] IEAF MO AT



AYMAN ET AL.

DIABETIC IIRARE

CONFLICT OF INTEREST

GA, FA, IB, NB, CB, SC, DC, KC, JG, MK, JLZ, FM, RM,
NM, AM, JO, NR, CS, KS, AS and JAS none declared. JEH
is a member of the NICE Diabetes Committee and holds a
UKRI Future Leaders fellowship. HRM sits on a scientific
advisory board for Medtronic (insulin pump and CGM manu-
facturer) and has received research support from Medtronic,
Dexcom and Abbott Diabetes Care Inc. (CGM devices).
MWIS has received honoraria from Astellas, AstraZeneca,
Eli Lilly, Merck, Sanofi, Eisai and Bristol Myers Squibb, and
has contributed to advisory boards for Novo Nordisk, Eisai
and Servier.

AUTHOR CONTRIBUTIONS

GA and MK conceived the idea for the project and led the
PSP. GA had full access to the data, coordinated the PSP
process, drafted the surveys, analysed and led the interpreta-
tion of the data and wrote the first draft of the manuscript.
GA, FA, IB, NB, CB, SC, DC, KC, MD, JG, JH, MK, AM,
HM, JO, CS, KS, AS and MS are members of the Diabetes
and Pregnancy Priority Setting Partnership (PSP) steer-
ing group and were responsible for the development of the
protocol, and conduct, integrity and oversight of this work.
All steering group members contributed to the outreach
and communication activities to maximise participation
and awareness. KC facilitated and chaired the PSP process,
steering group and final workshop. GA, JS, NM, NR, RM,
JL-Z, FM and MK completed the evidence checks. MK and
KC are joint senior authors. All authors reviewed and ap-
proved the manuscript and revised it for intellectual content.

DATA AVAILABILITY STATEMENT

The top 10 and the full long-list of indicative questions will
be made available on the NPEU project website www.npeu.
ox.ac.uk/jla-psp and JLA website www.jla.nihr.ac.uk/prior
ity-setting-partnerships/diabetes-and-pregnancy. For fur-
ther information, please contact the team at JLAPSP @npeu.
ox.ac.uk.

ORCID

Goher Ayman & hutps://orcid.org/0000-0002-5923-363X
Nia Roberts & htps://orcid.org/0000-0002-1142-6440
Fiona Alderdice @ https://orcid.org/0000-0003-2404-5644
David Churchill & htps://orcid.org/0000-0003-0548-2953
Jane E. Hirst © https://orcid.org/0000-0002-0176-2651
Helen R. Murphy © https://orcid.org/0000-0001-6876-8727
Mark W. J. Strachan & https://orcid.
org/0000-0003-2628-1202

Marian Knight & https://orcid.org/0000-0002-1984-4575

REFERENCES
1. Feig DS, Hwee J, Shah BR, Booth GL, Bierman AS, Lipscombe
LL. Trends in incidence of diabetes in pregnancy and serious

3.

193

perinatal outcomes: a large, population-based study in Ontario,
Canada, 1996-2010. Diabetes Care. 2014:37(6):1590-1596.
Davies SC. Annual Report of the Chief Medical Officer, 2014, The
Health of the 51%: Women. London: Department of Health; 2015.
Lowe WL Jr, Scholtens DM, Lowe LP, et al; HAPO Follow-up
Study Cooperative Research Group. Association of gestational di-
abetes with maternal disorders of glucose metabolism and child-
hood adiposity. JAMA. 2018;320(10):1005-1016.

Scholtens DM, Kuang A, Lowe LP, et al; HAPO Follow-up Study
Cooperative Research Group; HAPO Follow-Up Study Cooperative
Research Group. Hyperglycemia and adverse pregnancy outcome
follow-up study (HAPO FUS): maternal glycemia and childhood
glucose metabolism. Diabetes Care. 2019:42(3):381-392.
National Institute for Health and Care Excellence. Diabetes in
pregnancy: management from preconception to the postnatal pe-
riod (NG3). London: NICE; 2015 [cited 2020 Nov 27]. (Clinical
guideline NG3). Available at: https//www.nice.org.uk/guidance/
ng3.

Scottish Intercollegiate Guidelines Network. Management of dia-
betes: A national clinical guideline (116). Edinburgh: SIGN: 2017
[cited 2020 Nov 27]. Clinical guideline 116. Available at: https://
www.sign.ac.uk/assets/signl 16.pdf.

Crowe S. Fenton M, Hall M, Cowan K. Chalmers 1. Patient’s cli-
nicians’ and the research communities™ priorities for treatment
research: there is an important mismatch [published correction
appears. Res Involv Engagem. 2015;1:2.

Gadsby R, Snow R, Daly AC, et al. Setting research priorities for
Type 1 diabetes. Diabet Med. 2012:29(10):1321-1326.

Finer S, Robb P, Cowan K, Daly A, Shah K, Farmer A. Setting
the top 10 research priorities to improve the health of people with
Type 2 diabetes: a Diabetes UK-James Lind Alliance Priority
Setting Partnership. Diabet Med. 2018:35:862-870.

Rees SE. Chadha R, Donovan LE, et al. Engaging patients and cli-
nicians in establishing research priorities for gestational diabetes
mellitus. Can J Diabetes. 2017;41(2):156-163.

Bennett WL, Robinson KA, Saldanha 1J, Wilson LM, Nicholson
WK. High priority research needs for gestational diabetes mellitus.
J Women's Health. 2012;925-932.

Boddy K, Cowan K, Gibson A, Britten N. Does funded research re-
flect the priorities of people living with type 1 diabetes? A second-
ary analysis of research questions. BMJ Open. 2017:7:¢016540.
Susan G, Lichten CA, Leach B, Pollard J, Parkinson S, Altenhofer
M. Pregnancy research review: Policy report. Santa Monica, CA:
RAND Corporation; 2020. [cited 2020 Nov 27]. Available from:
https://www.rand.org/pubs/research_reports/RR4340.html.

James Lind Alliance. James Lind Alliance Guidebook.
Southampton: JLA: 2021 [cited 2021 Mar 8]. Guideline version
10. Available from: https://www.jla.nihr.ac.uk/jla-guidebook.
Hsieh H-F, Shannon SE. Three approaches to qualitative content
analysis. Qual Health Res. 2005:15(9):1277-1288.

Beck RW, Bergenstal RM, Laffel LM, Pickup JC. Advances
in technology for management of type | diabetes. The Lancet.
2019:394(10205):1265-1273.

National Institute for Health and Care Excellence. Evidence re-
view for glucose monitoring in women with type 1 diabetes who
are planning to become pregnant or who are already pregnant.
London: NICE: 2020 [cited 2021 Mar 8] (Clinical guideline NG3).
Available at: https://www.nice.org.uk/guidance/ng3/evidence/a-
evidence-reviews-for-continuous-glucose-monitoring-pdf-89557
70797.

IpUOL) PUB SUUD L 31 93§ “[STOZ/1 /1] w0 Aimaqry sunue AAiay *Amsqry Arsiaamin ySmquips 4G $8Cp 1I'UP/T 11 1°01/10N WO At Amquiautiuo;/:sduy wox paprojusod 8 *1Z0Z * 16K 1or T

o

501 SO0 DANTAI DqENddE A q PALIANOS AT S VO 9T 10 5N 10y AT O AlAL



120f12 DIABETIC

20.

21.

AYMAN ET AL

NHS. The NHS Long Term Plan. NHS: 2019 [cited 2021 Mar 8]
Available at: https://www.longtermplan.nhs.uk.

Diabetes UK. Too often missing: Making emotional and psycho-
logical support routine in diabetes care. London: Diabetes UK:
2020 [cited 2021 Mar 8] Available at: https://www.diabetes.org.
uk/get_involved/campaigning/its-missing-evidence.

Office for National Statistics. Population estimates for the UK,
England and Wales, Scotland and Northern Ireland: mid-2019. .
ONS: 2020. [cited 2020 Nov 27]. Available at: https://www.ons.
gov.uk/peoplepopulationandcommunity/populationandmigration/
populationestimates.

van der Zande ISE, van der Graaf R, Oudijk MA, van Dleden
JIM. Vulnerability of pregnant women in clinical research. J Med
Ethics. 2017:43:657-663.

194

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Ayman G, Strachan JA,
McLennan N, et al. The top 10 research priorities in
diabetes and pregnancy according to women, support
networks and healthcare professionals. Diabet Med.
2021;38:¢14588. https://doi.org/10.1111/dme.14588

IpUOL) PUB SUUD L 31 93§ “[STOZ/1 /1] w0 Aimaqry sunue AAiay *Amsqry Arsiaamin ySmquips 4G $8Cp 1I'UP/T 11 1°01/10N WO At Amquiautiuo;/:sduy wox paprojusod 8 *1Z0Z * 16K 1or T

o

501 SO0 DANTAI DqENddE A q PALIANOS AT S VO 9T 10 5N 10y AT O AlAL



7.2 Appendix 2. Chapter 1 supplementary data

Supplementary Information: IMPACT OF CoOVID-19 ON GESTATIONAL DIABETES

PREGNANCY OUTCOMES IN THE UK: A MULTICENTRE RETROSPECTIVE COHORT STUDY

Figure S1. Regional incidence of GDM before and during COVID 19

Incidence of GDM before and during the COVID-19 pandemic

Cohort
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Incidence (GDM pregnancy episodes, %)
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b= E = E b= =
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Study site

Incidence calculated from mean GDM pregnancy episodes/mean monthly pregnancy bookings
at six sites with available incidence data (PreCOVID and COVID, April — Dec 2019 and April
— Dec 2020, respectively)

Site 9* = Partial adoption of COVID 19 GDM guidance
All other sites = Adoption of COVID 19 GDM guidance
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Table S1. GDM practice across the nine study sites before and during COVID
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SITE

Study Participants

1333 481

15.6% 5.64

Screening for preexisting DM No HbAlc HbAlc HbAlc HbAlc No No No No

Screening for women with HBGM + HbAlc+
revious GDM OGTT HBGM HbAlc HBGM OGTT HBGM OGTT OGTT OGTT

Diagnosis at 24-28/40 Ohr

OGTT value (mmol/L) 5.6 5.1 5.1 5.1 5.6 5.6 5.1 5.6 5.6

Diagnosis at 24-28/40 2Hr

OGTT value (mmol/L) 7.8 8.5 8.5 8.5 7.8 7.8 8.5 7.8 7.8

COVID

Screening for preexisting DM HbAlc  HbAlc HbAlc HbAlc HbAlc HbAlc HbAlc HbAlc No

Diagnosis at Booking HBAlc

(mmol/mol) 41-47 41-47 41-47 41-47 41-47 41-47 41-47 41-47 NA

Diagnosis at Booking FBG

(mmol/L) NA NA NA NA 9to 11 9to 11 9to 1l 9to 11 NA

Diagnosis  at  24-28/40

HBA1c (mmol/mol) >39 >39 NA >39 >39 >39 >39 >39 NA

Diagnosis at 24-28/40 FBG

(mmol/L) 5.3 5.1 5.1 5.1 NA NA 5.3 5.3 5.6

Diagnosis  at  24-28/40

RBG(mmol/L) NA NA NA >9 >9 >9 >9 NA NA

Key

DM - diabetes mellitus
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FBG — fasting blood glucose

HbA1C — Glycosylated Haemoglobin

HBGM — Home (capillary) blood glucose monitoring

OGTT - Oral glucose tolerance test

RBG - random blood glucose

t Partial Adoption of RCOG COVID 19 care pathway, all other sites (1-8) were full adopters of RCOG COVID 19 care pathway
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Table S2: Maternal outcomes

Full Adoption RCOG COVID 19 GDM care
pathway (n=8 sites, 5251 pregnancies)

Partial adoption RCOG COVID 19 GDM care
pathway (n=1 site, 3131 pregnancies)

PRECOVID | COVID Total P-value | PRECOVI | COVID Total P-
n=2930 n=2321 n=5251 D n=1146 n=3131 value
n=1985
Mode of delivery SVD 1357 (46.3) | 990 (42.7) | 2347 <0.001 854 (43.0) | 503 (43.9) | 1357 0.355
(44.7) (43.3)
ELCS |589(20.1) 548 (23.6) | 1137 343 (17.3) | 216(18.8) | 559 (17.9)
(21.7)
EMCS | 626 (21.4) 531 (22.9) | 1157 541 (27.3) | 281 (24.5) | 822 (26.3)
(22.0)
OVvD 333 (11.4) 204 (8.8) |537(10.2) 247 (12.4) | 146 (12.7) | 393 (12.6)
missing | 25 (0.9) 48 (2.1) 73 (1.4) 0 0 0
Induction of labour N 1530 (52.2) | 1194 2724 0.79 1437 (72.4) | 731 (63.8) | 2168 <0.00
(51.4) (51.9) (69.2) 1
Y 1327 (45.3) | 1053 2380 548 (27.6) | 415 (36.2) | 963 (30.8)
(45.4) (45.3)
missing | 73 (2.5) 74 (3.2) 147 (2.8) 0 0 0
Postpartum haemorrhage N 2786 (95.1) | 2190 4976 041 1885 (95.0) | 1096 2981 0.444
(94.4) (94.8) (95.6) (95.2)
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Y 123 (4.2) 85 (3.7) 208 (4.0) 100 (5.0) 50 (4.4) 150 (4.8)
missing | 21 (0.7) 46 (2.0) 67 (1.3) 0 0 0
Obstetric  anal  sphincter | N 2762 (94.3) | 2057 4819 0.638 1944 (97.9) | 1127 3071 0.505
injury (88.6) (91.8) (98.3) (98.1)
Y 42 (1.4) 27 (1.2) |69 (1.3) 41 (2.1) 19 (1.7) | 60(1.9)
missing | 126 (4.3) 237 (10.2) | 363 (6.9) 0 0 0
Shoulder dystocia N 2221 (75.8) | 2077 4298 0.49 1964 (98.9) | 1128 3092 0.281
(89.5) (81.9) (98.4) (98.8)
Y 25 (0.9) 18 (0.8) 43 (0.8) 21 (1.1) 18 (1.6) 39 (1.2)
missing | 684 (23.3) 226 (9.7) | 910 (17.3) 0 0 0
Hypertensive disorder N 2349 (80.2) | 1267 3616 <0.001* | 1955 (98.5) | 1133 3088 0.475
(54.6) (68.9) (98.9) (98.6)
Y 131 (4.5) 114 (4.9) | 245 (4.7) 30 (1.5) 13(1.1) |43(1.4)
missing | 450 (15.4) 940 (40.5) | 1390 0 0 0
(26.5)
Metformin use N 1346 (54.6) | 809 (57.3) | 2155 0.112 NA NA NA
(55.6)
Y 1119 (45.4) | 603 (42.7) | 1722 NA NA NA
(44.4)
missing | 465 (15.9) 909 (39.2) | 1374 NA NA NA
(26.2)
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Insulin use N 1901 (77.1) | 1048 2949 0.151 NA NA NA
(75.0) (76.4)

Y 564 (22.9) | 349 (25.0) | 913 (23.6) NA NA NA

missing | 465 (15.9) | 924 (39.8) | 1389 NA NA NA
(26.5)

List of abbreviations

N No
Y Yes

OVD Operative vaginal delivery

SVD  Spontaneous vertex delivery

ELCS Elective caesarean section

EMCS Emergency cesarean section

Legend

*p values remain <0.05 in sensitivity analysis (data compared between 2019 and 2020 only)
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Table S3: All neonatal outcomes

Full Adoption RCOG COVID 19 GDM care

Partial adoption RCOG COVID 19 GDM care

pathway pathway
PRECOVID | COVID Total P- PRECOVID | COVID Total P-
n=2930 n=2321 n=5251 value | n=1985 n=1146 n=3131 value
Gestational age at birth | Mean (SD) 269.4 (12.1) | 268.9 269.2 0.133 | 269.0 (15.9) | 270.4 269.5 0.011
(days) (11.2) (11.7) (12.5) (14.8)
Birth outcome Livebirth 2891 (98.7) | 2278 5169 0.495 | 1959 (98.7) | 1137 3096 0.381
(98.1) (98.4) (99.2) (98.9)
Still birth 11 (0.4) 5(0.2) 16 (0.3) 11 (0.6) 3(0.3) 14 (0.4)
Neonatal death 2(0.1) 2(0.1) 4(0.1) 6 (0.3) 4 (0.3) 10 (0.3)
Non-registrable 0 (0.0 1(0.0) 1(0.0) 9(0.5) 2(0.2) 11 (0.4)
birth
missing 26 (0.9) 35 (1.5) 61 (1.2) 0 0 0
Birthweight (g) Mean (SD) 3325.4 3332.4 3328.5 0.653 | 3183.3 3195.3 3187.7 0.571
(563.9) (553.3) (559.2) (581.5) (551.1) (570.5)
Birth centile (Intergrow) AGA 2000 (69.3) | 1553 3553 0.521 | 1530 (77.5) | 864 (75.6) | 2394 0.079
(68.5) (69.0) (76.8)
LGA 729 (25.3) | 602 (26.5) | 1331 (25.8) 306 (15.5) | 174 (15.2) | 480 (15.4)
SGA 155 (5.4) 113 (5.0) | 268 (5.2) 137 (6.9) 105 (9.2) | 242(7.8)
missing 44 (1.5) 52 (2.2) 96 (1.8) 9 (0.5) 2(0.2) 11 (0.4)
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Apgar at 5 mins <=7 78 (2.7) 76 (3.3) 154 (29) |1 69 (3.5) 48 (4.2) 117 (3.7) ]0.369
>7 2151 (73.4) | 2073 4224 (80.4) 1877 (94.6) | 1079 2956 (94.4)
(89.3) (94.2)
missing 701 (23.9) |172(7.4) |873(16.6) 39 (2.0) 19 (1.7) 58 (1.9)
Neonatal unit admission N 2649 (90.4) | 2091 4740 0.409 |1791(90.2) | 1058 2849 0.056
(90.1) (90.3) (92.3) (91.0)
Y 256 (8.7) 185 (8.0) | 441 (8.4) 194 (9.8) 88 (7.7) 282 (9.0)
missing 25 (0.9) 45 (1.9) 70 (1.3) 0 0 0
Hypoglycaemia N 2296 (78.4) | 1547 3843 0.992 | NA NA NA
(66.7) (73.2)
Y 89 (3.0) 59 (2.5) 148 (2.8) NA NA NA
missing 545 (18.6) | 715(30.8) | 1260 (24.0) NA NA NA
Respiratory distress N 2386 (81.4) | 1312 3698 <0.001 | 1922 (96.8) | 1098 3020 0.168
(56.5) (70.4) (95.8) (96.5)
Y 71 (2.4) 73 (3.1) 144 (2.7) 63 (3.2) 48 (4.2) 111 (3.5)
missing 473 (16.1) | 936 (40.3) | 1409 (26.8) 0 0 0

List of abbreviations

AGA Appropriate for gestational age

LGA

SGA
N No

Large for gestational age

Small for gestational age
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Y Yes

Table S4: Primary maternal and neonatal outcomes in the non-white GDM population before and after introduction of the RCOG COVID-19

GDM care pathway

Full Adoption RCOG COVID 19 GDM care pathway

Partial adoption RCOG COVID 19 GDM care pathway

PRECOVID | COVID Total P- aOR P- PRECOVID | COVID Total P- aOR P-value
n=823 n=746 n= 1569 value (95% ClI) value n=1058 n=754 n=1812 value (95% ClI)
Operative vaginal delivery, n (%) N 375 (78.6) 318(82.8) | 693(80.5) | 0.145 | 0.94 0.799 | 460 (77.1) 356 (78.6) 816 (77.7) 0.605 | 0.77 0.160
Y 102 (21.4) 66 (17.2) 168 (19.5) (0.57-1.54) 137 (22.9) 97 (21.4) 234 (22.3) (0.54-1.11)
Emergency caesarean section, n (%) N 477 (73.3) 384 (67.7) 861 (70.7) 0.040 1.69 0.024 597 (65.7) 453 (70.6) 1050 (67.7) 0.052 0.78 0.240
Y 174 (26.7) 183 (32.3) | 357 (29.3) (1.07-2.68) 311 (34.3) 189 (29.4) 500 (32.3) (0.61-1.01)
Elective caesarean section, n (%) N 651 (80.0) 567 (77.6) 1218 (78.8) | 0.273 1.15 0.425 908 (85.8) 642 (85.1) 1550 (85.5) 0.737 1.18 0.280
Y 163 (20.0) 164 (22.4) | 327 (21.2) (0.81-1.64) 150 (14.2) 112 (14.9) 262 (14.5) (0.87-1.61)
Perinatal mortality, n (%) N 809 (99.4) 731(99.5) | 1540(99.4) | 1.000 | 0.45 0.643 | 1048 (99.1) 747 (99.1) 1795 (99.1) 1.000 | 0.98 0971
Y 5 (0.6) 4(0.5) 9(0.6) (0.02-3.29) 10 (0.9) 7(0.9) 17 (0.9) (0.36-2.57)
Large for gestational age, n (%) N 670 (82.9) 618 (84.5) | 1288(83.7) | 0.429 | 0.74 0.089 | 923(87.7) 664 (88.4) 1587 (88.0) 0.677 | 0.93 0.658
Y 138 (17.1) 113 (15.5) | 251 (16.3) (0.53-1.05) 130 (12.3) 87 (11.6) 217 (12.0) (0.68-1.27)
Neonatal unit admission, n (%) N 760 (93.7) 690 (94.0) | 1459 (93.9) | 0.893 | 0.70 0.206 | 958 (90.5) 698 (92.6) 1656 (91.4) 0.153 | 0.81 0.359
Y 51(6.3) 44 (6.0) 95(6.1) (0.41-1.21) 100 (9.5) 56 (7.40 156 (8.6) (0.52-1.26)
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Table S5: Primary maternal and neonatal outcomes in the most deprived GDM population before and after introduction of the RCOG COVID-19

GDM care pathway

Full Adoption RCOG COVID 19 GDM care pathway

Partial adoption RCOG COVID 19 GDM care pathway

PRECOVID | COVID Total P- aOR P- PRECOVID CovID Total P- aOR P-
n=492 n=333 n=825 value | (95% CI) value | n=145 n=114 n=259 value | (95% ClI) value
Operative vaginal delivery, n (%) N 216 (78.0) 136 (82.4) 352 (79.6) 0.317 | 0.85 0.635 | 47 (67.1) 41 (70.7) 88 (68.8) 0.811 | 0.85 0.777
61 (22.0) 29 (17.6) 90 (20.4) (0.43- 23(32.9) 17 (29.3) 40 (31.2) (0.26-2.69)
1.68)
Emergency caesarean section, n (%) | N | 277 (72.7) | 165(67.3) | 442(70.6) 0.178 | 1.61 0.047 | 70 (66.7) 58 (67.4) 128 (67.0) | 1.000 | 0.97 0.910
104 (27.3) | 80(32.7) 184 (29.4) (1.01- 35(33.3) 28 (32.6) 63 (33.0) (0.52-1.77)
2.57)
Elective caesarean section, n (%) 381 (77.4) 245 (75.6) 626 (76.7) 0.605 | 0.95 0.845 | 105 (72.4) 86 (75.4) 191 (73.7) 0.684 | 1.36 0.458
Y |[111(226) | 79(244) | 190(233) (0.58- 40 (27.6) 28(246) | 68(26.3) (0.60-3.08)
1.56)
Perinatal mortality, n (%) N | 490(99.8) | 326(100.0) | 816 (99.9) 1.000 143 (98.6) 114 (100.0) | 257 (99.2) | 0.587
Y [1(0.2) 0(0.0) 1(0.1) 2(1.4) 0(0.0) 2(0.8)
Large for gestational age, n (%) N 373 (76.9) 225 (72.8) 607 (75.0) 0.154 | 1.22 0.318 | 118(82.5) 96 (84.2) 214 (83.3) 0.847 | 0.88 0.718
Y | 112(23.1) 84 (27.2) 202 (25.0) (0.83- 25 (17.5) 18 (15.8) 43 (16.7) (0.45-1.71)
1.79)
Neonatal unit admission, n (%) 443 (90.2) | 299 (92.0) | 742 (90.9) 0.459 | 0.69 0.276 | 132 (91.0) 103 (90.4) | 235(90.7) | 1.000 | 0.86 0.985
Y | 48(9.8) 26 (8.0) 74 (9.1) (0.35- 13(9.0) 11 (9.6) 24(9.3) (0.52-3.04)
1.35)

aOR — adjusted Odds ratio, Cl — Confidence Interval

All models adjusted for maternal characteristics (age, BMI, parity, ethnicity, deprivation, previous GDM, Hypertensive disorder) induction of labour,

gestational age at birth.

*Additional adjustment for mode of birth,
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** additional adjusted for mode of birth, birth weight centile, Apgar score at 5 mins, neonatal unit admission, respiratory distress.
*** additional adjusted for birth weight centile, mode of birth.
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7.3Appendix 3.1 Participant information sheet

Impact of Covid-19 on gestational diabetes: Health

care professional’s experience

We are inviting you to take partin an interview study. Before deciding whether you would
like to take part, please read the following information carefully. Talk to others about the
study if you wish and contact us if there is anything that is not clear, or if you would like

more information.

What is the purpose of the research?

The Covid-19 pandemic has led to lots of changes in the way we look after women who
have diabetes in pregnancy (gestational diabetes). We want to find out what you think
aboutthese changes and whether we can learn anything that will be helpful as we rebuild

services after the pandemic.

Why have | been invited to take part?

You have been asked to take part as you are a health care provider who has a current NHS

role in providing care women with gestational diabetes.

Do | have to take part?

Itis up to you to decide whether you would like to take part. If you do take part, you will be
given this information sheet to keep and be asked to provide verbal consent at the time of
your interview. The questions you will be asked to give verbal consent are at the end of
this information sheet so you can see what you are agreeing to if you take part. You will

still be free to withdraw at any time without giving a reason.
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What will happen if | take part?

You will be contacted to arrange a convenient date and time for the interview, which will
be a one-to-one conversation with a member of the research team by telephone. Your
interview will last about 30 minutes, although this will depend on how much you have to
say. You have the right not to answer any questions you don’t want to, and you are free to

stop the interview at any time without giving any reason at all.

The interview will be audio-recorded using an encrypted digital recorder and sent securely

to a professional external company to be typed up (transcribed).

What are the possible benefits of taking part?

There are no direct benefits to you taking part in this study, although the interview will
present an opportunity to reflect on how Covid-19 has impacted on your clinical

practice/clinical care. Unfortunately, we are unable to pay you for your time.

What are the possible disadvantages of taking part?

The main disadvantage is the time required for the interview itself. Every effort will be
made to schedule this at your convenience and keep related correspondence to a

minimum.

What will happen if | don’t want to carry on with the study?

You are free to withdraw from the study at any time without giving reason. If you choose
to withdraw after your interview, any recordings, transcripts and data resulting from your

involvement will be destroyed and will not contribute to the findings of the study.

What happens when the study is finished?

The data we collect will be used only for the purposes of this research. Recordings,
transcripts and all study documents (paper and electronic), including identifiable

information about you, will be kept for 3 years after the study has finished.

Will my taking part be kept confidential?
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All the information we collect during the course of the research will be kept confidential
and there are strict laws which safeguard your privacy at every stage. The professional
transcription company will be held to the same levels of confidentiality as the
researchers. Nothing that could identify you will be keptin the typed-up transcript and you
will not be identifiable from any publications or presentations of the findings, including

any quotes we use.

For details on what data will be held about you and who will hold and store this

information please refer to the Data Protection Information Sheet.

What will happen to the results of the study?

The results of the study may be published in a scientific journal or presented at
conferences. You will be asked if you wish to receive information on the overall findings in

the form of a short report.

Who is organising and funding the research?

The study is funded by Tommy’s and jointly sponsored by the University of Edinburgh and
NHS Lothian (ACCORD).

Who has reviewed the study?

The study is sponsored by ACCORD (Academic and Clinical Central Office for Research
and Development) and afavourable ethical opinion has been obtained from the Edinburgh

medical school research ethics committee.
Researcher Contact Details

If you have any further questions about the study or if you wish to take part, please

contact:

Niamh Mclennan

Email:

Telephone: 07932349797

Independent Contact Details
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If you would like to discuss this study with someone independent to seek general advice
about taking part, please contact:

Dr Sarah Stock

Email:

If you wish to make a complaint about the study please contact:Patient Experience Team

2 — 4 Waterloo Place, Edinburgh, EH1 3EG Email: feedback@nhslothian.scot.nhs.uk
Telephone: 0131536 3370

Thank you for taking the time to read this information sheet.

Questions asked during verbal consent

¢ You have read and understood the Participant Information Sheet version 1.0, dated
24" June 2020 and the Data Protection Information Sheet version 1.1, dated 3rd
November 2020 for the above study; and you have had the opportunity to ask
guestions and have had these answered satisfactorily.

e You understand that your participation is voluntary and that you are free to
withdraw at any time, without giving reason and without your legal rights or
employment being affected.

e You understand that relevant sections of data collected during the study may be
looked at by individuals from the Sponsors (University of Edinburgh and NHS
Lothian) or other regulatory authorities where it is relevant to your taking part in this
research; and you give permission for these individuals to have access to your
data.

e You understand that data collected about you during the study may be converted
to anonymised data; and you are happy to be quoted anonymously in any
publicised materials.

e You agree to your interview being audio-recorded and transcribed securely by a
professional external company.
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e Would you like to receive a short report summarising the main findings of the
study?

e Finally, do you agree to take part in the study?
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7.4Appendix 3.2 Topic guide

Impact of Covid-19 on Gestational Diabetes, the healthcare provider’s experience.

Topic Guide

Note — The contents of the topic guide may be revised in light of findings that emerge
during data collection and analysis, as is standard procedure in a qualitative study of
this design.

Introduction i.e. statement of purpose, interview length approx 60 minutes
Background

e Demographic details — Age, Gender, Geographical location of principal place
of work, Job Title, Education (highest qualification), Length of time in current
post/position.

e Can you tell me about the kind of population you serve (e.g. age, affluent,
high ethnic minority population, rural/urban, hospital based/community based,
size of unit you work in)

Looking back to GDM practice before Covid-19

e How and in what ways you were involved in the clinical care for women with
GDM before Covid 197

e Can you describe the different colleagues you worked with, how did your role
fit in with your colleagues?

e Were you following any clinical guidelines/protocols and whether and to what
extent (and why) they and their colleagues followed these guidelines; reasons for
not following guidance

e ,did theythink there are any aspects of the pathway and care given to women
that they felt wasn't working and which could be improved

¢ What guides your practice

Experiences of GDM practice during Covid 19 (‘meaning and sense’)

e Can you describe the ways care you give to women with GDM has changed
during pandemic? [1]
e Can you describe how your work with different colleagues has changed
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Are you following any specific changes (e.g following a guideline/protocol/care
pathway), if yes, why and what do you feel is the purpose of the change?

Attitudes (‘commitment and engagement’)

Did you have any worries and concerns when changes were first instigated?
What were these and why?

Did anything excite you about introducing these changes, why?

Have any aspects surprised you and/or have led to unexpected benefits either
for yourself or for women with GDM -also any women in particular

Do you think the changes in care delivery have affected women’s diabetes self-
management practices, glycaemic control, feelings/worries about their own
pregnancy and pregnancy outcomes?

Do you think some women are more affected by these changes than others, if so
who and why? And Could anything be done to better to support them?

Workability (‘collective action’)

Has there been a change (increase or reduction) in your workload as a result
of changes in GDM care delivery and why?

Have you found any aspects of the change in care delivery challenging? [2]
What changes in GDM care delivery have worked particularly well or badly?

[3]

How do you think the changes have affected the quality of care you and your
colleagues are able to give to women with GDM?
Have these changes affected your satisfaction within your role?

Implementing change and Future directions (‘Reflexivity’)

Do you think any of the changes made to GDM care delivery during the pandemic
should be retained? Why?

What resourcing and support would be needed to make these changes more
permanent?

Are there any ways in which service delivery for people with diabetes more generally
could be improved considering the lessons you have learned during pandemic?
Greater use of ‘virtual’ clinics (eg telephone versus secure video consultations)

Do you have any thoughts about how we could improve the care and support given
to women with GDM in the event of future, similar, pandemics?

Probe Question — Telemedicine interventions have been available for a number of
years, do you know of any reasons why they not been utilised more in management
of GDM in the UK

wind up

Reflecting on this interview, how do you think the way we look after women with
GDM might change over the next 5 years
Do you have anything else you would like to add?
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[1] probe into changes in screening pathways /diagnostic thresholds for GDM/ use of
virtual rather than face-to-face clinics/ transition from group based to one-to-one virtual
educational sessions/ if a joint model (i.e. obstetrics/diabetes) is this the same or are
women reviewed separately/ If virtual — are BG texted in/web-site/app or just over the
phone with verbal report

[2] Invite interviewee to talk about any aspects of care delivery reconfiguration which
they have found challenging; encourage them also to talk about any aspects which
have surprised them and/or have led to unexpected benefits either for themselves or
for women with GDM

[3] For those that have worked badly, encourage interviewee to talk about whether
and how any problems and concerns were or could be addressed?
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7.5 Appendix 3.3 Consent form

Impact of Covid-19 on gestational diabetes: Health

care professional’s experiences

Oral consent

Participant ID:

I’m Niamh Mclennan a researchers from the University of Edinburgh and | wanted to talk
to you about the gestational diabetes study. To recap, the broad aims of the study are to
understand the impact that COVID-19 has had on the antenatal care you give to pregnant

women with gestational diabetes
Are you still interested in taking part? [Await confirmation].

| need to confirm some of the details of the study to make sure you understand what’s
involved. As the study is being carried out by telephone, | would like to audio-record this
part of our conservation as a record of your consent to take part — is that OK? [Await

confirmation].
Please listen carefully and respond, with a simple Yes or No, to the following:

You have read and understood the Participant Information Sheet version 1.1, dated
3rd November 2020 and the Data Protection Information Sheet version 1.0, dated 24
June 2020 for the above study; and you have had the opportunity to ask questions and

have had these answered satisfactorily.

You understand that your participation is voluntary and that you are free to withdraw
at any time, without giving reason and without your legal rights or employment being

affected.

You understand that relevant sections of data collected during the study may be

looked at by individuals from the Sponsors (University of Edinburgh and NHS Lothian)
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or other regulatory authorities where it is relevant to your taking part in this research;

and you give permission for these individuals to have access to your data.

You understand that data collected about you during the study may be converted to
anonymised data; and you are happy to be quoted anonymously in any publicised

materials.

You agree to your interview being audio-recorded and transcribed securely by a

professional external company.
Would you like to receive a short report summarising the main findings of the study?

Finally, do you agree to take part in the study?

Dr Niamh Mclennan 16.3.21
Name of Researcher Receiving Signature Date
Consent

1x original — into Site File as oral consent record form
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