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ABSTRACT
Introduction  Previous trials of dietary interventions to 
prevent gestational diabetes mellitus (GDM) have yielded 
only limited success. Low-carbohydrate diets have shown 
promise for the treatment of type 2 diabetes, but there is 
no evidence to support their use in pregnancy. The aim 
of this study is to explore the feasibility of a moderately 
reduced-carbohydrate dietary intervention delivered from 
mid-pregnancy alongside routine antenatal care.
Methods and analysis  This is a feasibility randomised 
controlled trial (RCT) with embedded qualitative study. 
Sixty women who are pregnant <20 weeks’ gestation, 
with body mass index ≥30 kg/m2 at their antenatal 
booking appointment, will be randomised 2:1 intervention 
or control (usual care) and followed up until delivery. 
The intervention is a moderately reduced-carbohydrate 
diet (~130–150 g total carbohydrate/day), designed to 
be delivered alongside routine antenatal appointments. 
Primary outcomes are measures of adoption of the diet 
and retention of participants. Secondary outcomes include 
incidence of GDM, change in markers of glycaemic control, 
gestational weight gain, total carbohydrate and energy 
intake. Process outcomes will examine resources and 
management issues. Exploratory outcomes include further 
dietary changes, quality of life, maternal and neonatal 
outcomes, and qualitative measures.
Ethics and dissemination  This trial was reviewed and 
approved by the South-Central Oxford B Research Ethics 
Committee NHS National Research Ethics Committee and 
the Health Research Authority (Reference: 20/SC/0442). 
The study results will inform whether to progress to a full-
scale RCT to test the clinical effectiveness of the RECORD 
programme to prevent GDM in women at high risk. The 
findings will be published in peer-reviewed journals and 
presented at conferences.
Trial registration number  ISRCTN16235884.

INTRODUCTION
Gestational diabetes mellitus (GDM) is 
defined as hyperglycaemia that develops or 

is first diagnosed during pregnancy.1 GDM 
significantly increases the risk for adverse 
health outcomes for both the mother and 
the offspring,2–9 In the UK, approximately 
16% of women who are pregnant develop 
GDM, but the prevalence reaches up to 
25%–30% in women living with obesity.10 
Excessive gestational weight gain (GWG) 
has also been proposed as a risk factor for 
GDM,11 and several clinical trials in women 
with overweight or obesity during pregnancy, 
have tested whether interventions aimed at 
limiting GWG could help prevent GDM.12–24 
Although some trials have been successful 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The intervention has been codeveloped by a multi-
disciplinary team of academic researchers and clini-
cal professionals working in maternity, together with 
patients, to create a support programme likely to be 
acceptable to women and suitable for use in routine 
antenatal care.

	⇒ Quantitative and qualitative analyses will assess 
the feasibility (adherence and retention rate) and 
suitability of reducing carbohydrate intake in mid-
pregnancy, to inform any progression to a future full 
trial.

	⇒ Dietary intake will be assessed at only two time 
points, and we will not be able to assess fluctuations 
in intake over time.

	⇒ This study is not powered to detect clinical effec-
tiveness of the dietary intervention, and subsequent 
full-scale trials will be required to assess whether 
this intervention can effectively attenuate gestation-
al weight gain and improve glycaemic control early 
in pregnancy, with the prospect of preventing ges-
tational diabetes.
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in attenuating GWG, the majority have failed to demon-
strate a reduced risk of developing GDM.25 26

The small number of trials that have shown effective-
ness in GDM prevention so far included intensive face-
to-face dietetic support and/or provision of key foods to 
study participants, with no indication of how these strate-
gies could be delivered in routine practice.14 16 18 22 23 For 
example, the Finnish Gestational Diabetes Prevention 
(RADIEL) study, reduced the incidence of GDM by 39% 
in women at high risk, but required extra face-to-face visits 
and a group session to deliver standard healthy eating and 
physical activity advice, which may not be manageable 
in routine practice given the amount of appointments 
women are already required to attend.14 The ESTEEM 
and St Carlos trials implemented a Mediterranean-style 
diet supplemented with extra virgin olive oil and nuts, 
provided as part of the trial, from early or mid-pregnancy 
and showed a similar reduction in GDM risk.16 23 Never-
theless, wide scale implementation of a Mediterranean-
style diet in the UK could be challenging due to limited 
understanding of the dietary pattern, differences in 
dietary habits and preferences, and the cost of extra 
virgin olive oil.27–29

The mechanism behind the success of some dietary 
interventions over others in preventing GDM remains 
unclear. Implementation at earlier stages of pregnancy 
seems to be key, but the optimum dietary composition 
is unknown. In the RADIEL study, there was only a small 
improvement reported in adherence to the diet recom-
mendations in the intervention group compared with 
the control group.14 In the Mediterranean dietary inter-
ventions, it was speculated that increased unsaturated fat 
and polyphenol consumption might have been beneficial 
with regards to insulin sensitivity and inflammation.16 23 
However, a reduction in dietary carbohydrate as a natural 
result of higher fat and protein consumption, in condi-
tions when energy intake remains similar, may have also 
played a role. Indeed, successful interventions to date 
included some advice for reducing sugar consumption 
and/or moderating starchy foods.

Low-carbohydrate diets are effective for the manage-
ment of type 2 diabetes, especially over the short term (3–6 
months).30 Reducing carbohydrate intake from earlier 
stages of pregnancy may help reduce hyperglycaemia, 
independent of effects on weight gain, and may also help 
attenuate GWG by reducing energy intake. Although low-
carbohydrate diets (<130 g/day)31 are not recommended 
for women who are pregnant, due to safety concerns asso-
ciated with ketosis, research in non-pregnant populations 
suggests that significant ketosis only occurs when carbo-
hydrate intake is severely restricted to <50 g/day, leaving 
considerable scope to adopt a reduced-carbohydrate 
diet.31 The level of carbohydrate reduction should be 
considered carefully though, particularly given that preg-
nancy is a ketosis-prone state, where ketones may develop 
at higher carbohydrate intakes than in non-pregnant 
populations.32 One previous randomised controlled trial 
(RCT) specifically aimed at reducing total carbohydrate 

consumption as part of an intensive healthy eating inter-
vention.33 Despite a substantial significant effect on 
limiting GWG, the intervention did not reduce GDM inci-
dence. This study was underpowered to detect difference 
in GDM risk, and it resulted in only a small reduction in 
carbohydrate intake compared with usual care (reduction 
of 4.8% of energy intake from carbohydrates, equivalent 
to about 30 g of carbohydrate per day). Thus, the effect of 
a reduced-carbohydrate diet as a preventative strategy for 
GDM remains to be investigated.

We have developed a dietary approach based on 
moderate carbohydrate reduction suitable for use in preg-
nancy, combined with behavioural support. The reduced-
carbohydrate intervention for the management of obesity 
and reduction of gestational diabetes (RECORD) also 
recommends consumption of fresh foods, plenty of vege-
tables and moderate protein intake. It was designed with 
midwives and dietitians experienced in working with women 
who are pregnant, together with patients, and is designed 
to be delivered alongside routine antenatal appointments. 
The aim of this trial is to assess the feasibility of the inter-
vention and whether it leads to a substantial reduction in 
total carbohydrate intake, defined as target mean intake 
of around 130–150 g/day, that is, reduction of around 
80–100 g/day compared with the national average,34 for the 
purposes of this study.

Other objectives include:
1.	 To assess the study procedures to inform the design of 

a full RCT.
2.	 To assess the potential effect of the reduced-

carbohydrate behavioural intervention on markers of 
glycaemic control, incidence of GDM, GWG, dietary 
intake, quality of life, and maternal and neonatal out-
comes.

3.	 To qualitatively analyse participant experiences of the 
intervention.

Study design
A two-arm parallel group individually RCT, in women who 
are at <20 weeks’ gestation with a body mass index (BMI) 
≥30 kg/m2. Participation will last approximately 6 months 
per participant; from early in the second trimester (no 
more than 19 weeks plus 6 days), until delivery. Participants 
will attend two study visits, one at baseline (<20 weeks’ gesta-
tion) and one for follow-up, at 24–28 weeks’ gestation.

Recruitment
Participants will be recruited from one maternity care 
centre in Oxfordshire, UK. The study is expected to run 
from May 2021 to December 2022. Women attending the 
dating or nuchal ultrasound scan appointment (typically 
between 8 and 14 weeks’ gestation) will be approached 
to take part in the study. Potentially eligible participants 
will be provided with the participant information sheet, 
and invited to give their contact details. A member of 
the research team will contact the women who were 
interested in taking part to discuss the study and assess 
self-reported eligibility to participate according to the 
full inclusion and exclusion criteria as detailed below. 

 on D
ecem

ber 6, 2022 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-060951 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


3Michalopoulou M, et al. BMJ Open 2022;12:e060951. doi:10.1136/bmjopen-2022-060951

Open access

Eligible individuals who wish to participate will be booked 
in for a face-to-face baseline appointment. The aim is to 
recruit women as early in pregnancy as possible, there-
fore, we will aim to book the baseline appointment for 
the trial within 2 weeks after the dating scan. However, we 
recognise this extra appointment at short notice may be 
challenging, and during this feasibility trial we will allow 
women to attend their baseline appointment up to 20 
weeks’ gestation. This allows at least a month to practise 
the dietary changes and assess whether the progression 
criteria are met. In addition, we will monitor the timing 
of the baseline appointment to check whether setting a 
limit at 14 weeks’ gestation for recruitment to any future 
definitive trial, would be feasible. For those who decline 
to participate, permission will be sought to record the 
barriers to participation.

Eligibility criteria
Inclusion criteria

	► Pregnant women <20 weeks’ gestation.
	► Aged ≥18 years.
	► BMI ≥30 kg/m2 measured at booking appointment.
	► Planned antenatal care and delivery at the study 

setting.

Exclusion criteria
The participant may be excluded if any of the following 
apply:

	► Severe congenital fetal anomaly (confirmed by 
ultrasound).

	► Planned termination of pregnancy or ectopic 
pregnancy.

	► Prepregnancy diagnosis of diabetes or impaired 
glucose tolerance or taking metformin.

	► Renal disease.
	► Severe liver disease.
	► Organ transplant.
	► Cardiac failure (grade II New York Heart Association, 

and more severe).35

	► Severe neurological disorder (including epilepsy).
	► Severe psychiatric disease requiring in-patient 

admission.
	► GDM diagnosis at the baseline study visit according to 

the National Institute for Health and Care Excellence 
(NICE) diagnostic criteria: a fasting plasma glucose 
level of 5.6 mmol/L or above, or a 2-hour plasma 
glucose level of 7.8 mmol/L and above.36

	► History or presence of eating disorder.
	► Hyperemesis gravidarum.
	► Unable to understand spoken and written English.
	► Previous bariatric surgery.
	► Women participating in other intervention research 

studies.
	► Any other significant disease or disorder which may 

either put the participants at risk because of partici-
pation in the trial, or may influence the result of the 
study, or the participant’s ability to participate in the 
study.

Study procedures
The baseline visit will take place before 20 weeks’ gesta-
tion, at the hospital, with a member of the research team 
and lasts for approximately 2 hours. Written informed 
consent will be sought and eligibility for inclusion will 
be formally assessed. All participants will complete the 
following baseline assessments: blood pressure, weight 
and height measurements, a 2-hour 75 g oral glucose 
tolerance test (OGTT), a quality of life questionnaire and 
measurement of their carbohydrate intake as part of a 
broader assessment of their dietary intake via an online 
questionnaire. The participants will be randomised to 
one of the two trial arms. Participants in the intervention 
group will proceed to receive the intervention session. Due 
to the nature of the OGTT test and exclusion of women 
with GDM confirmed on this baseline test, full eligibility 
can only be confirmed after the visit, therefore after 
randomisation. While there is controversy over whether 
true GDM can be diagnosed prior to 24 weeks’ gestation 
with existing criteria,37 the clinical care team advised that 
women meeting the NICE criteria for GDM at the base-
line visit,36 should be considered to have GDM and be 
treated as such. All confirmed eligible participants will be 
invited to attend a further 2-hour research visit at 24–28 
weeks’ gestation where the same research measurements 
will be collected as a follow-up, and a second OGTT will 
be completed. Maternal and neonatal outcomes will be 
extracted from medical records after delivery. The study 
flow is in figure 1.

Sample size
This feasibility study is not powered to detect a statistically 
significant difference in clinical effectiveness between the 
trial arms. Instead, we will test for reductions in carbohy-
drate intake as preliminary evidence of the adoption of the 
reduced carbohydrate diet to an extent that is expected 
to alter health outcomes. The average total carbohydrate 
intake in women who are not pregnant is about 230 g/
day.34 We have set the sample size to be able to detect a 
reduced target intake at 130–150 g, that is, ~140 g of total 
carbohydrate/day at follow-up, with 95% CI excluding 
170 g/day. Progression criteria to a full trial also include 
adequate retention of participants as a measure of feasi-
bility. We consider that a minimum of 80% of participants 
need to complete an OGTT at 24–28 weeks’ gestation, 
similar to previous trials, with 95% CI excluding 70%.12 16 
Both progression criteria thresholds are satisfied with a 
sample size of 60 participants allocated in 2:1 ratio, inter-
vention: control. Unequal randomisation allows us to 
have sufficient participants in the intervention arm for 
the qualitative study.

Randomisation
Eligible participants will be randomised to one of the 
two treatment groups using permuted block randomis-
ation with random block sizes of 3 and 6. An indepen-
dent researcher will generate the allocation sequence 
and assignment will be revealed once eligibility has been 
confirmed using an online software (Study Randomizer) 
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Figure 1  Study flow. BMI, body mass index; GDM, gestational diabetes; OGTT, oral glucose tolerance test.
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to ensure allocation concealment.38 Due to the nature of 
this study, it will not be possible to blind the participants, 
clinicians or the study team to the treatment allocation 
beyond this point.

Intervention and control
Intervention: the record programme
The intervention comprises a moderately reduced-
carbohydrate behavioural intervention, combining 
dietary advice, with structured written dietary infor-
mation. It aims to improve participants’ adherence to 
the programme through a simple behavioural support 
programme, which includes goal-setting, planning, 
feedback and problem-solving. The intervention will 
be delivered during a 30 min session with a healthcare 
professional (HCP) during the baseline visit, where the 
intervention materials and advice will be provided, and 
will be supplemented with up to six brief telephone 
support sessions of up to 15 min depending on patient 
need. Participants in this group will be advised to follow 
the intervention until delivery.

This intervention was developed based on a review of 
the literature, study protocols, qualitative data of similar 
interventions and interviews with a diabetes-specialist 
dietitian, two obstetricians, a research midwife and a 
patient representative with previous GDM. A group of 
women affected by GDM, also helped to shape the ideas 
for this research, and to determine the questions we are 
trying to answer, and the type of dietary information and 
support they felt would be helpful.

The dietary component of this intervention consists of 
a moderately reduced-carbohydrate diet (130–150 g of 
total carbohydrate per day), with no additional energy 
restriction. This is in line with the dietary advice provided 
in previous GDM trials, as well as for women diagnosed 
with GDM at the hospital. The difference here is that the 
reduced-carbohydrate advice is given earlier in pregnancy, 
to assess whether it has benefits for women at increased 
risk of GDM. The core principles include:
1.	 REFRAIN from having sugary foods and drinks (eg, 

biscuits, confectionery, juice, sugary fizzy drinks), with 
the exception of dairy and limited fruit intake.

2.	 REDUCE the amount of starchy carbohydrates to a 
moderate level, by having smaller portions of foods 
such as rice, pasta, bread, grains, potato, yams, cassava, 
plantain, at main meals.

3.	 REPLACE refined starchy carbohydrates with 
wholegrain, unrefined versions, and sugary foods and 
drinks, with lower-carbohydrate, and lower, or no-sugar 
alternatives.

We anticipate that women in this study will consume 
more than the target 130–150 g of carbohydrate per day 
at baseline, but if the diet questionnaire reveals that a 
participant has carbohydrate intake already close to the 
recommended level, the advice given will ensure that 
their intake is maintained through healthy food choices 
in line with the RECORD diet principles. Standard 
healthy eating advice during pregnancy is also included, 

for example, high intake of vegetables, moderate intake 
of lean protein and guidance on foods that should be 
avoided during pregnancy. Information is discussed 
regarding the importance of controlling GWG, and 
women in this group are advised to weigh themselves 
once a week.

The development of this intervention was also informed 
by behavioural frameworks aiming to promote successful 
behaviour change. These are: the Capability, Opportu-
nity and Motivation-Behavioural model, the Theoret-
ical Domains Framework and the Behaviour Change 
Wheel.39 40 By using these frameworks, we targeted the 
components of psychological capability (eg, knowledge/
understanding, skills, decision making, self-regulation), 
physical and social opportunity (eg, social influences 
and support, and environmental changes) and reflective 
motivation (eg, knowledge/understanding, confidence 
regarding capabilities, beliefs regarding risks, intentions, 
plans). To address these components, the intervention 
includes:

	► A consultation including the essential principles of the 
diet as described above, as well as the rationale behind 
the intervention and how it may work in controlling 
blood glucose levels, and attenuating GWG.

	► Written resources to enhance participants’ confi-
dence and skills in following the programme, and to 
facilitate decision making, including advice on food 
selection, meal and snack suggestions, and suggested 
recipes.

	► Setting personalised realistic goals, by letting partic-
ipant choose what changes they are comfortable 
making and the steps to achieve them. Participants 
can choose to use a ‘Personal action plan’ booklet to 
set their goals and reflect on their progress, as well as 
goal progression checklists, and self-weighing charts, 
however, these are also addressed during the support 
sessions.

	► Structured HCP follow-up to provide support, contin-
gency planning, problem-solving, planning of social 
support, advice on lapses and help with environ-
mental or emotional triggers, and to provide feedback 
on progress. Additionally, participants are able to self-
monitor their health via home finger-prick testing 
of their blood glucose and ketones, and by weighing 
themselves, which provides additional monitoring.

	► Provision of feedback on progress and changes in 
clinical measures as a result of following the interven-
tion, for example, GWG, capillary blood glucose and 
ketones, glucose curve from OGTTs, blood pressure.

Control
All women will receive routine antenatal care, which 
usually includes one-off face-to-face routine care NHS 
dietary advice during their booking appointment with 
a midwife. Anecdotal reports suggest this is focused on 
foods to be avoided during pregnancy for safety of the 
fetus, rather than healthy eating or weight control advice. 
This will have been given prior to randomisation in the 
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study. Participants allocated to the control group will 
receive no additional advice beyond this.

Patient and public involvement
We convened two focus groups with eight women 
recruited from the local antenatal clinic, national GDM 
support website and a social media forum. The first group 
helped to prioritise and refine the research question. In 
a second phase, women were provided with an outline 
of the study proposal, and were asked to provide further 
comments. From both phases, it was clear that women 
felt upset, shocked and anxious following a diagnosis of 
GDM, and highlighted a need for preventative interven-
tions that could be implemented earlier in pregnancy. 
Participants also highlighted the importance of including 
neonatal outcomes in addition to the maternal outcomes. 
Women were interested in taking part in clinical trials 
aiming to prevent, treat or manage GDM, however, felt 
that that attending extra appointments for study visits and 
in particular having to use the parking at the hospital, 
would be a major barrier to participation. As a final stage, 
a patient representative provided feedback on the inter-
vention materials to help make them clearer and more 
concise and continues to support the study team.

Outcomes
Primary
The primary objective of this study is to test whether this 
reduced carbohydrate programme is feasible and leads 
to a reduction in carbohydrate intake in women who are 
pregnant and at risk of developing GDM. This feasibility 
measures will further determine whether to progress to a 
full RCT.

Progression criteria will be based on a traffic light system 
to decide whether to proceed to a full RCT (green), 
proceed with amendments for remediable issues (amber) 
or to not to proceed (red) (figure 2).41 The progression 
criteria will be:

Adoption of the intervention: that the intervention 
group reduces their total carbohydrate consumption 
by the time of follow-up, with green light for 95% CI of 
average intake that does not cross 170 g/day. (Evaluated 

as part of a broader assessment of dietary intake through 
an online 24-hour dietary recall questionnaire at the base-
line and follow-up visits—detailed below).

Retention rate: proportion of all participants who 
complete an OGTT at the follow-up time point, with green 
light for 95% CI of average completion rate that does not 
cross 70%. (Evaluated by documentation at 24–28 weeks’ 
gestation; assessed as the proportion of participants for 
whom OGTT measurements are available).

Secondary
	► Change in fasting plasma glucose, 1-hour and 2-hour 

glucose. (OGTT at baseline and follow-up visit).
	► Change in glycated haemoglobin (HbA1c), fasting 

plasma insulin and insulin resistance (Homeostatic 
Model Assessment of Insulin Resistance-HOMA-IR). 
(Blood samples collected as part of OGTT at baseline 
and follow-up visit).

	► Proportion of participants who are diagnosed with 
GDM. (Documentation at baseline and follow-up 
visit).

	► GWG: weight change from baseline until before 
delivery. If predelivery weight is not available, we will 
use weight at 36 weeks’ gestation collected as part of 
routine practice.

	► Proportion of participants meeting the Institute of 
Medicine recommendations for GWG.42

	► Dietary intake: total carbohydrate intake (g/day) and 
total energy intake (MJ/day), percentage of daily total 
energy intake from carbohydrates. (Dietary compo-
sition analysis at baseline and follow-up visit—see 
details below)

	► Distribution of fasting capillary blood glucose and 
ketone levels across gestational age from baseline 
until before delivery.

Process
	► Number of eligible women who are approached and 

enrolled into the study per month. (Documentation)
	► Percentage of intervention participants who complete 

the initial and support sessions. (Documentation at 
each relevant time point)

	► Percentage of participants in each group who attend 
the follow-up visit. (Documentation)

	► Percentage of participants for whom weight at 36 
weeks’ gestation is available (usually measured as part 
of a routine hospital appointment).

	► Proportion of participants who record their blood 
glucose and blood ketones every week. (Documenta-
tion from baseline until before delivery)

	► Proportion of participants in the intervention group 
who self-monitor their weight every week. (Documen-
tation from baseline until before delivery)

	► Proportion of participants in the control group who, 
after randomisation, follow a reduced-carbohydrate 
diet (contamination of the control group). (Dietary 
composition analysis at baseline and follow-up visit—
see details below)

Figure 2  Progression criteria. OGTT, oral glucose tolerance 
test.
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	► Proportion of essential elements included in inter-
vention delivery sessions (main and support sessions). 
(Evaluation of audiorecorded sessions against a 
checklist)

Exploratory outcomes
	► Further dietary changes: fibre intake, percentage of 

daily total energy intake from total fat, saturated fat 
and protein. (Dietary composition analysis at baseline 
and follow-up visit—see details below)

	► Changes in systolic and diastolic blood pressure from 
baseline to follow-up.

	► Changes in pregnancy-related outcomes for example, 
gestational hypertension and pre-eclampsia, require-
ment for insulin or oral diabetic medication, mode 
of delivery, induction of labour, gestational age at 
delivery, birth weight, sex of baby, rates of macrosomia 
(>4500 g),43 large-for-gestational age (>90th percen-
tile) and small-for-gestational age infant (<10th 
percentile),43 neonatal adverse events, for example, 
neonatal intensive care unit admission, shoulder 
dystocia/birth trauma, neonatal hypoglycaemia 
requiring intravenous glucose, neonatal hyper biliru-
binaemia requiring phototherapy. (Extraction from 
medical record following delivery)

	► Change in quality of life from baseline to follow-up.
	► Participant acceptability of the intervention and the 

materials, overall experience of the intervention, 
barriers and facilitators of adherence (qualitative 
interviews).

Measurements
A schedule of measurements can be found in table 1.

Sociodemographic characteristics
Participants will be asked to self-report highest educa-
tion level, employment status and ethnicity. Age will be 
accessed from the medical records.

Physical measurements
Height will be measured using stadiometers, to the 
nearest 0.1 cm. Weight will be measured to the nearest 
0.1 kg using a digital scale (Active Era, BS-03S) at the 
study visits. For self-weighing at home, participants in 
the intervention group will be instructed to use their 
own digital scales or will be given a set by the research 
team if they do not own a set. They can either text the 
measurements to the research team or log them manu-
ally onto a mobile application (detailed below). At 
36 weeks’ gestation, women should be weighed during 
a routine antenatal appointment at their primary care 
practice, and digital scales are used for this. If prede-
livery weight is available, digital scales are also used 
for this. Blood pressure will be measured in duplicate 
using a digital blood pressure machine (Omron, M3) 
after 5 min seated rest, with at least 1 min between each 
measurements.

OGTT and remote glucose and ketone monitoring
Women are asked to attend the study visits after an over-
night fast, and to refrain from smoking, vaping, using 
nicotine replacement therapy or chewed sugary gum for 
at least 8 hours before. A fasting venous blood sample will 
be collected for the determination of glucose, HbA1c, 
insulin concentrations. Participants are provided with 
a 75 g glucose load (Polycal, Nutricia). Further venous 
blood samples will be collected at 1-hour and 2-hour post-
drink, for the determination of glucose concentrations.

All participants are provided with a Bluetooth-enabled 
capillary blood glucose and ketone monitoring kit 
(4SURE Smart Duo, Nipro Diagnostics). The researcher 
provides a short demonstration and information flyer on 
how to collect and record the measurements, and advises 
participants to take a fasting capillary glucose and ketone 
measurement twice a week. The monitor is connected 
remotely to a mobile application (Diabetes: M, Sirma 
Medical Systems), allowing the research team to monitor 
the readings remotely and escalate concerns to the clin-
ical team. We did not provide cut-offs to participants for 
fasting capillary glucose and ketone levels, due to lack of 
level references specific to pregnancy and before GDM 
diagnosis. Two obstetricians from the study team who are 
also members of the clinical care team interpreted the 
measurements on an individual basis and/or based on 
evidence from non-pregnant populations. The collection 
of this data during the feasibility study will guide thresh-
olds that can be set for any future trial.

Carbohydrate consumption
Participants will complete at baseline (<20 weeks’ gesta-
tion) and follow-up (24–28 weeks’ gestation) an online 
multiple-pass 24-hour recall, validated against interview-
er-led multiple-pass recalls in adolescents and adults 
(Intake 24, Newcastle University).44 45 This will be used 
to primarily assess carbohydrate consumption, but also 
broader dietary intake. By the time participants enrol 
in the study (mid-pregnancy), their dietary intake is 
likely to have stabilised compared with the fluctuations 
usually observed in the first trimester due to pregnancy 
symptoms. Intake 24 asks participants to report whether 
a reporting day was typical with regard to their dietary 
intake, and this will be taken into account in the analysis.

Quality of life
Participants will be asked to fill in a questionnaire about 
their quality of life, via the European Quality of Life Five 
Dimension questionnaire and subscale.46

Retention and withdrawal
This study has been designed to run alongside routine 
antenatal appointments with remote support elements, 
to minimise the burden associated with attending extra 
visits. The brief telephone support sessions with a dieti-
tian will act as prompts for the participants to engage with 
the intervention and self-monitoring. Participants are 
asked to attend one visit in addition to routine antenatal 
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care. All of the women who take part would be offered an 
OGTT at 24–28 weeks of pregnancy for the diagnosis of 
GDM. The 24–28 weeks follow-up study visit and OGTT, 
replaces the routine care OGTT and the results are 
shared with the clinical care team. To compensate for the 
time and inconvenience in taking part, we offer partici-
pants financial incentives for their participation.

Each participant will have the right to withdraw from 
the study at any time, or may be withdrawn at the discre-
tion of the research or clinical care team. Participants 
will have the right to withdraw their collected data if 
they wish. Withdrawn eligible and enrolled participants 
will not be replaced in this feasibility study. We will only 
replace participants whose baseline OGTT is abnormal, 
as they will have consented and been randomised before 
OGTT results become available, but they will have essen-
tially failed the full screening.

GDM diagnosis
Participants who develop GDM or who are diagnosed with 
GDM at the 24–28 weeks’ follow-up visit, will be referred 
to the clinical care team and offered the current standard 
medical treatment. In line with the NICE guidelines, this 
includes monitoring of blood glucose (two of the fasting 
measurements will continue to be used in the study), and 
diet and physical activity advice for the management of 
GDM.36 More specifically, women with GDM are advised 
to manage carbohydrate intake, to limit their weight 
gain until delivery, and are encouraged to do 150 min 
of moderate intensity activity per week. Women in the 
intervention group, can choose to continue following the 
RECORD programme until delivery (at the discretion of 
the clinical care team). Women in the control group will 
receive advice to reduce their carbohydrate intake at this 
stage, and this will be noted. All participants with GDM, 
will be encouraged to continue monitoring their ketone 
levels twice a week for the remaining of pregnancy.

Statistical analysis
Descriptive statistics will be used to report the baseline 
characteristics of each trial arm. Continuous variables will 
be reported using mean/median and SD/range, while 
categorical variables will be reported using frequencies 
and percentages.

Since this is a feasibility study, the primary outcomes are 
the main progression criteria which will inform the design 
of a future RCT, powered to detect a significant difference 
in the efficacy of the intervention in preventing GDM. 
Descriptive statistics with 95% CIs will be used to analyse 
and report the progression criteria. For the analysis of the 
secondary, process-related and exploratory measures, all 
data collected up to each time point will be used. Descrip-
tive comparative statistics will be used to analyse and 
report these measures along with 95% CIs (eg, difference 
in means or proportions between baseline and follow-up 
for each group or between the two groups). Data from 
audiorecorded and transcribed qualitative interviews 
on acceptability and experience of the intervention by 

participants will be analysed using thematic analysis and 
reported descriptively.

Qualitative study
A qualitative substudy with participants randomised to the 
RECORD group will explore participants’ acceptability of 
the intervention and their overall experience of the study, 
explore barriers and facilitators to adherence, and iden-
tify suggestions that could refine the intervention should 
it progress to a full RCT.

During the follow-up study visit, a member of the 
research team will provide participants allocated to the 
intervention group, with a separate participant informa-
tion sheet about the qualitative interviews. If participants 
are happy to have this in-depth discussion about their 
experiences of the RECORD intervention, a member 
of the research team will arrange a convenient day and 
time for a telephone interview. The participants will 
consent verbally on the phone and the researcher will fill 
in written consent form. The interviews will last approx-
imately 30 min and all interviews will be audiorecorded 
and transcribed verbatim. Data will be analysed using 
thematic analysis. We will conduct interviews with up to 
30 participants, or until data saturation is reached.

Trial management and monitoring
The day-to-day management of the study will be coordi-
nated by MM. As this is a small feasibility study, with no 
adverse event monitoring or stopping rules, there are 
no monitoring committees in place. A trial management 
group consisting of the authors of this paper, a research 
midwife and a patient representative will have oversight 
of the trial and meet bimonthly to discuss progress and 
decide on actions to be taken.

Adverse events
We will record and report all serious adverse events 
(SAEs) according to Good Clinical Practice (GCP) and 
Health Research Authority’s (HRA) processes. Recording 
of SAEs will start immediately following enrolment into 
the study and will be continued until the end of the study.

Data management
Data will be kept in accordance with GCP, the Data 
Protection Act 2018 and the General Data Protection 
Regulation. Two separate databases will be created, one 
containing all participant identifiable information and 
one where data collected during the research proce-
dures will be entered in an anonymised manner, using 
a unique participant ID (electronic case report forms). 
Anonymised data from the online diet questionnaire will 
be downloaded from the Intake24 website and added 
to the second database. Quality of life anonymised data 
will be collected on hard copy questionnaires and then 
entered into the second database. The two databases, as 
well as anonymised recordings and transcriptions from 
the main and support intervention sessions, will be pass-
word protected and stored on the secure drive of Nuffield 
Department of Primary Care Health Sciences, and will 
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only be accessible to authorised members of the research 
team. After publication of the results has been sent out 
to participants, their contact details will be deleted/
destroyed. We will retain the anonymised research data 
for future secondary analyses.

Direct access to study data will be granted to authorised 
representatives from the sponsor and host institution for 
monitoring and/or audit of the study to ensure compli-
ance with regulations. Otherwise, confidentiality will be 
maintained and no-one outside the research team will 
have access to the database.

ETHICS AND DISSEMINATION
This protocol (Version 1.3, 12 July 2021) was reviewed 
and approved by the South-Central Oxford B Research 
Ethics Committee NHS National Research Ethics 
Committee and the HRA (Reference: 20/SC/0442), and 
prospectively registered on ISRCTN (ISRCTN16235884). 
Any substantial changes to the protocol will be notified 
and reviewed by NHS Research Ethics Committee, the 
HRA and the Sponsor (University of Oxford) and trial 
registry will be updated accordingly. The findings of this 
feasibility study will be submitted for publication in a 
peer-reviewed journal, and presented at conferences, to 
disseminate the results to academic and health profes-
sional audiences, and made available to participants 
and to the wider public on our website at the time of 
publication.
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